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Abstract 
 
A population of Cerastoderma glaucum Poiret 1789 was studied in the Polish coastal zone (up to  
3 Nautical miles) of the Baltic Sea within the Puck Bay and part of the Gulf of Gdańsk. The fre-
quency (F) in the sheltered coastal zone of bays was high (65%), whereas at the exposed open 
coast of the Middle Pomerania it was lower (43%). Also, abundance in the Puck Bay and the Gulf 
of Gdańsk was over 3-fold higher than in the coastal zone of the Middle Pomerania. By means of 
classic statistical methods (essential tests) we proved the significance of differences between mean 
abundance at west and east transects in estuaries and between open coast and estuaries. The multi-
variate regression and classification trees (MR&CT) indicated that biomass and abundance of  
C. glaucum in the Baltic Sea were affected by the kind of bottom, whereas depth and distance to 
the bank influenced cockles' abundance and biomass in bays. The population's structure in the 
Puck Bay and the Gulf of Gdańsk was determined mainly by the depth.  
In the Wieprza River estuary only specimens from age group 1+ were found. On all the other studied 
profiles cockles lived up to 3 or 4 years and the dominant group was 2+. The highest mean width of 
shell was  in the Słupia River estuary, and in the bays shell width increased from west to east. 
In comparison to the other bivalves inhabiting the discussed area, C. glaucum does not play an im-
portant role as food source for fish and other consumers but may serve as an indicator of environ-
mental conditions.  
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INTRODUCTION  

 
Cerastoderma glaucum (Poiret 1789) in the Baltic Sea is a characteristic species of 
coastal deep-watered zones, inhabiting the bottom down to some 104 m deep (Jag-
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now and Gosselck 1987). It is of frequent occurrence in bays at 30-40 m depth 
(śmudziński 1987), and biomass may constitute a rich food for fish and aquatic 
birds (Krzykawski and Załachowski 1983, Mulicki 1947). The species has been 
studied as a component of the Baltic benthos (Demel and Mulicki 1954, Warzocha 
1995, Mulicki and śmudziński 1969). More detailed studies were carried out in the 
Pomeranian Bay and in the Gdańsk Bay (Herra and Wiktor 1985, Osowiecki 2000, 
Kube et al. 1996, 1997, Masłowski 2001, śmudziński and Ostrowski 1990). Kot-
wicki (1997 and also Haque et al. 1997, śmudziński and Andrulewicz 1997), fo-
cused on Polish waters, particularly the shallowest zone subject to wave action. 
C. glaucum may play an important role in the elimination of seston (including bacte-
ria), phyto- and zooplankton from the supra benthic layer, and in the their biosedi-
mentation in the form of agglutinates and faeces. This cockle may also be important 
in the monitoring of changes in the macrozoobenthos of the Baltic Sea. The studied 
coastal zone is receiving waters from the polluted and eutrophied rivers. In the deep-
est areas it may be the most endangered zone of the Baltic Sea. 
The aim of the present study was to determine the distribution and population struc-
ture (abundance, biomass, size and age) of C. glaucum in the coastal zone in the 
stretch from Kołobrzeg to Gdynia. For the sake of different methods of taking sam-
ples, authors did not compare directly obtained data from the area exposed to the 
open sea and from the bays. Authors indicated only the trends concerning the distri-
bution of C. glaucum. The data may help to determine future quantitative changes 
indicating trends in the coastal zone that is exposed to various factors of human ac-
tivity.  
 
 
MATERIALS AND METHODS 
 
Cerastoderma glaucum was studied from 1998 throughout 2005, within the 3-mile 
Polish coastal zone of the Baltic stretching from Kołobrzeg to Władysławowo and in 
the proportional zone from the seashore in the Puck Bay and the Gulf of Gdańsk 
stretching from Jurata to Gdynia (Fig. 1). Bivalves were sampled at 67 sites with  
a Van Veen bottom sampler of surface 0.0625 m2 in the area exposed to the open sea 
(transect I trough VI) and with a Petersen bottom sampler of surface 0.264 m2 in the 
Puck Bay and in the studied part of the Gulf of Gdańsk (transect VII trough XII) be-
cause of the lower depth and the lack of the underwater currents. A double or triple 
samples were taken from each site, which translates to a total of 145 samples. A total 
of 12 bottom transects perpendicular to the shoreline were studied. In the area ex-
posed to the open sea transects were placed 1 Nautical mile east (E) and 1 Nautical 
mile west (W) of estuaries. Along transects 3 to 5 positions were sampled (Fig. 1). In 
the Puck Bay the studied transect was 40 m from the shore length, whereas in the 
Gulf of Gdańsk – 50 m.  
The material collected was sieved with a 1-mm mesh and subsequently fixed in 4-% 
formaldehyde solution. In the laboratory, the material was sorted. The number of bi-
valves was converted to 1 m2. For the sake of wet weight analysis, the adhering wa-
ter was removed with blotting paper. Weight was determined to the nearest 
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0.001 g and converted to 1 m2. The size of C. glaucum was measured as shell width 
(from its apex to the shell base) for 563 specimens using a slide caliper to the nearest 
0.5 mm. The age was determined through reading distinct age rings on the shells. 
Both classic statistical methods (of the mean  (x ), median (Me), standard deviation 
(SD), standard error (SE), coefficients variation (CV), test t-Student and Coch-
ran&Cox) and multivariate regression and classification trees (MR&CT) were ap-
plied. 
The obtained data set was analyzed using multivariate regression and classification 
trees (MR&CT) (Breiman et al. 1984, De’ath and Fabricus 2000, De’ath 2002). The 
overall fit of the tree is specified as relative error (RE; SSD – sum of squared euclid-
ian distances in clusters divided by SSD of the undivided data) and the predictive 
accuracy was assessed by CVRE- cross-validated relative error (Breiman et al. 1984, 
De’ath and Fabricus 2000). In this study, the finally selected tree was the most com-
plex model within one standard error (1 SE) of the best predictive tree (Breiman et 
al. 1984), using 2 000 multiple cross validations to stabilize CVRE. MR&CT analy-
ses were carried out in R 2.1.1 (R Development core team, 2004) using the mvpart 
(Multivariate Partitioning) package.  
 
 
RESULTS 
 
Open coast (Kołobrzeg to Władysławowo) 
 
The frequency of C. glaucum in the studied coastal zone was not high (F = 30.3%). 
The lowest frequency was noticed on the transects located most to west – near Ko-
łobrzeg and Darłówko (10% and 12.5 %, respectively), whereas the highest – near 
Ustka (F = 67%). 
Abundance of C. glaucum was highly variable (average from 0.00 to 485 m-2) and in 
the Kołobrzeg East (I b) and Darłowo East (II b) no cockles were found. The highest 
mean densities in the Middle Pomerania were recorded on transects IIIb (Ustka East) 
and IIIa (Ustka West), and they amounted to 175.00 and 47.0 m-2, respectively. In 
the coastal zone from Kołobrzeg to Władysławowo the abundance of cockles incre-
ased to the depth about 15-20 m and then decreased.  
Also the biomass of C. glaucum was highly variable (average from 0.00 to 76.75 
gWW m-2). However there was no direct correlation between abundance, biomass 
and depth of occurring C. glaucum. 
By means of MR&CT we proved that abundance and biomass of cockles' popula-
tions inhabiting shallow-watered zone was related only to the kind of bottom, but 
there was no influence of depth and location with respect to estuaries on abundance 
and biomass structure. C. glaucum prefers the gravel bottom (Fig. 2). Besides there 
were no significant differences in the structure of the studied population between the 
estuaries and the area exposed to the open sea (Władysławowo). 
The highest mean biomass of C. glaucum was observed near Ustka (transect III) in 
the  Middle Pomerania (35.5 gWW m-2). The obtained amounts of biomass in the 
open coastal zone were small – the mean biomass in this area was 3.4 gWW m-2. 
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Fig. 2. MR&CT tree for Cerastoderma glaucum biomass and density in the Baltic Sea 
 
 
Except for two transects (Ib and IIb) where the cockles were absent, the lowest value 
of mean biomass was noticed on transect IIa (Darłówko West – 0.02 gWW m-2). The 
range of depths covered indicates increasing mean biomass with distance from the 
shore which co-varies with increasing depth: from 0.00 gWW m-2 on 10 m depth to 
nearly 50 gWW m-2 on more than 20 m depth.  
Age structure of C. glaucum was studied at the selected transects. Cockles longevity 
was the shortest in the Wieprza River estuary (transects II), where they lived up to  
2 years (1+) and the dominant group was 1+. At the other sites in the Middle Pom-
erania the dominant age group was 2+ (60% of whole population). 
Cockles in studied part of Middle Pomerania attained up to 17 mm. 
The studied population of cockle in the Polish open coastal zone showed high vari-
ability (CV) on transects located on the east and west from the Pomeranian rivers. In 
the open coast near Władysławowo the variability index had moderate value. The 
test of t-Student and Cochran & Cox (significance of differences between two 
means) showed that statistically significant differences occurred at sites located east 
and west from river mouths (Tab. 1). 
 
 
The Puck Bay and the Gulf of Gdańsk 
 
The frequency of C. glaucum in the studied coastal zone was high (F = 69.5%). Only 
in the Puck Bay, except for sites near Puck, C. glaucum was present at all sites  
(F = 100%). In Puck Bay and in the studied part of the Gulf of Gdańsk the mean 
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abundance amounted to 84.7 indiv. m-2 and 44.3 indiv. m-2, respectively. The highest 
mean abundance in the bay (Jurata, transect VII) amounted to 128.2 indiv. m-2. High 
average abundances were observed in Jastarnia. In the Gulf of Gdańsk cockles were 
found only on one transect and the highest abundance was observed 30 m from the 
seashore. In the studied part of the Gulf of Gdańsk the variability index was consid-
erable, however in the Puck Bay this index had moderate value (Tab. 1). 
 

Table 1 
Comparison of density Cerastoderma glaucum: range, mean abundance (x ), excluding places 
omittied by this species (x z), standard deviation (SD), coefficient of variability (CV) in coastal 
zone and open coastal zone in regions of different level pollution and urbanization 
(W, E) – coastal zone west from mouth of the rivers 
(SU) – open coastal zone in strong urbanization region (town, harbour) 
 

area type  
transects 
West (W) 

transects 
East (E) 

Władysławowo 
(SU) 

Puck Lagoon 
(SU) 

Gulf of Gdańsk 

(SU) 

coastal type  Estuary Estuary Open coastal Bay Bay 
range abundance 
(ind. m-2) 

0-210 
n = 23 

0-1136 
n = 21 

0-15 
n = 6 

0-191 
n = 13 

0-190 
n = 6 

Abundance 
min – max  
(ind. m-2) 

5-210 15-1136 5-15 22-191 38-190  

x  – mean abun-
dance 
(ind. m-2) 

20.5 
n = 23 

40.6 
n = 21 

5.0 
n = 6 

84.7 
n = 8  

44.3 
n = 6 

x z – excluding 
places omitted by 
this species  
(ind. m-2) 

60.1 
n = 8 

87.6 
n = 8 

10.0 
n=3 

95.2 
n = 8 

88.7 
n = 3 

SDz 49.60 107.36 6.32 67.9 73.7 

CV  (%) 2.42 2.64 1.26 0.80 1.66 

x  wet mass 
(g m-2) 

5.24 7.46 0.39 83.30 155.00 

Domination ran-
ge size  

6.7-13.2 9.5-11.9 5.1-14.3 7.0-10.0 9.0-13.0 

Domination age 
class 

2+ 2+ 2+ 1+ 2+ 

Median (Me) 21.4 62.0 5.0 69.0 19.0 

F (%) 35 38 50 89 50 

Test 
t-Studenta (t) 

transects West-East  
t > t&(0.05) = 4.370 >2.120 

 Bay Puck – Gulf of Gdańsk  
t < t&(0.05)  = 0.223 < 2.262 

 estuary (West + East) – open coastal 
Władysławowo C > C&(0.05) = 2.318 > 

2.221 
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Comparison of mean abundances between the Puck Bay and the Gulf of Gdańsk re-
vealed, that there were no statistically significant differences at the p-level of 0.05. 
The MR&CT analysis proved that in the studied bays the abundance of C. glaucum 
depended on the depth (Fig. 3a). Cockles preferred sites with depth higher than 4.85 
m and at these sites abundance was 6-fold higher than at shallow-watered sites. The 
biomass of C. glaucum in bays was related to the distance from the seashore, at the 
sites located nearby the bank (<35 m) the values were 21-fold higher than on the fur-
ther sites (Fig. 3b). The simultaneous analysis of abundance and biomass C. glau-
cum in the bays showed that the main factor which determined cockles' appearance 
was depth (Fig. 3c), however this fact was not confirmed by means of classic statis-
tical methods. 
Similarly the abundance biomass in the studied bays was highly variable (from 0.00 
to 890.00 gWW m-2). The mean biomass was high (x = 79.2 gWW m-2) and the 
highest wet weight of C. glaucum was observed near Jastarnia and Gdynia port 
(transects: VIII and XII, Fig. 1). Only in Puck (transect XI) no cockle was noticed. 
The range of depths covered indicates increasing mean biomass with the distance 
from the shore which co-varies with increasing depth: from 52 gWW m-2 on 0.9 m 
depth to 455 gWW m-2 on 4.9 m depth. 
In the Puck Bay and the Gulf of Gdańsk cockle lived up to 2 years (1+) and the 
dominant group was 1+. In the Gulf of Gdańsk near the Gdynia port cockles lived up 
to 3 and 4 years (age groups 2+ and 3+), the dominant groups were 2+ and older but 
with a considerable contribution of group 1+. 
Cockles in the Puck Bay and Gulf of Gdańsk attained up to 11 mm of width and 19 
mm of width, respectively. 
 
 
DISCUSSION 
 
The shallow-waters communities are composed of eurythermical species in contrast 
to deep-waters communities with stenothermical species. Occurrence of C. glaucum 
in the shallow-waters is indicative for eurythermical species which range is related 
to minimum salinity about 4‰ and survival salinity about 10‰ (Markowska un-
publ.). 
The presently acquired data on the occurrence, abundance, and the biomass of  
C. glaucum in the studied Polish coastal zone indicate that those bivalves are af-
fected with different intensity by abiotic (water current, type of bottom) and biotic 
factors (autochthonous and allochthonous bioseston content, predation). Researches 
showed that in the studied Polish coastal zone C. glaucum occurred commonly  
(F = 0-100%). The frequency, abundance and biomass values were mainly deter-
mined by the size of the ground's grains (Rogal et al. 1978), what was confirmed by 
means of MR&CT. The size of sand grains influenced the occurrence of cockles in 
the open sea area more than the distance of seashore, depth, estuaries presence and 
location transects on the east or west from river mouths. At the sampling sites in the 
coastal zone the predominant kind of the ground is fine-grained and medium-grained  
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Fig. 3. MR&CT tree for Cerastoderma glaucum in the Puck Bay and the Gulf of Gdańsk.  
A – density, B – biomass, C – density+biomass 
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sand, what is the reason why we did not find the 100% bottom covering by cockle. 
In the bays abundance of C. glaucum population was affected by the depth. In com-
parison with Warzocha’s data (1995) suggesting an average abundance of C. glau-
cum for Polish coastal waters of 170 indiv. m-2, we found for the bay area abundance 
2.8-fold lower (61 indiv. m-2) and for Middle Pomerania 9.5-fold lower (17.8 indiv. 
m-2). 
C. glaucum in the coastal zone is rarely a dominant form among zoobenthos 
(Osowiecki 2000). The analysis of C. glaucum wet weight indicated that food source 
for water fauna composed of this bivalve the most profusely develops in the coastal 
zone from Ustka to Rowy (transects III and IV) in the Middle Pomerania and near 
Jurata and Gdynia in the bays (transects VII and XII). 
The  Middle-Pomeranian rivers significantly influence the quantity of the sea waters 
in coastal zone. It is also very important if the river estuary contains a larger body of 
water acting as a sedimentation area. In such bodies of water, substantial amounts of 
abiseston, heavy metals, PCBs and other substances harmful to hydrobionts are eli-
minated. Substantial amounts of organic seston (high BOD5) and allogenous bio-
genic substances, enhancing primary production in the marine areas of estuaries, in-
fluence the development of macrozoobenthos, including bivalves. The population of 
C. glaucum developed most extensively in the estuary area of the coastal zone near 
the mouth of Słupia River, where the riverine waters bring the highest amounts of 
chlorides, compared to the other surveyed estuaries (IMGW 1999). However, neither 
the mean data relating to abundance and wet weight cockles in the estuaries zones of 
the coastal waters in the rivers mouths and in the open coast nor multivariate regres-
sion and classification trees do not authorize us to draw the synonymous conclusion, 
which may show the fundamental river’s influence (nutritive conditions) on stronger 
extension of C. glaucum. In the area of the bays cockles have convenient conditions 
to unfold themselves, in spite of the high eutrophication of this area. Reductive in-
fluence of the riverine waters on the cockle population may be observed in the Puck 
Bay, where the C. glaucum was not noticed – it was observed only in the region of 
the mouth of the Płutnica River. The main factors which influenced the development 
of C. glaucum in bays were depth and distance from the seashore. Cockles avoided 
the shallowest zones, what was probably related to hydrological (transfer of sedi-
ments by benthic water currents) and biotic factors (predation).  
The size of C. glaucum depends on salinity. When the salinity decreases, growth of 
specimens is also decreased, in spite of the full appeased of the nutritive needs. This 
is apparent in the Baltic Sea: in the Kiel Bay salinity is about 12 ‰ and cockles 
reach 44-50 mm, whereas at the Polish coast shell width decreases to 25 mm 
(śmudziński 1987). The largest specimens we noticed near the Słupia River mouth. 
This may be related to the large chloride load carried by this river into the coastal 
zone (IMGW 1999). On the other hand also recruitment events may influence on the 
size structure of C. glaucum which reproduces from May to September (Jagnow and 
Gosselck 1987). 
The age structure of the population from the coastal zone is probably determined by 
predation. C. glaucum may locally be a prey of the crustaceans (Eriocheir sinensis 
Milne Edw., Orconectes limosus (Raf.)) and fish: Rutilus rutilus L. At the whole 
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studied coastal zone C. glaucum is eaten by fish and aquatic birds (Krzykawski and 
Załachowski 1983, Mulicki 1947, Stepniewicz and Meissner 1999 et al.). In the 
southern Baltic Sea there are situated feeding grounds for flatfishes, which mainly 
feed on bivalves (Wultańska 1971). These fish eat bivalves mainly in the warmer 
seasons after return from deep-watered spawning grounds (Meisner 1937). Among 
the flatfishes especially Platessa platessa L. eats mussels, increasing their propor-
tional contribution in food together with their age. According to Krzykawski and 
Załachowski (1983) C. glaucum composes the food of Platichtys flesus L. only in  
a small degree (0.1%). This effect decreases also as a result of a regular drop in the 
stock of these fishes from 31% in 1979 to 2% in 1982 (Kuczyński 1985). Rutilus 
rutilus replaces Platichtys flesus in the catches and when they are 10-12 cm long ac-
quires capability of crushing molluscs with its pharyngeal teeth, particularly bi-
valves. Therefore, if they are present in the habitat, they constitute a principal part of 
their diet (Piesik et al. 1994). The pressure of R. rutilus may relate only to the area 
of the river mouths and bays, which in the Baltic Sea are the 1st order estuaries, sig-
nificantly affected by freshwater and enable existence of these fishes.  
Considering the small abundance – in comparison with the other bivalves species – 
C. glaucum does not play an important ecological role (biofiltration, biosedimenta-
tion, uneutrophication) and is not an essential food source for fishes and other con-
sumers. Taking into account the small number of cockle, it is easy to observe quanti-
tative changes in the population, which follow contamination changes or other fac-
tors and for this reason cockle may be of service as an indicator of environmental 
conditions in the southern part of the Baltic Sea.  
 
 
CONCLUSSIONS 
 
1. This study revealed that C. glaucum avoids zones of the direct connection be-

tween land and see, both in the open sea and bays. 
2. The highest frequency of cockles in the coastal zone of the Baltic Sea was ob-

served near the Słupia River mouth, whereas in bays cockle was absolutely  
a permanent species except for the sites in Puck and Gdynia. 

3. In the 3 Nautical miles coast area only the sandy-grain bottom had influence on 
the level of abundance and biomass of C. glaucum. In bays its abundance was re-
lated to depth whereas biomass was related to the distance of the seashore. 

4. C. glaucum, considering  its little abundance in studied area, does not play an 
important ecological role and does not constitute a food source for fishes and 
other consumers but may be of service as an indicator of unfavorable environ-
mental conditions. 
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ROZMIESZCZENIE I ROLA CERASTODERMA GLAUCUM (POIRET, 1789)  
W POLSKIEJ PRZYBRZEśNEJ STREFIE BAŁTYKU 

 
Streszczenie 

 
Badano populację małŜa sercówki bałtyckiej Cerastoderma glaucum (Poiret, 1789)  

w polskiej strefie przybrzeŜnej Bałtyku (do 3 Mm), oraz w Zatoce Puckiej i Zatoczce Gdyń-
skiej (część Zatoki Gdańskiej). Frekwencja dla strefy przybrzeŜnej zatok była wysoka i wy-
nosiła średnio F = 65%, a dla strefy przybrzeŜnej WybrzeŜa Środkowego tylko F = 43%.  
W strefie przybrzeŜnej Zatoki Puckiej i Gdyńskiej zagęszczenie Cerastoderma było ponad  
3-krotnie wyŜsze w porównaniu do masy mokrej w strefie przybrzeŜnej WybrzeŜa Środko-
wego. Przy uŜyciu klasycznych metod statystycznych (testów istotności) wykazano róŜnice  
w średnim zagęszczeniu pomiędzy profilami wschodnimi i zachodnimi w estuariach oraz 
pomiędzy otwartym wybrzeŜem a strefami estuariowymi. Zastosowana metoda MR&CT 
(drzewa regresyjne) dla danych z Morza Bałtyckiego wskazała, Ŝe na biomasę i zagęszczenie 
Cerastoderma wpływ ma jedynie granulacja podłoŜa, natomiast na obszarze zatok na zagęsz-
czenie wpływa głębokość, a na biomasę odległość od brzegu. Struktura populacji Cerasto-
derma glaucum zasiedlającej Zatokę Pucka i Gdańską jest determinowana głównie przez głę-
bokość. 

Najkrócej sercówki Ŝyły w estuarium Wieprzy, gdzie występowały wyłącznie osobniki  
z grupy wiekowej 1+. Na pozostałych badanych pod tym względem profilach małŜe te doŜy-
wały wieku 3 i 4 lat, z dominującymi starszymi grupami wiekowymi, głównie 2+. Badania 
szerokości muszli wykazały, Ŝe średnia szerokość muszli badanych Cerastoderma na obsza-
rze WybrzeŜa Środkowego była największa w estuarium Słupi, natomiast na obszarze zatok 
zasadniczo wzrastała z zachodu na wschód. 

W porównaniu do innych gatunków małŜy zasiedlających badany obszar, Cerastoderma 
glaucum, ze względu na niewielką liczebność, nie odgrywa większej roli ekologicznej oraz 
nie tworzy bogatej bazy pokarmowej dla ryb i innych hydrobiontów, moŜe natomiast posłu-
Ŝyć jako organizm wskaźnikowy niekorzystnych zmian zachodzących w środowisku. 
 


