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The shell organic content in the energy budget of 
Mytilus trossulus from the South Baltic 

Macie} WOLOWICZ 1 and Philippe GOULLETQUER 2 

ABSTRACT 
The amount a.f organic matter and its energy values in shells of Cerasfoderma glaucum, Macoma balthica 

and Mytilus trossulus from the Gulf of Gdansk were estimated by chemical extràction and by 
microcalorimetry. 

The mean organic m~tter content varied from 0.54% in C.glaucum, to 5.21 % in M. baIthica and 5.92% in 
M. trossuilis. Energy values of sheU organic matter ranged from 15.15 (± 1.41) j.mg" in M. balthica to 20.17 
(± 1.60) j.mg" in M. trossllilis and 23.88 (± 1.56) j .mg-' in C. glallcllm. 

Organic content and energy value of shells were specifie and related ta microgeographic distribution 
(environmental factors) of the population / or sediment type. Seasonal changes of these parameters were 
also obseryed . M. trossulus shells of 25-50 mm in length showed higher organic matter content (5.5 to 
6.19%), but' lower <:nergy value (18.92 to 19.99 j.mg") than those of 5-25 mmlength (5.27 to 5.61 % and 
20.59 to 21.09 j.mg" respectively). . 

The energy content accumulated in the shell represented from 5.4% of total energy content in C. glaucum 
to 17.6% in M . balthica and 22.3% in M. trossulus, and therefore p lays an important role in the bivalves' 
energy budget. 

RÉSUMÉ 
'Le contenu en matière organique de la coquille dans le budget énergétique de Mytilus trossulus 
du Sud de la Mer Baltique. 

La quantité de matière organique e t sa valeur énergétique ont été évaluées pour les coquilles de 
Cerastoderma glallcum, Macoma balthica et Mytilus trossu/us de la baie de Gdansk, par extraction chimique 
et microcalorimétrie. 

Le contenu moyen en matière organique varie de 0,54% chez C.glallcum, à 5,21 % chez M. ba/thica e t 
5,92% chez M. trossu/us. La valeur énergétique de la matière organique de la coquille varie entre 15,15 (± . 
1.41) j .mg" chez M. balthica, 20,17 (± 1,60) j .mg" chez M. trossllilis et 23,88 (± l ,56) j .mg" chez C. glallC!lm. 

Le contenu en matière organique de la coquille et sa valeur énergétique sont spécifiques, et corrélés avec 
la microdistribution géographique (facteurs de l'environ~ement) de la population, ou avec le type de 
sédiment. Des changements saisonniers ont aussi été observés. Des coquilles de M. trossulus de 25-50 mm de 
longueur ont un contenu en matière organique plus élevé (5,5 à 6,19%), mais celui-ci a une valeur 
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énergétique plus faible (18,92 à 19,99 J.mg· l ) que celles de 5-25 mm (5,27 à 5,61% et 20,59· à 21,09 ].mg·! 
r ... pectivement). 

Le contenu énergétique accumulé dans la coquille represente entre 5A% du contenu énergétique total 
chez C. glallcllm, 17,6% chez M,' balthica et. 22,3% chez M. troSS UhlS, et joue donc un rôle important dans le 
budget énergétique de ces bivalves. 

INTRODUCTION 

In spite af their law species biadiversity, bivalves are ane af the m ast impartant campa!,ents af 
the Baltic Sea benthic fauna resaurces. They are aften daminant arganisms in respect withsize and 
biamass. In the biacenosis of coastal zone, Mytilus trassulus Gould, 1850, Macoma balthica (Linné, 
1758) and Cerastoderma glaucu m (Bruguière, 1789) play the most significant role. Although 
without any present commercial value M.trossulus forms extensive beds reaching up to 70% of 
biomass of animais living on a hard sediment Oansson and Kautsky, 1977; Zmudziflski and 
Osowiecki, 1991) and plays a key·role in the matter and energy flow in the Baltic (Kautsky and 
Evans, 1987; Wiktor, 1990). C. glaucum can be characterised as a prevailing species on a shallaw 
and sandy battam, while M. balthica on deeper muddy bottom. For remind.er, multivariate analysis 
of morpholagical shape and malecular analysis of genetic variation have led to the recognition of 
three Mytilus sibling species: M. edulis Linné, 1758, M. galloprovincialis Lamarck 1819, and M . 
trossulus Gould 1850 (for a review see: McDonald et al., 1991; Suchanek et al., 1997). 

Since shell weight makes from about 86% of dry weight (DW) of M trossulus and M. balthica, 
to more than 91% of C. glauCLIm, its contribution to energy balance of an arganism has a very 
important meaning. The shell drganic content ·of molluscs can represent a significant fraction of the 
total organic content but it is aften neglected in calculations of energy budget in lhese animais 
(Hylleberg et al., 1978; Szaniawska, 1992). 

Furthermore, periostracum of the bivalves made mostly from proteins and glycoproteins with 
soluble and insaluble parts is responsible for sediment depasits abounding in arganic matter (e.g., 
mussel mud) which farm a suitable habita! far ather a rganisms like the meiofauna (Weiner and 
Lowestam, 1977). 

This paper aims to assess the role of sheU organic matter in energy balance of M. trossulus and 
M. balthica md how changes in shell biodepasits can effect environmental biotic and abiotic 
factars (e.g., sediment composition). 

MATERIALS AND METHODS 

Bivalves were sam pied in 1991 on a manthly basis by dredging five locations of the Gulf of 
Gdansk characterized by variaus depth and sediment type (figure 1, table 1). 

Thirty specimens of M. trossulus and M. balthica were analyzed on a manthly basis. Mareaver, 
a C. glaucunt papulation was punctually sam pied far further comparison on three locatians in April. 
The shell exterior was individually brushed and cleaned to remove fouling organisms th en 
examined under a binocular far occurrence af endaUtic organisms. The reduced salinity level (#6 
ppt) actually limited endolitic a rganisms' colanizatian. After discarding the meat, the shells were 
rinsed with distilled water and dried ta canstant weight (12 h) at 60°C. 

Althaugh individua lly measured , the M. balthica and C. glauCLInt populations were 
homogeneoùs in size ranging from 10 to 15 mm length, while M. trossulus shells were divided into 
Iwo size classes 5 to 25 and 25 fa 50 mm. Amaunt of shell organic matter was estimated by extraction 
in O.lM trichloroacetic acid (TCA) (Gaulletquer and Wolowicz, 1989). Thirty shells of each species 
from site and / or class length were taken randomly and individuaUy decalcified in TCA solution at 
2q°C. The organic content was es.timated by filtering the solutian on 0.7!lffi Whatman GF / F (ashed) 
filter paper. Retained mate rial was rinsed with distilled water and dried to constant weight at 
60°C for 48 h (Dame, 1972) . TCA extraction· was chosen because ignition overestimates the loss of 
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organic matter as shown by Goulletguer and Wolowicz (1989), and TCA - extracted organic matter 
can be used for other analysis (e.g., biochemical, microcalorimetry). 
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Figure 1. Experimental sites w ithin the Gu lf of Gdansk. 

Table 1. Characteris tics of the sampling s ites. 

Species Si te Type of sediment Depth (m) 

Rzucewo (RZ) Sand + vegeta tio:1 2 

C. g /nllCllm Sopot (50) Sand 5 

Mechelin ki (ME) Sand + vegeta tion 5 

M ,balt " ica Puck Bay (ZP) sand 15 

Gdynia (GD2) Muddy-sand 20 

Sopot (50) sand 5 

M, lrossu/ lls Gdynia (GOl ) sand + vegetation 5 

Gdansk Bay (GN) mud 40 

Energy value of the organic matter was estimated using a microbomb calorimeter type KMB-2 
(Phillipson, 1964; Klekowski and Baczkowski, 1973) calibra ted w ith benzoic acid (ca lorie value 
26.473 J.mg·'). For each species samp le, shell organic matter from 30 ind ividua ls were pooled, then 
pu lverized and homogenized . Measurements of aliguots were carried out in trip licate. 

Comparisons am ong species, si tes and sam pling period were performed using ANOV A's and 
linea r multiple regressions (Statgraphics V.7). 
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Table 2. Shell organic content and energy values of shell organic matter (mean ± 5D). 

Species Sit e Samples % Shell organic Energy value 
(n) matter (±SD) (J.mg-l) (± 50) 

RZ 120 0.66 ± 0.02 -
C. glallclIlll 50 145 0.45 ± 0.01 24.03 ± 2.87 

ME 150 05 ± 0.01 23.73 ± 1.27 

M. balilliea ZP 360 5.21 ± 054 14.80 ± 1.49 

CD2 360 5.44 ± 052 1550 ± 1.36 

50 360 5.39 ± 0.44 20.32 ± 1.84 

M.lross llilis COI 360 553 ± 0.20 20.29 ± 1.48 

CN 360 5.92 ± 0.44 19.91 ± 159 

Table 3. Seasonal changes of M. tross//l l/s shell organie content (%) (± standard deviation). 

Si te 50 COI CN 

Size range (mm) 5-25 25 - 50 5 - 25 25- 50 5 -25 25 - 50 
Month 

Jan 4.70 4.93 5.40 5.46 5.47 6.27 
(0.16) (0.21) (0.1) (0.1) (0.1) (0. 21 ) 

Mar 5.44 5.65 5.45 5.65 553 5.79 
(0. 11 ) (0. 15) (0. 1) (0. 14) (0.09) (0.11) 

Apr 5.74 5.89 5.57 5.75 5.83 653 
(0. 16) (0.18) (0.1) (0.09) (0.12) (0.l3) 

Aug 5.17 5.27 5.31 5 .. 32 5.35 557 
(0.16) (0.17) (0.12) (0.11) (0.08) (0.08) 

Nov 5.82 5.96 5.75 5.84 5.74 6.75 
(0.16) (0. 18) (0.09) (0.11 ) (0.12) (0.11) 

Dec 4.77 5.30 5.21 5.65 5.74 6.24 
(0.16) (0.24) (0. 14) (0.11) (0.09) (0. 14) 

Average 5.27 550 5.45 5.61 5.61 6.19 
± 0.48 ± 0.40 ± 0.19 ± 0.19 ± 0.19 ± 0.44 

Table 4. A N OVA table for the shell organie content (%) function of the 3 variables 'site', 'Iength', and 'month'. 

Source Sum of Of Mean Square F-Ratio P-Value 
Squares 

Main effec ts 

Sit e 36,7153 2 18,3577 382,32 0,000 

Length 40,5579 43 0,943206 19,64 0,000 

Date 55,4287 5 11,0857 230,87 0,000 

Res idual 49,4088 1029 0,0480163 

Total 215,747 1079 
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RESULTS 
SI,.II organic content 

Shell organic matter contents were quite similar between both species Ma co",a balthica and 
My ti/us trossulus ranging from 5.21% to 5.92% respectively (table' 2). In contrast, organic content of 
C. glaucum shell was limited varying from 0.45 to 0.66%. 

Monthly data; sites and size comparisons were carried out on M. trossulus shell organic content 
(table 3). The ANOVA table demonstrates that ail factors, 'site', 'length' and 'date' h've a 
statistically significant effect on the ~hell organic percentage at 95% confidence level (table 4) . 
Each component effect is reported on figu re 2. Ail the information were combined and a highly 
significant multip le linear regression model was established explaining 45% of the variance 
(P<O.Ol ). The output shows the results of fitting this model to describe the relationship between 
the organic content percentage and the three independent variables (figure 3). The equation of the 
fi tted model is: 

Organic content ; 4.5501+0.240658·site + 0.01202·date + 0.01851·length 

Therefore, percentage of organie matter on small shell size (5-25mm) was significantly lower 
compared to large sheU (25-50mm), and a significant trend of increasing organic percentage was 
reported from sandy ta muddy areas concomitant ta increased depth (table 1, figures 1,2). With 
regard ta the monthly data, sheU organic percentage showed a consistent increasing trend along the 
year but august and december data (figure 2). In contrast ta M.trossulus, shell organic percentage of 
M.ba lth ica did not show any significant difference between sites (table 5). Organic sheU content 
tended ta vary among species, reaching the higher (5.73%) and lower (4.78%) values .in spring and 
summer for M.baltllica (table 5). 

E1Iergy value of slze ll organic matter 

Significant d ifferences among species were noted with regard ta the energy value of the 
organic matrix. The energy varied from a 14.8 J.mg - 1 minimum value for M. balllIica fCOIn lhe Puck 
Bay (ZP) to a 20.32 and 24.03 J.mg - 1 maximum values for M. trossulus and C. glaucllm from Sopot 
(SO) respectively (table 2). 

Energetic values of the organic matrix were qui te similar among" sites for M. trossulus and were 
not related ta sediment type (table 6). Although not significant, energy values for this species 
tended ta be lower for larger sheU (25-50 mm) (table 6). Moreover, a seasonal increasing trend over 
month was noted for the energy value of M. Irossuills sheU organic matler (table 7). 

Table 5. Seasonal changes of shell organic content (%) (± standard deviation). 

Species Maconra balthica 

Site ZP GD2 

Month 

Apr 5.63 5.73 

May 5.97 5.73 

]un 5.09 4.89 

Jui 4.78 5.02 

Sep 5.02 5.16 
Oct 5.21 5.17 

Average 5.28 + 0.44 5.28 ± 0.36 
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Fig ure 2. ANOVA results: 'length', 'month', and 'site'component effect on shell organic content (%) 
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Table 6. Energy value of M. trosslIllls shell organic matter from different type of sediment and animal size. 

Nature of sediment Size of animais (mm) Energy value (J.mg -l) 

Sand 5 - 25 21.09 ± 1.33 

25 - 50 19.55 ± 2.03 

Vegetation 5 - 25 20.59 ± 1.08 

25 - 50 19.99 ± 1.86 

Mud 5 - 25 20.90 ± 1.44 

25 - 50 18.92 ± 1.06 

Table 7. Seasonal changes of energy value Q.mg-1) in shell organic matter (mean). 

Species Ma coma balt"ica My ti/us trossu/us 

Si te ZP GD2 sa GD1 GN 

Month 

Jan - - 19.45 18.24 19.19 

Feb - - - - -
Mar - - 18.67 19.43 20,15 

Apr 15.97 16.63 18.82 19.43 21.54 

May 16.37 16.34 - - -

Jun 13.88. 14.24 - - -
Jul 12.49 14.04 - - -
Aug - - 22.20 20.99 19.89 

Sep 14.05 14.33 - - -
Oct 14.43 15.43 - - -
Nov - - 22.16 21.14 20.53 

Dec - - 20.59 20.24 18.19 

Average 14.53 ± 1.43 15.17 ± 1.13 20.32 ± 1.59 19.91 ± 1.10 19.92 ± 1.15 
'--
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hgur~ 3. Multiple linear model of M. trosslIllIS shell organic content function of shell length, site (l ::::Sopot; 
2=Gdynia; 3=Gdansk Bay), and date. 
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Table 8. Percentage of shell organic matt,er in bivalve species. 

Species % of shell Method used Autho r 
organic content 

Cardil/m edule 2.04 ignition Hibbert, 1976 

0.53 chemical extraction Goulletguer, Wolowicz,1989 

Ceras toderma gla ucum 1.43 " Ivell, 1979 

0.43 " Goulle tguer,Wolowicz, 1989 

0.54 " this study 

Crassos trea vi rginica 0.896 " Dame, 1972 

Ma coma balthica 5.32 " this study 

Mercenaria mercenaria 2.35 ignition Hibbert, 1977 

Mytilus edl/lis 3.0 ? Thompson, 1984 

5.0 ? Dare, 1975 

6. 2 ignition Kautsky, 1981 

Mytil l/ s trossulus 5.61 chemical extraction th is stud y 

RI/ditapes philippinarum 0.97 " Goulletguer,Wolowicz, 1989 

Scrobicu la ria plana 0.4 ? Hughes, 1970 

Venerupis Qurea 2.55 ignition Hibbert, 1976 

Table 9. PerŒntage of energy acumulated in shell organic matter and soft ti ssue of standard Macoma baltllica 
(17 m m, 160.6 mg) (Szaniawska et 0/.,1986), Cerastoderma glallcllm (15 mm, 461.9 mg) (Wolowicz, 1991) and 
Mytillls trossllills (15 mm, 42.9 mg) (Cuena Barron & Wolowicz, 1981). 

Species M .balth ica C.glal/cl/ m M. trossl/lus 
(Szanawska et al., "(Wolowicz, 1991) (Cuena Barron & 

1986) Wolowicz, 1981) 

. weight (mg) 138.0 420.7 36.8 

Sh e ll % organic matter 5.32 - 0.54 5.44 

energy value 0 .mg-1) 15.20 23 .73 20.84 

tota l energy 0.mg-1) 111.60 53.90 41.70 

weight (mg) 22.60 41.20 6.10 

Tissue energy value 0.mg-l) 23.58 22.15 23.78 

total energy 0 .mg-1) 523.90 912.60 145.10 

Energy % s h e ll 17.6 5.6 22.3 

tissue 82.4 94.4 77.7 
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DISCUSSION 

The estimate of sheU organic content are correlated with ·the species and the method used (for 
critical review, see Goulletquer and Wolowicz, 1989). 

The results obtained in this study were w ithin the range reported in the. literature !pr other 
bivalves sp ecies (table 8) . By way of example, Maconla balthica and Mytilus trossulus sh owed 
higher values than for Cardiu m edule (9.6%) and Rudi tapes ph iIippinarunl (14.4%) (Goulletquer 
and Wolowicz, 1989). Moreover, cockles' data in this study were similar to those for C. glaucunl 
(5. 2%) orig inating from the Marennes-Oleron Bay .(France) 

The o rganic content in the sheU of M. trossulus was correlated with the sediment type: the 
organic content increased correlatively wi th sediment soflness. Therefore, muddy sediment led to 
increased sh eU organ ic content. This is Iikely due to the organic load at the sediment level in 
contact with the periostracum containing most of the organic matter (Wilbur and Simkiss, 1968) . 

A relationship between the seasonal sheU organic conten t from M. trossulus and M. baIthica 
and phytoplankton as weU as chlorophyU content (spring and autumnal baciUariophycae bloom 
were reported by Plii\ski et al., 1982 and Latala, 1985 respectively). Seasona l changes of M . 
trossulus sheU organic content showed the same pattern in our study. Food ch aracteristics and 
ava ilability were like ly resp onsible fo r this pa ttern in add ition to increased seawa ter 
temperature, responsible for the overall shell growth p attern . In contrast to Price et al. (1976) on 
bivalves, sheU organic content tended to increase w ith age in the present study. However, energetic 
value of shell organic matter did not show any seasonal pattern in contra st to d ata on Mercenaria 
mercenaria from S. England (Hibbert, 1976). 

The energetic va lue of sheU organic matter is specific and shows a similar and concomitant 
seasonal change between sheU organic content and soft parts (Wenne and Styczynska-Jurew icz, 
1985; Wolowicz, 1991; Szaniawska et al., 1986). Although not significant, a g lobal and similar 
trend was noted with regard to energetic value. 

Kenned y et al. '(1969) and Gregoire (1972) showed th~ t the shell matrix is composed m ainly of 
soluble and insoluble parts of proteins and glycoproteins and that their p roportion varies according 
to species and environmental conditions. For this reason, the energy value of the sheU matrix 
appears to be correlated with trophic conditions. Therefore, smaUer/younger specimens showing 
higher energy turnover tend to have higher energy value fot sheU organic matter. 

The sheU organic content an d their energy value play a critical role in bivalve's energy 
budget. Since the C. glaucunl sheU represents 91.5% of d ry weight, the overaU energy mobilized in 
sheU matrix remains important in spite of its low organic concentration (Wolowicz, 1984). By way 
of example, energy computation per species using a "standard animal" specified by an average size, 
shows that the percentage of energy accumulated in the sheU represents 5.4% to 22.3% of the total 
energy content in C. glaucunl and M. tross ulus respectively (table 9). Since individuals less than 25 
mm length represent up to 90% of the mussel population in the Gulf of Gdansk, a significant energy 
accumul ation results from de ad animaIs deposits a t the sediment level (Cuen a Barron and 
Wolowicz, 1981). By way of example, a common average 700 g mussel biomass per m 2 would 
therefore lead to 0.8 kJ.m-2 energy stored in shell deposits a t the sediment leve!. · 

ACKNOWLEDGEMENTS 
This work was developed within the frame of Polish-French Cooperation Program (ATP E01). We are 

grateful to Drs. H. Hummel (Netherlands Institute of Ecology, Centre for Estuarine and Coastal Ecology) and V. 
Brock for constructive discussion and comments on the manuscript. 

REFERENCES 
Cuena Barron L. & Wolowicz M., 1981. A preli minary outline of the Mytilus edulis population From Gdansk Bay.~ 

Oceallografia, 5: 127-140. 



10 WOLOWICZ & GOULLETQUER 

Dame R.F., 1972. The ecological energies of growth, respiration and assimilation in the intertidal American oyster 
Crassos trea virgînica . Marùle Biology, 17: 243-250. 

Dare P.J., 1975. Settlement, growth and production of the mussel Myti/l/s edl/lis L. in Morecambe Bay. In: Marine 
ntl/ssefs; lite;, ec%gy amf pllysiology. Cambridge University Press. 

Goulletquer, P. & Wolowicz M., 1989. The shell of Cardillnt edl!le, Cg/allc l/nI and RI/ditapes philippinarum: 
organic content'rroximate composition and energy value as determinated by different methods. Journal of the 
Marine Biologica Association of the Unit ed Kingdom, 69: 563-572. 

Gregoi re C., 1972. Structure of the molluscan shell . In: ÇlIen/ical ZooltJgy. Molll/sca, M. Florkin, B.T. Scheer (eds.): 
45-102. Academie Press, New York. 

Hibbert C.}., 1976. Biomass and production of a bivalve community on an intertidal mud-flat. Jounlal of 
Experimelllai Morille Biology alld Eeology, 25 : 249-261. 

Hibbert .C.j., 1977. Growth and survivorship in a tidal-fla t popula tion of the bivalve Mercellaria merceuaria from 
the Southampton water. Morille Biology, 44: 71-76. 

Hughes R.N., 1970. An energy budget for a tidal-f1at population of t.he bivalve Scrobielliaria plalla (da Costa). 
JOllmal of Allimai Eeology, 39: 357-379. 

Hylleberg J., Brock V. & Jorgensen F., 1978. Prod uction of sublitlora l coekles, Cardillm edllie L. with emphasis on 
predation by flounders and sea stars. Nat ura Jllt/alidica, 20: 183-191. 

lvell R, 1979. The biology of a brackish lag90ri. bivalve, Cerastoderma glal/cl/nl, Bruguiere in an English lagoon, the 
Widewater, Sussex. lOI/mal of Mollllscal1 Studies, 45: 383-400. 

lansson B.-O. & Kautsky N., 1977. Quantitative survey of hard bottom communities in a Baltie arehipelago. In : 
Biology ofbellllIie orgallisms, B.F. Keegan, P. O'Ceidigh, P.J.5. Boaden (eds.): 359-366. Perga mon Press, Oxford. 

Kautsky N., 1981. O n the trop hie role o f the blue mussel (Mytil ils edillis) in a Baltie coastal ecosystem and the flat 
of the organic matter produced by the mussels. Kieler Meeresjorsdlllt1g Sonderhejte, 5: 454-461. 

Kautsky N. & Evans S., 1987. Role of the biodeposition by Mytilll s edulis in the circulation of matter and 
nutrients in a Baltie coas tal ecosystem. Marille Ecology Progress Series, 38: 201 -212. 

Kennedy W.J., Taylor J.o. & Hall H., 1969. Environmental and bio logieal eontrols on bivalve shell mineralogy. 
Biologieal ReVlew, 144: 499-530. 

Klekowski R.Z., Baczkowski j., 1973. A new modifica tion of microbomb calorimeter. Ecol. Pol., 21 : 229-236. 
Latala A., 1985. Zawartosc chlorofilu w wodach powierzchniowych zachodniej czesci Zatoki Gdanskiej. Studia 

i Materialy Oceano!. Polis/! Academy of Sciellce, 46: 13-21. 
MeDonald J.H., Seed R. & Koehn R.K. , 1991. Allozymes and morphometrie eharacters of three species of Mylillls in 

the Northern and Southern hemispheres:. Manlle Biology, 111: 323-333. 
Phillipson L 1964. A miniature bomb calorimeter for small bio logical sa mples. Dikos, 15: 130-139. 
Priee T.j., Thayer G.W., Lacroix M.W. & Montgomery G.P., 1976. The organic content of sh~lls and soft tissues of 

seleeted estuarine gastropods and pelecypods. Proceedillgs of the Na tional ·Shellfisheries Association, 65: 26-31. 
Plinski M., Sobolewska B. & Mielczarek M.j., 1982. Sklad i liczebnosc fitoplanktonu zachodniej czesci Zatoki 

Gdanskiej w latach 1978 i 1979. Studia i Materialy Dceanol. Polish A'cademy of Science. 
Suchanek T.H ., Geller J.B., Kreiser B.R. & Milton J.B., 1997. Zoogeographie d istributions of the sibling species 

Mytillfs falloprovincialis and M. trossll lllS (Bivalvia :Mytîlicfae) and their hybrids in the North Pacifie. 
Biologiea BI/llelill, 193: 187-194. 

Szaniawska A., Wenne R. & Wolowicz M., 1986. Energetic values of the body of Macoma baIthica L. from the Gulf 
of Gdansk. Oceallologia, 24: 55-62. 

Szaniawska A. 1992. Energy budget in the populations of Cral1g01! cral1go11 L. (Crustacea) and Cardiunt glallClllll 
(Poiret) (Mollusca) in tne Gulf of Gdansk. Oceallologia , 32: 99-108. 

Thompson R.J., 1984. Production, reproductive effort, reproductive va lue and reproductive cost in a population of 
the blue mussel Myti/us edlliis from a subarctic envlronment. Marine Ecology Progress Series, 16: 249-257. 

Weiner S. & Lowestam H.A., 1977. Discrete molecular weight components of the organic matrices of mo\lusc shells. 
Jal/mal of Experimelilai Morille Biology alld Eeology, 30: 45-51. 

Wenne R. & Styczynska-jurewicz E., 1985. Microgeographic differentiation in condition and biochemical 
composition of Ma coma baltica (L. ) from the Gdansk Bay (South Baltic). Polski Archiwiunl Hydrobiologii, 32: 
175-194. 

Wiktor K., 1990. The role of common mussel Mytillf s edlllis (L.) in the biocenosis of the Gu lf of Gdansk. 
Linillologica (Be rlill ), 20(1): 187-190. 

Wilbur K.M. & Simkiss K., 1968. Calcified shells. In: Florkin, M., Sto tz, E.H. Compr. Biache",., 26, 229-295. 
Wolowicz M., 1984. CardiurIl glallcurIl (Poiret, 1789) population from Gdansk Bay (Baltic Sea). Poiski ArchiwiurII 

Hydrobiologii, 31: 33-44. 
Wolowicz M., 1991. Geographie differentiation of the Cardillnl glal/cllrll (Bivalv ia) populations. Gdansk Univ., 

156pp. 
Zmudzinski L. & Osowiecki A., 1991. Long-term changes in the bottom macrofauna of the Puck Lagoon. Acta 

lehlhyologiea el pisealoria, 21 suppl.: 2SQ-265. 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

