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Abstract 
 

The aim of this study was to show the influence of environmental conditions on the ionic 
composition of fish bones. The analysis concerned the ionic structural composition of the 
operculum in fish species with different abiotic habitat preferences. Three species of fish were 
examined: cod, Gadus morhua L., 1758; sea trout, Salmo trutta morpha trutta L., 1758 and perch, 
Perca fluviatilis L., 1758. Results from hydrochemical research on salinity in the Pomeranian Bay 
(Southern Baltic) were also utilized. Using the determined ratios (Ca:Mg, Na:Mg, Sr:Ca and 
Na:Ca in the operculum and Ca:Mg, Na:Mg and Na:Ca in the waters of the Pomeranian Bay), 
typical correlations were determined for the analyzed habitat.  

Macrocation structure in the operculum bones for each species were found to be as follows: 
- cod: Ca  – 32.3%, Mg – 29.8%, Na – 1.4%, K – 0.8%, Sr – 2.1%;  
- sea trout: Ca  – 22.8%, Mg – 13.5%, Na – 0.8%, K – 0.2%, Sr – 1.7%;   
- perch, Ca  – 37.9%, Mg – 15.1%, Na – 2.4%, K – 0.7%, Sr – 1.6%. 

                                                           
1 Corresponding author: agnieszka.torz@zut.edu.pl 

DOI 10.2478/v10009-010-0014-8 
Original research paper 

 Received:  
Accepted:  

January 22, 2009 
February 10,  2010 



 A. Tórz, A. Nędzarek 

Copyright© by Institute of Oceanography, University of Gdańsk, Poland 

 

148

INTRODUCTION 

Estuaries, having a high variability of abiotic conditions, are characterized 
by their significant biodiversity resulting from, among other things, large 
quantities of food. They are habitats for many species of fish that benefit from 
conditions advantageous for reproduction, feeding and wintering. The 
ichthyofauna of estuary waters must be highly tolerant to changes in physical, 
chemical and biological factors (Elliott, Hemingway 2002). Apart from a 
specific species composition of ichthyofauna in estuary waters, they have high 
seasonal differentiation, dependent on local hydrological and climatic 
conditions. The basic criterion determining the possibility of different fish 
species’ existence in estuary waters are the total dissolved solids (TDS) - the 
entire content of macro-ions responsible for salinity. The occurrence of 
individual species of fish in estuary waters depends on their physiological 
preferences which in turn may depend on salinity, and salinity perhaps plays a 
decisive part in controlling a species' range (Secor, Rooker 2000). The 
composition of basic macro-elements in the bones of estuary fishes may be a 
differentiating factor which shows the environmental preferences of individual 
species (Volk et al. 2000). The ionic composition of a fish skeleton can also 
indicate correlations between different populations - within one species, but 
living in niches with different hydrochemical regimes, and between different 
species living in the same habitat (Forrester, Swearer 2002). Determining the 
dependence between the ratios of macro-cation concentrations in fish skeletons 
and in the waters where these fish live enables the determination of their 
environmental preferences. 

The Pomeranian Bay is a specific estuary, a complementary estuary of the 
Oder River, with the highest salinity of all the regions of the Oder estuary. The 
predominant part of the catchment area of the Pomeranian Bay is the Szczecin 
Lagoon (89.5%), so the main river inflow into the Pomeranian Bay is indirectly 
the Oder river. The Pomeranian Bay’s chemism (within 3 to 9-12 marine 
leagues from the shore bank) is under the prevailing influence of open Baltic 
waters. Waters flowing from rivers into the sea play a crucial role in the coastal 
zone and in the area of their outlet. The predominant influence of river waters is 
clearly visible at the Świna river outlet. The Pomeranian Bay is quite shallow 
(an average depth of 13 m), has a small capacity and a relatively high inflow of 
river waters. Mikulski (1967) reported that in the general inflow of river waters 
to the Pomeranian Bay, Oder river waters constitute 83%, and the average 
volume of the inflowing river waters is 16.6 km3 a year. According to Majewski 
(1972), such a high percentage of inflowing river waters in hydrological balance 
with the Pomeranian Bay makes them a major factor in the formation of the 
bay's hydrological, hydrochemical and biological conditions. 
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Ichthyofauna species living in this dynamic habitat include sea species,           
eg. cod; anadromous species, eg. sea trout; and fresh-water, euryhaline species, 
eg. perch. cod (Gadus morhua L., 1758) lives in the near-bottom layer and is a 
cryophilic species. This species has numerous sub-species and ecological races. 
Sea trout (Salmo trutta morpha trutta L., 1758) is an anadromous species; it 
returns to the river where it was born for spawning (homing instinct). Sea trout 
is a very adaptable species, with many resident forms. Perch (Perca fluviatilis 
L., 1758) lives in both fresh and brackish waters, and tolerates considerable 
fluctuations in salinity (euryhaline species) (Więcaszek et al. 2006). All the 
discussed species of fish are predators. 

In this paper, the ionic compositions of the operculum bones of selected 
ichthyofauna species populating the waters of the Pomeranian Bay were 
examined (cod, sea trout and perch). The analyzed species are characterized by 
different types of adaptations to their habitats (sea-species, anadromous species 
and fresh-water, euryhaline species). This type of research has not been 
conducted before and its results can significantly contribute to a wider 
recognition of the environmental preferences of the analyzed species of fish. 

The aim of this study was to (i) show differences in macro-elements 
composition in the skeletons of fish with different types of adaptations to their 
habitats, (ii) analyze correlations between the ionic compositions of the fish 
skeletons and the ionic compositions of Pomeranian Bay waters and (iii) show 
correlations between the ratios determined for fish bone macro-cations (Ca:Mg, 
Na:Mg, Sr:Ca, Na:Ca) and ratios determined for the waters populated by these 
species (Ca:Mg, Na:Mg, Na:Ca). 

MATERIALS AND METHODS 

The samples of operculum bones were prepared according to a method 
detailed by Rooker et al. (2003). Determinations of calcium, magnesium, 
sodium, potassium and strontium were conducted using a Perkin-Elmer 3100 
atomic absorption spectrophotometer according to a method described in 
Analytical Methods for Atomic Absorption Spectrophotometry (1982). The 
analysis involved 20 specimens of each species caught in the Pomeranian Bay. 
Analysis was performed twice for each sample. The following ratios were then 
calculated: Ca:Mg, Na:Mg, Sr:Ca and Na:Ca. The results were averaged and the 
extreme values determined. 

The study also used the hydrochemical results of a study conducted in the 
Pomeranian Bay, southern Baltic Sea, from July 2000 to August 2003 with an 
average bimonthly frequency (Tórz 2007). Macro-cations determinations            
(Ca2+, Mg2+, Na+, K+) were conducted in water samples after filtration through 
0,45 µm pores to determine the quantity of ions in dissolved form. The cations 
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were determined with a Perkin-Elmer 3100 atomic absorption 
spectrophotometer.  

Standard conditions for a Perkin-Elmer 3100 atomic absorption 
spectrophotometer:  

- sensitivity: calcium (λ=422.7 nm) – 0.092 mg dm-3; magnesium              
(λ=285.2 nm) – 0.0078 mg dm-3; sodium (λ=589 nm) – 0.012 mg dm-3; 
potassium (λ=766.5 nm) – 0.043 mg dm-3 and strontium (λ=460.7 nm) – 
0.11 mg dm-3;  

- sensitivity check: calcium – 4.0 mg dm-3; magnesium – 0.3 mg dm-3; 
sodium – 0.5 mg dm-3; potassium – 2.0 mg dm-3 and strontium – 5.0   
mg dm-3. 

Precision of used methods with atomic absorption spectrophotometer             
were ±1%. 

Using the obtained results, the following ratios were determined: Ca:Mg, 
Na:Mg and Na:Ca. Total dissolved solids (TDS) were calculated using data 
introduced by Tórz (2007). The results were averaged and the extreme values 
were determined. 

The obtained results were analyzed statistically using STATISTICA 7.1 
software (StatSoft, Inc. 2006). 

RESULTS  

All the analyzed fish species inhabiting the waters of the Pomeranian Bay 
had distinctly high levels of calcium compared to the rest of the determined 
cations in the operculum. The highest average calcium content was observed in 
the operculum of perch (37.9%), the lowest in sea trout (22.8%), and medium 
values were observed in cod (32.3%) (Table 1). The operculum of perch also 
had the highest average concentration of sodium (2.4%), which was lower in 
cod (1.4%) and lowest in sea trout (0.8%). The remaining cations (magnesium, 
potassium and strontium) were found in higher quantities in cod operculum. The 
operculum of cod consisted of 29.8% magnesium, while the operculum of perch 
contained only 15.1%. Moreover, the operculum of cod contained 2.1% 
strontium and 0.8% potassium, while in the operculum of sea trout these cations 
were 1.7% and 0.2%, respectively, and in the operculum of perch they were 
1.6% and 0.7% (Table 1).  

The determined Ca:Mg, Na:Mg and Na:Ca ratios had the highest average 
values in the operculum of perch. Ca:Mg and Na:Mg ratios had the lowest 
levels in the cod operculum, and Na:Ca was the lowest in sea trout (Table 1). 
The Sr:Ca ratio had the highest values for the sea trout (0.075), lower for cod 
(0.064) and the lowest for perch  (0.043) (Table 1). 
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Organic matter in the operculum of the examined species of fish had the 

highest levels in sea trout (53.9%) and the lowest in perch (37.0%) (Table 2).  
Correlations between organic matter in the operculum and the 

concentrations of calcium and sodium in the bones of the operculum were 
statistically significant for sea trout (inversely proportional correlation for Na     
(r = -0.74) and directly proportional for Ca (r = 0.86)) and perch (inversely 
proportional correlation for Na (r = -0.76) and Ca (r = -0.83)) (Table 3). For 
cod, an inversely proportional correlation was observed between the amount of 
organic matter and concentrations of magnesium (r = -0.76) and strontium               
(r = -0.87) in the operculum bones, and a directly proportional correlation for 
organic matter and potassium (r = 0.73) in these bones (Table 3). A directly 
proportional correlation between the amount of organic matter and strontium 
concentration was observed in sea trout (r = 0.75) (Table 3). 

 
The analyzed variability of macro-cations concentration in the operculum 

vs. ion concentration dissolved in the waters of the Pomeranian Bay also 
showed significant differences for each examined fish species (Table 4). 

 
Table 2 

 
The organic matter content in the bones of the operculum (n=20). 

Factor Value Cod Sea trout Perch 
Average 40.0 53.9 37.0 
Minimum 34.2 51.1 33.8 % of organic matter content 

 in the bones of the operculum 
Maximum 46.6 60.1 40.6 

 

Table 1 
 
The percentage composition of the analyzed cations and the determined ratios 
in the bones of cod. sea trout and perch operculum. 

Value Ca Mg Na K Sr Ca:Mg Na:Mg Sr:Ca Na:Ca 
Content at operculum bones of cod 

Average 32.3 29.8 1.4 0.8 2.1 1.11 0.05 0.064 0.045 
Minimum 28.4 21.8 1.1 0.4 1.6 0.94 0.03 0.053 0.035 
Maximum 37.6 34.4 1.9 1.3 2.8 1.38 0.08 0.082 0.057 

Content at operculum bones of sea trout 
Average 22.8 13.5 0.8 0.2 1.7 1.80 0.06 0.075 0.033 
Minimum 19.8 10.1 0.6 0.2 1.1 1.18 0.04 0.049 0.027 
Maximum 24.6 20.7 0.9 0.2 2.5 2.19 0.07 0.126 0.037 

Content at operculum bones of perch 
Average 37.9 15.1 2.4 0.7 1.6 2.53 0.16 0.043 0.063 
Minimum 33.6 13.0 2.1 0.5 1.1 2.00 0.13 0.033 0.054 
Maximum 41.1 16.8 3.0 1.0 2.5 3.00 0.19 0.067 0.073 
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Some of the ratios determined both for cations forming the opercula of the 

examined species of fish, and for the waters of the Pomeranian Bay, had 
statistically significant correlations (Table 4, Fig. 1-3).  

Statistically significant correlations were found between ratios determined 
for each cation forming the opercula of the examined species of fish, and the 
total dissolved solids (TDS) in the waters of Pomeranian Bay (Table 4,              
Fig. 1-4). The Ca:Mg ratio in the operculum of sea trout directly and 

Table 3  
 
The examined cations' concentrations in the operculum vs. the mass of the 
bones, ash and organic matter content in the operculum for the examined fish 
species in the waters of the Pomeranian Bay, based on the Pearson’s 
correlation coefficient (statistically significant correlations in bold). 

Cod Sea trout Perch Index A* B C A* B C A* B C 
Ca  0.75 0.76 -0.62 -0.37 -0.05 0.86 0.22 0.27 -0.83 
Mg  0.67 0.67 -0.76 -0.65 -0.47 -0.46 -0.21 -0.19 0.13 
Na  -0.01 -0.02 0.33 -0.11 0.15 -0.74 0.54 0.59 -0.66 
K  -0.37 -0.39 0.73 0.32 -0.56 0.24 -0.29 -0.29 0.15 
Sr  0.83 0.85 -0.87 0.25 -0.04 0.75 0.07 0.10 -0.53 

* - A – mass of the operculum [g]; B – mass of the ash after combustion of the operculum [g];  
C – organic mass content in the operculum bones [%] 

 
Table 4  

 
Correlations between the concentrations of the analyzed cations in the 
operculum of the examined fish species and the concentrations of the 
macrocations [mg dm-3] and the values of the determined ratios in the waters of 
the Pomeranian Bay, based on the Pearson’s correlation coefficient 
(statistically significant correlations in bold). 

Index Species Ca2+ Mg2+ Na+ K+ TDS Ca:Mg Na:Mg Na:Ca 
Ca 0.13 0.01 0.25 0.17 0.22 0.02 0.24 0.10 
Mg 0.54 0.30 0.40 0.70 0.43 0.06 -0.07 -0.06 
Na -0.36 0.21 0.14 -0.47 0.10 -0.36 -0.28 0.34 
K -0.54 0.03 -0.11 -0.75 -0.15 -0.31 -0.23 0.28 
Sr 

Cod 

0.03 -0.03 0.19 0.30 0.18 0.02 0.26 0.13 
Ca -0.44 -0.18 -0.10 0.14 -0.12 -0.06 0.20 0.36 
Mg -0.44 -0.51 -0.51 -0.46 -0.53 0.26 0.32 -0.16 
Na -0.32 -0.68 -0.41 -0.32 -0.45 0.47 0.65 -0.19 
K 0.25 0.34 0.07 0.17 0.35 -0.42 -0.39 0.09 
Sr 

Sea trout 

0.51 -0.49 -0.25 -0.67 -0.27 0.71 0.46 -0.91 
Ca -0.09 0.24 0.27 -0.01 0.24 -0.22 -0.13 0.28 
Mg -0.73 0.03 -0.20 -0.85 -0.24 -0.42 -0.31 0.44 
Na -0.29 0.55 0.39 -0.11 0.39 -0.60 -0.62 0.53 
K -0.62 -0.10 -0.22 -0.66 -0.27 -0.30 -0.09 0.31 
Sr 

Perch 

0.34 0.73 0.85 0.16 0.86 -0.41 -0.44 0.34 
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Fig. 1. Ca:Mg ratio in the operculum of the examined fish species vs. the total 
dissolved salts (TDS) and the Ca:Mg ratio in the waters of the Pomeranian 
Bay. 
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Fig. 2. Na:Ca ratio in the operculum of the fish species vs. the total dissolved 
salts (TDS) and the Na:Ca ratio in the waters of the Pomeranian Bay. 
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Fig. 3. Na:Mg ratio in the operculum of the examined fish species vs. the total 
dissolved salts (TDS) and the Na:Mg ratio in the waters of the Pomeranian 
Bay. 
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Fig. 4. Sr:Ca ratio in the operculum of the examined fish species and the total 
dissolved salts (TDS) in the waters of the Pomeranian Bay. 
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proportionally correlated with TDS (Table 4, Fig. 1). The Na:Ca ratio showed 
an inversely proportional correlation with TDS (Table 4, Fig. 2). The Na:Mg 
and Sr:Ca ratios in the operculum of perch were directly and proportionally 
dependent on TDS in the waters of Pomeranian Bay (Table 4, Fig. 3, 4). 

DISCUSSION 

Analysis of major chemical constituents in fish bones have been used to 
distinguish population-specific differences for stock discrimination, as 
indicators of pollution, and to describe the environmental adaptations of 
individual fish (Volk et al. 2000). Estimation of adaptations for a given species 
to environmental conditions should be conducted for fish populating habitats 
with a high variability of biotic and abiotic factors. A relatively homogeneous 
habitat does not have to have a distinct diversity in the composition of 
macroelements in the skeletons of different species of fish (Gillanders et al. 
2001). Concentrations of certain elements (e.g. Ca, Mg, Na, K, Sr) in fish bones 
vary in different locations in which fish are collected (Gillanders and Kingsford 
2003). Such differences have been found for a wide range of species inhabiting 
riverine (Thorrold et al. 1998), estuarine (Gillanders, Kingsford 2003), open 
coast (Forrester, Swearer 2002), and marine environments (Rooker et al. 2003). 
The waters of the Pomeranian Bay constitute a habitat with highly dynamic 
abiotic factors. Three species - cod, sea trout and perch - that populate this 
habitat, show very distinct differences in the levels of macro-cations in the 
bones of the operculum. The lowest concentrations of calcium and magnesium 
were observed in the operculum of sea trout and the highest concentrations of 
magnesium were found in the operculum of cod (Table 1). Similar observations 
for sea trout and cod were made by Thoppe et al. (2007). They ascertained that 
fish from the family Salmonidae, populating different estuaries, had lower 
levels of calcium and magnesium compared with other species in these 
estuaries. The highest concentration of calcium in the operculum of the perch 
can be explained by its preference for an abiotic habitat. Perch is a fresh-water 
species, with calcium as the prevailing macro-cation, thus more frequently used 
in its skeletal structure than magnesium, as is confirmed by a statistically 
significant inversely proportional correlation: Mgoperculum and Cawater. A similar 
correlation was observed in anadromous sea trout. Cod, in turn, showed a 
different tendency: toward magnesium. The correlation between Mgoperculum and 
Cawater is directly proportional (Table 4). A similar differentiation in the 
concentration of calcium in fish skeletons, depending on salinity, was reported 
by Humphreys et al. (2006), who examined populations of fish from the family 
Eletridae, living in inland estuaries. 
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Thoppe et al. (2007) observed bone sodium concentration levels in estuary 
fish which were similar to those observed in this study, with a slight decrease in 
Na concentrations in the bones of fish that preferred the sea. In the bones of the 
operculum, the highest sodium concentrations were observed in perch (Table 1), 
and lower ones in cod (a typical sea species). A statistically significant 
correlation between sodium concentration and total dissolved solids (TDS) also 
confirmed this dependence (Table 4).  

Some other interesting observations were made by Bijvelds at al. (1997), 
Arai et al. (2005), and Arai, Hirata (2006) which ascertained that an increase in 
water salinity resulted in calcium and sodium ions being utilized less in the 
skeletal structure in favor of magnesium, strontium and potassium ions. Similar 
correlations were also observed in species inhabiting the Pomeranian Bay. The 
highest concentrations of calcium and sodium were observed in the operculum 
of a fresh-water species (perch). . The highest concentrations of magnesium, 
strontium and potassium were observed in the operculum of a typical sea-
species (cod). A higher level of strontium was also observed in the operculum 
of an anadromous species of sea trout than in perch (Table 1). In most aquatic 
environments, strontium is a trace element whereas calcium is a major ion, so 
strontium is unlikely to inhibit calcium uptake. Thus, it is the concentration of 
strontium uptake relative to calcium in the water, and not the absolute 
concentration of strontium, that should determine uptake of strontium into fish 
bones. The strontium uptake is intensive to a wide range of strontium 
concentrations in the water (i.e., TDS levels), but there is a direct relationship 
between strontium uptake and calcium concentration in the water (Kraus, Secor 
2004).  

In the conducted analysis of organic matter concentration in the bones of 
the operculum, the highest concentration of organic matter in the operculum 
was observed in sea trout, the lowest in perch (Table 2). As observed by Thoppe 
et al. (2007), the concentration of macro-cations is strictly related to bone 
hardness. Higher concentrations of calcium in the bone increase its hardness. 
The operculum of perch had the highest calcium concentration - hence the 
lowest proportional participation of organic matter in these bones. This 
correlation was confirmed by statistical analysis (Table 3). As reported by 
Thoppe et al. (2007), salmon and trout are species characterized with high 
swimming activity and the high content of organic matter in their bones may 
indicate better elasticity of the bones to support that high activity. The highest 
observed concentration of organic matter in the bones of the operculum in sea 
trout is consistent with this proposition by Thoppe et al. (2007). 

In this research we also examined the variability of Ca:Mg, Na:Mg, Sr:Ca 
and Na:Ca ratios in the bones of the operculum in the studied species of fish 
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against the variability of Ca:Mg, Na:Mg, Na:Ca and TDS in the waters of the 
Pomeranian Bay (Table 4, Fig. 1-4).  

An increase in the Ca:Mg ratio in the operculum accompanied by an 
increase in TDS was observed in perch, and an inverse correlation was observed 
in cod (Table 4, Fig. 1). The ascertained correlations confirm the 
aforementioned environmental preferences of the examined species. Cod, a sea-
species, 'prefers' to use magnesium to build its skeleton, and fresh-water perch 
shows a preference towards calcium. This conclusion is confirmed by 
correlations between the Ca:Mg ratio in the operculum of these species and the 
Ca:Mg ratio in water (Table 4, Fig. 1). The correlations between the Ca:Mg 
ratio in the opercula of sea trout and the TDS, and Ca:Mg in the operculum and 
Ca:Mg in water were completely different (Table 4, Fig. 1). In the first case, a 
directly proportional correlation was observed, suggesting the use of calcium to 
build skeletal structures, and in the latter an increase in calcium availability in 
the water and a decreased Ca:Mg ratio in the bones of the operculum were 
observed (Table 4, Fig. 1). Such a surprising range of variability may only be 
explained by the high tendency of this species to build a skeleton with a high 
level of elasticity (Thoppe et al. 2007), and therefore neither calcium nor 
magnesium are fully utilized by this species. 

Correlations between the Na:Caoperculum ratio and TDS, and between 
Na:Caoperculum and Na:Cawaters ratios, also had various ranges in the analyzed 
species (Fig. 2). Both for cod and sea trout, a fall in Na:Ca content in the 
operculum was observed, accompanied by an increase in TDS. An inverse 
correlation was observed for perch (Fig. 2). In cod and perch, an increase in the 
Na:Caoperculum ratio was observed, accompanied by an increase in the availability 
of sodium in the water (Fig. 2). Only in the case of perch were both the 
correlations directly proportional. It may be supposed that, similar to Thresher 
(1999), it was not so much an increase in TDS concentration, but a real-time 
increase in the concentration of a given macro-cation in the water that caused an 
increase in its concentration in fish skeletons. A higher availability of sodium 
caused an increase in the Na:Caoperculum ratio of cod (Fig. 2). 

A decrease in the Na:Mgoperculum ratio of the analyzed species of fish was 
observed in conjunction with an increase in the Na:Mgwaters ratio of the 
Pomeranian Bay. This correlation confirmed earlier observations, showing a 
more frequent use of magnesium in building the skeleton, regardless of the 
amount of available sodium (Bijvelds at al. 1997; Arai at al. 2005; Arai, Hirata 
2006).  

Similar correlations were observed for the analyzed species of fish. Fresh-
water perch used very high assimilations of strontium (instead of calcium) in the 
building of their skeletal structures, which was related to an increase in TDS 
(Fig. 4). Of significance in strontium utilization in the building of the skeleton is 
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the association with real-time concentrations of strontium in the water. As 
reported by Thresher (1999), strontium concentration in fresh waters is 
approximately 0.1 ppm and in sea waters approximately 8.0 ppm. –Cod, a 
typical sea species, did not show such a pronounced tendency to use strontium 
(instead of calcium) in building its skeleton.  

CONCLUSIONS   

The above discussion leads to the following general conclusions: 
1. The structures and possibilities of macro-cation assimilation by cod 

(Gadus morhua L., 1758) (a sea species) were as follows: Ca - 32.3%, 
Mg - 29.8%, Na - 1.4%, K - 0.8%, Sr - 2.1%. Mean values of the 
examined ratios were: Ca:Mg - 1.11, Na:Mg - 0.05, Sr:Ca  - 0.064, 
Na:Ca  - 0.045. This species had the highest concentration of 
magnesium in the operculum. 

2. The structures and possibilities of macro-cation assimilation by sea 
trout (Salmo trutta morpha trutta L., 1758) (an anadromous species) 
were as follows: Ca - 22.8%, Mg - 13.5%, Na - 0.8%, K - 0.2%, Sr - 
1.7%. Mean values of the examined ratios were: Ca:Mg - 1.80, Na:Mg - 
0.06, Sr:Ca  - 0.075, Na:Ca - 0.033. The analysis revealed that the 
highest concentrations of organic matter were in the operculum of this 
species, which is associated with a high bone elasticity, permitting the 
high activity of this species. 

3. The structures and possibilities of macro-cation assimilation by perch 
(Perca fluviatilis L., 1758) (a euryhaline species) weres as follows:          
Ca - 37.9%, Mg - 15.1%, Na - 2.4%, K - 0.7%, Sr - 1.6%. Mean values 
of the examined ratios were: Ca:Mg - 2.53, Na:Mg - 0.16, Sr:Ca - 
0.043, Na:Ca - 0.063. This species had the highest concentration of 
calcium in the operculum bones, which is connected with its habitat 
(fresh-water), where calcium is usually a prevailing macroelement. The 
higher calcium concentration in the bone increases its hardness. 

REFERENCES 

Analitical methods for atomic absorbtion spectrophotometry, 1982, Perkin-Elmer, Norwalk, 
Connecticet, USA 

Arai T., Hirata T., 2006, Differences in the trace elements deposition in otoliths between marine- 
and freshwater-redident Japanese eels, Anguilla Japonica, as determined by laser ablatio 
ICPMS. Env. Biol. Fish. 75:173-182 

Arai T., Kotake A., Kitamura T., 2005, Migration of anadromus white-spotted charr Salvelinus 
leucomaenis, as determined by otholit strontium:calcium ratios. Fish. Sci. 71:731-737 



 Macro-cations in the operculum bones of the Pomeranian Bay fishes 

www.oandhs.org  

 

159 

Bijvelds M.J.C., Flik G., Wndelaar Bonga S.E., 1997, Mineral balance in Oreochromis 
mossambicus: dependence o magnesium in diet and water. Fish Physiol.  Biochem. 16:323-
331 

Elliott M., Hemingway K.L., 2002, Fishes in Estuaries. Oxford: Blackwell Science Ltd. 636pp 
Forrester G.E., Swearer S.E., 2002, Trace elements in otoliths indicate the use of open-coast 

versus bay nursery habitats by juvenile California halibut. Mar. Ecol. Prog.. Ser. 241:201-
213 

Gillanders B.M., Kingsford M.J., 2003, Spatial variation in elemental composition of otholits of 
three species of fish (Family Sparidae). Est. Coast. Sh. Sci. 57:1049-1064 

Gillanders B.M., Sanches-Jerez P., Bayle-Sempere J.T., Ramos-Espla A., 2001, Trace elements in 
otoliths of the two-banded bream from a coastal region in the south-west Mediterranean: ar 
there differences among locations? J. Fish Biol. 43:333-339 

 Humphreys W.F., Jen-Chieh S., Yoshiyuki I., Wann-Nian T., 2006, Can otolith microchemistry 
reveal whether the blind cave gudgeon, Milyeringa veritas (Elotridae), is diadromus within a 
subterranean estuary? Environ. Biol .Fish. 75:439-453 

Kraus R.T., Secor D.H., 2004, Incorporation of strontium into otoliths of an estuarine fish. J. 
Exper. Mar. Biol. Ecol. 302:85-106 

Majewski A., 1972, Hydrological characteristics of estuary waters in the Polish sea-coast. PIHM 
Work. 105:3-40. (In Polish) 

Mikulski Z., 1967, Participation of river waters in the hydrological balance of the Pomeranian 
Bay. Bulletin PIHM 10 (109):452-454. (In Polish)  

Rooker J.R., Secor D.H., Zdanowicz V.S., de Metrio G., Orsi Relini L., 2003, Identification of 
Atlantic bluefin tuna (Thunnus thynnus) stock for putalive nurseries using otolith chemistry. 
Fish. Oceanogr., 12(2):75-84 

Secor D.H., Rooker J.R., 2000, Is otolith a useful scalar of life cycles in estuarine fishes? Fish. 
Res. 46:359-37. 

StatSoft Inc., 2006, STATISTICA (data analysis sofware system), version 7.1, www.statsoft.com. 
Thorrold S.R., Jones C.M., Campana S.E., McLaren J.W., Lam J.W.H., 1998, Trace elements 

signatures in otoliths record natal river of juvenile American shad (Alosa sapidissima). 
Limnol. Oceanogr. 43:1826-1835   

Thoppe J., Albrektsen S., Hope B., Aksnes A., 2007, Chemical composition, mineral content and 
amino acid and lipid profiles in bones from various fish species. Comp. Bioch. Physiol. Part 
B 146:395-401 

Thresher R.E., 1999, Elemental composition of otoliths as a stock delineator in fishes. Fish. Res. 
43:165-204 

Tórz A., 2007, Ionic transformations in estuary waters of the Odra River and their influence on 
ichthyofauna habitat conditions. Szczecin: Agric. Univ. Ltd. D. 244:83pp. (In Polish) 

Volk E.C., Blakley A., Schroder S.L., Kuehner S.M., 2000, Otolith chemistry reflects migratory 
characteristics of Pacific salmoids: Using otolith core chemistry to distinguish maternal 
associations with sea and freshwaters. Fish. Res. 46:251-266 

Więcaszek B., Krzykawski S., Keszka S., Antoszek A., 2006, Fish in aquo-culture and aquo-
tourism. Szczecin: Agric. Univ. Ltd. 330pp. (In Polish)  

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


