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Growth of Vistula sea trout (Salmo trutta m. trutta L.)
based on adults caught in the Vistula River
prior to the construction of the dam in W³oc³awek

Irena Borzêcka
Inland Fisheries Institute,
River Fishery Department, ¯abieniec, 05-500 Piaseczno, Poland

Abstract. The growth of winter and summer Vistula sea trout was compared using archival mate-
rial from 1961-1968 before the construction of the dam near W³oc³awek. The average value of fish
body growth during their first year in the sea was back calculated. The second growth measure was
the fish size from the same year class (A.B+) during its occurrence in the river both in summer and
winter. Growth variability, resulting from sex structure, smolt age and various calendar years, was
eliminated by the proper choice of materials. The average body growth in the first year the fish
were in the sea was greater in winter sea trout than in summer sea trout, and the differences that
were evaluated with t-Student tests were statistically significant. No statistically significant differ-
ences were observed for the average lengths and masses of summer and winter sea trout or that the
summer sea trout was larger than the winter one. Thus, its longer stay in feeding grounds before its
spawning migration compensates for the lower rate of summer sea trout body growth.

Key words: Vistula sea trout, summer stock, winter stock, comparative analysis, fish growth, fish
condition

INTRODUCTION

Before the construction of the dam in W³oc³awek towards the end of the 1960s, anadromous
sea trout used the Vistula River as a migration route from its feeding grounds in the Baltic Sea
to its spawning grounds in mountain rivers in the south of Poland.

Every year the main spawning migration occurred in two periods. Between June and
September summer sea trout which were almost ready to spawn entered the river, and in late
fall and winter, a year before the spawning season, winter trout with immature gonads headed
towards the spawning grounds (¯arnecki 1963, Borzêcka 1998).

Besides differences in when spawning migrations began and varying degrees of gonad
maturity, the clearest differentiating factor between the summer and winter sea trout caught was
their size. Dixon (1931) in the 1930s and later Chrzan (1947) and ¯arnecki (1952) regarded
sea trout which migrated for spawning in winter as very abundant, larger and in better condition
than summer trout. However, according to Jokiel and Backiel (1960) it was the summer sea
trout that had higher individual mass and body length. The numerous sea trout material, which
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was collected in 1961-1968 in the lower Vistula River from fish migrating for spawning facili-
tated more detailed description of differences in the growth rate of both summer and winter sea
trout.

In a previous work regarding Vistula sea trout (Borzêcka 1999), the age structure of both
winter and summer sea trout was evaluated during their time in the river before they reached
the smolt stage and during their growth in the sea until the beginning of the spawning migra-
tion. Also, the frequency of spawning repetition and the variability of the coefficient of smolt
recruitment to the sea were characterized for subsequent years.

The aim of the current paper is to carry out comparative analysis of winter and summer
sea trout growth in order to broaden the historical picture of the fish which is needed to under-
take programs for the restitution of native Vistula sea trout stocks.

MATERIALS  AND  METHODS

Material collected by the River Fishery Department of the Inland Fisheries Institute in 1961-
1968 near Tczew was used for the investigations. The material consisted of scale samples,
measurements of fish length (l. caudalis) and mass. The fish were dissected and the sex of each
specimen was determined based on the gonads. Scales were used for making plastic impressions
using Sych�s method (1964).

Two measures of fish growth were applied. The first was general and was based on the
comparison of the average length and mass of fish at the moment of their entrance to the river.
The second was more detailed and referred to the growth rate, i.e. the average growth during
the first year the fish was in the sea.

Body growth rate was determined as follows (after Sych 1967b):

                                              d1 = 
S

L  (SB1 � SA)                                                     [1]

where: L � caught fish length, S � scale radius from nucleus to the oral edge,
  SA  � part of the radius to the last annual ring laid down in the river zone of scale,
  SB1 � part of the radius to the first annual ring laid down in the sea zone of scale.

The dependence of body mass on fish length was determined from the following func-
tion:

                                                       W = a · Lb                                                   [2]
where: W � caught fish mass; L � caught fish length,
            a and b � coefficients determined from empirical data.

The condition described by the Fulton coefficient was also determined:

                                                     K = 
3

100

L

W                                                   [3]

A more precise comparison of the growth of two groups (stocks) of fish required the
elimination of nonhomogeneous material. The first issue concerned the sex composition of
spawning stocks of Vistula sea trout. Figure 1 presents the annual percentage of both summer
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Fig. 1. Contribution of females and males in the winter and summer Vistula sea trout stocks in 1961-1968
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and winter sea trout females and males and the average values over the period from 1961 to
1968. Females dominated in the material of both seasonal stocks, and the average, long-term
percentage of females over the investigated period in the samples of winter and summer sea
trout was 88.6%, and 78.5%, respectively. Males specimens constituted from 0% to 18.3% in
the winter sea trout material with an average of 11.4% over the investigated period; males were
more numerous among summer trout specimens, constituting from 0% to 38.5% of the mate-
rial, with an average over the investigated period of 21.5% (Fig. 1). The frequencies of males
in both stocks, estimated with the statistical test according to Romanowski, differed signifi-
cantly. Thus, the investigations were limited only to females, which were far more numerous
than males.

Fish growth also depends on environmental conditions. Sych (1967a) confirmed that
average annual growth, and consequently, the average sea trout sizes, varied significantly in the
Vistula River in different calendar years. Therefore, to conduct comparative investigations of
the growth rate only females, which were growing in the same years, were selected.

The factor which differentiates the sea trout growth is the size of smolt when it reaches
the sea. The younger smolts are smaller and the size differences remain throughout life
(Che³kowski 1974, Sych, Pa³ka, Bieniarz 1978, Pa³ka Bieniarz 1983, Domaga³a 1986). This
relationship has also been revealed in our samples of sea trout (Fig. 2). Therefore, comparisons
of the fish growth rate in the sea required material that was homogeneous in terms of age.

Since fish are heterothermic, their growth is largely dependent on ambient temperature.
Winter sea trout enter the river after their last yearlong feeding period in the sea. The last sea
growth of summer sea trout is finished either at the beginning of summer or in at height. As-
suming fish body growth stops in winter in the climatic conditions of Northern Europe, the
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Fig. 2. Average fish length in both Vistula sea trout spawning stocks in relation to smolt age
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group of winter females which entered the river had completed their annual growth at the age of
A.1+ or A.2+ and were related to the group of summer females aged A.2+ and A.3+.

In order to compare the growth of summer and winter sea trout and to take into consid-
eration all of these non-homogeneities, winter females which entered the river at the age of 2.1+

in 1963 and 1964 were selected along with the summer females at the age of 2.2+ which began
their spawning migrations in 1964 and 1965. These fish had their first growth season in the sea
in 1962 and 1963, respectively. Also the average mass and length of older winter sea trout
females at the age 2.2+, which returned to the river in 1964 and 1965, were compared with the
averages for the summer sea trout aged 2.3+ that entered the river in 1965 and 1966; in this
case, the fish spent their second year in the sea in 1963 and 1964.

RESULTS

Firstly, differences in the average lengths and masses of winter and summer sea trout females
were determined on the basis of the materials that were selected as described above. The
t-Student test was used to statistically process the averages. Data in Table 1 indicate that either
no significant differences in sizes were confirmed between summer and winter sea trout of

 Table 1. Average length and average mass of summer and winter sea trout from the same calendar years 
 of body growth 

  Younger fish 

 
winter 

 sea trout 2.1+ 
summer 

 sea trout 2.2+ 
winter 

 sea trout 2.1+ 
summer 

 sea trout 2.2+ 
 1st sea body increment in 1962 1st sea body increment in 1963 

Entering in the river 1963  1964  1964  1965  

Sample size N = 48 N = 68 N = 96 N = 79 

Average length, cm 67.2 (s.d.2.8) 66.8 (s.d.6.0) 68.1(s.d.4.0) 71.7 (s.d. 5.1) 

t value t = 0.39 t = 5,4* 

Average mass, kg 3.9 (s.d. 0.7) 4.0 (s.d.1.3) 4.1(s.d. 0.7) 4.7 (s.d.1.1) 

t value t = 0.38  t = 4.34*  

Random sub-sample used for back calculations 

Sub-sample size N = 47 N = 45 N = 50 N = 50 

Average length, cm 67.0 66.2 67.6 71.7 

Average increment d1,  cm 28  (s.d.2.4) 22  (s.d. 5.0) 30.5  (s.d. 3.6) 27.5 (s.d. 4.5) 

t value t = 7.39* t = 3.71* 

 Older fish 

 
winter 

 sea trout 2.2+ 
summer 

 sea trout 2.3+ 
winter 

 sea trout 2.2+ 
summer 

 sea trout 2.3+ 
 2nd sea body increment in 1963  2nd sea body increment in 1964  

Entering in the river 1964  1965. 1965  1966 

Sample size N = 77 N = 9 N = 22 N = 7 

Average length, cm 79.5 (s.d. 5.0) 80.9 (s.d. 5.7) 78.4 (s.d. 5.6) 84.9 (s.d. 3.2) 

t value t = 0,78  t = 2,87*  

Average mass, kg 6.4 (s.d.1.3) 7.1 (s.d.1.7) 6.5 (s.d.1.5) 7.5 (s.d.1.3) 

t value t = 1,37  t = 1,62  

*Differences significant. 
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various age groups and calendar years that fish entered the river or that the summer sea trout
was considerably larger than the winter sea trout.

The Table 1 also presents data concerning the sizes of first year growth in the sea in 1962
and 1963. It was greater among winter sea trout than among summer sea trout, and the differ-
ences calculated with the t test were highly significant.

The dependence between fish body mass and length for winter sea trout females aged
2.1+, that attained their first annual growth increment in the sea in 1962 and 1963, is described
as follows:

                                                 W = 0.00004 · L2.707 .

A similar function was determined for summer sea trout females aged 2.2+ from the same
years of growth:

W = 0.00001 · L2.975 .

Exponent b, which describes the rate of body mass growth as fish length increases was
slightly lower for winter sea trout than for summer sea trout (Fig. 3).
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Fig. 3. Function describing the relation between mass and length of summer and winter sea trout
 in the Vistula River
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 Next, the derived functions were used with the experimental length data for specimens
from both the summer and winter stocks to determine the mass. The differences between the
average masses estimated by either one or the other function were significant (t =12.2, df. =
218).

The Fulton condition K coefficients were similar in both stocks and their average values
did not vary significantly. In the case of younger fish, which had accomplished their first growth
increment in the sea in 1962 and 1963, the average Fulton coefficients were as follows: for
winter females 1.28 ± 0.12 and 1.30 ± 0.15; for summer females 1.30 ± 0.13 and 1.26 ± 0.15.
In the case of older fish, the average Fulton coefficients were 1.27 ±0.14 and 1.32 ±0.11 for the
winter stock and 1.32 ± 0.19 and 1.26 ± 0.12 for the summer stock. The detailed documentation
of all results is given in Table 2.

Table 3 presents the average lengths of Vistula sea trout females of a particular age in the
sea and the average lengths of the same-aged females originated from other rivers in Poland.
The comparison has been favorable both to summer and winter sea trout from the Vistula River.
This confirms the exceptional physical qualities of the Vistula sea trout.

DISCUSSION

The rate of fish growth is dependent on a number of factors, both internal, such as sex, genetic
predisposition, position in the stock, fish age, and external, like specimen density, food
abundance, water temperature, oxygen content in the water, etc. Sea trout, a diadromous fish, is
affected by both freshwater and seawater environmental conditions which can vary annually
causing changes in fish growth rates. Sych (1967a) proved that average sea trout body growth
increments in the Vistula River vary significantly; it follows that average fish sizes in subsequent
years vary as well. The data presented in this work reveals the differences between the average
mass and length of both winter and summer sea trout which underwent their first two growth
increments in the sea in 1962 and 1963 as well as in 1963 and 1964.

It was confirmed that the growth rate of winter sea trout is better than that of summer
sea trout. The investigations were carried out using growth measurements after the fish
had spent their first season in the sea, since sea trout size is best characterized by the
magnitude of body increment in that season (Sych 1967a). The average mass and length of
the summer sea trout at the moment they entered the river were higher or the same size as
the winter trout. This means that the lower growth rate of summer sea trout in the Vistula
River is compensated by their staying in the sea feeding grounds six months longer, which
resulted in the spring-summer growth increment just before the migration.

The value of the b exponent in the function, which describes the dependence of fish body
length and mass in both stocks, was approaching 3, although it was slightly lower in the winter
stock. This may indicate the better condition of the summer stock specimens. According to
Wawrzyniak�s suggestions (1998), the exponent of this function is a good indicator of fish
condition. However, the values of the traditional Fulton coefficient were comparable for both
stocks of sea trout. It must be kept in mind though, that the high condition coefficient for winter
sea trout reflects a concentration of matter and energy in the fatty tissue before the yearlong
migration, whereas for summer sea trout both matter and energy have already been moved to a
highly developed reproductive system (Pi¹tek 1961).
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The comparison of the growth rate of females of the summer and winter stocks in the
Vistula River with the females from other Polish rivers indicates the exceptional physical supe-
riority of the Vistula sea trout (Table 3).
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MATERIALS  AND  METHODS

Ichthyoplankton Collections
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Fig. 1. Map of study area showing stations sampled during May 1984 and November/December 1988.
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Species Identification
������� $��%� $� &�0	4����-� � !* � �!����
=�� " ��#"�� !��/#�#� �#& �#�-� ��#!��$�#�-

#!�&#���#���!��&#����#���'����$$� $��%#�( ���%�(��!9� !�� ���!*��!����#!��$�"��� !�4#!�#�,

�������$��%�$� &�!#��� !�" ��#"�� !��/#�#��#& �#�-���#!��$�#�-�#!�&#���#���!��&#����#���'

#&8� '##�� $��%#��	��#��$ ������ ��� �',�����" &������!���" &�� �����"�����#!��$�"��� !�

/#�#��#��$�#���'��/ � $��%#����% ����+���!���(�����!*�8�����%#��� ��"#�-�8��&����'�( ��% $$

��;:5�-���"%�������;6;���!����"%���������	,���;;��,

0 ����������������#�/#�#���#!��$�#����������	���
���,���������#���#!��$�#��� ��������

��	���
����%��� !#�� ��#�#�����#�'��&����&#��! 8% �#�� !��%#��#!�����&��*�!,��%#�& ���" &=

& !�� "��� !�/����#!������ ��%#�%'8����-�����& ����8#"�&#!����� �%��� !#�� ��%�##��#�'��&���

&#��! 8% �#�� !� �%#�8 ��#�� ��%��$� $� �%#��#!�����&��*�!,� �!�&�!'� $� �%#��8#"�&#!�� �%#�#

&#��! 8% �#��/#�#�! ��#���#!�����$����-�����"��#$���#A�&�!��� !��#�#��#��8�*&#!�,������#�� $

�8#"�&#!��/��%��%���8�*&#!��8���#�!�/#�#�"�#��#���!������!#�����H�5����!������%����#��#����

" �!��� $��;�I���-���#!��$'�!*��%#�#������#����������	���
���,��%���8�*&#!��8���#�!�/����%#!���#�

� � ��#!��$'� �%#�� �����#���������	���
���,��������� �����#�/��%�! ��#!�����8�*&#!��/#�#�! �

��#!��$�#���#� /�*#!��,

Data Analysis
�#�� !������!��!"#�� $��" &������!���" &�� �����"��������#�/#�#�" &8��#���#�/##!�"����#�,

	!�'� ����� $� &� �%#� �/ � ����� !�� �%���/#�#� ��&8�#�� ����!*� � �%� "����#��/#�#� �!��'2#�

�
�*��#���,�� ����!�&�#�� $������#� $�#�"%���A��" ��#"�#������������ !�/#�#������#���'�� ����/��#�

$���#�#�����#�"%������ !��!��" !"#!����� !��#A8�#��#���!�����&=�,

)#���"��� ���������� !��  $� �" &����� �!�� �" &�� �����"��� �����#�/#�#� #A�&�!#�� $� &

�%#�0�'-��;65�0	4�����" ��#"�� !�,�4 !"#!����� !� $������#�/��%�!���*��#!��#8�%�������

�����*��#!���&8��!*���&#�/#�#�#A8�#��#���!�����&=�,�?#�*%�#��&#�!��#8�%���!�����!������#���=

�� !�� $������#�/#�#���� �"��"����#�����!*��������" !"#!����� !����� �#����!����*#!��;;5�,

��
=��" ��#"�� !��/#�#�! ���!��'2#���!��%���&�!!#�� /�!*�� ��%#���&��#��!�&�#�� $������#

" ��#"�#�,

� ��2 !�������������� !�� $������#�/#�#�#A�&�!#��$� &��%#��� ��=�"��#-�� �#&�#�=.#=

"#&�#���;66�� !* �" ��#"�� !�,��#��� !�" ��#"�� !��/#�#�! ���!��'2#���#"���#� $������ !*
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Table 1. Abundance of Scombridae and Scombrolabracidae larvae at the station southeast of Puerto Rico 
and the station north of St. Croix in November/December of 1988 and in May 1984. Values were calculated 
using the number of larvae collected and the total volume of water filtered. Concentrations of larvae are presented 
(number larvae 100 m-3) 
 

Nov/Dec 1988  May 1984 Species 

Southeast of 
Puerto Rico 

North of St. 
Croix 

Southeast of 
Puerto Rico 

North of St. 
Croix 

Katsuwonus pelamis 0.132 0.031 0.044 0.182 
Thunnus atlanticus 0.044 0.031 0.576 0.137 

Euthynnus alletteratus 0.044 0 0.445 0.190 

Scombrolabrax heterolepis 0.088 0 0.052 0.061 

Auxis spp. 0 0 0.096 0.114 

Scomberomorus cavalla 0 0 0.026 0 

Acanthocybium solanderi 0 0 0 0.015 

Scombridae 0.219 0.031 0.035 0.008 

Thunnus spp. 0 0 0.026 0.008 
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Fig. 3. Average depth (and standard deviation) of larval scombrids caught at different times off of Puerto Rico
and St. Croix from May 1984 MOCNESS collections.

�
�
�
��

��
�

	

A
ve

ra
ge

 a
nd

 S
ta

nd
ar

d 
D

ev
ia

tio
n 

of
 D

ep
th

 (
m

)
Local Time

Katsuwonus
pelamis

Thunnus
atlanticus

Euthynnus
alletteratus

Auxis spp.

Scombrolabrax
heterolepis

Puerto Rico

St. Croix

Temperature (oC)

Salinity (top axes)

0

20

40

60

80

900 1400 1900 2400 900 1400 1900 2400 900 1400 1900 2400
0

20

40

60

80

900 1400 1900 2400

0

20

40

60

80
900 1400 1900 2400

0

20

40

60

80
900 1400 1900 2400900 1400 1900 2400 20 21 22 23

34.5 35.0 35.5 36.0 36.5 37.0
0

20

40

60

80

0

20

40

60

80

Puerto Rico St. Croix

Te
m

pe
ra

tu
re

S
al

in
ity



+	�����,����������	���

Thunnus atlanticus
0

20

40

60

80 -100

-50

0

50

Auxis spp.
0

20

40

60

80 -80

-40

0

40

Euthynnus alletteratus
0

20

40

60

80 -80

-40

0

40

Katsuwonus pelamis
0

20

40

60

80 -80

-40

0

40

Scomrolabrax heterolepis
0

20

40

60

80
1 2 3 4 5 6 7 8 9

-80

-40

0

40

1 2 3 4 5 6 7 8 9
Larval Length (mm)
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from May 1984 MOCNESS collections. A negative residual indicates larvae deeper than the average depth.
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Fig. 5. Horizontal distribution of Katsuwonus pelamis from November/December 1988 bongo collections.
Illustration from Collette et al. (1984).
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Fig. 6. Horizontal distribution of  Thunnus atlanticus  from November/December 1988 bongo collections.
Illustration from Richards (1989).
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Fig. 7. Horizontal distribution of  Scombrolabrax heterolepis  from November/December 1988 bongo collections.
Illustration from Collette et al. (1984).
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Fig. 9. Comparison of larval lengths between regions (shown in Figure 8) from November/December 1988
bongo collections.

Fig. 8. Comparison of larval concentrations between regions (shown in map)
from November/December 1988 bongo collections.
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Table 3. Rank abundance of Scombridae and Scombrolabracidae larvae in the northern Caribbean during four seasons. July/August and February/March 
data from Richards (1984). November/December and May data from this study. Rank abundances are compared rather than absolute abundances owing to 
differences in gear types. 
 

Season Rank 
Abundance Jul/Aug Nov/Dec Feb/Mar May 

Common Katsuwonus pelamis   Euthynnus alletteratus 

 Thunnus atlanticus   Thunnus atlanticus 

Uncommon Auxis spp. Katsuwonus pelamis Katsuwonus pelamis Katsuwonus pelamis 
 Scombrolabrax heterolepis Thunnus atlanticus Auxis spp. Auxis spp. 
   Scombrolabrax heterolepis Scombrolabrax heterolepis 

Rare Euthynnus alletteratus Euthynnus alletteratus Thunnus atlanticus Scomberomorus cavalla 
 Acanthocybium solanderi Scombrolabrax heterolepis Sarda sarda Acanthocybium solanderi 

 Scomber japonicus  Euthynnus alletteratus  
   Thunnus alangua  

None-Very Rare Sarda sarda Auxis spp. Acanthocybium solanderi Sarda sarda 

Rare Thunnus alangua Acanthocybium solanderi Scomber japonicus Thunnus alangua 
 Scomberomorus cavalla Scomber japonicus Scomberomorus cavalla Scomber japonicus 
 Scomberomorus maculatus Sarda sarda Scomberomorus maculatus Scomberomorus maculatus 

  Thunnus alangua   
  Scomberomorus cavalla   
  Scomberomorus maculatus   

Source Richards (1984) this study Richards (1984) this study 
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FUTURE QUESTIONS
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•  Frontal features should be sampled simultaneously with non-frontal features to identify
and describe scombrid spawning and larval habitat in the northern Caribbean. Based on
these results, spawning biomass or larval abundances could then be quantified by stratify-
ing sampling by larval habitat rather than by fixed-station sampling or randomly stratify-
ing sampling spatially.

•  Similar to evaluating oceanographic features as scombrid spawning and larval habitat,
smaller-scale sampling in the vicinity of reefs is required to evaluate the potential for high
concentrations of scombrid larvae in these areas.

•  Patterns in vertical distribution need to be more clearly resolved, particularly the influence
of water column structure and day/night cycles.

•   A better understanding of larval vertical distributions should be coupled with more detailed
views of the region’s currents to predict patterns in larval scombrid dispersal. Such work
will lead to a better understanding of connectedness between regions on meso- (e.g. Puerto
Rico and Virgin Islands) and large-scales (e.g. Caribbean and Gulf of Mexico) and of
recruitment dynamics on a population-scale.
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Fig. 3. Sample groups from particular cruises identified based on cluster analysis. Cruises in bold are those in which
the majority of stations were in a given group; italics identify single stations. Values of extreme salinity conditions
are in brackets.
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Table 1. Taxa which comprised the largest percentage of the phytoplankton biovolume and the highest frequency in groups identified based on cluster analysis, 
as well as characteristics of the region and season when they occur. (The major taxa are in bold; together they constitute 75% of sample biovolume). 
GG – �����������	
������– Pomeranian Bay 
   

Group   Number Chlorophyll a  
Percentage of the 

biovolume Frequency 
Assemblage Location Season of samples rangea Dominant taxa average range  

         [mg m-3]       [%]     [%]     [%] 
1 GG May 97 1 7.24 Peridiniella catenata 94.7   

single-species         Aphanizomenon sp. 2.2     
2 GG Apr 94 1 31.21 Centrales 5-20 µm 78.1   

river mouth Vistula    Asterionella formosa 4   
          Aulacoseira granulata 2.7     
3 GG Jul 94 1 57.6 Centrales 5-20 µm 58.1 44.2-77.9 100 

river mouth Vistula Nov 94 1 39.62 coccal green algae 1.5-5 µm 4.8 1.2-10.3 100 
  Jul 96 1 19.66 Aulacoseira granulata 3.4 0.3-8.4 100 
     Scenedesmus spp. 3.1 1.7-4.3 100 
     Pennales (e.g. A. formos, Nitzschia sp.) 2.6 0.5-5.9 100 
     Skeletonema costatum 2.2 0.2-4.6 100 
     Pediastrum boryanum + P.duplex 1.9 0.3-4.3 100 
     Cryptophyceae 1.4 0.1-2.8 100 
     Aphanizomenon sp. 0.8 0.3-1.1 100 
     Crucigenia spp. 0.7 0.1-1.2 100 
          other non def. 1.6 0.7-3.3 100 
4 GG May 97 14 0.99-9.37 Peridiniella catenata 34.7 0.5-79.8 100 

late spring     Mesodinium rubrum 27.5 6.8-62.6 100 
"dinoflagellates-     Cryptophyceae 5.8 2.7-14.9 100 

ciliates"     Pyramimonas spp. 5.4 1.1-11.9 100 
     Heterocapsa rotundata 2.9 0.8-10.0 100 
          other non def. 3.8 0.7-78.0 100 
5 GG Apr 94 6 1.37-32.73 Centrales 5-20 µm 43.5 4.2-92.3 100 

winter  Feb 96 15 0.43-1.73 Mesodinium rubrum 17.8 0.9-57.2 100 
early spring PB Mar 96 18 0.9-17.0 Peridiniella catenata 12.5 0-57.4 85 
"diatoms"     Cryptophyceae 8.1 0.2-24.0 100 

     Skeletonema costatum 3.6 0-13.6 97 
     Chaetoceros spp. 2.1 0.2-28.5 100 
          other non def. 4.0 0-9.9 97 
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 6 GG Nov 94 6 4.02-8.89 Coscinodiscus granii 73.2 8.5-96.4 100 
autumn PB Oct 97 19 1.7-6.7 Cryptophyceae 10.2 0.6-24.1 100 

"diatoms"     Actinocyclus octonarius 7.3 0-78.8 68 
     Mesodinium rubrum 1.2 0.1-3.7 100 
          other non def. 2.8 0.9-6.8 100 
7 GG Jul 96 1 4.09 Heterocapsa triquetra 79.5   

single-species     Aphanizomenon sp. 6.9   
     Dinophysis norvegica 4.2   
     Aphanothecoideae 2.2   
          other non def. 1.9     
8 GG Jul 94 14 2.67-11.27 Aphanothecoideae 14.9 16-43.7 100 

summer  Aug 95 6 2.36-5.94 Aphanizomenon sp. 11.2 1.2-28.7 100 
warm water     Nodularia spumigena 10.3 0.1-55.8 100 
"blue-green     Oocystis spp. 9.8 0.1-63.0 100 

algae”     Heterocapsa triquetra 7.1 0-29.7 95 
     Gomphosphaerioideae 6.5 0.1-29.2 100 
     Centrales 5-20 µm 4.9 0.1-18.8 100 
     Cryptophyceae 4.6 0.9-17.6 100 
     Anabaena sp. 3.9 0.1-37.1 100 
     Oscilatorialles 3.7 0-13.4 95 
          other non def. 13.1 3.2-24.5 100 
9 PB Jul 96 4 2.6-12.0 Cryptophyceae 19.0 11.3-33.2 100 

river mouth �����    Coscinodiscus granii 18.8 8.7-43.2 100 
 Dziwna    Cylindrotheca closterium 15.9 0.9-43.5 100 
     Centrales 5-20 µm 12.5 8.5-17.4 100 
     Heterocapsa rotundata 4.6 1.7-9.9 100 
     Pyramimonas spp. 3.1 1.9-4.6 100 
     Skeletonema subsalsum 3.1 0-6.1 75 
          other non def. 10.9 5.8-14.8 100 

10 GG Jul 96 4 2.2-4.6 Cryptophyceae 36.3 6.4-73.6 100 
summer PB Jul 96 20 1.0-3.2 Pyramimonas spp. 8.2 1.3-47.8 100 

cold water  May 97 24 0.9-4.7 Heterocapsa rotundata 7.3 0.2-19.0 100 
"flagellates"     Aphanizomenon sp. 7.0 0-40.0 83 

     Mesodinium rubrum 2.4 0.1-21.7 100 
          other non def. 20.0 5.9-50.8 100 

a) after Ochocki et al.  1995b. Ochocki et al. 1999. Renk et al. 2000      

 



�H4	����&�	���3��I�3��&���4�4���6�9

(,"A'"�;���(�"�;����D�������"�%,�'�>�
�%',"�.��,"!"��!���"�)�!�,�$'������(���"��,�$�$�������(
���",!�";�(�;�"�;�'��",!������)�@",!������)"D�(�,�"�;���(���"�)�!���;��%,�'�!>

��"�#�!��)�!���;����������� ����!�#��"�(�'�)������"�#��",���������2")�1�!���"�!�#��"
(,�#� !������� �/� ;���";�")� )',��%� ��"����� �--/� ;,'�!"� ��� ��"�&'�(� �(�&)�*! >� �������� �/
�!���;��")������"�;"��,�����,���(���"�%'�(���)��!�,"����@"���)�!�����(,�#���"�!��,"���$�'����� #5

�%>���>���"�;�"�,�)�!���;������(���"�!�#��"�(,�#�!��������/��1������!�#���,�����"@"��������",
!�#��"!�����"D;"")��%���=��1�!�)'"������"�)�#����;"��(�)���(��%"����"�������������	
�������
1��;��;�#�,�!")�-.>/=��(���"�!�#��">�))���������5���"���������� ����$��@��'#"��(����!�!�#��"
1�!���"���%�"!���(���"�!�#��"!��� "��)',��%���"�;,'�!"���>��##��O�)#:�����)������)���"�#���#'#
@��'"��(� ��"����)�@",!���� ��)"D���>�����(����� ��"�!�#��"!� (,�#����� ��"�;,'�!"!>����!�!��%�"
!�#��"��!�)"!;,�$")����
�%',"����!�%,�'����


�',�!�#��"!�(,�#���"�,"#�����%�#��",����1","���;�')")������"��"D��)�@�!�����(�!�#��"!5
���!"�1������!�#���,�����"@"���(���=>���"��1","�;���";�")������"�;��!"!��@�;�������(���"�?�!�'��
��@",�#�'������!������!�1�","�@",����1�!��������1�!��$!",@")���>-�:�></�+���>���"�!�#��"!
1","�;���";�")�)',��%�;,'�!"!�1��;�� ��� ����;"� ���)�((","���!"�!��!5� �>">� ����,��5� J'�����)
��@"#$",��--.���)����J'����--<>�������",�!�#��"!�1","�;���";�")����!';��;��!"�@�;�����������"
?�!�'�����@",�#�'����,����!������!�1����!';����1�!��������)',��%���"����",�;,'�!"!������"�&'�(��(
&)�*! >��#����)����#!�(,�#���"�%,�'��F"��,��"!5�#��������
��������!��>�;�#�,�!")���"���%�"!�
�",;"���%"������@",�%"�<�>�=���(���"���������� ����$��@��'#"������"!"�!�#��"!>�	����������!
%,�'��)����#!B�����
������	���������5�,"�,"!"�����@"!��(�+"����"!����)�%,""����%�"B�����������
��������5���	������5����
������	 �������!	��	 ����������!	��	 ��
�����������1","��$!",@")


�%>�.>�I�!�,�$'������(���"���	��)"D����"�;���(���"��)"���(�")�%,�'�!

Non-Outlier Max
Non-Outlier Min

75%

25%

Median

Outliers

10 9 8 7 6 5 4 3 2 1
0.0

0.2

0.4

0.6

0.8

1.0
PIE



�������������� �����!!"#$��%"!��>>> �-

��"�)�#��������������� ����!�";�"!>��!�5���"�#�D�#'#���������� ����$��@��'#"�@��'"!�1","
�$!",@")������"!"�!������!����"�;��;,'�!">���#��"!�(,�#���"�@�;�������(���"�?�!�'�����@",�����
!�#���,�����"@"���(�./=�1","�)�@�)")�������1��%,�'�!>���"	!";��)�%,�'����;�')")��������"
!�#��"�(,�#��,����--.�1��;��1�!�;��,�;�",�2")�$����;�"�,�)�#���������(�)����#!���)�����1
���@��'"���>�-�5���)���"����,)	%,�'�5�1��;��;��!�!�")��(�!�#��"!�(,�#�J'�����)���@"#$",
�--.���)���"�!�#��"�(,�#�J'����--<>���"���������� ����;�#��!���������$����J'���!�#��"!
1�!�;��,�;�",�2")�$����%��!�";�"!�)�@",!������>/�:�>/��5�1���"5���"�����$!",@")������@"#$",
1�!���"�!�#"��!���"�@��'"��(���"���)"D��$����")������"�!";��)�%,�'�>

��"��"D���1��)�@�!���!�����!�#���,�����"@"�!��(������)���=��!�������"�,"#�����%�!�#��"!
(,�#�$����$�!��!��������,""�!";����!�1��;��;�,,"!���)����,�D�#��"��������"�)�((","���!"�!��!
�(���"�@"%"�������;�;�">�	�"�;��!�!�!��(���"�1���",���)�!�,��%�!�#��"!5���"�!";��)��(��'�'#�
!�#��"!5���)���"����,)��(�!'##",�!�#��"!>

���%���",;"���%"��(�)���(��%"����"!�������������	
�������5�;�����"�"���������	������

�1�����'���,����;�"�)�!�#$����!����)�F,�������;"�"������"���������� ����$��@��'#"���)��
��1���	��)"D�@��'"��#")�����><.:�><-���!�;��,�;�",�!��;��(���"�!�#��"!�(,�#���"�1���",:!�,��%
!";����>���#��"!�(,�#���"�1���",:!�,��%�!";�����1","�)�@�)")�5������!�#���,�����"@"���(�.�=5�����
%,�'�!�(�',���)�(�@">���"	(�',���%,�'��;��!�!�!��(�!�#��"!�(,�#���"�;,'�!"������"�(�,!�����(��(
�����--/������"�&'�(��(�&)�*! ����1��;����	
��������#�)"���"���%�"!���",;"���%"�;���,�$'����
�����@",�%"��.>/=�������"�$��@��'#"5�(����1")�$��"�	���������)�F,�������;"�">�	��",�;��,:
�;�",�!��;�!�";�"!���;�')")��������� ����;�(��%"����!5�%,""�:��%�"��(���"�%"�'!������������
��)���)���(��%"����"�#�����
����	���������>������"�(�(���%,�'�5�1����!�#��"!�(,�#���"�;,'�!"!
1��;��1","�;�,,�")��'�����
"$,'�,���--<���)��,����--.������"�&'�(��(�&)�*! ���)������,;�
�--<������"�+�#",���������5���"�)����#!�F"��,��"!5�#������$%�����������	!��>������@",�%"
.�>�=�5���"����	
�������5�"�	���������)�F,�������;"�"�1","�)�#�����>�����))�����������"
�$�@"� ��D�5� ;��,�;�",�!��;� !�";�"!� �(� ���",� )����#� ,"�,"!"�����@"!�1","� �$!",@")5� !';�� �!
&����������	
�������	��)��%����
�����!��>

&,�'��!�D	1�!�;�#�,�!")��(�!�#��"!�(,�#���"��'�'#��!";����>����!�%,�'��;��!�!�")��(
!�#��"!�(,�#���"���@"#$",��--.�;,'�!"������"�&'�(��(�&)�*! ���)���"�	;��$",��--/�;,'�!"���
��"�+�#",���������>�I',��%�$����;,'�!"!5������1�!�";�"!�)�@",!������)"D��#")�����(��$�'���>�9�
@��'"!5���"���������� ����1�!�;��,�;�",�2")�$����"�)�#���������(���,%"�F"��,��"!�)����#!5
!';���!B����
������
��	������������@",�%"�/�>�=����)��
����
�
���	�
��������������@",�%"
/>�=�>�� ��%�� �",;"���%"� ��� ��"� ��������� ���� $��@��'#"�1�!� ��!�� ;��,�;�",�!��;� (�,
F,�������;"�"���)��"���������	������>

��"����,)5�!'##",�!";�����1�!�)�@�)")������(�',�%,�'�!5�(,�#���"�!"@"���������"��"���>���
�(���"#�1","�;��,�;�",�2")�$����"���%��$��@��'#"��",;"���%"��(��������� ����;�!�";�"!�����
$"���%����'�)"�",#��")�#���)"���)�;�;;���(�,#!5�F,�������;"�"���)�;�;;���$�'":%,""����:
%�"5����)�#�D�#'#�@��'"!��(���"������)"D��#")�����$�'���>//:�>9���1������"�"D;"�������(���"
!"@"����%,�'�>���"�!"@"����%,�'�5�1��������1������)"D���>�<�5�;������")���"�!�#��"�(,�#���"
&'�(��(�&)�*! E����1�!�;���";�")����J'����--<����!�������<����;��")������"�;��!�����,"���"�,���"
I"�)�?�!�'���#�'��>���"�)���(��%"����"�#�����
����	��� �������/->�=��)�#����")��",">����!
%,�'��1�!�!"��,��")�(,�#���!���,"���;,'�!"���)��'��;��!",������"�"�%����%,�'��)'"������!�%,"��",
;���,�$'������(�$�'":%,""����%�"����%���'�������!�>���)��������";��)"�"����>���"	"�%���
%,�'�	;��!�!�")��(�!�#��"!�(,�#��1��;,'�!"!������"�&'�(��(�&)�*! ����J'����--.���)�'%'!�
�--��1�"�� ��","�1","�,"���!'##",� �"#�",��',"!� ,��%��%�(,�#��<><� �����>-�F>���'":%,""�
��%�"5�#������(,�#���"�!'$(�#�����������";��)"�"������@",�%"��.>-=�5���%���'�������!�>
�����@",�%"���>�=�5�(��������	���������� �����@",�%"���>-=����)�&�#���!���",���)"�"5
)�#����")��",">���"	������%,�'�5�!"��,��")�(,�#�%,�'���"�������!�#���,�����"@"���(��"�,�����=5



�H4	����&�	���3��I�3��&���4�4���6.�

;��!�!�")��(� (�',�!�#��"!� (,�#���"�J'����--<�;,'�!"� ��� ��"�+�#",���������� �������)�$""�
;���";�")��"�,���"�P1������@",�#�'��>���"�!��������������!��,"��1","���"���1"!�����<>�9����/>�<
+��>���"���%�"!��;���,�$'����������"���������� ����$��@��'#"�������!�%,�'��1�!�#�)"�$�
F,�������;"�"������@",�%"��-=����)���"�)����#!����
������
��	������!	���;(>�
���������
�����@",�%"��9>9=����)����������%�
�	
���������������@",�%"���>-=�>�I'"������"�,�!�#���,
!�2"���)�)�((�;'���"!� ��� �)"���(�;������ (,�#� ��"�@��@"�@�"15����
������
��	������� ��)	�>� ;(>

����������1","��'����%"��",�(�,���"�;�'!�",������!�!>���"��"����%,�'�	;��!�!�")��(�!�#��"!
(,�#��1��!'##",�;,'�!"!�1��;����� ����;"����$����$�!��!����J'����--<5�1�"��,���",���1�1��",
�"#�",��',"!�(�,�!'##",�1","��$!",@")������>�:�/>��F5���)�!�#��"!�(,�#���"�!";��)����(��(
�����--/�1��;��1","�;���";�")������"�+�#",���������>���"�)�#������(�,#!�������!�%,�'��1","
�������� ����;5���;�')��%�F,�������;"�"������@",�%"��<>�=�5�'�)"�",#��")�#���)�����)�;�;;��
(�,#!������@",�%"���=�5	������������!��>���)		#�����
����	���������>��	(���"�$�'":%,""�
��%�"�)�#�����!5��������%���'�������!�>����"�,")>

���;"���"�!�#��"�%,�'�!�1","�)�@�)")�$�!")������%�����D���#�;�;�#��!�����5���"�!"���(
��D��;��,�;�",�!��;�(�,�����,��;'��,�%,�'�����$�"����;���$"�,"%�,)")��!���"����',������������ ���
�!!"#$��%"5�"!�";������1�"����"�!�#���,�����(� ��"���D���#�;�;�#��!������1��������"�%,�'�
"D;"")")���=>

Environmental conditions related to phytoplankton assemblages
#��%���"������2")�"�@�,��#"�����;��)�����!��
�%!>�����)�<�5�!��������1�!�)"�",#��")����$"
!�%��(�;��������������"�;�!"��(���"��!!"#$��%"!��"�,���"�?�!�'�����@",�#�'����%,�'�!�����)���
1�","����)�)�����"D;"")���+��>�������",�;�!"!5�!��������@�,�")������"�,��%"�(,�#��$�'��������@",
9�+��5���)����)�)�������@"���;�"�,��#��;�������"�;�#��!�������(���������� �����!!"#$��%"!>

�;�"�,�,"������!����$"�1""���!!"#$��%"�;�#��!��������)��"#�",��',"�1�!��$!",@")>
��"�1���",:"�,���!�,��%��!!"#$��%"��%,�'������;;',,")������"���1"!���"#�",��',"!������)�)����
"D;"")��QF>���"����"�!�,��%��!!"#$��%"�1����������������	
����������)�"���������	������

�%,�'��.���;;',,")����!��%�������%�",��"#�",��',"!5�(,�#������9QF>���"�!'##",5�;��)�1��",
(��%"����"!��!!"#$��%"��%,�'�������;;',,")�����"#�",��',"!�(,�#�<�����<QF5���)���"�!'##",:
1�,#�1��",�#'���!�";�"!��!!"#$��%"5�)�#����")�$��$�'":%,""����%�"��%,�'��9�5��;;',,")���
�"#�",��',"!�(,�#��/������QF>���"��'�'#���!!"#$��%"5�)�#����")�$�����
������
��	������
�%,�'��<�5��;;',,")�����"#�",��',"!�(,�#�9������QF>��"�,���"�?�!�'�����@",�#�'�����"�"�,��
!�,��%��!!"#$��%"��%,�'������;;',,")����#';����1",��"#�",��',"��.QF���������"�!'##",���)
�'�'#���!!"#$��%"!��%,�'���E�(,�#���������QF�>

����",#!��(�)����"�%��5���!�%��(�;����)�((","�;"��;;',,")������$"�1""����"�1���",:"�,��
!�,��%���)��'�'#���!!"#$��%"!��-������>����',!����)���"����"�!�,��%���)�!'##",��!!"#$��%"!
���>������/���',!�>���"�)�����,�)�������@�,�")�1�)"���)',��%���"���@"!��%�������",��)!>���'!5
)"!���"�%"�",�������1",�@��'"!����1���",5�"�,���!�,��%���)��'�'#�������������"�!�,��%���)�!'#:
#",5���"�,��%"!��(�,�)���������,�����@",����")5�1��;����)�;��")���������!���,�#"�",�1�!�����@",�
!�%��(�;����1����,"%�,)������"�)�((","����������(���%�"��!!"#$��%"!>

��"����; �"!!��(���"�#�D")�!',(�;"����",5�)"!���"�!��1��%�!�#"�!"�!�����,"%'��,���"!5
1�!�@",��)�((","�����")������"���@"!��%�������",��)!���)����,"������!����1������"���������� ���
;�#��!������;�'�)�'!'�����$"�)"�",#��")>�
�,�"D�#��"5���"�%,"��"!���@",�%"����; �"!!��(���"
#�D")� ���",�1�!��$!",@")� ��� ��"�&'�(��(�&)�*! � ���
"$,'�,���--<��#")�����9�#�5�1���"5
��"����; �"!!��(���"�#�D")����",��$!",@")�������!�%'�(�����,����--.�1�!���"�!#���"!���#")���
�>��#�>���1"@",5���"���������� ����;�#��!���������$�����",��)!�1�!�!�#���,5���)���"�!�#��"!



�������������� �����!!"#$��%"!��>>> .�

11

10

9

8

7

6

5

4

3

2

1

0
10 9 8 7 6 5 4 3 2 1 10 9 8 7 6 5 4 3 2 1

10 9 8 7 6 5 4 3 2 110 9 8 7 6 5 4 3 2 1

10 9 8 7 6 5 4 3 2 1

55

50

45

40

35

30

25

20

15

10

5

0

16

10

14

8

12

18

20

18

16

14

12

10

8

6

4

2

0

-2

8

28

24

20

4

16

12

32

0

26

22

24

salinity (PSU) temperature (°C)

daily radiation (MJm d )
-2 -1

day length (h)

mixed layer depth (m)

Non-Outlier Max

Non-Outlier Min

75%

25%

Median

Outliers

Fig. 5. Statistical characteristics of salinity, temperature, day length abd daily radiation and the depth of the mixed
layer in the identified groups of samples
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!""#������@"���)���%,"��",��#��;�������"�('�)�#"�����;��;�'!���!��(����!����",�!��;"���"�!�#"
)"%,""��(�)"����")���������� ���������!�!���!�$""�������")����������"�!�#��"!���@"!��%��")>

Seasonal phytoplankton assemblages
I"!���"���"�(�;���������"�#��",���!�(�,����!�1�, �1","�;���";�")����"�;���(���"�(�',�!"�!��!5���"
!�#��"!��$����")�!�����)�)�������;�')"�������"�!��%"!��(���"����'������������ ����)"@"���#"����
;�;�">���!")����1"" �����@"!��%�����!�;�,,�")��'��(�,���!"@"�:�"�,��",��)������"�;��!�����,"�
�"�,���"�"�!�",���1")�!��;��!�5���$,����-/-��)"!;,�$")�!"@"��!��%"!������"����'���;�;�"��(
��������� ����!';;"!!���B���G�1���",�1������1���������� ����$��#�!!���)�;�#��!������!�#���,
���!�,��%5���G�!�,��%�#�D�#'#�1������"�)�#���������(�)����#!���)�)��������	��������������
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�������5���G����!��!�,��%�!��%"�1������"�)�#���������(�)���(��%"����"!5�.�G�!'##",�#���#'#
1����)���(��%"����"�#�����
����	��� ��������)�$�'":%,""����%�"���%���'������	*���+� ���5
��G�!'##",�#�D�#'#�1����(���#"���'!�$�'":%,""����%�"���)�#���)!5�<�G�"�,����'�'#��!��%"
1������"�)�#���������(�#�	��� �����5���)�/�G����"��'�'#��!��%"�1������,%"�(�,#!��(�)����#!���)
$�'":%,""����%�"���	*���+� ���>

�,��"1! ����--���;���";�")�!�#��"!������"�&'�(��(�&)�*! �����:��1"" ����",@��!�(�,��
�",��)��(���#�!���1��('����"�,!���)��)"���(�")���!��%"!������"����'������������ ����)"@"���:
#"��� ;�;�"B� �G� � "�,��� !�,��%� )����#�#�D�#'#E� �� G� ���"� !�,��%� )���(��%"����"�#�D�#'#E
��G�!'##",�$�'":%,""����%�":(��%"����"�!��%"E�.�G��'�'#��#�D�#'#5�;��!�!���%��(���,%"�(�,#!
�(�)����#!���)�"���������	���������)���G�1���",�,"!���%��",��)5�1��;���!�;��,�;�",�2")�$�
@",����1�$��#�!!���)���"��,"!"�;"��(�@�,��'!�!',@�@���!��%"!��(���%�">���"#����-/����)"���(�")
��!�#���,��'#$",��(���������� ����!';;"!!����!��%"!������"�&'�(��(�
�����)5��!�)�)��#"��;" 
��-//�������"�6�"�",��';��>���"�!��%"!�)"!;,�$")�$���,��"1! ����--���;���$"�"�!�����)"���(�")
1������"�!"�!������!!"#$��%"!�)"!;,�$")�������!�1�, 5���"������)�((","�;"�$"��%���������"������:
;�������(�����$8";��@"�;�#��,�!���#"���)� ��� ���!�1�, �!'%%"!�!� ��"�"D�!�"�;"��(���%,"��",
!�#���,�����(�1���",���)�"�,���!�,��%���������� ���������,"!'��!�(,�#���"�)�@�!����!'%%"!�")�$�
�,��"1! ����--��>���1"@",5���"�,"!'��!�1"��$����")��,"�����;;�,)��;"�1�������!"��$����")�$�
��"#����-/�����)���$,����-/-�>

�,��"1! ����--���;�,,�")��'���",�,"!"�,;������-9/:�-99E���"�#�8�,�����(��",�#��",���
�,�%����")�(,�#��-9/�1��;��1�!���"�;��)"!���"�,����!"@",���)";�)"!>���'!5���"�;�'�)��!!'#"
�������"����'������������ ����!';;"!!�����!�)"�",#��")�'�)",�!';��'�'!'���1"���",�;��)�����!
)�)�����('����)"!;,�$"���������� ����)"@"���#"���'�)",��@",�%"�;��)�����!>���@"!��%�����!
1��;��1","�;�,,�")��'�������"�&'�(��(�&)�*! �$��@�,��'!�!;�"���!�!5�$����$"(�,"���)��(�",��-9/5
��!���)"���(�")�)�((","�����%�"��!!"#$��%"!���������!"�)"!;,�$")�$���,��"1! �>�I�!,"%�,)��%
@",��"�,�����@"!��%�����!5�1��;����)�$""��;�,,�")��'��1�"�������;�1��",�"'�,����;������1�!
#';����1",���)�1����)�((","���#"���)���%����'#" ��-.95����%",��-/�E��-/�5����"1�;2���	���
�-/.5�+��*! ����	�����-9��5���"���@"!��%�����!�1��;��1","�;�,,�")��'�������"��-9�!���)���"��--�!
�����"�&'�(��(�&)�*! ���)�;��")���"�(����1��%B�!'##",���)��'�'#����������� �����!!"#$��%"!
1������!�%��(�;����;���,�$'������(�%,""����%�"��+��*! ����	�����-9��E�J'�"���)�J'����!!"#$��%"!
)�#����")�$����"�)���(��%"����"�#�����
����	��� �������+��*! ����	�����-9�5�4��" ��-9<�E�!�,��%
��)� !'##",� �!!"#$��%"!�1���� �� !�%��(�;���� ;���,�$'����� �(� )���(��%"����"!� �(� ��"� %"�'!
,����%������4,2�0" ��--<5���"# �"1�;2���)�4,2�0" ��--9�E����"�!'##",��!!"#$��%"!�)�#�:
���")�$��)���(��%"����"������
������	�����������8)'���	��������5�4��" ���)�+��*! �������>���
�!�)�((�;'�������,")�;��1������"�!�,"�%����(�!';���!!"#$��%"!�1�'�)���@"�$""���(�;�'!�",������!�!
��)�$""�������")>���"�#�!���� "���!""#!����$"���"��)"���(�;�������(���!"��,��"����"�!'##",
�!!"#$��%"�)�#����")�$����"�)���(��%"����"������
������	�������>������"��--�!5�!';����
�!!"#$��%"�1�!��$!",@")�$"�1""��'%'!����)��"��"#$",����$������"�&'�(��(�&)�*! ����8)'
��	��������5�4��" ���)�+��*! �������5���)���"�+�#",�����������	;��; ����	�����--��5�&,�#�!2
��	�����---�>���1"@",5����#'!��$"�"#���!�2")��������"�#�!��)�!���;��)�@�!��������',���@"!��%�:
����!5������!�#���,�����"@"��!��%������@",���=5�1��;��)�@�)")���������� ����������!!"#$��%"!
�;;�,)��%����!"�!����1���",:!�,��%5�!'##",5��'�'#��5���)��,"@��'!���$""���$!",@")�$���'#" 
��-���5����%",���-/�5��-/�����)�+��*! ����)�+�;�*! ����-9<�>���"�)�!���;��("��',"!��(����:
������ ���������"�#����!"�!��!���,�'%��'����"�!�'��",�������;��"���,"�)"!;,�$")�$��4�!#'�)
��	����������>

������!�1�, 5��1��!'##",��!!"#$��%"!��,"�!�,��%���)�@",!�(�")B���"�;��)�1��",��!!"#:
$��%"��(�(��%"����"!��(�J'����--<5���)���"�1�,#�1��",5�#'���!�";�"!��!!"#$��%"�1����)�#�����
$�'":%,""����%�"��(�J'����--.���)�'%'!���--���!�#���,����R�.�=�>���"�!'##",��(��--<�1�!



�������������� �����!!"#$��%"!��>>> .�

��"��(���"�;��)"!���(���"���!��)";�)"5�1���"���"�!'##",��(��--.�1�!���"��(���"�1�,#"!�E����!
#'!����@"�,"!'��")����)�((","�;"!�$"�1""����"��!!"#$��%"!��(�$����!'##",!>����#��,�����,��"
1�!� ����")� $�� (���#"���'!� $�'":%,""�� ��%�"� �">%>�(��������	 ���������5���������� !�>�
�����"�1�,#�1��",�#'���!�";�"!��!!"#$��%">���"!"���D��1","����:"D�!�"����#��%����!"�;��,�;:
�",�!��;�(�,�;��)�1��",�(��%"����"!��!!"#$��%">�	������"�(���#"���'!�$�'":%,""����%�"�!�";�"!
��%���'�������!�>��;;',,")����$�������"!��(�!'##",���������� ���>���"���#����%��"#�",�:
�',"�$"�1""��$�����!!"#$��%"!�1�!��<:�/QF��
�%>���>����!""#!��,�$�$�"��������"�(��%"����"!
�!!"#$��%"����"�,!�"@",���"�,������"�$"%�����%��(�!'##",��,�"@"�������"�"�)��(�!�,��%��">%>
�����--/������"�+�#",����������>����!��!!"#$��%"�#����;;',���,�'%��'����"�"���,"�!'##",
!"�!������;��)��"�,!5�'���������!�,"���;")�$����"��'�'#���!!"#$��%">���"�1�,#�1��",��!!"#:
$��%"��;;',!�1�"��1��",��"#�",��',"�"D;"")!���"���,"!���)�@��'"5���)����#����;;',��(�",���"
(��%"����"!��!!"#$��%">�I"!���"�)�((","�;"!������"�!�";�"!�;�#��!�������(�)�#�����!5�$�����!:
!"#$��%"!�1","�;��,�;�",�2")�$��#�D�#'#����@��'"!5���)���"�!�%��(�;������!#���",�,��%"��(
��!�@��'"!�����������"�1���",:!�,��%���)��'�'#���!!"#$��%"!>

Assemblages dominated by one species
!!"#$��%"!�1��;��1","� !�,��%��� )�#����")$�� ��"� !�";�"!� �S� /�=� ;���,�$'����� ��� ��"
$��@��'#"����)���)�#���#'#��,���1���	@��'"!��;;',,")�!"@",�����#"!������"������2")�#��",���>
��!���(�"�5����!���"��#"�����;;',,")�����'�'#�5�1�"����,%"�)����#!����
������
��	������
)�#����")� ��� ��"� �!!"#$��%">� �����@"#$",� �--.5� ��"� ;���,�$'����� �(� ���!� !�";�"!� ��� ��"
��������� ����$��@��'#"������"�&'�(��(�&)�*! �,��%")�(,�#�/9����-<=5�1���"������"�+�#",�����
�������	;��$",��--/����,��%")�(,�#�<.����9-=5�1������"�"D;"�������(���,""�!������!���;��")��"�,
��"� P1������@",�#�'���>� ��� �))������ ��	 ��	 ������5� )���(��%"����"!� ;,"��")� !��%�"� !�";�"!
�!!"#$��%"!>�����',�#��",���5����1�!�����!!"#$��%"�)�#����")�$��������������	
�������	��)
��"�)�#����")�$��#�����
����	��� �����>����$����;�!"!5���"��1","�!��%�"�!�#��"!5�1��;����)�;��")
��"���#��")�!�������,��%"��(���"���"��#"���������"�&'�(��(�&)�*! >���1"@",5���"�#�!!��;;',"�;"
�(�	��	
���������!�1"���)�;'#"��")�(,�#���"�1���"������;�+,��",�����F	���--<5�4�!#'�)
��	��>��--95������>��"!�)"���"��!!"#$��%"�)�#����")�$����	������5�!��%�"�!�";�"!��!!"#$��%"!
��@"�$"%'��������"�,������"�&'�(��(�&)�*! ���)���"�+�#",���������������,";"����5���"���,"
#�!�� (,"A'"��� ��� ��"� ;��!���� �,"�� ��)� '!'����� ;��!�!�� �(� ��"� �(� ��"� )���(��%"����"� !�";�"!
�#�����
����	��� ������G�+��*! ����	�����-9�5�4��" ��-9<5�������������	
��������G��,��"1! �
�--�E������
��������������	G�	;��; ����	�����--��5�4��" ���)�+��*! ����������)��,"��(�"�
�!!�;���")�1������"�#�!!���%����;;',,"�;"!>

��"���D�;�����(�!��%�"�!�";�"!���%���$���#!���������;�;��!����1��",!����,!"����)���"!�,'�
�-9-5��)�",���	�����--<���!�1"����!������"�1��",!��(����",�,"%���!��&�1"���-9/5�����;���-9/5
����"%,�"((��--�5�F�))��---���!� ��1�E���'!5����"��������!���,"�)��$""�����)������"�;��)�����!
1��;��(�;������"���"�,��;;',,"�;">�F',,"����5�����!�$"��"@")�����5�����))���������"'�,����;��������)
��"����"�!�@"�'!"��(�;��!����1��",!�(�,��A'�;'��',"5�'�'!'�����),���%�;���)�;��#���;�;��)�����!5
1��;���(�"���;;',������#��")��,"�!5���!��(�@�,�!��%�"�!�";�"!���%�"�$���#!>���;�')")��#��%
��"!"���"��#"����,"�'�'!'�����",#����,�!����"�!�,���(�;�����5�'�1"����%5��,�"�"@����%��'�,�"��!
�$�@"���"���;��;���"5������(�1��;��;���$"�;�'!")�$��1��)!5���)"!5�"))�"!���)����",����1�@"!
������%����-9/5�����"%,�"((��--��>

��1"@",5������"�;�!"��(�!��%�"�!�";�"!��!!"#$��%"!�)�#����")�$��)���(��%"����"!�����
1"��)"���(�")5����"��(���"�(�;��,!�)"!;,�$")��$�@"�1�!�;��(�,#")>�+",���!���"�"�@�,��#"����
;��)�����!�1��;����)��")�������"�!�@"�)���(��%"����"�)"@"���#"�����)���,"�)��!'$!�)")�$����"
��#"��(�!�#����%>�I'"�������!5�����!�;',,"�����)�((�;'�����������������"�#����(�;��,������"�;,"�����
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�(���"!"��!!"#$��%"!>��,"!'����(�!�#���,5�'��$!",@")�(�;��,!5�#�%�����@"�$""����"�!�%��(�;���
)"�����(���"�#�D")����",������"�;�!"��(���"��!!"#$��%"�)�#����")�$��������������	
�������>���"
!����������1��;��#�����
����	��� ������)�#����")�1�!���;��")��"�,���"�#�'����(���"���,���(
&)�*! �;�����1�","���%�",��'�,�"���;��;"��,�����!�1","����")�)'"������"����'���(�;�##'���
��)�#'��;�����!"1�%"����1�; ����)�J�,�!2��--9�>����!���;������#�%�����@"�!��#'���")���"
)"@"���#"����(����!�)���(��%"����">

Regional differences
��"�,"%�����)8�;"��������"�?�!�'�����@",�#�'���1�!���"�#�!��)�!���;��@"�$�!��������"�1���"��(
��"���@"!��%��")��,"�>���"���������� ����;�#��!������������!��,"��!��1")�!�%��(�;����!��$�����
��)���"�!�#��"!�1��;��1","�;���";�")����J'����--.5�J'����--<���)���@"#$",��--.�1","�;��!!�(�")
�!���"�!�#"��!!"#$��%"����������� ����!�#���,����S���=�>��!�#��"�;���";�")�����,����--.
1�!�!"%,"%��")�(,�#���"����",�!�#��"!�(,�#��"�,���"�?�!�'�����@",�#�'���1������!�#���,���
�"@"���(�./=>

��"�!";��)��'�!���)��%�$�!�������",#!��(���������� ����;�#��!������1�!���"��,"���"�,
��"�P1������@",�#�'��>����!�$�!���1�!�)�!���%'�!�")������"���������� ����!�#���,�����"@"���(
R����=������)',��%���"��(�(�',�,"!"�,;��;,'�!"!5�J'����--<>������"����",�,"!"�,;��!"�!��!5���"
,"%�����"�,���"�P1������@",�#�'���1�!���!��)�((","���(,�#���"�,"#�����%��,"�E���1"@",5���"�
��"���������� ����!�#���,����1�!�%,"��",��&,�#�!2���	�����---�>

��"�!�%��(�;��;"��(���"�)�((","�;"!������������� ����;�#��!������$"�1""����"�&'�(��(
&)�*! ���)���"�+�#",����������1�!�,"����@"���!#����!��;"������"�!�#"�!��%"!��(���"�$��;"��!�!
)"@"���#"�����"���������� ����!�#���,�������$����$�!��!�"D;"")")���=>���1"@",5���"�)�((",:
"�;"!�$"�1""����"�$�!��!�1","�;�"�,",������!��%�������%�",��"@"���(�!�#���,���5�">%>��.=������"
1���",:!�,��%��!!"#$��%"5���:<�=������"�!'##",�;��)�1��",��!!"#$��%"���)�<.=������"��':
�'#���!!"#$��%">�#��%���"�#�!��!�%��(�;����)�((","�;"!�1�!���"���; ��(�������������	
�������
�#��%���"�!�";�"!�)�#������%����!�,��%������"�+�#",���������>���1"@",5���������--/5���"
��������� ���� ��� ��"�&'�(� �(�&)�*! � ;,"��")� �� !"��,��"� ���"� !�,��%� �!!"#$��%"5� ���1��;�
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Energy budget in early stages
of smelt Osmerus eperlanus (L.)
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Abstract. To estimate the influence of the smelt Osmerus eperlanus (L.) on the zooplankton in the
Vistula Lagoon  the consumption rate of this fish was calculated. The direct  method for estimating
production P, respiration R  and egestion F was used. The daily fish food ration C  was calculated
as the sum of the above parameters of the energy butget: C = P + R + F + U. The energy budget
of smelt weighing 7.6 mg dry weight  (90.2 mg wet wt.) at the natural environmental temperature
(17.5°C) is as follows (in cal per mg dry wt of fish per day): C (2.51 cal) = P (1.12 cal) + R (0.48
cal) + F (0.75 cal) + U (0.16 cal). The daily food ration of smelt larvae is thus 4.02 mg dry wt of
zooplankton per individual (0.53 mg dry wt of zooplankton per mg dry wt of fish).

Key words: Osmerus eperlanus, food ration, Vistula Lagoon.

INTRODUCTION

The daily food ration in terms of energy can be determined by several methods, e.g. the direct
method either by measuring the amount of food eaten, as is done in the case of monophagous
animals (for phytophagous fish see Fischer 1973), or by the indirect method which uses the
energy budget equation C (food ration) = P (production) + R (respiration) + FU (excreta). The
theoretical basis for calculating animal food rations using the energy budget are described by
Kleiber 1967, Phillipson 1966, and Klekowski and Fischer 1993.

In recent years, the indirect method has been commonly applied to determine the food
consumption and, thus, the role of larval and juvenile fish stages (yellow perch, silverside, lake
trout, Baltic herring, pollock, zander, smelt) in freshwater and marine ecosystems (Kitchell and
Stewart 1977, Letcher and Bengtson 1993, Stewart et al. 1983, Arrhenius and Hansson 1994,
Cortes and Gruber 1994, Karjalainen et al. 1997, Cianelli et al. 1998,  Worischka and Mehner
1998, Tolonen 1999). The methods of applying the energy budget to early fish stages are out-
lined by Kamler (1992). In applying the energy budget principle to estimate food rations, it
must be remembered that this method has many limitations and sources for potential error, as
described by Hansen et al. (1993).

The aim of this work is to determine the daily food ration of larval stages of smelt Osmerus
eperlanus (L.) from the Vistula Lagoon using the indirect method as the sum of production,
respiration and egestion. The determination of the amount of food consumed by smelt along
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with data regarding fish abundance will facilitate determining the role of this species in the
Vistula Lagoon trophic chain (impact on zooplankton community) and can give information
about food competition between carnivorous species (fish larvae, macrozooplankton) in the
Vistula Lagoon pelagic community.

MATERIAL  AND  METHODS

Fish
Fish (larvae) were caught in the 1.5 m surface layer of the Vistula Lagoon several hundred
meters from the port in Tolkmicko. The catches were carried out from a boat using a 5 m long
Neuston  plankton net with 500 µm mesh and a 2 m2 opening. Haul times varied from 2 to 8
minutes, depending on local fish concentrations.

After landing the net, the fish were transferred to thermoses with aerated water and then
transported to the laboratory in Gdynia where they were placed in thermostats.

Procedures
Smelt larval production P was determined as the average increase of dry body weight
of particular individuals between 25 June and 8 July 1999 (dates of subsequent smelt catches in
the Vistula Lagoon). The production was determined in mg of dry weight per day (mg dry wt.
d-1). The production measurements were based on 78 measurements of fish dry weight
(48 measurements in June and 30 in July).

Since production was measured only under natural conditions (17.5°C), the value of pro-
duction at temperatures of 15 and 10°C were derived using the values measured at a tempera-
ture of 17.5°C and a temperature coefficient Q10 for egestion. The following formula was used:
Pt2 = Pt1/(Q10)(t2 � t1)/10  (Duncan and Klekowski 1975), where: Pt2 � production at a tempera-
ture of 15oC or 10oC, Pt1 � production measured, i.e. at a temperature of 17.5°C. The method
described by Opaliñski and Klekowski (1992) was applied to interpret the Q10 value as a mea-
sure of  the influence of temperature on metabolic processes.

The respiration of smelt larvae R  was determined by the closed vessel method at the
temperature of their natural environment (17.5°C, 11 measurements) and under experimental
conditions (10 and 15°C, 24 h adaptation period to thermal conditions of the measurements, 11
and 26 measurements taken, respectively).

Respirometric vessels with a volume of 50 ml were used. Exposition time was 2.5 hours.
The oxygen concentration was measured using an oxygen sensor (Oxygenmeter XI 196 by
WTW). Fish oxygen consumption R was expressed as mm3 · ind.-1 · h-1 and the metabolic rate
MR as mm3 · mg-1 · h-1.

The amount of fish egestion F  was determined by weight. Twenty-one fish (17.5°C),
33 fish (15°C) and 40 fish (10°C) were placed in glass aquariums with 8 liters of water.
The aquariums were placed in water thermostats at temperatures of 17.5, 15 and 10°C,
respectively. After 20 hours of exposition, the water was filtered through glass filters and
the sediment obtained was regarded as fish egestion. A control tank without fish was used
in which the same amount of water was exposed to the same temperatures for the same
period of time. The amount of fish egesta production is expressed as mg of dry mass per
individual per day.
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Since the excretion products U of final nitrogen transformations were not investigated,
their value was assumed as 10% of assimilation (P + R), which is consistent with the smelt data
of Hewett and Johnson (1992) as quoted in Lantry and Stewart (1993).

Daily food ration (consumption) is the sum of production, respiration and egestion (ege-
sta + excreta): C = P + R + FU. In order to calculate this value, all elements of the energy
budget must be expressed in unified energy units, calories. Therefore, the following parameters
were used: for P � the energy value of a smelt body was assumed to be 805.7 cal per g wet wt
(according to  Lantry and Steward, 1993); for R � the oxycaloric value of 0.0047 cal per mm3

of oxygen (RQ = 0.75, see Kleiber 1961); for F � the energy value of excrement pellets as 3.63
cal per mg dry weight (data for salmon Salmo trutta according to Raciborski 1987 and for
guppy Lebistes reticulatus based on the unpublished data of Urban-Jezierska).

Fish survival in particular temperatures was determined in an independent experiment,
during which 40 fish in every temperature condition were investigated.

RESULTS

Production  P
Average dry weight of smelt larvae on 25 June was 7.6 mg, after 13 days it increased to 30.6 mg
(Table 1). Data in Table 1 facilitates calculations which reveal that the smelt larvae production
in the investigation period, under natural environmental conditions, i.e. at a temperature of
17.5°C, amounted to 1.77 mg dry wt. ind.-1 · d-1 and 13.8 mg wet wt. ind.-1 · d-1.

Table 1. Wet Ww  and dry Dw  weight, dry matter content and production P in smelt  larvae (Vistula Lagoon). 
Values represent mean ± standard error. n = number of individuals 
 

 
Date n Ww ± S.E. 

[mg] 
Dw ± S.E. 

[mg] 

Dry matter 
content 

[%] 
June 25, 1999 48 90.2 ± 13.2 7.6 ± 1.4 8.5 
July 8, 1999 30 269.0 ± 13 30.6 ± 2.0 11.3 
Production 178.8 23.0 

 

Respiration  R
The oxygen consumption of smelt larvae at 17.5°C is 32.19 mm3 ind.-1 · h-1. Oxygen consumption
at experimental temperatures, metabolic rate and the dependence of oxygen consumption on
body mass are presented in Table 2.

Oxygen consumption R,  metabolic rate  MR  and regression intercept a decrease as tem-
perature falls, however, the fall in the 15-10°C range is very fast: oxygen consumption R) � from
26 to 14 mm3 · ind.-1 · h-1, metabolic rate MR � from 0.352 to 0.172 mm3 · mg wet wt-1  · h-1,
intercept a � from 1.10 to 0.52. The intercept a, which describes the dependence of oxygen
consumption on body mass, is interpreted as the oxygen consumption of an individual of the
unit body weight, which, in this case, is 1 mg.

The decrease in oxygen consumption, metabolic rate and the intercept a in the tempera-
ture range of 17.5-15°C is much lower. The comparison of the temperature influence on oxy-
gen consumption by smelt larvae in the temperature ranges 17.5-15°C and 17.5-10°C using the
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Q10  coefficient indicates that in the first range of temperatures, which are close to diurnal
temperature variations in the natural environment, the influence is insignificant, while in the
second range the temperature influence is very strong (Table 3).

Fish survival decreased with decreasing temperatures; at 17.5°C it was 91%, at 15°C
79 of the fish survived and at 10oC only 26% of the fish survived (Table 2).

Egestion F
The amount of excrement egested by one smelt larva per day under natural conditions (17.5°C)
was 1.57 mg, or, recalculated per fish weight  unit, 0.207 mg mg-1 · d-1. At lower temperatures
the values were also much lower: 1.08 mg at 15°C and 0.20 at 10°C (Table 4).

Table 2. Respiration R and Metabolic Rate MR in smelt larvae (June 1999, Vistula Lagoon): 
laboratory experiments 
 

Temperature 
Parameter Unit 

17.5°C 15°C 10°C 
Number of measurement 
Respiration R  versus  
   wet weight Ww  
   dependence  (R = a ·  Wwb 
    r2 of the regression 
R – respiration 
Ww – wet weight 
Dw – dry weight 
Dry matter content 
MR – metabolic rate (Ww basis) 
MR – metabolic rate (Dw  basis) 
Mortality (in independent  
    experiment) 

– 
mm3 02 · ind-1 · h-1 

mg · ind-1 
 
– 

mm3  02  · ind-1 · h-1 

mg · ind-1 

mg · ind-1 
% 

mm302 · mg Ww-1 · h-1 
mm3 02 · mg Dw-1 · h-1 

 
% 

11 
a = 1.23 
b = 0.72 

 
0.6460 

32.19 ± 4.60 
90.2 ± 13.2 
7.6 ± 1.4 

8.5 
0.381± 0.266 
8.46 ± 0.64 

 
9 

26 
a = 1.1 

b = 0.74 ± 0.10 
 

0.7032 
25.59 ± 1.10 
74.5 ± 3.80 
6.6 ± 0.4 

8.9 
0.352 ± 0.009 
3.99 ± 0.21 

 
21 

11 
a = 0.52 
b = 0.74 

 
0.7056 

13.95 ± 1.79 
86.4 ± 13.6 
8.6 ± 1.3 

9.9 
0.172±0.013 
1.74 ± 0.44 

 
72 

 

Table 3. The influence of temperature on metabolic rate (temperature quotient Q10) in smelt larvae 
(June 1999, Vistula Lagoon) in laboratory experiments. General formula: Q10 = (MRt2 : MRt1) 

10: (t2 – t1) 

where: MR – in mm3 02 mg wet wt.-1 h-1, , and Ww – in mg ind-1, t1 and t2 – temperatures 
 

Temperature 
interval 

Measured 
Q10 value 

Q10 value according to 
Krogh’s „normal curve” a 

Remarks 

17.5-15°C 1.4 2.6 
Insignificant temperature influence 
(relative temperature independence 
sensu Duncan and Klekowski 1975) 

17.5-10°C 2.8 2.7 
Insignificant temperature influence  
(compensation sensu Prosser 1976) 

15-10°C 4.2 2.9 
Significant temperature influence  
(overcompensation sensu Prosser 1976) 

 

a after Duncan and Klekowski (1975) 
 
 
Table 4. Egestion rate (F) in smelt larvae (June 1999, Vistula Lagoon) in laboratory experiments 
 

Temperature 
[°C] 

Exposition 
time 
[h] 

Number of 
animals 

Animal mean 
dry weight 

[mg] 

Egestion 
[mg dry wt ind.-1· d-1] 

Egestion rate 
[mg dry wt mg dry wt-1· d-1] 

17.5 20 21 7.6 1.57 0.207 
15 20 33 6.6 1.08 0.163 
10 20 40 8.6 0.20 0.023 
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The data presented reveal that under natural conditions smelt larvae exert 1.57 mg of
excrement pellets per day which constitutes about a fifth of their body weight. The production
of excrement rapidly decreases as temperature falls; at 15°C excrement constitutes a sixth of
fish body weight and at 10°C this figure is only a fortieth of body weight. This indicates a rapid
decrease in the feeding rate as the environmental temperature drops.

Based on the data obtained, the temperature coefficient of the egestion rate Q10 for smelt
larvae was calculated. In the 17.5-15°C temperature range it is 2.4 and indicates an insignifi-
cant temperature impact, at temperatures from 17.5-10°C it is 19 which indicates a significant
temperature impact and in the range of 15-10°C it is 50, i.e. a very strong temperature impact
on egestion.

Energy budget
Table 5 presents the measured parameters of the energy budget for smelt at temperatures of
17.5, 15 and 10°C calculated per individual. Since the  energy budgets are usually calculated
per  animal body weight unit in the literature, Table 6 presents the values of the smelt energy
budget recalculated to a mg of fish dry body weight.

The data from Table 6 reveal that at temperatures of 17.5 and 15°C all parameters of the
smelt larvae energy budget are practically identical (of course, not in absolute values, those in
lower temperatures are lower, but in relative values, i.e. as a percentage of the food ration).
Therefore, assimilation (A = P + R) is also the same (64% at 17.5°C and 65% at 15°C). At a

Table 5. Energy balance of smelt larvae (in cal ind-1   d-1 )  (June 1999, Vistula Lagoon) 
 

Parameter Energy equivalent 17.5°C 15°C 10°C 
Mean animal weight  
   mg  wet wt 
   mg dry wt 

 
 

90.2 
7.6 

 
74.5 
6.6 

 
86.4 
8.6 

Production P 4.83 cal mg dry wt.-1 a 8.55 cal 6.91cal 0.92 cal 

Respiration R 0.0047 cal mm3  b 3.63 cal 2.89 cal 1.57 cal 

Egestion F  3.63 cal mg dry wt.-1  c 5.70 cal 3.92 cal 0.73 cal 

Excretion U  10% P+R d 1.22 cal 0.98cal 0.25 cal 

Daily consumption C  17.88 cal 14.70 cal 3.47 cal 
 
a data after Lantry and Steward (1993), recalculated into dry weight 
b for RQ = 0,75 
c after Raciborski (1987) and Urban-Jezierska (unpublished data) 
d after Hewett and Johanson (1992) 
 
 

Table 6. Energy balance in smelt larvae (in cal. per mg dry wt. of  fish). 
In parentheses – percentage of each parameter in total food consumption 
 

Parameter 17.5°C 15°C 10°C 
Animal mean dry weight  [mg dry wt] 7.6 6.6 8.6 
Production P 1.12   (45%)  0.92    (44%) a   0.11   (28%) a 

Respiration R 0.48   (19%) 0.43    (21%) 0.18   (45%) 

Egestion F  0.75   (30%) 0.59    (29%) 0.08   (20%) 

Excretion U   0.16    (6%) a  0.13     (6%) a  0.03    (7%) a 

Consumption C 2.51   (100%) 2.07   (100%)  0.40   (100%) 

 
a calculated values 
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temperature of 10°C, in comparison to higher temperatures, production decreases, respiration
increases and assimilation increases to 73%.

The temperature impact on  the smelt larvae food ration calculated using data from Table 6
(temperature coefficient Q10) indicates that in the 17.5-15°C temperature range the food ration
practically does not change (Q10 = 2.0) and it is independent of temperature, while when the
temperature decreases to 10°C a rapid decrease in food consumption occurs (Q10 = 10).
A similar situation occurs when the temperature decreases from 15 to 10°C (Q10 = 24).

DISCUSSION

A number of works regarding the feeding habits (food rations) and the ecological role of smelt
in lakes and the Baltic Sea have appeared in recent years (Lantry, Stewart 1993, Karjalainen
et al. 1997 a, b). These works are based on the so-called bioenergetic model. In most cases the
parameters measured were the size distribution of the populations and the temperature, while
the remaining energy budget parameters were taken from the work dedicated to the bioenergetics
of the species by Hewett and Johnson (1992).

This work presents the basic bioenergetic parameters of smelt (production, respiration,
egestion) that were measured directly and facilitated the construction of the energy budget.

The smelt energy budget parameters measured comply quite well with the energy budgets
of salmonids investigated at similar temperatures (Table 7). While making such comparisons,
the temperature at which the measurements were made (for which the calculations were made)
is important; the measurements reveal that only small temperature variations (about 2.5°C) do
not significantly affect the smelt energy budget (of course the range of this variations depends
on temperature range). A temperature decrease of about 7.5°C results not only in a significant
decrease of all fish energy budget parameters but also in a radical change in the proportions
between particular parameters (Table 6). Kaufmann and Wieser (1992) believe that a signifi-
cant decrease in the metabolic rate among larvae and juvenile stages of cyprinids when tem-
perature drops from 20 to 15°C cannot be explained only by changes in water viscosity. The
influence of temperature on the energy budget parameters in larval stages of fish is analyzed in
detail by Kamler et al. (1994).

Table 7. Comparison of the energy balances in early stages of some salmonid fish species 
  

Species 
Animal wet 

weight 
[mg] 

Temper- 
ature 
[°C] 

P 
Produc
-tion a 

R 
Respira- 

tion a 

FU 
excreta + 
egesta a 

Author 

Smelt  
Osmerus eperlanus 

 
86.4 

 
10 

 
28 

 
45 

 
27 

 
present paper 

Osmerus eperlanus 74.5 15 44 21 35 present paper 
Osmerus eperlanus 90.2 17.5 45 19 36 present paper 
Sea trout 
Salmo trutta 

 
175 

 
11 

 
39 

 
35 

 
26 

 
Raciborski 1987 

Salmo trutta 50 g 9.5 33 36 31 Brett, Groves 1979 
Rainbow trout 
Salmo gairdneri 

 
age 0+ 

 
? 

 
30 

 
50 

 
20 

 
Penczak et al. 1982 

 
a as  % of consumption  
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Assuming that the diurnal food ration of one smelt larva in June is 17.88 cal (Table 5),
and the energetic value of zooplankton is 4.45 cal mg dry wt-1, it is possible to calculate that
one larva consumes about 40 mg  wet weight of zooplankton  per day. This means that the ratio
of the amount of food consumed per day to smelt wet weight is 0.44.

Table 8 presents the diurnal smelt food ration in comparison with that of other fish with
similar feeding habits which live in the same, or very similar, environment. The daily food
ration of smelt (0.44 mg of food per 1 mg of fish) is comparable to that of perch (0.65) and
much higher than that of herring (0.13) which live under the same or similar thermal condi-
tions.

In order to eliminate the weight difference of the species compared, data regarding their
relative food ration are presented in a plot of food ration vs. fish weight in Fig. 1. This depen-
dence is described as follows: C/W= 1.1  W-0.27, where C/W � food ration, (mg ·  mg-1  · d-1),
W � fish wet weight (mg). This dependence is a modification of the Kitchell et al. (1977)
equation for a temperature of 23oC and fish weight in grams. The modification involved the
recalculation of intercept a of this equation to the temperature of 17.5°C using Q10 calculated

Table 8. Consumption rate C  in larval and juvenile fish species 
 

Species 
Temp. 
[°C] 

Animal 
wet wt. 
[mg] 

Consumption 
[mg ·  mg-1· d-1] 

Author 

Smelt Osmerus esperlanus 17.5 90 0.44 present paper 
Rainbow smelt Osmerus mordax 3 60 0.02 Lantry and Stewart 1993 
Whitefish  Coregonus lavaretus 4 90 g 0.03 Tolonen 1999 

Sea trout Salmo trutta 11 175 0.48 Raciborski 1987 
Coho salmon Oncorhynchus kisutch 11.1 35 g 0.037 Brodeur and Pearcy 1987 
Coho salmon Oncorhynchus kisutch 13.7 100 g 0.024 Brodeur and Pearcy 1987 
Yellow perch Perca flavescens ? 15 0.21 Worischka and Mehner 1998 

Yellow perch Perca flavescens 16.6 22 0.653 Post 1990 
Zander Stizostedion luciperca ? 6.9 0.31 Worischka and Mehner 1998 
Baltic Sea herring Clupea harengus 17.4 40 0.13 Arrhenius and Hansson 1994 
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smelt

regression

C/W = 1.1 W
-0.27Fig. 1. General dependence between

consumption rate (C/W, mg mg-1 · d-1)
and fish larvae wet weight (W, mg) as
a regression line (after Kitchell et al.
1977, recalculated into units used in
this paper). Data on consumption rate
of the smelt (this paper, triangle),
herring (after Arrhenius and Hanson
1994, circle), and perch (after Post
1990, square).
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for smelt consumption. Also, the equation was transformed so that animal weight is in milli-
grams. The transformation method is described by Duncan and Klekowski (1975). The same
value of regression coefficient b (�0.26) of the food ration to body weight for nine  fish species
larvae are given by Keckeis and Schiemer (1992).

After including the animal weight differences (Fig. 1), it can be concluded that the mag-
nitudes of smelt and perch food rations are practically identical (placed along the regression
line), while the herring food ration is about 3 times lower (much below the regression line).

It seems that herring fry loses out to smelt and perch in the food competition. However,
the small food demand of early developmental stages of herring may be the mechanism which
allows them to survive in an environment where food resources are shared with smelt and
perch, which probably are the principal zooplankton consumers in the Vistula Lagoon. This
hypothesis must be verified through the application of direct (or experimental) methods.
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Table 1. Date of sampling, length range and number 
of smelt Osmerus eperlanus (L.) specimens 
analyzed focusing on the presence of fish larvae in their food 

Sampling 
 date 

Length range of analyzed smelt 
 (SL, mm)  

Number of 
analyzed 

specimens 

1998    
20-21.04 53-80 40 
07-08.05 56-106 263 
18-19.05 55-80 24 

27-28.05 61-78 3 
08-09.06 68-80 14 
17-18.06 66-105 21 

Total 53-106 365 
1999    

07-08.04 42-74 504 
18-19.04 41-110 195 

28-29.04 45-68 70 
11-12.05 42-76 282 
25-26.05 47-76 166 

08-09.06 55-78 6 
21-22.06 64-81 17 

Total 44-110 1240 

Total   1605 
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RESULTS  AND  DISCUSSION

����'"$.�������#�7�$�'���'���%�!�%� ��' �%������;"�'7-�����������������77"���'7���'�%������ 
����$��%�������������	
������&���'�#��%�7"����-������' �$�'%������%����'���%�!�%��'������#����'%� 
�'���.����&

Table 2. Frequency of occurrence (%F) of fish larvae in smelt Osmerus eperlanus (L.) food 
by months of the investigations 

April May June Total   
  98 99 98 99 98 99 98 99 

Number of specimens analyzed 40 769 290 448 35 23 365 1240 

             

Number of stomachs with 0 48 22 6 13 4 35 58 

fish larvae                 

%F 0.0 6.2 7.6 1.3 37.1 17.4 9.6 4.7 
 

�������/����7�'���$� ��'��'�-�)&8<��' �9&=<����%���������'���%�!�%� ��'��))*��' ��)))0
���#�7%����-&� ���� ���;"�'7-� ��� %����� �77"���'7�� �<
�� �'7����� � ��� �$��%� ��,�� �'7����� 
���.�����0��' ��%�#��?� � "��'!�%�����'���#���� �����%����'���%�!�%��'���:"'�0���.�����&

����#��-�/�����$�������������'!�'!��'���,�����$��&��%�����$$��'��))*��' ����$��&=�%�
�9&8�$$��'��)))&������$��%� � �'�%����$�%��������'-���,��#������'7��&��$�H�$"$������!�%
�������/����7�'���$� � �'��'���%�$�7�&� �'��))*0� %��� ����������#��7� � �����7�'�%�%"%� � %��
���!��%�!��"#0� �&�&�=�&�<0������/� �.-��$��%�M���&8<&������'!���������77"��� ��'�-����-
�#��� �7���-�M��<&�������%"�%��'�/��� 3"�%� %����##���%�� �'��)))0�/��'������'!�/����$��%
7�$$�'��'�%����%�$�7��0��&�&�*8&9<0�/�����#��7� ������7�'�%�%"%� ��'�-�9&)<��' ���$��%��'�-
�&�<�����$��%��%�$�7��7�'%�'%�����.���9�&���/����0��'�.�%��-�����%����#�7�$�'��/��7��/���
$��%�'"$���"����%������ ���-��?���7������ ��'��/��7��/���'�%��'%����-������.� &��'��))*0
%��-�7�'�%�%"%� �8=&8<����%���#��7� ������������0��' ��'��)))0�==&�<����%��������'!�������&
	.���"��-0�%���#����'7�����%���-��?���70�/��7��7�"����#��.��$��/�%��.���'7�0���!'���7�'%�-
�'7����� �%���������K��#�%�'%�������.��'!�#��-� �"#�'&�'�%������7%���/��7����$�%��%����.���%-
���%����������%����7�#���%�%�����%�!������%����$����#�7%�������'�." ���������)))�&������'!
�������%��%�����."� �'� �/�%�����-��?���7���%�'��/�$��'�%������� ��������%�%�����"' �%�����.� -
�H��&���%�����,�����%���-��?���7� �7��������' ��%����7��'!����'�.� -����#���77"�0�%�������
�����.�%%����#�%��������'%�%��'��+�-,��'���?-��)�8�&�'��'7�������'������'!���'!%�����$�8&�4
*�%����4�9�$$� �".�����%���/�$$�'!��#�� 0�%�"���'7�����'!��%���.���%-�%����7�#�����$�#�� �4
%��������H%����)8)�&

����!���%���'"$.�����������'!���������'�%����$��%���� ����$��)))��'�7�$#�����'�/�%��%��%
����))*������7%��%�����!'���7�'%� ������'7����'�'"$.���������������'�%���(��%"�����!��'��'�%����



+

�

�
I
J
�
��

	
�
�
	
G


88Table 3. Frequency of occurrence (%F) and size structure of fish larvae in smelt Osmerus eperlanus (L.) food by predator size. 

Years Smelt length class (SL,mm)   
  

    40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 80-84 85-89 90-94 95-99 100-104 105-109 110-114 Total 

Number of analyzed 98   2 20 56 96 103 51 23 8 1 3  2  365 

specimens 99 8 160 455 355 179 56 17 6 1   1  1 1 1240 

                    

Number of stomachs 98   0 0 0 4 13 7 6 2 1 2  0  35 

with fish larvae  99 0 5 25 15 9 1 0 2 1   0  0 0 58 

                    

%F 98   0.0 0.0 0.0 4.2 12.6 13.7 26.1 25.0 100.0 66.7  0.0  9,6 

 99 0.0 3.1 5.5 4.2 5.0 1.8 0.0 33.3 100.0   0.0  0.0 0.0 4,7 

                    

Number of larvae 98      6 11 9 8 4 5 5    48 

measured in food 99  5 27 17 8 1  2        60 

                    

Length range 98      3.9-25.0 3.8-20.0 3.7-25.0 3.5-30.0 4.0-5.6 3.6-10.5 4.1-18.0    3.5-30.0 

of larvae in food (mm) 99  4.0-6.2 3.7-7.5 4.7-9.7 4.0-24.6 6.0  22.9-23.2        3.7-24.6 

                    

Average length 98      7.9 8.0 13.6 12.2 4.9 6.7 8.8    9,4 

of larvae in food (mm) 99  5.2 5.3 5.5 7.9 6.0  23.1        6,3 
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Table 4. Taxonomic structure of fish larvae in smelt Osmerus eperlanus (L.) food 

  Years Herring Smelt Percid fish Unidentified Total 

Number of specimens 98 1 11 37 2 51 
identified 99 70 2 4 5 81 

Percentage of the total 98 2 21.6 72.5 4   
number of specimens 99 86.4 2.5 4.9 6.2   
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GENERAL INFORMATION
The Bulletin of the Sea Fisheries Institute is a scientific
journal which accepts papers from all over the world.
Foreign authors are requested to submit their papers in
English, the research staff of the SFI  in Polish and
authors not associated with the SFI in Polish and English.

Papers submitted to the Bulletin are classified
according to the following three categories: 1) scientific
papers, 2) short communications, 3) varia.

The Editorial Staff will accept a paper and assign
it to one the above categories. Papers accepted for
publication in the Bulletin may not be published
elsewhere. Publication in the Bulletin is free of charge.

TYPESCRIPT FORM
Papers should be submitted in two copies of single-sided,
double-spaced typescript on A4 paper and a diskette
containing all the material in the article must be included.
Words to be set in italic type, i.e. Latin names of species
and genera, as well as symbols for the values of variables,
should be underlined with a wavy line (~~~~~). No
other underlineation should be used.

In the papers from categories 1 and 2, the
following order is required:
1. Title : brief (up to 100 characters).
2. First and last name of the author and the name of
the affiliated institution .
3. An abstract must precede every scientific paper,
research report and other paper; length  – one typewritten
page at the most.
4. Key words: a few terms which enable a given paper
to be found among computer files.
5. Text. The length of the typescript of  papers from
category 1 should not exceed 40 pages, and  papers from
category 2 – 15 pages. In  papers from categories 1 and
2, the traditional division is used: 1) introduction, 2)
materials and methods, 3) results, 4) discussion, 5)
references. The results of measurements should be given
in metric system units and their abbreviations should
comply with the International System of Unit (SI).
6. Acknowledgments should be limited to the necessary
minimum (the initials and the last name  of the person
they are addressed to, without listing scientific titles or
names of institutions).
7. References should be put in alphabetical order,  with
the year of publication directly after the author’s name
and should list solely the papers referred to in the text.
(e.g. Smith 1990). Titles of journals – in full form. Titles
of papers – in the original language. The exception is
titles in Russian which are in a non-Latin alphabet, such
as Cyrilic, which should be translated into either English
or Polish.

  8. Footnotes should be marked with Arabic numerals
in superscript ( ...1), and numbered in succession
throughout the text, except for tables; footnote content
should be on separate sheets of paper.
  9. Tables should supplement, not duplicate, data
contained in the text or figures. Tables should be
numbered and each one should be on a separate sheet of
paper. All tables must have titles; all  references to them
should be placed within the text. Each column in a table
is supplied with a heading, explaining the content of the
column. Footnotes in tables should be marked with
letters in italics, in superscript (e. g. Yearsa), and their
explanation should be placed under the table.
10. Figures. Successive numeration with a reference to
each number in the text should be used. Captions must
be on a separate sheet of paper. Abbreviations, terms
and symbols used in figures must correspond to those
used in the text. After scaling, each figure, placed on a
separate sheet of paper and marked with a successive
number and the author’s name, must fit into a column
of the Bulletin; this should be taken into account by using
the appropriate thickness of lines and size of legends in
the figures. Only computer generated figures are
acceptable. Both a printout and a diskette are required.
Papers can be illustrated with photographs in black and
white or color. The total content  of drawings and
photographs must not exceed 30% of the paper.

SAVING TEXT ONTO DISKETTE
Files should be saved on diskette in a format which can
be opened by our editorial office. The preferred format
is Word for Windows. Please save computer generated
figures on diskette in the format which they were created.

REVIEWS
Upon receiving a review, the authors is obliged to revise
the paper and to explain in writing which of the
reviewer’s suggestions he or she has taken into account,
and what he or she disagrees with and why.

PROOF-READING
A ten day limit is given for proofreading. At this stage
no changes in text content are allowed and only technical
corrections will be accepted.

PRESENTATION COPIES
Each author published in categories 1, 2 and 3 receives
one copy of the Bulletin; the authors of the papers form
category 1 additionally receive ten offprints of their
paper, and from category 2 – five.

Address of Editorial Office:
Center for Scientific Information and Publishing
Sea Fisheries Institute
Ko³³¹taja 1, 81-332 Gdynia, Poland



WSKAZÓWKI
DLA  AUTORÓW

INFORMACJE  OGÓLNE
The Bulletin of the Sea Fisheries Institute jest czasopi-
smem naukowym, przyjmuj¹cym prace z ca³ego �wiata.
Autorzy obcojêzyczni proszeni s¹ o sk³adanie prac w jê-
zyku angielskim, pracownicy MIR � jêzyku polskim, a
pozostali autorzy � w jêzyku polskim i angielskim.
     Prace z³o¿one klasyfikowane s¹ wed³ug trzech kate-
gorii: 1) artyku³y naukowe, 2) noty, 3) varia.
     O przyjêciu pracy i zakwalifikowaniu jej do okre�lo-
nej kategorii decyduje Zespó³ Redakcyjny. Prace przy-
jête do druku nie mog¹ byæ publikowane w innym cza-
sopi�mie. Publikacja jest bezp³atna.

FORMA  MASZYNOPISU
Prace nale¿y sk³adaæ w 2 egzemplarzach maszynopisu
pisanego jednostronnie, formatu A4, z podwójnym od-
stepem (konieczna jest dyskietka z ca³o�ci¹ materia³u).
S³owa, które powinny byæ z³o¿one drukiem pochy³ym
(kursyw¹), tzn. ³aciñskie nazwy gatunków i rodzajów
oraz symbole wielko�ci zmiennych nale¿y podkre�liæ
wê¿ykiem (~~~~~). Innych podkre�leñ nie nale¿y sto-
sowaæ.
     W pracach kategorii 1 i 2 obowi¹zuje nastêpuj¹ca
kolejno�æ:
1. Tytu³: krótki (do 100 znaków).
2. Imiê i nazwisko autora oraz nazwa i adres instytu-
cji macierzystej.
3. Abstrakt musi poprzedzaæ ka¿dy artyku³ naukowy i
notê; objêto�æ � najwy¿ej 1 strona maszynopisu.
4. S³owa kluczowe: kilka pojêæ pozwalaj¹cych na od-
szukanie danej pracy w systemach komputerowych.
5. Tekst. Objêto�æ maszynopisu prac kategorii 1 nie
powinna przekraczaæ 40 stron, a kategorii 2 � 15 stron.
W pracach kategorii 1 i 2 stosuje siê tradycyjny podzia³:
1) wstêp, 2) materia³ i metoda badañ, 3) wyniki badañ,
4) dyskusja, 5) bibliografia. Wyniki pomiarów nale¿y
podawaæ w jednostkach miar przyjêtych w systemie me-
trycznym, a ich skróty � zgodnie z Miêdzynarodowym
Uk³adem Jednostek Miar (SI).
6. Podziêkowania nale¿y ograniczyæ do niezbêdnego mi-
nimum (inicja³y imienia i nazwisko osoby, do której s¹
adresowane, bez wymieniania tytu³ów naukowych i nazw
instytucji).
7. Bibliografiê nale¿y zestawiaæ w porz¹dku alfabetycz-
nym, podaj¹c bezpo�rednio po nazwiskach autorów rok
wydania i wymieniaj¹c tylko prace cytowane w tek�cie
(np. Kowalski 1990). Tytu³y czasopism � w pe³nym
brzmieniu. Tytu³y prac � w jêzykach orygina³u (z wyj¹t-
kiem tytu³ów w jêzyku rosyjskim wydrukowanych alfa-
betem nie³aciñskim, np. cyrylic¹, które nale¿y przet³u-
maczyæ na jêzyk polski lub angielski).

8. Przypisy oznacza siê cyfr¹ arabsk¹ we frakcji górnej
(...1) i numeruje kolejno w ca³ym tek�cie, z wyj¹tkiem
tabel; tre�æ przypisów � na osobnych stronach.
9. Tabele s¹ dodatkowym �ród³em informacji; nie nale-
¿y powtarzaæ w nich danych wystêpuj¹cych w tek�cie
lub na rysunkach. Tabele numerowane, ka¿da na osob-
nej stronie, musz¹ mieæ tytu³; powo³anie na nie nale¿y
umie�ciæ w tek�cie. Ka¿d¹ kolumnê w tabeli opatruje
siê tzw. �g³ówk¹� wyja�niaj¹c¹ zawarto�æ kolumny. Przy-
pisy w tabelach nale¿y oznaczyæ literami, kursyw¹, we
frakcji górnej (np. Lataa), a ich obja�nienie umie�ciæ pod
tabel¹.
10. Ilustracje. Obowi¹zuje kolejna numeracja z przy-
wo³aniem ka¿dego numeru w tek�cie. Podpisy pod ilu-
stracjami � na osobnej kartce. Stosowane na rysunkach
skróty, terminy i symbole musz¹ odpowiadaæ u¿ytym w
tek�cie. Ka¿dy rysunek, umieszczony na osobnej kartce
oraz opisany kolejnym numerem i nazwiskiem autora,
po wyskalowaniu musi zmie�ciæ sie w kolumnie; trzeba
to uwzglêdniæ stosuj¹c odpowiedni¹ grubo�æ linii i wiel-
ko�æ opisów na rysunkach. Redakcja przyjmuje wy³¹cz-
nie rysunki wykonane technik¹ komputerow¹ (koniecz-
ny wydruk i dyskietka). Prace mo¿na ilustrowaæ foto-
grafiami (mog¹ byæ kolorowe). £¹czna objêto�æ rysun-
ków i zdjêæ nie mo¿e przekraczaæ  30% objêto�ci pracy.

ZAPIS  TEKSTU  NA  DYSKIETCE
Plik powinien byæ zachowany na dyskietce w takim for-
macie, aby umo¿liwiæ odczytanie go w programach przez
nas stosowanych. Preferowanym formatem jest Word for
Windows. Rysunki wykonane technik¹ komputerow¹
prosimy zapisywaæ na dyskietce w formacie wykonania.

RECENZJE
Po otrzymaniu recenzji autor jest zobowi¹zany do po-
prawienia pracy i wyja�nienia na pi�mie, co uwzglêdni³
z sugestii recenzenta, a z czym siê nie zgadza i dlaczego.

KOREKTA  AUTORSKA
Na wykonanie i odes³anie korekty autorskiej przewiduje
siê termin 10-dniowy. Na tym etapie nie nale¿y dokony-
waæ zmian autorskich w tek�cie, a jedynie poprawiæ uster-
ki techniczne.

EGZEMPLARZE  AUTORSKIE
Ka¿dy autor opublikowanego artyku³u otrzymuje 1 eg-
zemplarz czasopisma, autorzy prac kategorii 1 otrzymu-
j¹ ponadto 10 nadbitek swej pracy; kategorii 2 � 5 nad-
bitek.
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