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INSTRUCTIONS
FOR AUTHORS

GENERAL INFORMATION
The Bulletin of the Sea Fisheries Institute is a scientific
journal, accepting 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 decide on accepting a paper
and qualifying it for 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accepted for publication in the Bulletin may not be
published elsewhere.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 (enclosing a
diskette with the text is desirable). 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 enabling 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 the units adopted in the metric system and their
abbreviations, in accordance with the International
System of Unit (SI).
6. Acknowledgments should be limited to a necessary
minimum (the initials and the last name  of the person
they are addressed to, without listing the scientific titles
and names of institutions).
7. References should be put in alphabetical order,  with
the year of publication directly after the author’s name
and listing solely the papers referred to in the text.
References – using the Harvard system (e.g. Smith 1990).
Titles of journals – in full form. Titles of papers – in the
original language (titles of works printed in a non-Latin
alphabet, e. g. in the Cyrilic alphabet, must be
transliterated.

8. Footnotes are marked with the Arabic numerals in
superscript ( ...1), and numbered in succession throughout
the text, except for tables; footnote content – on separate
sheets of paper.
9. Tables should supplement, not duplicate, data
contained in the text or figures. Tables, numbered, each
on a separate sheet of paper, must have a title; 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 – 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
original drawings will be accepted. Papers can be
illustrated with photographs (also color). The total content
of drawings and photographs must not exceed 30% of
the paper.

SAVING TEXT ONTO DISKETTE
File sshould be saved on diskette in such a format as to
enable it to be opened in programs used 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:
Scientific Information and Publishing Center
Sea Fisheries Institute
����������	
��	���������
�������



����������	
�����������
�������������������

�������������

��������������� �!!����� ��"��#
��$ ��%��%��&�'������������	
������(
��%�����)%�%#��*��+,�!�����

Bazyli Czeczuga and Ewa Czeczuga-Semeniuk
-���)�!����.�����#/�0�!�1�&��$���/��23�45����6#���&�7/�8�!���

9����)�(�����$�)�!,:�������%��3!�#���)%��:���$��"%#/�)����������)�������;����<�:���������%�
�&�������:,�)!���� � �"��#���$ ��%� ������������	
������ ����.��,�!�(��;�!.��)�����������;���
 �,��/�;��%���"����:����)��� �)���%�<���%�����������<���%��(��%������!�)����������)���������
�%�� �!!�����<�:��������$��� ��:�5(����:,�)!�������2(���=$�>�$3��;���:������&���(

0�#�;����*��%��&/������������	
����/��"��#���$ ��%/�)����������

INTRODUCTION
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MATERIALS AND METHODS
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Table 1. List of carotenoids from Squalus acanthias L. 
 

 Carotenoids Summary 
formula 

Structure 
(see Fig. 1) 

Semisystematic name 

β-Carotene C40H56 A - R - A β,β-Carotene 

β-Cryptoxanthin C40H56O A - R - C β,β-Caroten-3-ol 

Neothxanthin C40H56O B - R - D ε,ε-Caroten-3-ol 

Tunaxanthin C40H56O2 D - R - D ε,ε-Carotene-3,3’-diol 

Lutein epoxide C40H56O3 D - R - E 5,6-Epoxy-5,6-dihydroxy-ε,β-carotene-3,3’-diol 

Deepoxyneoxanthin C40H56O3 C - R1 - F 6,7-Didehydro-5,6-dihydro-β,β-carotene-3,5,3’-triol 

Adonixanthin C40H54O3 C - R - G 3,3’-Dihydroxy-β,β-caroten-4-one 

Papilioerythrin C40H54O3 D - R - G 3,3’-Dihydroxy-β,ε-caroten-4-one 

Idoxanthin C40H54O4 G - R - H 3,3’,4’-Trihydroxy-β,β-caroten-4-one 

Canthaxanthin C40H52O2 I - R - I β,β-Carotene-4,4’-dione 

Phoenicoxanthin C40H52O3 G - R - I 3-Hydroxy-β,β-caroten-4,4’-dione 

Astaxanthin C40H52O4 G - R - G 3,3’-Dihydroxy-β,β-carotene-4,4’-dione 

"��������� ��%���&��������%��:,�)!���;����"!�)���������&�)���������/��::����������)�����/����
�%��������.�����������%����"���:���H��!�9������#�����;�������!#�����%�� �!!�;��$�;��&(

�%��)����������"�$:�����;�������!�����,���$�)�!,:�������%��3!�#���)%��:���$��"%#(
8��������)%��:���$��"%#/��%��:������!�;���%�:�$���C��������%����,9I�)�������%#���!#��������
�5J�0	����!,���������������$�����:��"%��������������:���:"����,��� ������%�,��(��%���<���)�
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RESULTS

�;�!.��)�����������;���� �,�������%��:������!��<�:��������9!��������
�$,�����(��%��"�����)�
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Fig. 1. Structural features of carotenoids from investigated materials

Table 2. Carotenoid content in Squalus acanthias L. (n = 9) 
 
Carotenoid Skin (%) Muscles (%) 
β-Carotene 5.8(4.6 -   7.0) 9.6(5.3 - 10.4) 
β-Cryptoxanthin 9.0(3.9 - 21.6) 14.6(12.6 - 14.9) 
Neothxanthin 10.8(10.5 -11.2) 6.8(4.1 - 18.0) 
Tunaxanthin 13.8(7.7 - 27.5) 3.4(2.9 - 15.6) 
Lutein epoxide  3.5(2.5 - 13.2) 
Deepoxyneoxanthin 7.4(5.4 -  8.2) 5.5(5.1 - 14.0) 
Adonixanthin 2.1(0.8 -  4.2) 0.8(0.5 -   1.7) 
Papilioerythrin 3.8(2.2 -  4.8) 1.7(1.2 -   4.5) 
Idoxanthin 3.1(3.0 -  3.5) 2.8(2.4 -   3.0) 
Canthaxanthin 17.2(9.6 -  28.9) 30.5(27.4 - 45.2) 
Phoenicoxanthin 5.2(2.4 -   8.6) 2.3(1.8 -   3.4) 
Astaxanthin 21.8(19.5 - 29.2) 18.5(14.8 - 25.9) 
Total content in µg ⋅ g-1 wet weigh  5.485(4.884 - 5.720) 0.496(0.424 - 0.548) 
Ketocarotenoids in % 53.2(42.3 - 57.8) 58.6(44.5 - 67.8) 

Provitamin of vitamin A in µg ⋅ g-1 wet weight 0.568(0.442 - 0.628 0.084(0.064 - 0.092) 

Provitamin of vitamin A in % 10.3(9.0 - 10.8) 16.9(14.2 - 18.8) 
 

����:,�)!���;��� ����;���%#(�0���)����������� ��)!,���� �����<���%��/� "�"�!����#�%���/
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"�"�!����#�%���/�!�#�����%��β3)�������3����3����<���%�������� ��:������"��%(�����)�:"������
����%��:,�)!��/��%���&����%�;��������3 �!��%�$%���)����������)������(�����%���&�������:,�)!��
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DISCUSSION

))�����$�������������E��/�C��<���%������)%�.#<���%��������%��"����:������)���������:��$
��"���������.���� ��%�����)%�%#��(����<���%����)),�������:�!!����:�,���(������������� �,��
����"��#���$ ��%��&�������:,�)!�����������.���.���� �α3)�������/ β3)����������� ε3)�������(
�,������"�<��������"�"�!����#�%��������α3)������������.���.�����������%<���%��������,��<���%��
���� ε3)�������� ����.���.��(� �%�� ��:�����$� <���%�"%�!!�� ���� "���,)��� .��� β3)�������
����� ��:������(�-����β3)������������.���.��/�α3)����������C�)C,$����7�9����� ε3)�������
����$%�:�
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Fig. 1a. Dendrogram obtained from cluster analysis of herring age-length keys sampled in 1995

Fig. 1b. Dendrogram obtained from cluster analysis of herring age-length keys sampled in 1996

Fig. 2a. Dendrogram obtained from cluster analysis of sprat age-length keys sampled in 1995

Fig. 2b. Dendrogram obtained from cluster analysis of sprat age-length keys sampled in 1996
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Table 1. The maximum and the minimum distance between ALKs (in ‰ ) in cluster analysis (CA) 
and maximum and minimum distance per non-zero cell for herring and sprat 
 

Cluster 
Maximum 
distance 

Minimum 
distance 

Length classes 
used in CA 

Maximum distance 
per non-zero cell 

Minimum distance 
per non-zero cell 

Herring 1995 1,514 440 21-25 347.3 100.9 
Herring 1996 1,688 487 22-26 387.3 111.7 
Sprat 1995 3,025 142 7-15 582.2 27.3 
Sprat 1996 1,548 199 9-14 364.9 46.9 
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Table 2. Herring. Comparison of ALKs with respect to sampling time (quarters),  
sampling place (subdivisions) and sampling gear 
(NS – not significant, S – significant) 
 
Gear 

Number of length classes 
significantly different at Comparison compared 

 5% 1% 

Final 
evaluation 

P 26 1 95 T 7 1 3 S 
P 26 1 95 G     
P 25 2 96 T 9 4 4 S 
P 25 2 96 G     
P 26 2 95 T 5 0 0 NS 
P 26 2 95 G     
P 26 2 96 T 6 0 0 NS 
P 26 2 96 G     
 
Subdivision 

Number of length classes 
significantly different at Comparison compared 

 5% 1% 

Final 
evaluation 

P 24 1 95 T 7 2 0 S 
P 25 1 95 T     
P 24 1 96 T  8 3 5 S 
P 25 1 96 T     
P 25 4 95 T 13 2 0 NS 
P 26 4 95 T     
P 25 2 96 T 15 3 0 NS 
P 26 2 96 T     
P 25 3 96 T 12 2 2 ? 
P 26 3 96 T     
 
 
Quarters 

Number of length classes 
significantly different at Comparison compared 

 5% 1% 

Final 
evaluation 

P 24 1 95 T 10 0 1 NS 
P 24 2 95 T     
P 26 1 95 T 12 1 0 NS 
P 26 2 95 T     
P 24 1 96 T 6 0 0 NS 
P 24 2 96 T     
P 26 2 95 T 12 0 8 S 
P 26 3 95 T     
 
 
 

� %�$�"" �#��-��������$ �!��� #"(�%�!!��� #5������-��!�����+4%�)���� ���6�� %��7�%�� �#

���8���$ �!��� #�%�!!��� ���5�	 �#����#������ %,�#����-��!�����+4%�)���� ����� %��6����

��$ �!��� #"(�%�!!��� #5���������+"#����� ��$����� #�8�#��#����#��'�%�!!��� #��#�� ��!���"#�������� $

+��%�!����������� #��+������5���������� $�!�����+4%�)���� ����&����������+��%�#��4�"� $�#�

� ���#��',�8��"��#�������� $�!�����+4%�)���� ���6&����4�"� $�#��� �#�����#��'�� � 5,������5

�����$ �!��� #�%�!!��� ����4�#8�� �#�������#��-��!����#���!���#�� %�#������� %�9+��&

#�������4�#8�� ��-��!����#������� %�� %�#���#���%�9+��#����8����%����)���%5������-��%�!!��

��$ �!��� #"(�4�#8�� �#���#���%�� %�#���!�+�#��9+��#���5��#����%�!!��+"#�#����'����0+%$��� #���&

$��%� $�#����+4%�)���� ��!!��#:�#8����������� ���!��+4%�)���� ��6�� %��7����8���$ �!��� #

%�!!��� ����8��"��� �#����#8��%�� �#5
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Table 3. Sprat. Comparison of ALKs with respect to sampling time (quarters),  
sampling place (subdivisions) and sampling gear 
(NS – not significant, S – significant) 
 
Subdivision 

Number of length classes 
significantly different at Comparison compared 

 5% 1% 

Final 
evaluation 

P 25 2 95 T 6 1 1 NS 
P 26 2 95 T     
P 25 4 95 T  7 0 3 S 
P 26 4 95 T     
P 25 2 96 T 7 0 0 NS 
P 26 2 96 T     
P 25 4 96 T 5 1 3 S 
P 26 4 96 T     

 
Quarters 

Number of length classes 
significantly different at Comparison compared 

 5% 1% 

Final 
evaluation 

P 25 1 95 T 6 0 0 NS 
P 25 2 95 T     
P 25 1 96 T 7 0 0 NS 
P 25 2 96 T     
P 26 2 96 T 6 0 0 NS 
P 26 3 96 T     
P 25 2 95 T 7 0 0 NS 
P 25 3 95 T     
P 25 3 96 T 6 2 2 S 
P 25 4 96 T     
P 25 3 95 T 9 1 7 S 
P 25 4 95 T     
P 26 3 96 T 5 2 1 S 
P 26 4 96 T     
 
 

��� ��=��� � $���4"���,�� ����+"%���'�8�(��-��*�������6���� %�*��6����6��,

���8� $���$ �!��� #"(�%�!!��� #��$��%��#��4+#�� ���#���6G�"�)�"�� �#8��"� $#�&�"������!�����)� 

� �"(��%� "� $#��,���)��4�� ��)�"+�#�%������$ �!��� #"(�%�!!��� #5���������� ���� #��#� #����$�

%��#��4+#�� ��� �#���#8���#����"� $#�&�"������8�����#�#��#���""(�%�!!��� #��#�����$ �!��� ���"�)�"��!

�4�+#��EG5�
� �""(,�#���)�"+����!�#��#��#�#��#����!���!�+���+#��!���)� �"� $#�&�"������8�����8���

�������%���%�����"�#�)�"(����""����4�4�"�#(��!����+��� ��5

����%�!!��� ���,����"��'�#�����!,�4�#8�� �#����-��8�����8�����#�#��#���""(��������%

�����"����""+�#��#�%�$�������""(5�
���#�����+�����,�#������ ��$���#�"� $#��8�����"�+"�#�%�!�������

�-5���=#,�#���%�!!��� ����4�#8�� �#������ ��$���#�"� $#��!���������!�#���#8���-��4�� $

�#�#��#���""(��������%�8����%�#���� �%5�������%�!!��� ������������� #�%�� �
�$+����2�� %��,

� %�������� #�#������+"#��!�������� $�� %�����#,�������#�)�"(5�����%�!!��� �������8 �� �#����

!�$+�����""+�#��#��8�"",�� �$� ���",�#���!� %� $���4#�� �%�!�����#�#��#���"�#��#�5�������� ��!�#��

�4��"+#��%�!!��� ����4�#8�� ���� ��$���#�"� $#��)������!�������� $�!����E5��#��E57�!����-�

�)�"+�#�%���� �#���$ �!��� #"(�%�!!��� #,�� %��#�)������!�����5��#���5��!����-��!���8�������$ �!�&

�� #�%�!!��� ����8����%����)���%5������)���$����!�#�������� ������E5��� %��5�,�������#�)�"(5

������� ���!�#����4��"+#��%�!!��� ����)��(�!�������#�!����E5E1�#��E5�1�8�#��� ��)���$��)�"+���!

E5���!����-���)�"+�#�%���� �#���$ �!��� #"(�%�!!��� #,�8��"��!�����$ �!��� #"(�%�!!��� #��-�

#����!�$+���)����%�!����E5�2�#��E51��8�#��� ��)���$��)�"+���!�E5215
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Fig. 3. Difference between mean age at length for age-length keys of herring sampled in 1995 and 1996. Figures A, B
and C refer to ALKs for which significant differences were not demonstrated while Figures D, E and F refer to
significantly different ALKs. In the legend e.g. 25 vs. 26, 2q, 96,T refers to differences for ALKs from Subdivision 25
and 26 sampled by trawl in the second quarter of 1996
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Fig. 4. Difference between mean age at length for age-length keys of sprat sampled in 1995 and 1996. Figures A, B
and C refer to ALKs for which significant differences were not demonstrated while Figures D, E and F refer to
significantly different ALKs. In the legend e.g. 25 vs. 26, 2q, 96,T refers to differences for ALKs from Subdivision

Fig. 5. The mean probability from χ2 test plotted against distance (in ‰) between ALKs obtained by cluster analysis
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25 and 26 sampled by trawl in the second quarter of 1996
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�7 �<O �AP <�O 7AP �� A��!�(�1 6 6 6 6 6

�� �<O �AP <�O �AP >� 6 6 6 �EA9�A�� A�� 6

�< �<O �AP <�O <AP >� �5EA9��������
<EA9A��(�1

6 6 A�� A�� ��EA9�A����������
�EA9A7�(�1
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(�1
A�� 6 A�� A�� A��

�� �<O �AP <�O �AP >� 6 6 6 6 A�� 6

�A �<O �AP <�O 7AP <� A��!�(�1 6 6 6 6 6

��< ��O �AP <<O �AP << 6 6 7EA9���(�1 6 6 6

��> �<O AAP <<O �AP >> 6 6 A�(�1 6 6 A��

��� �<O AAP <<O 7AP �� 6 6 6 6 A�� 6

��5 �<O AAP <<O �AP >5 6 6 6 6 A�� 7EA9�5�����������
A�(�1

��� �<O AAP <<O 7AP �> A�����������
5EA9���(�1

6 6 6 6 6

��A �<O �AP <<O AAP <5 6 ��EA>�������
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6 6 A�� 6

��� �<O �AP <<O �AP �5 6 6 6 6 �AEA9>5�� 6

��� �<O �AP <<O �AP �� 6 A��!�(�1 6 A�� A�� A��!�(�1

��7 �<O �AP <<O 7AP 5� 6 A��!�(�1 6 6 A�� 6

��� �<O �AP <<O �AP �A 6 6 6 6 �EA9�A�� A��!�(�1

��< �<O �AP <<O �AP >� 6 6 6 6 6 A��!�(�1

��> �<O �AP <<O 7AP �� �EA9A<�����
>EA9�>�(�1
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��� �<O �AP <<O �AP �� >EA9��������
�EA9A��(�1

A�(�1 6 A�� A�� A��!�(�1

��5 �>O AAP <<O �AP 5> �7EA9�5�������
�EA9A<�(�1

6 6 6 6 A��!�(�1

��� �>O AAP <<O 7AP 5� 6 6 6 6 6 A��!�(�1

�7� �>O AAP <<O <AP >� A��!�(�1 6 6 6 6 6

�7� �>O �AP <<O <AP >� A����������
�AE�9���(�1

6 6 6 6 6

�77 �>O �AP <<O �AP �7 <EA9���(�1 6 6 6 6 6

�� �>O AAP <�O 7AP �A �AE�9>>�����
��E�9�5�(�1�

6 6 6 6 6

�> �>O AAP <�O <AP <� 6 6 6 A�� 6 6

�> �>O AAP <�O <�P >5 6 �EA9A��(�1 6 6 6 6

�� �>O AAP <<O AAP �� A��� �EA97>�������
<EA9���(�1

6 6 6 A��!�(�1
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77 �>O �<P <�O �AP 7� A�� 6 6 6 6 6

�A �>O �AP <<O �AP �� 6 �EA9A��(�1 6 6 6 6

�7 ��O AAP <<O �AP �A 6 6 6 6 6 �>AE<9�A��

�� ��O AAP <<O �AP �7 6 A�(�1 6 6 6 �5E�9A>��

<� ��O �AP <<O �AP �> 6 �>5E�59>����
��E�9A>�(�1

A�(�1 6 6 6

<5 ��O �AP <<O AAP 77 6 A������������
�EA9A<�(�1

�EA9A<�(�1 6 6 6

<� ��O �AP <�O <AP �< 6 A�(�1 �EA9A��(�1 6 6 6

<� ��O <AP <�O <AP �< 6 6 A�(�1 6 6 6

>A �5O AAP <�O <AP �< 6 A�� ��E79���(�1 6 6 6

>7 �5O AAP <<O 7AP �A 6 A������������
7>EA9�>�(�1

6 6 6 6
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�EA9A��(�1
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5A �5O �AP <<O <AP �A� 6 A��!�(�1 6 6 6 6
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�7 �5O AAP <<O �AP �� �EA9A<�� 6 6 ���E79A��� 6 6

�� �>O 7AP <<O ��P >� 6 6 6 6 6 �75>E>�9�<�����
A�(�1

;A �<O AAP <�O 7AP 7� 6 6 6 6 6 �7>E79�7�����
>�EA9����(�1

;� �<O �>P <�O �5P 7A 6 6 6 6 6 ��AE�97A�������
�EA975��(�1
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;> �>O �7P <<O A�P 7� 6 6 6 6 6 >�E�9�������
7�EA9>5��(�1

;� ��O A�P <<O A�P 7� 6 6 6 6 6 ���>E���95����
�5��E�7�9��(�1

;� �5O A�P <<O A�P 7� 6 6 6 6 6 A������������
77�E�A9���(�1
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8� ��O ��P <�O <AP �A� 6 7EA9A<�� 6 6 6 ���E79���������
�7�E�9����(�1
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8�� �5O �>P <<O 7>P �< 6 A�����������
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(�1
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��E�9�5�(�1
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��� �7O 7�P <<O 7<P <� 6 6 A�� 6 6 6
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��A ��O �AP <<O �5P �� 6 6 ��5E��9�7�� 6 6 6

��� ��O <AP <<O �5P <� 6 6 5EA975��� 6 6 6

�7A ��O �AP <<O 7<P �� 6 6 A�(�1 6 6 6

�7� ��O <AP <<O 7<P �� 6 6 A�(�1 6 6 6

�7� �<O AAP <<O 7<P �� 6 6 A�(�1 6 6 6

�77 �<O �AP <<O 7<P �< 6 6 A�(�1 6 6 6

�7� �<O �AP <<O 7<P >5 6 6 A�(�1 6 6 6

�<� �5O 7<P <�O <�P <5 6 6 �77E59���(�1 6 6 6

�>� �5O 77P <�O <<P 7A 6 6 ��E�9�A�(�1 6 6 6

��� �5O 7AP <�O <AP �� 6 6 A�(�1 6 6 6

�5� �5O �5P <�O <AP �� 6 6 A�(�1 6 6 6

R� �<O �AP <<O ��P �� �EA9A5�� 6 6 6 6 6

R� �<O �AP <<O A�P 5� �EA9A>�� 6 6 6 6 6

R7 �<O �<P <<O A7P �� �EA9A>�� 6 6 6 6 6

R� �<O <AP <<O AAP 5A >EA9���� 6 6 6 6 6

R< �>O AAP <<O A<P 5� ��EA9���� 6 6 6 6 6
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�A8� ��O A>P <<O A�P �< 6 <EA9A<�� 6 6 6 A��!�(�1

�7 �<O �AP <�O 7AP �� ��7E79<<���
5EA9���(�1

6 6 6 6 6

�� �<O �AP <�O �AP >� 6 6 6 A�� A�� 6

�< �<O �AP <�O <AP >� �7EA9��������A�
(�1

6 6 A�� <EA9A�� A��!�(�1

�> �<O �AP <<O �AP �� A�� 6 6 6 6 6

�� �<O �AP <<O AAP 5< A�� �EA9A>�������A�
(�1

6 6 7EA9A��� �EA9�A����������
A�(�1

�5 �<O �AP <�O <AP �5 A��!�(�1 A�� 6 A�� �EA9���� A��

�� �<O �AP <�O �AP >� 6 6 6 6 <EA9A��� 6

�A �<O �AP <�O 7AP <� A�����������
�EA9A5�(�1

6 6 6 6 6

��< ��O �AP <<O �AP << 6 6 A�(�1 6 6 6

��> �<O AAP <<O �AP >> 6 6 A�(�1 6 6 A��

��� �<O AAP <<O 7AP �� 6 6 6 6 7EA9���� 6

��5 �<O AAP <<O �AP >5 6 6 6 6 A�� <EA9A�����������
A�(�1

��� �<O AAP <<O 7AP �> A�����������
7EA9A��(�1

6 6 6 6 6

��A �<O �AP <<O AAP <5 6 A��!�(�1 6 6 A�� 6

��� �<O �AP <<O �AP �5 6 6 6 6 7EA9���� 6

��� �<O �AP <<O �AP �� 6 A��!�(�1 6 A�� A�� A��!�(�1

��7 �<O �AP <<O 7AP 5� 6 A��!�(�1 6 6 A�� 6

��� �<O �AP <<O �AP �A 6 6 6 6 ��EA9�A�� A��!�(�1

��< �<O �AP <<O �AP >� 6 6 6 6 6 A��!�(�1

��> �<O �AP <<O 7AP �� A��!�(�1 A�� 6 A�� A�� 6

��� �<O �AP <<O �AP �� A��!�(�1 A�(�1 6 A�� �EA9A>�� A��!�(�1

��5 �>O AAP <<O �AP 5> A��!�(�1 6 6 6 A��!�(�1

��� �>O AAP <<O 7AP 5� 6 6 6 6 6 A��!�(�1

�7� �>O AAP <<O <AP >� A��!�(�1 6 6 6 6 6

�7� �>O �AP <<O <AP >� A��!�(�1 6 6 6 6 6

�77 �>O �AP <<O �AP �7 A�(�1 6 6 6 6 6

�� �>O AAP <�O 7AP �A >>E�9�7������
�AE�9<A�(�1

6 6 6 6 6

�> �>O AAP <�O <AP <� 6 6 6 A�� 6 6

�> �>O AAP <�O <�P >5 6 A�(�1 6 6 6 6

�� �>O AAP <<O AAP �� A��� A��!�(�1 6 6 6 A��!�(�1

�� �>O �AP <<O �AP >> 6 6 6 6 6 A��

77 �>O �<P <�O �AP 7� A�� 6 6 6 6 6

�A �>O �AP <<O �AP �� 6 A�(�1 6 6 6 6

�7 ��O AAP <<O �AP �A 6 6 6 6 6 A��

�� ��O AAP <<O �AP �7 6 A�(�1 6 6 6 5�EA9>���

<� ��O �AP <<O �AP �> 6 ��EA9��������
>EA9A��(�1

<EA9���(�1 6 6 6

<5 ��O �AP <<O AAP 77 6 ��>EA9�������
A�(�1

�AE�9<7�(�1 6 6 6

<� ��O �AP <�O <AP �< 6 A�(�1 >��E�79<�(�1 6 6 6

<� ��O <AP <�O <AP �< 6 6 >A<E�>9>�(�1 6 6 6

>A �5O AAP <�O <AP �< 6 ���EA9�7� ���E�97��(�1 6 6 6

>7 �5O AAP <<O 7AP �A 6 A��!�(�1 6 6 6 6

�� �5O �AP <<O �AP �< 6 �<EA9���(�1 6 6 6 6

�� �5O �AP <<O �AP 5� 6 �EA9A��� 6 6 6 <�EA9>��������

�� �5O �AP <<O <AP �< 6 A��!�(�1 6 6 6 6
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5A �5O �AP <<O <AP �A� 6 A�����������
�EA9A��(�1

6 6 6 6

�� ��O ��P <<O AAP >A 6 6 6 A�� 6 6

�7 �5O AAP <<O �AP �� A�� 6 6 A�� 6 6

�� �>O 7AP <<O ��P >� 6 6 6 6 6 A��!�(�1

;A �<O AAP <�O 7AP 7� 6 6 6 6 6 ���E�9>��������
�7�E��95��(�1

;� �<O �>P <�O �5P 7A 6 6 6 6 6 ��AEA9�����

5�E�9<��(�1
;� �<O �AP <�O �7P 7A 6 6 6 6 6 ��EA9�>���������

A�(�1

;> �>O �7P <<O A�P 7� 6 6 6 6 6 �>�E�A95<�������
>��E��9�A�(�1

;� ��O A�P <<O A�P 7� 6 6 6 6 6 ����E�79�<������
�A�E59���(�1

;� �5O A�P <<O A�P 7� 6 6 6 6 6 A��������������
�<EA97A�(�1

;5Q<A ��O �AP <<O A�P 7A 6 6 6 6 6 7�5EA95<���

8� ��O ��P <�O <AP �A� 6 �EA9A<�� 6 6 6 ��EA9�7��������
�EA9A��(�1

8;� ��O A>P <�O 7>P 5� A�� 6 6 6 6 6

8�� �5O �>P <<O 7>P �< 6 A��!�(�1 6 6 6 6

��C< �>O AAP <<O ��P �7 A��!�(�1 6 6 6 6 6

-��< ��O A�P <�O �>P <A A�� 6 6 6 6 6

��� ��O �AP <<O �<P >A A�� �>EA9�>�����
�EA9A��(�1

6 6 6 6

��� ��O �AP <<O ��P �7 A�� A��!�(�1 6 6 6 6

��A �5O �AP <�O ��P 7A 6 6 <EA9A5�(�1 6 6 6

��� �5O A�P <�O <7P �� 6 6 A�(�1 6 6 6

��� �7O 7�P <<O 7<P <� 6 6 �5EA9���� 6 6 6

��5 ��O 7<P <<O �AP <� 6 6 �EA9�5�� 6 6 6

��A ��O �AP <<O �5P �� 6 6 �5EA9�5�� 6 6 6

��� ��O <AP <<O �5P <� 6 6 A�� 6 6 6

�7A ��O �AP <<O 7<P �� 6 6 A�(�1 6 6 6

�7� ��O <AP <<O 7<P �� 6 6 A�(�1 6 6 6

�7� �<O AAP <<O 7<P �� 6 6 A�(�1 6 6 6

�77 �<O �AP <<O 7<P �< 6 6 A�(�1 6 6 6

�7� �<O �AP <<O 7<P >5 6 6 A�(�1 6 6 6

�<� �5O 7<P <�O <�P <5 6 6 �EA9A>�(�1 6 6 6

�>� �5O 77P <�O <<P 7A 6 6 �5E�9���(�1 6 6 6

��� �5O 7AP <�O <AP �� 6 6 ��>E59�5�(�1 6 6 6

�5� �5O �5P <�O <AP �� 6 6 ��>E�A9>�(�1 6 6 6

R� �<O �AP <<O ��P �� A�� 6 6 6 6 6

R� �<O �AP <<O A�P 5� �EA9A>�� 6 6 6 6 6

R7 �<O �<P <<O A7P �� A�� 6 6 6 6 6

R� �<O <AP <<O AAP 5A A�� 6 6 6 6 6

R< �>O AAP <<O A<P 5� A�� 6 6 6 6 6
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MATERIALS AND METHODS
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Fig. 1. Areas of southern blue whiting (Micromesistius australis) occurrence in the Atlantic  and the Pacific
(dotted line). Investigation areas are denoted with boxes
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Larval stages of helminths in fish from the Vistula Lagoon
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INTRODUCTION

��' 0:�%��$2��+���%.��& �+� ��#� 8���.��' �'�%�$�.���������0$���"� ���$"���% 0�����8���%"� �
����C$"�������.  ��������������� �����!"#��?$"�"3�� 8�2�%)����%��$"�� ��0�'�������' �'�%�$�.
����:�%�"$��"� �� ���%�2�%��&%���"3
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MATERIALS AND METHODS

�� ���� ��>)71>��$"�)�1)�1���% 0���������� �����!"#������)�9���% 0�����C$"�������.  �)�8�%�
�?�0$�����% 0�*����%+����1�� �,�%'������3������$"��&�� �.���� ���%�����0$�$�"@�/+:%$�$���)
4�%'$����������"��% "��$�������&�����3��������C$"�������.  �)����"����0$�$�"�8�%��%�:%�"�����
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Cyprinid and percoidean fish were supplied by fishermen and Gasterosteidae were caught
using minnow nets.

The parasites obtained were fixed in Berland fluid (acetic acid and formalin, 95:5) and
then preserved in 70% alcohol. In order to determine the taxonomic classification of the para-
sites total preparations were made. Digenea, Cestoda and Acanthocephala were later colored in
carmine alun acid and dehydrated successively in 50%, 70%, 85% alcohol, then twice in 96%
alcohol, cleared in beechwood creosote and mounted in Canada balsam. The nematodes were
exposed to lactophenol and placed in glycerin jelly.

RESULTS

��$?�����:�%�"$���":�'$�"�8�%�� $����$�$��3�G$.������ 0$������ 2�%�/�"� ��)���0�� ������
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Table 1. Numbers fish species examined  
 

Fish species  �����������	
� Vistula Lagoon 

Gasterosteus aculeatus /stickleback 2880 8 
Rutilus rutilus / roach 34 389 
Pelecus cultratus / sichel - 322 
Abramis brama / common bream 47 376 
Carassius auratus gibelio / german carp - 101 
Tinca tinca / tench - 39 
Alburnus alburnus /bleak - 29 
Blicca bjoercna / white bream - 31 
Vimba vimba / vimba bream - 5 
Aspius aspius /asp - 7 
Scardinus erythrophthalmus / rudd - 4 
Leuciscus idus / ide - 1 
Leuciscus leuciscus /dace - 1 
Stizostedion lucioperca / pikeperch 189 390 
Perca fluviatilis / perch 281 371 
Acerina cernua / ruffe - 330 
Total 3,431 2,404 
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Fig. 1. Capture areas of fish for investigations (x)
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Parasite/fish 
Stickle- 

back 
Common 

Bream 
Roach Pike 

perch 
Perch 

DIGENEA 
Diplostomum  spp. 3.9/3.3 25.5/4.7 23.5/2.5 2.6/3.8 7.1/14.9 
Tylodelphys clavata - 12.8/2.2 52.9/1.7 2.1/3 32.4/45.2 
Ichthyocotylurus platycephalus - - - 1.6/3.7 1/3 
Apatemon annuligerum 15.4/2.6 - - - 1.7/1.6 

CESTODA 
Diphyllobothrium ditremum 0.7/2.9 - - - - 
Ligula intestinalis - 17/1.1 - - - 
Schisthocephalus solidus 6.3/1.2 - - - - 

NEMATODA 
Eustrongylides mergorum 0.07/1.5 - - - - 

ACANTHOCEPHALA 
Corynosoma strumosum - - - 0.5/1 - 
Corynosoma semerme - - - 1/1 - 
 
-: no infested fish 
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DISCUSSION
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