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INSTRUCTIONS
FOR AUTHORS

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publication in the Bulletin may not be published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
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*ICES – International Council for the Exploration of the Sea
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Age structure of sea trout during the period of river life
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Table 1. Sizes of samples and catches of sea trout in the Lower Vistula from 1953 to 1968   

       

Winter sea trout samples Sample size Catch statistics Summer sea trout samples Sample size Catch statistics 

Nov. and Dec.  Nov. and Dec. June to Sept.   June to Sept. Year 

[specimens] [%] [specimens] [specimens] [%] [specimens] 

1953 347 8.4 4,091    

1954 102 2.5 3,962    

1955 339 16.4 2,066    

1956 255 1.0 1,589    

1957 186 5.8 3,166    

1958 205 20.8 983    

1959 206 1.4 1,250    

1960 200 4.3 4,603 125 8.4 1,486 

1961 180 41.9 429 100 8.2 1,216 

1962 200 9.5 2,098 100 11.0 903 

1963 133 14.1 942 162 12.5 1,292 

1964 201 8.7 2,302 203 7.0 2,873 

1965 49 30.6 160 261 37.4 697 

1966 175 3.9 547 39 7.7 501 

1967 130 4.4 274 30 16.1 186 

1968 306 23.2 1,314 202 9.5 2,105 

Total  3,214   1,222   

Average 200.875 10.7 1,861 135.77 10.8 1,251 
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Fig. 1. Age distributions of winter and summer sea trout during the period of life in the river based
on sampling data from 1953 to 1968
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Age structure of sea trout during the period of sea life
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Fish which repeated spawning
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Fig. 2. Age distributions of winter and summer sea trout during the period of life in the sea based
on sampling data from 1953 to 1968
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Fig. 3. Fish which repeated spawning in winter and summer sea trout samples from 1953 to 1968


��#��"���� %�3�/��"� ������)��)��"����2� ����� %�"#�����"������#��%�&�%�%�� ����������#/"�� 
������&��1�����%���������
��#������ %���'$����2����#"�%�� %�������$$�2� ������#$��2�"��//$��%?

�
�
�N�	

�
�L��

� O�P

2����?
�

�
�8����� #�'������2� �������"#�����"������#��� �)��)��"�� ���/����)#$���(��������#"� �

������������������%�����������'$���-
�	

��
�8��������=#� )(����2� �������"#�����"������#�����%��1�<-�91�<-��1�<�� �"��/$�

�������������(��������#"� ��%���������
��#����-
��

�
�8����� #�'������"������#�����%��1�<-�91�<-��1�<�� �)��)��"������(�������1


��=#� )��"��	
�
������/��)� ����"������
��#�����%�&�%�%�'(��;;1


��#��"�5�� %�7�/��"� ������)��)��"��������'$����2��)��2������)�$)#$���%�'(�#"� �����
����"��#)�#���%�������2� ����� %�"#�����"������#��� ��'��� ������"��1�����)�$)#$���� "�2���
��%��#"� ��������$$�2� ������#$�?

�
�
�N�	

��
�L
�

�� O9P

2����?
�

�
��"��"�� �����#$��O�P-

�	
��

�8��������=#� )(����2� �������"#�����"������#���������1�<-�19<-�1�<Q� ���"��/$�
�������������(���������))��%� �����
��#���9-
��

��
�8����� #�'������!�"�#$��"������#��"/�)��� "����%��<������(�������1

��3� ��3� ��33 ��35 ��37 ��3� ��3� ��5; ��5� ��59 ��5� ��5� ��53 ��55 ��57 ��5�

&������&�$#����3�4��5�-��))��%� �����"��/$�"�L��1�6

;1�6

91�6

3-�6

;136 ;136

�136

�1�6

;136

91�6

;1�6

;1�6

:�����������	��

��5; ��5� ��59 ��5� ��5� ��53 ��55 ��57 ��5�

;156

96

�1�6

9156

�196

&������&�$#����5;4��5�-��))��%� �����"��/$�"�L��1�6

��II��������	��



�������������������� ��!�"�#$��"������#��111

Fig. 4. Catches of winter sea trout from 1953 to 1968, divided into age groups 1.B+, 2.B+, 3.B+ (in numbers)
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Recruitment to the sea of summer and winter sea trout smolt
The magnitude of recruitment was expressed by the number of adult specimens originated from
the smolt groups which migrate to the sea in subsequent years. Therefore, it was an indicative
measure determined from the catches and fish age structure which illustrated the recruitment
strength and its relative changes.

Figures 9 and 10 illustrate the abundance of fish caught during their spawning migration
but which were classified with the smolt groups that had descended the Vistula in subsequent
years between 1952 and 1965 or between 1959 and 1965 for the winter or summer stocks,
respectively. The procedure of data choice and combination is presented in Figure 11; however,
only fish of the most abundant age groups in the sea, i.e. A.1+, A.2+, A.3+, were included.
Therefore, the recruitment in 1952 was reflected by the abundance of age group A.1+ in catches
from 1953, A.2+ in catches from 1954 and A.3+ in catches from 1955. The abundance of fish
aged A.1+ from catches in 1954, A.2+ from catches in 1955 and A.3+ from catches in 1956
characterized the strength of smolt recruitment to the sea in 1953, etc. Indicators of annual
recruitment of each sea trout stock (columns in Figures 9 and 10) were derived by summing the
numbers of fish of particular sea age using data from Figures 6 and 7.
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Fig. 5. Catches of summer sea trout from 1960 to 1968, divided into age groups 1.B+,  2.B+, 3.B+ (in numbers)
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Fig. 6. Catches of winter sea trout from 1953 to 1968, divided into age groups A.1+ to A.5+ (in numbers)
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Fig. 7. Catches of summer sea trout from 1960 to 1968, divided into age groups A.1+ to A.5+ (in numbers)
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Fig. 8. Numbers of fish which repeated spawning in winter and summer sea trout catches from 1953 to 1968

Fig.  9. Catches of winter sea trout aged A.1+, A.2+ and A.3+ from subsequent years of smolt recruitment from
1952 to 1965
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Fig.  10.  Catches of summer sea trout aged A.1+, A.2+ and A.3+ from subsequent years of smolt recruitment from
1959 to 1965
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Fig. 11. Diagram of ways of choosing and
combining data from catch statistics in
order to estimate variations in smolt
recruitment of winter and summer sea trout
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MATERIALS AND METHODS
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Table 1. Location of measuring stations in the southern Baltic 
 

  Position  

Station Region N E Depth [m] 

P
1
 ��������		
 54°50’ 19° 20’ 109 

P
5
 Bornholm Deep 55° 15’ 15°19’ 91 

P
140

 Gotland Deep 55° 33’ 18° 24’ 90 
P

16
 Ustka Region 54° 38’ 16° 48’ 20 

ZN
2
 ������������� 54° 23’ 18° 57.5’ 15 

SF ���
��������� 55°
 
20’ 18° 00’ 78 

SK Pomeranian Bay 53° 59’ 14° 30’  11 
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⋅ hmgChl

mgC

E
 
 – irradiance P*H�. �12�5��1��Q�(photosynthetically available radiation – PAR)

AN  and  Es _ constants.   AN  







⋅ hmgChl

mgC ,    Es
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E(z) = E(0) ⋅ exp (–k ⋅ z)
                                                                         

  [2]
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)
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cos1(
2

)(
λ
π tE

tE m ⋅⋅+=                               [4]

where:   t – time measured since noon, i.e.:  
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Combining formulae [6] and [4] results in:

                   )
2

cos1()(
λ
π

λ
η t

tE d ⋅⋅+=

                             

[7]

Irradiance at depth „ z”  as a function of time is expressed as follows:

                      )
2

cos1()exp(),(
λ
π

λ
η t

zktzE d ⋅⋅+⋅⋅−⋅= [8]

�"����$��!���4!��"�!#$��#�!�%�"!#$!� ���!$��!�!��$�	��"���!��$�!#�� �'����&�$�P�Q��"��P;Q

��%!�4$� ��4�"$�6













⋅
+⋅⋅−⋅

−⋅
⋅

+⋅⋅−⋅
⋅=

⋅⋅⋅⋅

s

t
d

s

t
d

h E

zk

E

zk
ANtzP

λ
η

λ
η λ

π
λ
π )cos1()exp(

1exp
)cos1()exp(

),(
22

  [9]

The primary production at depth z is obtained by multiplying formula [9] by chlorophyll a
concentration.
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RESULTS

Photosynthetic light curves
�#$��#�!�%�"!#$!� �&�(#!� ��)$�'���!#$�3��<%*�=$$���$��)$��'����'����&��P�Q�4���$�"%��'�!#$

&$�%!�%I���$%��$!#����%���$%$"!$���"�
�(��$�25��#$� �$''� �$"!%��"�'����&��P�Q�'���!#$���$"

,�!$�%��'�!#$�%��!#$�"���&!� ���$���$%$"!$���"���4&$�25��!�,�%��$)$�&$��!#�!��#�!�%�"!#$!� �&�(#!

 ��)$%��"��!#�%� �$''� �$"!%�����"���
�
��"�'����&��P�Q�)�����"����!� �&���%$�%�"%��
�(5���5��#$

%$�%�"�&�)����4�&�!���'�!#$��%%���&�!��"�"��4$���%���$%$"!$���"�
�(��$��5��#$� ��)$�,#� #��$% ��4$%

 #�"($%��'�!#$��%%���&�!��"�"��4$��'���!#$�3��<%*�=$$�-�,#� #�,�%��$��)$��4���$�"%��'�!#$

&$�%!�%I���$%��$!#��-� �"�4$���$%$"!$��4��!#$�'�&&�,�"(�'����&�6

ANGD = )45.04sin(69.0)70.02sin(30.263.3 −⋅⋅⋅++⋅⋅⋅− yy ππ [13]
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Table 2. Coefficients in formula [1] which describe the dependence of photosynthesis rate on irradiance 

 

  AN ANexp Es 

Date Station 








⋅hmgChl

mgC  








⋅hmgChl

mgC  






⋅ hm

kJ
2

 

25. 01. 98 SF 2.02 2.01 242.84 
25. 01. 98 P

5
 1.99 1.86 235.17 

02. 02. 98 P
1
 1.80 1.77 273.20 

05. 02. 98 P
140

 1.80 1.72 228.32 
11. 11. 98 P

1
 3.22 3.54 272.10 

12. 11. 98 P
140

 2.38 2.33 307.61 
13. 11. 98 P

5
 1.94 1.94 336.82 

18. 03. 99 P
1
 2.22 2.16 334.63 

20. 03. 99 P
5
 2.23 2.13 253.30 

15. 04. 99 ZN
2
 2.05 2.03 355.73 

16. 04. 99 P
1
 2.41 2.45 373.78 

17. 04. 99 P
140

 2.19 2.08 365.78 
18. 04. 99 P

5
 1.59 1.53 332.39 

19. 04. 99 SK 2.13 2.04 290.43 
20. 04. 99 P

16
 2.93 2.75 343.21 

11. 06. 99 P
5
 5.35 4.48 517.67 

12. 06. 99 P
140

 2.36 2.55 295.07 
13. 06. 99 P

1
 3.18 3.64 277.17 

18. 08. 99 P
1
 7.60 5.73 718.61 

18. 08. 99 ZN
2
 7.90 5.40 886.29 

19. 08. 99 P
140

 6.83 4.70 860.86 
20. 08. 99 P

5
 9.47 7.47 662.87 

20. 08. 99 P
16

 8.75 7.81 520.31 
5. 10. 99 ZN2 3.13 3.12 304.04 
8. 10. 99 P5 5.95 5.77 390.42 

18. 10. 99 P140 3.48 3.42 326.90 
20. 10. 99 P1 5.03 4.93 406.57 
3. 11. 99 P1 2.60 2.57 263.21 
4. 11. 99 ZN2 4.08 3.99 332.67 

11. 11. 99 P1 6.58 7.52 270.19 
12. 11. 99 P140 3.73 3.81 258.39 
13. 11. 99 P5 3.28 3.12 251.67 
13. 12. 99 ZN2 2.70 2.53 282.28 

14. 12. 99 P1 4.61 4.53 230.21 
15. 12. 99 P140 4.00 3.86 256.10 
16. 12. 99 P5 3.44 3.54 265.98 
16. 12. 99 P16 2.18 2.14 221.22 
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Table 3. Mean parameters of the light curves of photosynthesis in particular months 
 

 Assimilation number Saturation irradiance  

 

Month 

AN   









⋅hmgChl

mgC  

SDAN 









⋅hmgChl

mgC  

Es  









⋅hm

kJ
2

 

SDE 









⋅hm

kJ
2

 
Number of 

observations 

January 2.01 0.03 239.01 5.42 2 
February 1.80 0.01 250.76 31.73 2 
March 2.26 0.37 279.95 63.25 7 
April 2.42 0.46 348.51 104.36 13 
May 2.48 0.46 335.81 63.38 3 
June 4.08 1.25 436.80 139.95 8 
July 5.82 0.71 474.84 212.27 3 

August 6.37 2.37 603.80 188.03 9 
September 4.62 1.11 432.93 135.20 9 

October 4.40 1.32 356.98 49.28 4 
November 3.35 1.26 307.83 52.06 12 
December 3.39 0.97 251.16 25.24 5 
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Daily primary production
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Table 4. Mean assimilation numbers in particular seasons 
 

 

Season 

AN  









⋅ hmgChl

mgC  

SD   









⋅ hmgChl

mgC  

winter (January, February, March) 2.10 0.43 
spring (April, May, June) 2.73 0.95 

summer (July, August, September) 5.79 1.91 
autumn (October, November, December) 3.85 0.41 

Average 3.61 1.87 

 
SD - standard deviation 
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Table 5. Primary production measured in situ and calculated from formulae [15] and [12] and parameters necessary for calculations 
 

 
 

Station 

 
 

        Day 

AN 









⋅ hmgChl

mgC  

Es 







⋅hm

kJ
2

 

ηd 

[PAR] 










⋅ dm

kJ
2

 

η∆t 

[PAR] 









∆⋅ tm

kJ
2

 

k 
 
 

[m-1] 

Chl 









3m

mg
 

Prod∆t measur 







∆⋅ tm

mgC
2

 

Prod∆t calc 









∆⋅ tm

mgC
2

 

[15] 

 

������

������	


Prod

Prod  
Prod

d calc
 








⋅ dm

mgC
2

 

[12] 

P1 29.02.96 1.88 265 1,614 1,157 0.31 0.75 32.7 32.7 1.00 51.2 
P140 01.03.96 1.88 265 3,808 2,467 0.30 0.60 30.1 36.8 0.82 67.1 
P1 16.04.96 1.69 218 10,234 4,668 0.23 9.87 773.4 780.4 0.99 2116.9 

P140 17.04.96 1.59 260 9,090 3,793 0.29 9.28 544.7 536.8 1.01 1414.8 
P5 18.04.96 1.96 295 10,032 4,466 0.21 4.34 433.8 426.3 1.02 1117.4 
P1 14.07.96. 5.29 444 6,471 1,396 0.37 2.43 218.9 204.3 1.07 777.2 
P1 04.08.96 6.12 451 11,070 5,047 0.30 1.93 411.3 401.6 1.02 1061.8 

P140 05.08.96 3.18 349 10,842 4,814 0.20 2.70 449.7 447.7 1.00 1229.5 
P5 06.08.96 4.66 481 11,387 5,012 0.21 1.57 362.1 348.7 1.04 919.6 
P1 25.09.96 4.82 401 4,277 2,376 0.56 5.80 335.7 418.5 0.80 821.1 

P140 26.09.96 4.25 262 4,809 2,376 0.30 2.59 368.4 362.1 1.02 759.9 
P5 27.09.96 4.38 277 4,792 2,697 0.22 1.72 351.0 348.2 1.01 690.7 
P5 23.03.97 2.88 289 6,031 1,964 0.27 2.23 165.6 171.9 0.96 525.2 
P1 23.04.97 2.46 383 9,953 3,282 0.25 1.99 131.3 149.3 0.88 514.4 
P5 26.04.97 3.08 337 14,504 7,382 0.28 4.03 457.7 466.5 0.98 1293.1 

P140 27.04.97 2.85 262 19,081 8,294 0.24 2.95 439.4 378.4 1.16 1135.4 
P1 11.05.97 3.00 432 11,026 4,736 0.35 2.84 260.7 247.3 1.05 669.0 

P140 07.06.97 4.19 477 12,328 4,633 0.26 102 177.1 162.7 1.09 474.8 
P5 08.06.97 3.96 431 11,306 4,317 0.26 0.64 118.3 97.1 1.22 283.3 
P1 11.06.97 3.02 345 11,496 4,578 0.24 1.22 162.6 160.4 1.01 480.2 
P1 08.11.97 3.98 349 824 503 0.20 0.98 57.8 57.9 1.00 94.5 

P140 09.11.97 3.40 385 2,100 1,497 0.27 1.39 116.2 116.9 0.99 173.6 
P5 10.11.97 4.08 410 1,606 1,133 0.27 1.79 134.4 143.7 0.94 213.5 
P1 11.11.98 3.22 272 780 270 0.52 2.09 22.1 29.5 0.75 55.5 

P140 12.11.98 2.38 308 1,522 1,060 0.36 1.65 65.9 68.0 0.97 95.1 
P5 13.11.98 1.94 337 1,739 1,255 0.31 1.70 69.7 69.6 1.00 97.3 

 
 

Prod∆t measur

 Prod∆t calc
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�(��$���#�%�%$�)$���%�����!��%��� $�'��� �& �&�!��"%��'��)$��($��""��&�������������� 1

!��"��"�!#$�3��<%*�=$$���"��!#$����"#�&��=$$�-�,#� #��%����522��"���:�5C��(�>�?��12�?��$��1�-

�$%�$ !�)$&�5���" $�&�"(1!$����)$��($�)�&�$%���$��%$�-��!�'�&&�,%�!#�!�!#�%������ !��"��%��&%�

�)$��($-�,#�&$��"����!� �&����$��%�!#$�$�����4$���%�("�'� �"!���''$�$" $5���,$)$�-�!#$� �& �1

&�!$����!��'�!��"�!#$���"($��'�)�&�$%�,#� #�,$�$���4&�%#$��$��&�$����$"*��	�������2-��$"*����;-

.� D���$*��	��5����;�-��"��,#� #���$-�!��%��$�$@!$"!-���$%$"!$���"���4&$�C5��!���%!�4$�$��#�1

%�D$��!#�!�������������� !��"��)$��!#$�&�%!�!#�$$��$ ��$%�#�%�%#�,"���!$"�$" ��!���" �$�%$

��$"*�����-�� #�&D��	�������;-��!$$��""���$&%$"���C84-�� #�&D����C-�$�!$40$�(���$&%$"��	

�5������5

Table. 6. Annual primary production in various regions of the Baltic Sea  
 

 
Region 

 
Period 

Primary production 
[g C · m2 · year-1] 

 
Author 

Kattegat 1954-1960 97,5 Steemann Nielsen 1965b 
Kattegat 1964-1969 90.4 Gargas et al. 1978 
Kattegat 1988-1990 290 Richardson and Christoffersen 1991 
Belt Sea 1953-1957 86 Steemann Nielsen 1965b 
Belt Sea 1975-1977 116,5 Gargas et al. 1978 

Sund 1972 70-77 Edler 1978 
Sund 1973 73-183 Edler 1978 

Kiel Bay  1971-1973 158 Bodungen et al.1975 
Bornholm Basin    

Arkona Deep 1971-1974 85 Renk 1983 
Arkona Deep 1967-1978 94,3 Schulz and Kaiser 1976 

Mecklenburg Bight 1969-1978 130 Kaiser et al. 1981 
Bornholm Deep 1967-1972 59-138 Schulz and Kaiser 1973, 1974, 1975 
Bornholm Deep 1971-1975 95 Renk 1983 
Bornholm Deep 1987-1991 123 Renk 1997 

������������    
������������ 1971-1974 140 Renk 1997 
������������ 1987 304 Renk 1997 

Puck Bay  1965-1991 198 Renk 1997 
��������		
 1971-1974 107 Renk 1997 
��������		
 1981-1985 129 Renk 1997 
��������		
 1987-1991 172 Renk 1997 

Gotland Sea    
Gotland Deep 1970 38 Schulz and Kaiser 1973 
Gotland Deep 1973 91 Ackefors and Lindahl 1975,  
Gotland Deep 1974 116 Lindahl 1977 

Gotland Deep (Southern part.) 1987-1991 141 Renk 1991, 1997 
Aland Sea 1974-1976 66-94 Lindahl 1977 
Gulf of Bothnia 1973-1974 18-70 Lindahl 1977 
Gulf of Finland 1967-1971 30-65 Niemi 1975, Bagge and Niemi 1971 
Gulf of Finland  78 Forsskahl et al. 1982 

Helsinki Region 1968 150-200 Bagge and Lehmusluoto 1971 



������������� !��"��"�!#$�%��!#$�"���&!� ��$��555 �;

%�����	
�$�&����������$��
��#�	���'$�	����#������#!!�		����#��(����	�����)�������

*��	��#�+��,-.�/+0�0+�

REFERENCES

 *$'��%-���5��"��	5���"��#&����;85��")$%!�(�!��"%��"����������#�!��&�"*!�"������ !��"��"�!#$���&!� ��"

��;�5�A$��5���)%'�%*$&�45���%$*�&6���8�P���$�(�5Q5

$�!$40$�(���$&%$"-�35��"��5�A5���$%!������5�3���$&�"$%�'���!#$��$�%��$�$"!��'��#�!��&�"*!�"��������

����� !��"5���&!5�A��5����&5����4&5�����-�A���"$���&&�!��"���4���!���-�=$"���*5

$�!$40$�(���$&%$"-�35-��5��5�H� �4%$"-���5�3��(�%���"���5��� #������5��#$��$&!����0$ !5��)�&��!��"��'�!#$

�#�%� �&-� #$�� �&��"��4��&�(� �&��$�%��$�$"!%5���!5�($" ���")���"5����!5-�=$"���*5

"�"5�����5�3���$&�"$%�'���!#$���&!� �A�"�!���"(����(����$�'���!#$�!#����%!�($5���&!5�A��5��")���"5

���!5�>���5-��$&%�"*�5

��(($-��5��"���5�	5��$#��%&��!����;�5��#�!��&�"*!�"�������������� !��"��"�%��$�
�"�%#� ��%!�&���$�%

�"��$&�!��"�!����&&�!��"5�A$�$"!�!*���%&��!5�H�&*5�2�86��1��5

��(($-��5��"��5���$�����;�5�=�"��� %��'��#�!��&�"*!�"�������������� !��"��"��4����%%��"���)��%�

� #��$&�(���A$�$"!�!*���%&��!5�H�&*5�2��6���1��5

��*$�-�.5��"���5�
����"����;5��$&�!��"�4$!,$$"��#�!�%�"!#$!� �&&���)��&�4&$������!��"��"��!�!�&��"%�&�1

!��"��!�!#$�� $�"�%��'� $��"�$�� &$���%*�$%5����"�&5�	 $�"�(�5��2�C�6���;:1��;;5

��""�%!$�-��5��5��"���5�5���,%�����:5�A��$&�"(��#�!��&�"*!�"� ��4�"��$!�4�&�%�5�P�"6Q������������1

�� !�)�!���"�!#$�%$�5���5��5�35�
�&*�,%*�-��&$"�����$%%-��$,�E��*6�2��128�5

���$!!�-�N5-�B5��4$"#�#���"���5�������0�����85��#$������$�"��$(��"�&��$�%�� �%�%!$��A��$&-��� ��1

�&$@�����"$�$ �%�%!$�����$&5��$!#5�H5��$���$%5-���6�22�12�C5

����"($"-�)�"-��5-�.5���S *$&�)�"-�N5���$!� $*��"���5�T$�!D% #$&���;85�� �&�(� �&� %!���$%��"� !#$

�&�"*!�"��"�!#$�.�$&���(#!5��#�!��&�"*!�"5�A$�$"!�!*���%&��!5�H�&*5�2��6��;�1��C5

=$��-� H5-� ���85��"�$�,�!$�� � �������" $� �%� �� '� !��� �''$ !�"(�������������� !��"5���� �"%!5�	 $�"�&5

����!5����:���5

��&$�-��5-���;�5��#�!��&�"*!�"������ !��"��"�!#$����"�5�.�$&5�A$$�$%'��% #5���"�$�#5��6����1��C5

�)�"%-�>5�5-�H5��5�	U�$�&&����"��H5��5��#���%�����;5��#�"�4��*�'����$�%��$�$"!��'� #&����#�&&����"�

������������� !�)�!�5���	A���� �5��$�5��6��1���5


��%%*�#&�-�A5-�5����**�"$"-�H1A5��$��V"$"-�5���$��-�5���"�4$�(��"��35����$&�"�$�����25��$�1

%�"�&� � &$��'������ !��"��"��%$���$"!�!��"��'���(�"� ���!!$���!�!#$�$"!��" $�!��!#$�3�&'��'�
�"1

&�"�5��$!#5�H5��$���$%5���C6�2�:12��5

3��(�%-��5-�>5���$&%$"���"���5�A��($"%$"���;�5��#�!��&�"*!�"������ !��"-� #&����#�&&1���"��"�!��$"!%

�"�!#$���$"�=�"�%#�,�!$�%-���;81��;;5�P�"6Q��#$��$&!����0$ !-����%#�&�6��1C85

.� D���$*-��5-�	5�H5�.�4&$"!D1A�%#*$-��5�	 #� *�-�H5���*�"�$ D"���"���5��$"*����;5�������������� 1

!��"��"�!#$�$�%!$�"��"��%��!#$�"���&!� ��$�5�	 $�"�&5����2�6���;1��85

.��%$�-��B5-��5��$"*��"���5�� #�&D�����5�=�$�����V������*!��"��$��	%!%$$5�3$��5�3$��#5�N$�S''5��5��N

�5���6�2;1825�*��5�B�%%$"% #�'!5-��$�&�"5

��-�B5�.5�B5��"���5�E5�A�$%!��"������5��"!���� !��"��!���A$�%��$�$"!��'�������������� !��"�'����!#$

��&$ �&���!��(&�4�&�% �&$5��>������5�� �5�����5���;6��125

��"��#&-��	5-���;;5��!���$%��'�!#$������ !��"��'��#�!��&�"*!�"��"�!#$���&!� ��"���;C��"����%��������'�!#$

�$%�&!%�'������;�1��;C5�A$��5�
�%*$&�45���%$*�&��22:6��1885

��#�$"D-��5��5�����5��%!���!��"��'�������������� !��"�4��!#$�%���&�!$���"�%�!���$!#��5��>������5�� �5

����5�)�&5���;6��8�1�;�5

��$��-�5���;85�������������� !��"��"��$")���"�$"!�&� �"��!��"%��"�!#$�� #��$&�(���"��!#$�%$��D�"$5

 !����!5�
$"� ���:86��1;�5

��@���'-���5�����5�A$�%���"(�������������� !��"��"��I��!� �%�%!$�%�J�"$,��!!$��!%�!��%�&)$��&�����41

&$�%5���%!� *$��A$$�$%4��&�(5��$�!�5��5�C6�;1�5



����E.����.��"�������FB�	>�	>.���

���%�"%-��5��5��"��A5���*�#�%#��A5���;�5����&�(� �&�� $�"�(���#� ���� $%%$%���$�(���"���$%%-�	@'���5

�&�!!-��5-�.5��5�=$"��"��"��5�=5�H�%%4����;;5�1��$&&�"(�!#$������ !�)�!���'��#�!��&�"*!�"���#$��$��C6

�:;1�8C5

�&�!!-��5�>5��5��"��3�&&$(�%����:5�A��$&&�"(�������������� !��"�P�"6Q�������������� !�)�!���"�!#$��$�5

�")���"�5�� �5��$%5��&$"�����$%%-��$,�E��*-���6����1�C25

�&�!!-��5��"���5���!#�$"���"�!#�����5�
�"���$"!�&��%%�$%��"��$�%��$�$"!��'�������������� !��"5��>��

����� �5�����5���;6��1�5

�$"*-��5�����5���(#!� �"��!��"%-�>#&����#�&&�� ��%!��4�!��"��"��������������� !��"� �"� !#$� %��!#$�"

��&!� 5���&5�� #5������4��&5��6����1�2�5

�$"*-��5�����5�=$% ���!��"��'�%$�%�"�&� #�"($%��'�#����4��&�(� �&������$!$�%��"�!#$�3�&'��'�3��"%*

�%�"(�!��(�"��$!�� ���&�"����&5�	 $�"�&5�2;6�;�1�25

�$"*-��5�����5����!��&�)����4�&�!���"��!$�����&� #�"($%��"�!#$�������������� !��"������$!$�%��%��"�� $%

�'���&!� ��$��$�!���#� �!��"5���&5�� #5������4��&5���6��C�1�;85

�$"*-��5����;5������* 0����$�,�!"��T�!�*��3��<%*�$0� P������������� !��"��'� !#$�3�&'��'�3��<%*Q5

B��5��"�,5�3��<%*�$(�-�3��<%*5

�$"*-��5-�H5����&$,%*�-�T5����$"D-�H5���*�"�$ D"���"���5�	 #� *�����25�������������� !��"��'� !#$

��&!� ��$�5���&&5��$��
�%#5��"%!5-�3��"����2;6��81�25

�$"*-��5��"���5�	 #� *������5��#�!�%�"!#$!� ���!$��"��&�(#!� ��)$%��'��#�!��&�"*!�"��"�!#$�%��!#$�"

��&!� 5�	 $�"�&5��:���6����1���5

�$"*-��5-���5�	 #� *�-��5�>#��$&�,%*�-��5�3����%D-��H5���*�"�$ D"�-��A5���%!�%D�*��"��A5�T�&$,%*�

����5���(#!� ��)$%��'��#�!�%�!#$%�%��"�!#$����$��"��"����5�	 $�"�&5-������6��881�;�5

�� #���%�"-�.5�����5�>������%�"��'����>�������������� !��"��$!$���"�!��"%����$�4����''$�$"!�&�4���!�1

��$%5�A��5�� �&5����(5��$�5�;26����12:�5

�� #���%�"-�.5��"��5�>#��%!�''$�%$"�����5��$�%�"�&���%!��4�!��"��"������� !��"��'��#�!��&�"*!�"��"�!#$

%��!#$�"�.�!!$(�!5��A��5����&5����(�5��$�5�;�6�2�;122;5

��!#$�-�H5��5���8C5��#�!�%�"!#$%�%��"�!#$�� $�"��%���'�" !��"��'�&�(#!��"!$"%�!�5����"�&5�	 $�"�(�5��6�C�1;:5

� #�&D-��5����C5�A�"�!���"(��'��$&�(� �4��&�(� �&�)����4&$%��"�!#$���&!� ��$�5���&!� ��$���")���"5���� 5

��6��:�1���5

� #�&D-��5��"��B5�.��%$����;�5����&�(� �&�$''$ !%��'�!#$�%�&!,�!$���"'&�@��"!��!#$�3�!&�"����%�"�����"(

��E���C�W;:5�2"����&!5�A��5����&5������5��!� *#�&�5�	�.	������&5��86�2�12;5

� #�&D-��5��"��B5�.��%$����;�5������*!��"4��&�(�% #$��"!$�%� #�"($"��"��$��	%!%$$5�
�% #5�
��% #5��26

�;1225

� #�&D-��5� �"��B5�.��%$����;85������*!��"4��&�(�% #$�N$�V"�$��"($"� �"��$��	%!%$$� ��� H�#�$���;�5


�% #5�
��% #5���6��812:5

� #�&D-��5��"��B5�.��%$����;C5������*!��"4��&�(�% #$��"!$�%� #�"($"��"��$��	%!%$$���"��$�"�($�%�$D�$&&$

��($4"�%%$���%��$��H�#�$���;85�
�% #5�
��% #5���6�8�1C�5

� #�&D-��5-�B5�.��%$���"��35����$&����;5���"(1!$����")$%!�(�!��"%��"�%��$���&!� ��&�"*!�"�)����4&$%

����"(�%���$�����;C1���2�5���� 5���!#���&!5�A��5����&5������5���&&�""-��%!�"��6�2C:12C�5

�!$$&$-�H5��5���C25��")���"�$"!�&� �"!��&��'��#�!�%�"!#$%�%��"�!#$�%$�5����"�&5�	 $�"�(�5�;6���;1���5

�!$$��""���$&%$"��5���825��#$��%$��'������1 ��4�"�>1���'����$�%���"(���(�"� ������ !��"��"�!#$�%$�5�H5

>�"%5��"!5��@�&��5�A$�5���6���;1��:5

�!$$��""���$&%$"��5���8�5��@�$���$"!�&��$!#��%�'����$�%���"(���(�"� ������ !��"��"�!#$�%$�5�����5

�1)��X�"5�>�"%5��$��5��"!5��@�&��5�A$�5����6���1�C5

�!$$��""���$&%$"��5���C8�5�	"�!#$��$!$���"�!��"��'�!#$�� !�)�!���"���1>������&$%�'����$�%���"(����1

���������� !��"5����"�&5	 $�"�(�5��:��%���&56�2�;12825

�!$$��""���$&%$"���5���C845��")$%!�(�!��"%��'�!#$���!$��'��������������� !��"��!�!,��=�"�%#�&�(#!�%#��%

�"�!#$����"%�!��"��$��4$!,$$"����!#��$���"��!#$���&!� �5�A$��5�=�"5�
�%*5���)�"�$�%5��6���1;;5

��&D$�-�A5�A5-�>5��V%$��"���5�>�"��������5��%!���!��"��'��"�%�!��������������� !��"�'���������$!$�%��'

!#$��#�!�%�"!#$%�%�J�&�(#!� ��)$��4!��"$���"�&�4���!�����" �4�!��%5��>������5�� �5�����5���;6����1��85

N�&&$",$��$�-��5�5���C85�>�& �&�!��"����$&%��'��#�!�%�"!#$%�%��$�!#� ��)$%��"��%��$����&� �!��"%

�$(����"(�������!$�$%!���!$%��"�������������� !��"��$�%��$�$"!%5�A$�5��%!5��!�&5�����4��&5���6��281�8;5



������������� !��"��"�!#$�%��!#$�"���&!� ��$��555 ��

B�&&���%-��5�H5-�&$�5�����5�	"�!#$��$'�"�!��"��'��&�"*!�"������ !��"�!$��%5��>������5�� �5�����5-���;6��1��5

B�O"��*-��5-����;5��$��$����� -���!#$��!� �&����$&��'��#�!�%�"!#$%�%���� $%%��"�����"$��#�!��&�"*1

!�"��"����!� �&��$!#����'�$%!���!�"(�!#$�(&�4�&�������������� !��"��"�!#$�%$�5���&&5���&5� ��5�� �5

����!#�� �5���86�;�1��5

B�O"��*-��5-��5����!$���"��H5�=$�������5���(#!� ��)$%��'�����"$��&�"*!�"��#�!�%�"!#$%�%��"�!#$���&!� 5

	 $�"�&5�2;6�C�1;�5

E$"!% #-�>#5��5��"���5�B5��$$���CC5��%!�����'��#�!�%�"!#$!� �&�(#!��$� !��"%-��"����"$,��"!$���$!�!��"

�'�%�"��"��%#��$��#�!��&�"*!�"5�H5�A��5��$%5�2����6����1��;5



����E.����.��"�������FB�	>�	>.��:

List of symbols   

PPh Primary production per unit time in a unit volume of water [ ]13 −− ⋅⋅ hmmgC  

Chl Chlorophyll a concentration [ 3−⋅ mmgChl ] 

Ph Photosynthetic rate determined as the ratio  
Chl

PPh  [ ]11 −− ⋅⋅ hmgChlmgC  

AN Assimilation number evaluated from the photosynthetic light curve [ ]11 −− ⋅⋅ hmgChlmgC  

ANexp Assimilation number determinated as the observed maximal ratio 
Chl

PPh  [ ]11 −− ⋅⋅ hmgChlmgC  

ANB Mean assimilation number for the southern Baltic Sea [ ]11 −− ⋅⋅ hmgChlmgC  

ANGD Mean assimilation number for the Gdansk Deep [ ]11 −− ⋅⋅ hmgChlmgC  

Prodh Primary production in water column per hour    [ ]12 −− ⋅⋅ hmmgC  

Prod∆t Primary production in water column during ∆t  [ ]12 −− ∆⋅⋅ tmmgC  

Prodd Daily primary production in water column [ ]12 −− ⋅⋅ dmmgC  

E Irradiance PAR [ ]12 −− ⋅⋅ hmkJ  

E(0) Irradiance  at a depth 0 m (just below the sea surface) [ ]12 −− ⋅⋅ hmkJ  

E(z) Irradiance at a depth of  „z” [ ]12 −− ⋅⋅ hmkJ  

Es Irradiance PAR at which the saturation of photosynthesis is achieved [ ]12 −− ⋅⋅ hmkJ  

ηd Daily irradiation (daily dose of irradiance) PAR just below the sea surface [ ]2−⋅ mkJ  

η∆t Dose of irradiance PAR during ∆t hours just below the sea surface [ ]2−⋅ mkJ  

k diffuse attenuation coefficient for scalar irradiance  PAR [m-1] 

λ Length of the day [h] 

H Thickness of the euphotic layer [m] 

y Time expressed in years  

x Time expressed in subsequent days of the year  

 

365

2 πω ⋅= ,            π = 3.14 
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Table 1. Fish taxa found during R/V PROFESOR SIEDLECKI bottom trawl surveys on King George shelf area 
 

Dates 
T a x a 

01-03.79 03.1981 02.1987 02.1988 

Fam. RAJIDAE     
   Bathyraja eatoni (Günther, 1876)   +  
   Bathyraja maccaini* Springer, 1971  +  + 
   Bathyraja spp. + + +  
Fam. PARALEPIDIDAE     
   Notolepis coatsi Dollo, 1908  +   
Fam. MYCTOPHIDAE     
   Gymnoscopelus (Gymnoscopelus) nicholsi (Gilbert, 1911) + +   
   Electrona antarctica (Günther, 1878)   +  
Fam. GADIDAE     
   Micromesistius australis Norman, 1937 +    
Fam. NOTOTHENIIDAE     
   Notothenia (Gobionotothen) gibberifrons Lönnberg, 1905 + + + + 
   Notothenia rossii marmorata (Fischer, 1885) + + + + 
   Notothenia (Notothenia) neglecta Nybelin, 1951 + + + + 

   Notothenia (Lepidonotothen) kempi Norman, 1937 + + +  
   Notothenia (Lepidonotothen) squamifrons Günther, 1880      + 
   Nototheniops nybelini (Balushkin, 1976) + + + + 
   Nototheniops nudifrons (Lönnberg, 1905)  + + + + 
   Pagothenia hansoni (Boulenger, 1902) + + +  
   Pagothenia bernacchii (Boulenger, 1902) +  +  
   Trematomus eulepidotus Regan, 1914 + +   
   Trematomus scotti Boulenger, 1907 +  +  
   Trematomus newnesi Boulenger, 1902 +  + + 
   Trematomus loennbergi Regan, 1913    + 
   Dissostichus mawsoni Norman, 1937 + + + + 
   Pleuragramma antarcticum Boulenger, 1902 + + + + 
Fam. BATHYDRACONIDAE     
   Gerlachea australis Dollo,1900  +   
   Parachaenichthys charcoti (Vaillant, 1906) +  + + 
   Psilodraco breviceps Norman, 1938   +  
   Gymnodraco acuticeps Boulenger, 1902 + + + + 
Fam. CHANNICHTHYIDAE     
   Champsocephalus gunnari Lönnberg, 1905 + + + + 
   Chaenocephalus aceratus Lönnberg, 1906 + + + + 
   Chionodraco rastrospinosus De Witt and Hureau, 1979 + + + + 
   Chaenodraco wilsoni Regan, 1914 + +   
   Cryodraco antarcticus Dollo, 1900 + + + + 
   Dacodraco hunteri Woite, 1916 +    
   Neopagetopsis ionah Nybelin, 1947 +  + + 
   Pagetopsis macropterus (Boulenger, 1907) +  + + 
   Pseudochaenichthys georgianus Norman, 1937 + + + + 
Fam. ZOARCIDAE     
   Ophthalmolycus bothriocephalus (Pappenheim, 1912) +  +  
   Ophthalmolycus concolor (Roule and  Despax, 1911) + + +  
   Lycodichthys antarcticus Pappenheim, 1911    + 
Fam. LIPARIDIDAE     
   Paraliparis sp.    + 

 
*syn.: Raja rakusai Rembiszewski, 1981 
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�@Table 2. Fishing results of Polish survey cruises on King George shelf area 
 

Mean CPUE 
 

Percentage by species [%] Season 
vessel name 

dates 
 

Gear type 
(horizontal 

opening  
of trawl) 

(m) 

Stratum  
[m] 

No of 
hauls 

Average 
trawling 

speed 
[knots] 

Duration 
of trawls 

[min] 

Catches 
[kg] 

[kg/h] [kg/km2] 1 2 3 4 5 6 7 8 9 10 

150-250 4 200 444 133 946 35 5 12 14 6 +  22 + 6 
250 < 17 1,350 19,700 876 6,225 13 2 6 28 + 2 + 44 1 4 

1978/79 
r/v Prof. 
Siedlecki 

28.01-
25.03.1979 

WD 
32/36 

19 Σ 24 
4.0 

1,550 20,144 780 5,544 13 3 7 27 + 2 + 43 1 4 

1979/80 
m/t Libra 

12-
21.02.1980 

WD 
32/36 

18 
250 < 11 3.2 1,995 22,400 674 6,315 2  6 64  4  24   

1980/81 
r/v Prof. 
Siedlecki 

26-
28.03.1981 

WD 
26/30 

17 250 < 7 3.8 695 1,893 163 1,366   2 5 +  4 63  26* 

1986/87 
r/v Prof. 
Siedlecki 

18.02.1987 

WD 
32/36 

19 
250 < 2 3.0 230 2,953 770 7,297 +  15 9    73  3 

< 150 3 180 35 12 95 37  20   14 3 6 3 17 
150-250 3 180 385 128 1,042 7 1 32 2  1 36 19 1 1 
250 < 2 120 298 149 1,210 1 2 12 5  1 2 76  1 

1987/88 
r/v Prof. 
Siedlecki 

05-
06.02.1988 

WD 
32/36 

19 
Σ 8 

3.5 

480 718 90 729 6 2 23 3  1 20 42 1 2 

Species: 
1. Champsocephalus gunnari     6.  Notothenia rossi marmorata 
2. Pseudochaenichthys georgianus    7.  Notothenia (Notothenia) neglecta  
3. Chaenocephalus aceratus     8.  Notothenia (Gobionotothen) gibberifrons 
4. Chionodraco rastrospinosus    9.  Dissostichus mawsoni 
5. Chaenodraco wilsoni        10.  Pisces nei 
 
        * including 20% Gymnoscopelus (Gymnoscopelus) nicholsi 
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Table 3. Estimated fish biomass on King George Island shelf  
 

Stratum Total 

0-150 m 150-250 m 250-500 m 
Dates Square* Sea area 

covered 
[km2] 

Biomass 
[t] 

Sea area 
covered 
[km2] 

Biomass Sea area 
covered 
[km2] 

Biomass 
[t] 

Sea area 
covered 
[km2] 

Biomass 
[t] 

01-03.1979 13 + 23   1,020 971 3,601 22,416 4,627 23,387 
02.1980 13     2,952 18,642 2,952 18,642 
03.1981 13     2,952 4,032 2,952 4,032 
02.1988 2 +13 2,200 09 661 689 3,002 3,632 5,863 4,530 

 
 *Everson [1984] 
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Table 4. Maturity and stomach fullness of fish species on King George Island shelf (%) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(-) no data 

Species Date Sex ratio 
Maturity stages 

 
Stomach fullness 

 

 
W = K ⋅  Ln 

 

 
n 

  � : � 1 2 3 4 5 0 1 2 3 4 K n  

Champsocephalus 01-03.1979 50 : 50 3 68 29 0 0 - - 90 - 0.0234 2.6440 1102 
gunnari 02.1980 64 : 36 0 34 66 0 0 11 26 31 26 6   61 

Chaenocephalus 01-03.1979 49 : 51 43 47 10 0 0 80 - - - - 0.0028 3.2196 834 
aceratus 02.1987 50 : 50 60 29 11 0 0 82 5 5 5 3   100 
 02.1988 56 : 44 23 74 2 1 0 85 6 5 3 1   161 
Pseudochaenichthys 
georgianus 

01-03.1979 50 : 50 2 74 23 1 0 - - - - - 0.0014 3.5121 260 

Chionodraco 01-03.1979 44 : 56 13 63 21 2 1 12 22 18 30 18 0.0021 3.3989 999 
rastrospinosus 02.1987 - 12 85 3 0 0 45 20 15 20 0   100 

 02.1988 66 : 34 15 85 0 0 0 mean 1.3   46 

Chaenodraco 
wilsoni 

02.1979 50 : 50 0 100 0 0 0 feeding 
 

0.0057 3.1223 618 

Notothenia 01-03.1979 50 : 50 31 68 1 0 0 weak feeding 0.0011 3.6559 1507 
(Gobionotothen) 02.1980 51 : 49 0 97 3 0 0 2 20 56 20 2   100 
gibberifrons 03.1981 43 : 57 31 66 3 0 0 20 67 6 2 5   100 

 02.1987 50 : 50 58 42 0 0 0 24 51 22 3 0   100 

 02.1988 43 : 57 6 75 18 1 0 28 45 19 5 3   201 

Notothenia rossii 02.1979 50 : 50 0 71 29 0 0 14 47 20 19 0   49 
marmorata 02.1980 46 : 54 0 66 34 0 0 3 4 47 40 6   100 
Notothenia 
(Notothenia) 

01-03.1979 50 : 50 0 36 64 0 0 feeding 0.0072 3.2314 118 

neglecta 02.1988 50 : 50 0 100 0 0 0 8 32 20 35 5   40 

Dissostichus 
mawsoni 

01-03.1979 50 : 50 15 85 0 0 0 13 31 29 25 2 0.0032 3.3022     48 
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� '�%�*����'��*9���%��*���%8

Chaenodraco wilsoni Regan, 1914
����%���/�(�����(�%�� )�%��"���'�� ���:��(�%���*�"� ���%�� ���$*%����%9���*� �&� "���� '
*���$���8�����&� "������*�%��%9���*� %�)�$��'��$�*�55����5���*��
�"8���0�(��&������$�*�%%
)�$��'��$�*��?����5??�"8�����$�"� �'%�(�$��*���$� "����7&������ '��������'�� �/$�&&8
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Notothenia (Gobionotothen) gibberifrons (Lönnberg, 1905)
����$�&� "���)�$��'�%�" ����� �&���$�*��:�����:��*��
�"8���0��%�'�'�����$�*�%%�(�����$� "�'��$�*
@?�����0>??�"8�	 ��)�$�"�0�����%�;�$�����(�%��%��=�8�����%���/��� %�%��'����7�����**���$��� '
*���$� "�%9���*� %����7&����8�������%��� )�%��"���'�'�'� ���9$����;�� %�)�&��� '��7����5>P���
���*���'��*9���%��*���%8

Notothenia rossii marmorata (Fischer, 1885)
���%����%���$��$�&���)�&��&�$"�8�����$�&� "���)�$��'��$�*��>����>>��*0�(��&������$�*�%%�$� "�'
�$�*�@??����50�??�"8��9���*� %��9����:���*�� �&� "���� '��0:??�"�� �*�%%�(�$�� ���'��
�"8��?�8
C�$� "������ )�%��"���� %0�������%����'�"� �'%�� �*���$����%��"�%�5�� '������7&����8

Notothenia (Notothenia) neglecta Nybelin, 1951
� ���$*%����7�'��%�-���
�"8������ '�7�'��*�%%0����%����%��(�$��)�$��%�*�&�$������������
�������
�
����
�
8�����%�;�$�����(�%��&%���=�8�������%��(�$��*���$� "���$�%9�( � "����7&����8

Dissostichus mawsoni Norman, 1937
���%����%������$$�'�%9�$�'���&&��� �����������%8�����$�&� "���)�$��'��$�*��5����>?��*��
�"8��5�0
� '�7�'��*�%%�$� "�'��$�*��??�����0�??�"8�	 ��%9���*� �����$$�'�*��%�$� "������*�� 
&� "���� '�(��"�� "���0???�"8�������%��(�$�������$��**���$���$�*���$� "����7&����8�E�%������ 
���%����%����'�����$���%��� �����$�%��*���%8
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DISCUSSION

� ���*9�$�%� �(��������$�$�"�� %��������(�$&'0����$���$����(�$���%��%9����%�� � ��$�����(���$%8
�������������� ���������������$ �	��� ��� %�%�%����5:>�%9����%��$�*������*�&��%��!�&�%-0
�����8�����*�3�$����������%��%9����%���@�������$%�� �K�%�� ��$�����8�	����)��'�%�� ���$�"�� %
�� �&�'� "�������#��$"��0������������� '(�����%&� '%0���������������&� '��%&� '%0����������
	$/ ��� �%&� '%� � '� ���� ��$�����6� � %�&��� ��������������&� '� �%&� '%���)�� ����"$����%�
���������� ��'�)�$%����(�����?��%9����%����5?���*�&��%��� ��$*�'8����%�$�&���)�&�� �*�$��%
���������� �0�� ���$*%�������� �*7�$����%9����%0��%���  ����'�(��������9$�%� ������)�$���%
(���$�*�%%�%�(�������*���$�*�����K�''�&&����0�����%������%��$ �6�������� '�������&&� "%���%� 
���8

������%��%9����%�(������$��'�%�$�7�'�� ����%�(�$/�(�$���7%�$)�'����&������ %�%��( �� 

�"�$���8������(�$�����"���*�� &��� �����7� �����&���$�������� �$���$ �%��&�����!� "�#��$"�
�%&� '8�����&������ ��������� )�%��"���� %�(�%�'���$*� �'�7��������%��������&� "�(����7� ����
�<��9*� �8�����9$�%� ���������%9����%��������*�&��%�(�%��� ��$*�'�� ����%�&�*���'��$���� '
%9����%�����$���$��(�������'� ���7�� ��7%�$)�'�� ������$���������������������&� '��%&� '%
�!�&�%-0������8����%��� �&�'�#���������
������	��������������
���������#R ���$0����?���$�*
����������� ��'�����*�&�M������	�
��� ��$��������$*� 0�������$�*����������'$��� �'�����*4
�&��� '�%����
��������� ����������
�����6�99� ���*0����5��� '�%����
�����������������
����&��� '�C�%9�;0��������$�*�����G��$��'�����*�&�8

!� "�#��$"���%&� '���%���$�&���)�&��&�$"��%��&��� ���%� �$��(�%��$ �%�'�0�(��&��� �����%����4
�$ �%�'�����$���%���%���9�%&�9�8�����%�����$ ����%���%���*9�%�'����&�$"��7��%0��*� "�(����
'*�$�&������0�(����� ��$�������558?��/*50��%�����&�$"�%�����/�%�4��%-�-�(%/�����?�8�����%
(�'�4�9� ���������$� %���&'���$����� '������ 9��������&&� "%���%� �����(���$%�� '��7��'&�
� �&�� ��%���%����������� �0�(�������%�7�� �(�&&�'�%�$�7�'���$��"����������$�%����%��� ��%�%
�$�*������� $�/�$���(%/�� ��$����������� 8���'����&�'�&�%�������%����;��(������ ��7���'*�4
$�&�������(�%�9�7&�%��'�7��!8��8��/,$��� '�8�B8�����&�)�����5�8����%�&�%�0�%�99&�*� ��'�(���
'�����7��� �'�7��D8�S�/�(%/�0�!8�G'-���(���/��� '��8�G�'$�T �"�0�(�%��&%��9$�%� ��'�7�
+8O!�&�%-�I����J8

���*9�$�%� �������%�&�%��(��������'����9$�%� ��'�� ���7&����%��(%�*� ��%�*�&�$����%�7�4
�(�� ��������������� ����*9�%���� ����'*�$�&�������� '������������� �$��(�%��$ �%��&��������
�%&� '8����$���$��5:���**� ���%��%9����%��$�*�:���*�&��%8�����*�%����**� �� �7����7�%� %��$�
������� ��'���� '�D��  �������'��8���(�)�$0�%�*��'����$� ��%�(�$���&%���� ��$*�'�7��(�� 
�������������� ����������(��7�%� %8����%�*���$�%�&���$�*�'����$� ��������*����'%0�7���� )�$� 4
*� ��&�� �&�� ���*�%���&%��9&���� ��*9�$�� ��$�&�8�
�%���$�*���$�����*�&��%�(���������$$�'�� 
����7���(�$���7%� ��� �����%��&�0�� �&�'� "=�$��'�'$��� �'��0���$9�"���$�'���� '�#�*9�&�'��8
�9���*� %�����(����*�&��%0�#�'�'���� '�6�$�&�9�'�'��0�(�����(�$�� ���9$�%� ��� �'*�$�&��
��������$$�'�� �����%��&�8
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!� "�#��$"���%&� '�%��&��� '� ���� �'*�$�&������8����*�%��7���*9��%�-�'�����0��&����"����%�
�������'��9�(���$���*�&��G��$��'�������$�� �7����7�%� %0�����$�%9����%���*9�%���� ��%���*4
9&���&��'����$� �8

#$����$���%���� �� �$���� %�� � ��$������(�����%�$)���%���$�%��$���7�%����$���%��$��%��%�4
�&&������$��7�)��%��&)�%�(�����%�$$�� '��%&� '%�� '�(������$���9����>??�*�'��9�� '$��%��)
��@>�8���/� "�� ����� %�'�$���� �����*�" ���'�������%��$�%��$��%�� '�������%�������%�� "0�$�4
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"�� %�(������$���%9����&&���*9�$�� ����$���%��$��%���)��7�� ��'� �����'8�� ������&� ����%����$���
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������ %�� '�����%��%� �&����$����$���� ����$��� �� �$���� %8����(�%��&%��� �&�� ��'�7�����
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>�Table 5. Mean bottom density of fish in Atlantic Antarctic Area 
 

Mean CPUE 

[kg/hour] [kg/km]2 

Stratum [m] 
Sub-area Season 

< 150 150-250 250 < mean < 150 150-250 250 < mean 

Cruise 

typea) 
Source 

1976/77      34,800 17,700  C. C. 
1977/78      5,700 5,800  C. C. 
1978/79      1,500 1,700  S. C. 
1980/81     19,200 9,400 5,700  C. C. 
1981/82     14,700 9,100 12,900  C. C. 

��������	
 
 et al. 1985 

1984/85     5,554 3,501 924  S. C. Kock 1986 

1986/87 300 1,092 378 790 1,153 3,069 1,489 2,298 S. C. 
1987/88 184 594 76 388 689 2,085 360 1,336 S. C. 

South Georgia 

1988/89 276 584 268 432 1,078 2,410 833 1,734 S. C. 

�����
��
Szlakowski 1992 

1978/79    1,100     C. C. 
1978/79    1,090     S. C. 
1979/80    1,990     C. C. 

1983/84    180     S. C. 

�����
����� 
South Orkney 

1984/85     350 851 1,207  S. C. Kock 1986 

Elephant 1984/85     2,4431 6,8222 1,7413 1464 S. C. Kock 1986 

1978/79  133 876 780  946 6,225 5,544 S. C. 
1979/80   674    6,315  C. C. 
1980/81   163    1,366  S. C. 
1986/87   770    7,297  S. C. 

King George 
(South 

Shetland) 
1987/88 12 128 149 90 95 1,042 1,210 729 S. C. 

Table 2 

 
    a)Cruise type   1) stratum     0-100 m 
S.C.  - survey 2) stratum 100-300 m 
C.C. - commercial   3) stratum 300-400 m 
    4) stratum 400-500 m 
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INTRODUCTION
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"�&$�"*(��(��&�&����$���+( ��7���&:�&$*&�8

�!&�("����� �!"��#� 0�#(�� ��� "�&$�"���%&$����&�� �� � �!&�6�'�%&$&��&:�&$*&�($�� ��
�&�& �"$&��!&" �� &:�&$*��($��!&�& �/�%��"���"$��!&��&(�� ���������(�"�$������",�)��"�!�*�(��(�
 "+& �8��!&�����"7�&�*�$�" �(�"�$����!&�& �/�%��&��&�"*"&$*��*�����"$�"*(�&��!(��"���(�&�� &� �5
��*�"�$������(�"�$������&(�� �����",���!&�-(!��$��&��&*��8

MATERIALS AND METHODS

�!&��&(�� ������(#$& ��(���&��#& &�*���&*�&��� ������ � "+& ��"$�)��& ($"(1��!&�G"����(��"+& 
($��"���� "7��( �1��!&�; #H*(��"+& 1�� ����&��&�7& ����;&*&�7& ����?��
"%8���8�
"�!�"$��!&
)( �H�(��"+& �#& &�*���&*�&��7��&�&*� ��"�!"$%���>�0��(7�+&��!&� "+& �����!8�
"�!�"$��!&��&%(1
-"&� /(1��.��"(�($��; #H*(� "+& ��#& &�*(�%!��"$�� (���($����&��"$�( �"�"*"(�� &� ���*�"�$
�� "$%��!&�($$�(���"�!����*0"$%�� �% (��*(  "&������7���!&�)��"�!�$%�& �I��$"�$8��!&�� (��
#& &���*(�&��(���!&������#"$%��"��($*&��(7�+&��!&� "+& �����!�=�"$��!&��&%(�J����0�1�"$��!&
-"&� /(�J���0�1�"$��!&��.��"(�J�'��0��($��"$��!&�; #H*(�$&( ���7"*/�$&( ��� �A8�
"�!�� ����!&
G"����(��"+& �#& &�*(�%!��"$��!&� "+& �� �(���!&��"��($*&������0��� ����!&� "+& �����!8�
� ��!&
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%&$��&�#(��"���(�&��7���!&��"$"5*����$��&�!�����"$%�6&$��"*�;��) &��)�����&����M
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"%8��8�F(��� &�&$�"$%��",� "+& ��� ���#!"*!��"% (�"$%��&(�� �����(���&��#& &�*���&*�&�



���������������� �!"���#"�!"$�888 C�

�$&#��� &+"�&���&�!������!&�& �����&,�($(���"�1�#!"*!�(���#���� ��!&�"�&$�"�"*(�"�$���
!���/�%��&�����&�1�#(��(���"&���6 ����($���"����$1����C�8��!&������6�'��&:�&$*&1�#!"*!�"���1���
7��"$��&$%�!�($��"$*���&��"$� �$��($��&,�$�1�#(��)9��(���"�"&����"$%��!&������#"$%�� "�& �=�6�'5
7=�CI5996�66�9�99��5�I�($��6�'5�=�CN5999�6669669�9��695�I8
�!&�)9��� ���*���#& &��&�( (�&��7��&�&*� ��!� &�"��"$��K�(%( ��&�%&���($���(�&�+"�"7�&�7�
��("$"$%��!&��#"�!�&�!"�"���7 ��"�&��$�& ��G��"%!�8��!&�)9��� ���*����7�("$&���� ��!&�"$+&�5
�"%(�&���(���&������&(�� ����($���!&�;��"$�"*(�"+&��� ��(���$�#& &��"%&��&��#"�!�&$��$�5
*�&(�&������8��:�(��+����&������!&��"%&��&��)9��� ���*������(���$�($���&(�� ����#& &�*��5
7"$&�����(� ���(��+����&����'>�µ�8��;��#(�� �!&$�(��&����� �!&��",�� &� ����7�("$� �!&��"$(�
*�$*&$� (�"�$�����>��F8��!&��(���&�#(���!&$�!&(�&��������9���&$(�� (�"�$�1�($���!&$�"$*�5
7(�&��(��(��&��& (�� &����?��9��� ��$&�!�� �� &$(�� (�"�$�8��!&�(�":���&������",�� &�1�#!��&
+����&��+( "&��� ����>����'>�µ�1�#& &���(*&���$��K��'�=�������(* ��(�"�&�%&���($��#& &
&�&*� ��!� &�&��"$��!&�����7���& 8��!&�%&���#& &��"�+& ���("$&����(�7 ��0������������8��!&�Χ'

($��6��&����#& &�(���"&�����&+(��(�&��!&�*����"($*&�����!&��7�& +&��%&$����&�� &:�&$*"&��#"�!
�!&��( ��5-&"$7& %� ��&8

RESULTS
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�"��& &$�"(�"�$����!&�& �/�%��&����� &:�&$*"&��#(�����$�8��!&����!���/�%��&��"��$����**� 
"$�($�������(�"�$8���&�&��#(���!&������*����$�"$�(��������(�"�$�8�
 &:�&$*"&�����(��&�&��($�
%&$����&��"$������(�"�$��� ����!&��&%(�($��; #H*(��"��$���+( �8��!&��&+&�����!&�& �/�%��&�
�7�& +&�� &+&(�&���"��& &$*&��(��$%��!&�"$+&��"%(�&�������(�"�$������&(�� ����($��"��#(���!&
!"%!&���"$��!&��.��"(��"+& 8������(�"��"*(�����"%$"�"*($�
�"��& &$*&��7&�#&&$��!&��7�& +&�������($��&,�&*�&����&�
!&�& �/�%��"���#& &��7�& +&�8��!& &�� &1�$���&+"(�"�$
� ����!&��( ��5-&"$7& %� ��&�#(�����$���"$��!&�����"&�
�����(�"�$�8� �!&� (+& (%&� +(��&�� ��� �!&� �����(�"�$


"%8�'8�;��&�&*� ��!� &�"��"$��K�����(* ��(�"�&�%&���"�+& ���("$&�8
�&�� "*�"�$��(��& $�����%&$&�6�'�(���"�"&��#"�!�)9��($���"%&��&�
#"�!��������� ��&(�� ���8�	**�  &$*&����(��"�"�$(�1��&���(��( &$��7($�
(7�+&�"$�&$�&�7($��#!"*!� &��&*���;��� (%�&$������7��"$��&$%�!
"�&$�"�"&��!&�& �/�%��&������"$&����($����8�;��� (%�&$���'>>�($�
�>>�7��"$��&$%�!�( &��( 0&�8�F�J����&*��( ��( 0& 8
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DISCUSSION

�$+&��"%(�"�$�� ��� (� ��(��� $��7& � ��� ��&*"�&$�� �B� ($�����  &��&*�"+&����  &+&(�&�� �!(�� �#�
�����(�"�$������&(�� ����� ����#&�&$�($������$"(�+( "&��"$�� &:�&$*"&�����(��&�&�($��%&$����&�
����!&�% �#�!�!� ��$&�%&$&��6�'���6 ����($���"����$1����C�8��!&��#&�"�!������(�"�$�#(�
*!( (*�& "/&�� 7�� �!&� �**�  &$*&� ��� !���/�%��&�1�#!"�&� �!&�����$"($� �����(�"�$�#(�
*!( (*�& "/&��7���!&��**�  &$*&�����("$���!���/�%��&����($��*����$�!&�& �/�%��&�����K�8
�$� �!&� "$+&��"%(�&�������(�"�$����� �&(� � ���� "$�)��($��$��!���/�%��&����#(�� ���$�8��!&
 &�������7�("$&��"$�"*(�&� �!&��"�"�( "���7&�#&&$��!&�)��"�!�($���#&�"�!������(�"�$������&(
� ���8

�!&�(���/��&�����"&�� &+&(�&���!(���!&�(+& (%&�!&�& �/�%��"����7�& +&��������� ���&(�� ���
� ����!&�G"����(1��.��"(1�)( �H�(�($���&%(� "+& ��+( "&��� ����8C����C8B���@�*/�A�0"�������8���B�
($��"��#(��*���( (7�&�#"�!������(�"�$��� �����!& � &%"�$������(��& $��� ��&��	�"$�+1�����<
)((+& 1������8��!&�"$+&��"%(�"�$������!&�%&$&�6�'������� �!"���"$�"*(�&���!(���!&�+(��&���
�� ������(�"�$������&(�� ����"$��!&��&%(�($��; #H*(� "+& ��#(��(7����C8?K1�#!"�&��� ������(5
�"�$��� ����!&��.��"(�($��)( �H�(� "+& ��#(��(7����'>K8��!&�+(��&������� ���*���6�'�#& &
!"%!& ��!($�"$��!&�*(�&����(���/��"*���*"8��!&��(*0����(�!&�& �/�%��&��&�"*"&$*��"$�"*(�&���!(��"$
�!&�"$+&��"%(�&��)��"�!������(�"�$������&(�� ������!&�%&$&�"*�-(!��$��&��&*����&��$����**� 8���
��%%&�����!&��(*0����(�%&$&�"*�&��&*����� &� ���*�"+&���"���(�&�������(�"�$���","$%8

Table 1. Frequencies of genotypes and alleles of growth hormone GH2 
and level of observed heterozygosity Ho  in samples of sea trout from six Polish rivers 
N – number of specimens in a sample. Number of specimens of particular genotype is given in parenthesis. 
 

 
Population 

 
N 

Genotype frequency 
 

AA          AB         BB 

 

Allele frequency 
 

A            B 

Observed 
Heterozygosity 

Ho 

Rega 36 0,944 

(34) 
 

0,056 

(2) 

0 0,972 0,028 0,056 

������� 38 0,816 
(31) 

 

0,184 
(7) 

0 0,908 0,092 0,184 

Wieprza 36 0,833 
(30) 

 

0,167 
(6) 

0 0,916 0,084 0,167 

��	
�� 34 0,794 
(27) 

 

0,206 
(7) 

0 0,897 0,103 0,206 

����� 40 0,875 
(35) 

 

0,125 
(5) 

0 0,938 0,062 0,125 

������– Vistula 
tributary  

36 0,944 
(34) 

 

0,056 
(2) 

0 0,972 0,028 0,056 
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