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The paper contains results of biological studies on the 

Antarctic icefish. The materials were collected within 

197 5-1979 from various regions of the Antarctica. Presented 

are: distribution of the species, analysis of two meristic 

characters (vertebrae and fin ray counts), and some biological 

features (growth, maturation, fecundity, feeding). Based on 

the results, several Antarctic icefish stocks and their taxono

mic positions are described. The stocks are analysed in terms 

of their length and age distributions in several fishing seasons. 

INTRODUCTION 

The Antarctic icefish (Champsocephalus gunnari Lonnberg, 1905) occupies an 

important position among the Antarctic ichthyofauna. Its wide distribution and abundant 

concentrations favour fishing operations, hence the species: importance for fisheries. The 

rational exploitation of the species calls for knowledge on its biology, distribution of 

stocks, identification of individuals from various areas as definite taxonomic categories as 

well as age distribution dynamics pf various stocks exploited commercially. 
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The aim of the present paper is to analyse some biological and meristic characters of 
the species in order to gain more insight into the issues listed above. 

MATERIALS AND METHODS 

Biological materials for studies on the Antarctic icefish have been collected since the 
Antarctica was first explored by Polish research and fishing vessels. 

In the Indian Ocean sector of the Antarctica the studies were carried out off the 
Kerguelen Islands. The materials were collected during the following cruises: 
- RV "Profesor Siedlecki", April 1975;
- MT "Manta", 1977 /1978 fishing season;
- MT "Lacerta", December 1979.

The studies in the Atlantic sector were carried out off South Georgia and Shag Rocks,
South Sandwich Islands, Souts Orkneys, Elephant Island, South Shetlands, and SW along 
the Antarctic Peninsula to Peter the First Island. The Antarctic icefish was found in most 
of the regions listed. No representatives of the species were encountered off South 
Sandwich Islands and off the Antarctic Peninsula south of the Palmer Archipelago. 

The materials from the Atlantic sector were collected during the following cruises: 
- RV "Profesor Siedlecki", 1975/1976 fishing season;
- MT "Gemini" and MT "Rekin", 1976/1977 fishing season;
- MT"Gemini"andMT"Sirius", 1977/1978 fishing season;
- RV "Profesor Siedlecki" and MT "Sirius", 1978/1979 fishing season.

As the studies progressed, it turned out that the materials from some of the fishing
ground could be put together into groups corresponding to regions of the Antarctica, the 
fish from which showed similarities in their characters studies. Thus, in the Atlantic 
sector, the regions of northern and southern fishing grounds were separated, the first 
including the grounds off South Georgia and Shag Rocks and the other covering those off 
South Orkneys, Elephant Island, South Shetlands (King George, Livingston, and 
Deception Island), and the Palmer Archipelago. 

Table 1 lists the biological data collected from the stocks studied. 
Individuals to be examined were picked out at random; their total length was 

·measured to 1 cm and weighed (to 1 g). Gonad maturity stage was determined according
to Maier's scale. Age was determined from the number of hyaline zones on the surface of
broken otoliths. The date of transition from one age group to the next is set on 1 July.

Feeding intensity was determined from the extent of stomach fullness, according to a 
5,score scale. Individual fecundity was determined by couting eggs in a pre�weighed 
sample. The gonads were preserved in 4% formalin. 

The otolith length-total body length relatio1,1.ship and individual fecundity relationships 
in different versions were calculated on an Hewlett-Packard 9805 A computer. 

Taxonomic analysis was based on two meristic characters: vertebrae and fin ray 
counts. 



Table l 

Biological materials collected within 19?5-1979 (no. of individuals) 

Age 
Stomacl 

Sex and Fecun-
Otolith Verte- Fin 

Region read- Length Weight gonad measu- brae ray 
fullness dity 

ing maturity rement count count 

Atlantic sector, 
northern fishing 2,370 28,943 4,232 3,845 4,735 401 1,207 380 95 

grounds 

Atlantic sector, 
southern fishing 950 59,834 5,643 5,761 5,773 128 419 949 183 

grounds 

Indian Ocean sector: 635 
Kerguelen Islands 

9,506 871 1,009 ' 1,009 80 286 99 32 

Total 3,955 98,283 10,746 10,615 11,517 609 1,912 1,428 310 



6 J6zef Sosinski 

The significance of differences between the meristic characters was looked for by using 
two tests: 

M -M 

1) Mdiff= 1 2

v'm2 + m2 

1 2

2) "Affinity", after Ginsburg (1938).

DISTRIBUTION 

Observations made in the Atlantic sector during Polish scientific expeditions 
(1976-1979) on board research vessels as well as the analysis of the distribution of 
fishing grounds operated on by the Polish fishing fleet allowed to describe the Antarctic 
icefish distribution in detail (Fig. 1): 
off the northern and eastern coasts of South Georgia, around Shag Rocks, off the 
northern, and eastern coasts of South Orkneys, off the western coast of Elephant Island, 
between Elephant and Joinville Islands, around South Shetlands. The southern boundary 
-or tlieTfi:giiiinllrz diStf1bution is the---YaiineI-Arclii})elago-. - - - -

In the Indian Ocean sector, the species was found to occur on the shelf off Kerguelen 
Islands, on the Skif Shoal (W of Kerguelen Islands), and on a shoal between Kerguelen 
and Heard Islands (Fig. 2). 

In the Atlantic sector, the species was observed to occur down to 600 m depth. The 
most abundant catches were made at 200 to 400 m. Off Kerguelen Islands. Polish vessels 
were catching the species at 220 to 445 m, the best catches being obtained at about 
300 m. 

MERISTIC CHARACTERS 

The meristic characters studied included the vertebrae count and fin ray counts. 

Vertebrae count 

Table 2 shows the total verterbrae counts in individuals caught on different fishing 
grounds. The data show the samples collected from the same fishing ground to have 
similar mean vertebrae numbers and distribution of counts; those parameters proved 
characteristic of a fishing ground. 

To further analyse the data in terms of their between-grounds variability, the question 
was asked if the vertebrae counts were fish length-dependent. Mean counts were 
c�lculated for length classes (Table 3), whereby no vertebrae coqnt-fish length rela-
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Verter-
brae South Georgia Shag Rocks 
count 

I III I III 

1979 1979 1979 1979 

58 - - - -

59 1 - - -

60 2 16 2 8 
61 56 55 54 61 
62 23 27 37 30 
63 3 1 4 -

64 - - - -

n 85 99 97 99 

61.29 61.13 61.44 61.22 
x 

61.21 61.33 

Vertebrae counts in Ch. gunnari from various Antarctic fishing grounds (no. of individuals) 

Fishing ground 
South Orkneys Elephant I. I King George I. 

Date of examinatio/i 
XII III XII I II III I II 

1978 1978 1978 1979 1979 1979 1979 1979 
- - - - - - -

-

- - - - - - - 1 
1 1 - - 1 

I 
1 - -

20 16 30 12 31 ' 31 1 
I 

7 
68 65 64 72 58 

I 
52 38 47 

11 15 6 16 7 11 22 
I 

23 
- 2 - - 1 1 1 1 

100 99 100 100 98 ' 96 62 79 I 

61.89 62.01 61.80 62.04 61.75 i 61.79 62.37 62.19 
I 

61.95 61.84 ! 62.24 
I 

Deception I. 

III II II 

1979 1979 1979 
- - -

- - -

- - -

11 15 1 
58 51 13 

29 29 3 

1 3 1 

99 98 18 

62.20 62.20 62.22 

62.21 

Table 2 

Ker-

guelen 
Is. 

XII 

1979 

5 
42 
46 

6 
-

-

-

99 

59.33 

59.33 
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Length 

class South Georgia 

(cm) 

n 

18 - -

19 - -

20 62.00 1 

21 60.50 4 

22 61.50 2 

23 61.33 3 

24 61.25 8 

25 61.27 11 

26 61.29 7 

27 61.14 7 

28 61.00 7 

29 60.80 5 

30 61.00 14 

31 61.18 17 

32 61.11 18 
--- -- - � ---

I --- ---- ---

33 61.39 23 

34 60.92 13 

35 61.20 15 

36 61.33 9 

37 61.75 4 

38 61.50 4 

---L---- ---

39 60.60 1 

40 62.00 1 

41 - -

42 61.50 2 

43 62.00 1 

44 62.00 1 

45 61.50 2 

46 62.00 2 

47 - -

48 61.00 1 

49 - -

50 - -

51 - -

52 -

I
--

53 61.00 4 

Total 61.21 184 
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Mean vertebrae counts in length classes from various 
Atlantic sector fishing grounds 

Fishing ground 

Shag Rocks South Orkneys Elephant I. 

x 

61.00 

61.25 

61.00 

61.29 

61.00 

-

61.00 

61.00 

61.00 

61.25 

61.00 

61.18 

61.08 

61.35 

61.54 
- - - - --

n 

I 

4 

8 

7 

1 

-

2 

4 

5 

4 

4 

11 

13 

23 

28 
- -

-
X 

-

-

-

-

-

-

-

-

-

-

-

-

-

61.00 

-
� --

-
n X 

- -

- · -

- -

- -

- -

- -

- -

- 62.50 

- 62.25 

- 62.00 

- -

- 63.00 

- -

1 -

- 61.57 
� ... ---

n 

-

-

-

-

-

-

-

2 

4 

1 

-

I 

-

-

7 
- -

King George I. 

-
X n 

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

61.67 3 

63.00 I 
-� --------- ----

--·--- ---- -----L_---l----- --- ----- ----

61.30 27 61.00 2 61.80 15 62.50 2 

61.55 20 61.83 6 61.89 19 62.23 13 

61.29 7 61.79 14 61.73 41 62.43 7 

61.67 6 62.05 18 61.75 53 62.00 5 

61.60 10 61.92 37 61.85 39 62.00 9 

61.40 5 62.09 22 61.76 59 62.14 22 

----- ---- -----L_ ___ 1------ --- ----- ----

61.25 4 61.93 41 61.90 40 62.00 17 

61.50 2 62.13 31 61.82 45 62.45 33 

- - 61.83 12 61.87 32 62.25 28 

- - 61.87 8 61.88 17 62.19 36 

- - 61.67 3 61.91 11 62.23 31 

- - 62.00 3 62.50 4 62.40 10 

- - 62.00 1 62.50 4 62.50 10 

- - - - - - 62.00 5 

- - - - - - 62.50 4 

- - - - - - 62.50 2 

- - - - -- - - -

- - - - - - 61.50 2 

- - - I - - - - -

- - -

I
- - - - -

- - - - - - - -

I 

61.33 196 61.95 199 61.84 394 62.24 240 

Table 3 

Deception I. 

-
X 

-

-

-

-

-

-

-

61.00 

63.00 

63.00 

-

-

63.00 

-

61.50 
-- ---

-- ---

62.00 

62.31 

62.00 

62.20 

62.35 

62.62 

n 

-

-

-

-

-

-

-

2 

I' 

I 

-

-

I 

-

2 
-

11 

13 

20 

25 

20 

8 

-

-----I-----

- -

62.33 3 

62.25 4 

62.00 3 

- -

- -

- -

62.50 2 

- -

- -

- -

- -

- -

- -

- -

62.21 116 
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tionship was detected. When mean counts for tl:e same length classes within 33-38 cm 
(the classes comprising representative numbers of individuals examined) from different 
Atlantic sector fishing grounds are compared, it can be seeri that the means differ from 
one fishing ground to another. Close values are typical of the Antarctic icefish caught off: 
South Georgia and Shag Rocks, South Orkneys and Elephant Island, King George Island 
and Deception Island. 

The individuals caught off King George Island and Deception Island have, as can be 
seen, vertebrae counts similar to those off South Orkneys and Elephant Island; in both 
groups 62 vertebrae is the prevailing count. On the other hand, the two groups differ in 
their mean counts and in the distribution of counts. The individuals from the four fishing 
grounds listed differ widely from those caught off South Georgia and Shag Rocks. 
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Fig. 3. Vertebrae count distribution in Ch. gunnari caught in Antarctic regions 
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Fig. 3 shows the total vertebrae count distribution for the four fishing grounds (South 
Orkneys, Elephant Island, King George Island, Deception Island), the plot being denoted 
S. Shetlands and S. Orkneys; another plot shows the distribution for S. Georgia and Shag
Rocks, and the third one is for Kerguelen Islands in the Indian Ocean sector. It is evident
that the three groups of the Antarctic icefish differ in their vertebrae counts.

Arithmetic means (M), standard deviations ( o), and standard errors of the mean (m) 
were calculated for the vertebrae counts from different fishing grounds (Table 4) in o�der 
to test for the significance of differences between the counts in various groups of 
Ch. gunnari, using the Mdiff test. 

Table 5 gives the results of the statistical test. As shown by the Mdiff values obtained, 
no significant differences exist between the individuals caught: off South Georgia and 
Shad Rocks, off South Orkneys and Elephant Island, off King George Island and 
Deception Island; in those cases Mdiff does not exceed 3. 

On the other hand, significant are the differences between the first group (individuals 
from off South Georgia and Shag Rocks) and the remaining Atlantic sector fishing 
grounds as well as between the Kerguelen Islands individuals and those from various 
Atlantic sector grounds. 

-- - - - - - - - - ---'fable-<t-

Arithmetic means (M), standard deviations (0), and 

standard errors of the mean (m) of vertebrae counts in 

Ch. gunnari from various Antarctic fishing grounds 

Fishing ground M 0 m 

S. Georgia 61.21 0.66 0.05 

Shag Rocks 61.33 0.60 0.04 
------------------- ----- P"----- ----

Total 61.27 0.63 0.03 

S. Orkneys 61.95 0.62 0.04 
Elaphant I. 61.84 0.62 0.03 

------------------- ----- 1------ -----

Total 61.87 0.62 0.02 

King George I. 62.24 0.65 0.04 
Deception I. 62.21 0.71 0.07 

�-------------- --- ----- 1------ -----

Total 62.23 0.67 O.o3

Atlantic sector total 61.80 0.73 0.02 

Kerguelen Is., Indian 
59.53 0.69 O.o?

Ocean sector 

n 

184 

196 
-----

380 

199 

394 
-----

593 

240 

116 

-----

356 

1 329 

99 
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Significance of differences between mean vertebrae counts in Ch. gunnari from various Antarctic fishing grounds 

Fishing ground* 
1-2
3-4
5-6

Ml -M2Mdiff =-. ---ym2+m2 

1 l 

1.87 < 3 
2.20 < 3 
0.37 < 3 

13 Table S 

------------------ ------------ ------

3-5 3< 5.13 < 10 
3-6 3< 3.25 < 10 
4-5 3< 8.00 < 10 
4-6 3< 4.87 < 10 

-------------- --------------------

1-3 
1-4

1-5
1-6

--
- -------

2-3
2-4
2-5 
2-6

(1,2)- (3,4) 
(1,2)- (5 ,6) 
(3,4)- (5,6) 

(1,2) - (3-6) 

7-1 
7-2 
7-3 
7-4 
7-5 
7-6 

. 

(1-6) - 7 

* 1. S. Georgia } nor thern grounds2. Shag Rocks 3. S. Orkneys } 4. Elephant I.
5. King George I. 6. Deception I.7. Kerguel en Is.

Southern grounds 

- -- ------

10 < 11.56 
10 < 10.86 
10 < 16.09 
lQ_<:J 1.63 
10 < 10.96 
10 < 10.20 
10 < 16.09 
10 < 11.00 

10 < 14.59 
10 < 19.94 

3< 8.14 < 10 

10 < 18.91 

10 < 19.53 
10 < 22.50 
10 < 30.25 
10 < 30.39 
10 < 33.62 
10 < 27.07 

10 < 31.07 

Atlantic sector 
Indian Ocean sector 

------ ---
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The significance of differences between the individuals from off South Orkneys, 
Elephant Island, King George Island, and Deception Island is questionable. Although the 
Mdiff value does excee13, it is much lower than that separating the S. Georgia and Shag 
Rocks individuals from the remaining ones. 

Presumably, owing to a relatively large number of individuals examined, the critical 
Mdiff value should be increased. If Mdiff = 10 (and not 3) is taken as a criterion of 
significance, no significant difference is found between those individuals from the 
southern fishing grounds. 

Accordingly, the individuals from off South Georgia and Shag Rocks from one group 
of fish, and those caught in the fishing grounds situated more to the south (South 
Orkneys, Elephant, King George, and Deception Islands) form another one. The two 
groups were next compared by Mdiff. The value obtained was very high (18.91 ), 
indicating the significant difference between the two groups. 

A still higher difference (Mdiff= 31.07) exists between the vertebrae count off 
Kerguelen Island and that for the Atlantic sector fishing grounds. 

The significance of differences was also tested for by means of a procedure given by 
Ginsburg {1938). 

Table 6 gives "affinity" values calculated in the Ginsburg test. The results obtained 
with this test confirm the conclusions drawn from Mdiff. When the criterion of race 
identity is sharpened from 40% to 3 5%, the "affinities" of Jndividuals from various 
fishing grounds are as follows: 
- the individuals caught off South Georgia and Shag Rocks form a 'separate race;
- the individuals caught off South Orkneys and Elephant Island form 'ii: s�parate race;
- the individuals caught off King George Island and Deception Island form a separate

race.
No racial difference exists between the South Orkneys (Elephant Island individuals

and those off King George) Deception Island; on the other hand, a racial difference does 
exist between the South Georgia (Shag Rocks individuals and those) caught more to the 
south (South Orkneys, Elephant, King George, and Deception Island). The individuals off 
Kerguelen Island show only a slight "affinity" with those from the Atlantic sector. Based 
on the Ginsburg criterion, the individuals caught off Kerguelen Islands are, with reg�rd to 
those from the Atlantic se<;:tor, not only a separate race or a separate sub-species, but can 
be even regarded as a distinct species. Based on mean vertebrae counts, the appearance of 
vertebrae count distribution curves, and values of the mode, the sharpened significance 
tests indicate the Atlantic sector individuals caught in the northern fishing grounds 
(South Georgia and Shag Rocks) can be thought of as belonging to a race different than 
the one formed by those caught in the regions more to the south (South Or�eys, 
Elephant, King George, and Deception Island). 

A still greater difference is observed to exist between the Kerguelen Islands individuals 
(Indian Ocean sector) and those from the Atlantic sector. To be on the safe side, it is 
preferred to regard the two groups as two. sub-species of Champsocephalus gunnari
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Significance of differences between mean vertebrae counts 

in Ch. gunnari from various Antarctic fishing grounds 

Fishing ground* "Affinity" of the Ginsburg test 

1-2 35 < 46.5% 

3-4 35 < 45.8% 

5-6 35 < 46.0% 

15 

Table 6 

---------------- ------------------------

3-5 35 < 40.8% 

3-6 35 < 41.5% 

4-5 35 < 39.1% 

4-6 35 < 39.8% 

,---
----------- -------------�---------

1-3 24.2%< 35 

1-4 28.1% < 35 

1-5 18.8% < 35 

1-6 21.6% < 35 

2-3 27.6% < 35 

2-4 31.5% < 35 

2-5 22.0% < 35 

2-6 25.0% < 35 

(1,2) - (3,4) 28.5% < 35 

(1,2) - (5 ,6) 21.4% < 35 

(3,4) - (5,6) 35 < 39.8% 

(1,2) - (3 ,6) 25.8% < 35 

7-1 8.1% < 10 
1: 7-2 5.5% < 10 

7-3 3.5% < 10 

7-4 3.2% < 10 

7-5 3.2% < 10 

7-6 3.0% < 10 

(1-6) - 7 4.3% < 10 

* denoted as in Table 5
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rather than to regard them as two species of the genus Champsocephalus. The individuals 
from the Indian Ocean sector show the lowest vertebrae counts. 

Fin Ray count 

Fin ray count is - along with vertebrae count - a very important meristic character 
frequently used in .studies on fish races. Table 7 summarises the relevant data for the 
samples examined. As no substantial differences between fin ray counts of the South 
Georgia and Shag Rocks (northern part of the Atlantic sector) fish studied were found, 
the fin ray count formula was developed for the region as a whole. Similarly, data for the 
South Orkneys and South Shetlands (Elephant, King George, and Deception Island) 
Antarctic icefish are grouped together and the formula developed for the southern part of 
the sector. The results are given in Table 8. along with data for the Kerguelen Islands 
fishing grounds. 

The materials presented show the pectoral (P) fin ray count distribution to be similar 
in the Antarctic icefish from various fishing grounds. In the first dorsal fin {D), the ray 
count differs between the northern and southern fishing grounds of the Atlantic sector. 
The D1 

ray count distribution for the Indian ocean sector (Kerguelen Islands) fish
resembles that of the Atlantic sector fishing grounds. 

The second dorsal (D
2
) and anal (A) fins are the most suitable ones for fin ray count 

studies. 
The data contained in Table 8 and Fig. 4 show that there is no substantial difference 

between the northern and southern fishing grounds of the Atlantic sector. On the other 
hand, the Indian Ocean sector Antarctic icefish differ considerably from those of the 
Atlantic sector. 

Similarly to the vertebrae counts, significance of differences was tested for the fin ray 
counts as well (Mdiff and Ginsburg tests). Arithmetic means (M), standard deviations {o), 
and standard errors of the mean (m) were calculated prior to testing for significance 
(Table 9). 

The results of tests for the Antarctic icefish of the three basic regions of study are 
given in Table 10. The table contains also the results of tests comparing the Kerguelen 
Islands fish with those from the whole Atlantic sector. 

The sharpen the race differentiation criterion, Mdiff = 5 is regarded as the critical value 
of the test instead of commonly used Mdiff == 3. The data contained in Table 11 show the 
fish of the Atlantic sector southern fishing grounds to differ significantly in their D1 
counts from those of the northern grounds and off Kerguelen Islands. On the other hand, 
the individuals of the Atlantic sector nothern fishing grounds · show no significant 
differences in this respect relative to the fish caught off Kerguelen Islands. 

The pectoral (P) fin ray count cannot be used as a race-differentiating character since 
the counts and their distributions were almost identical in all the Antarctic icefish groups 
studied, hence very low Mdiff values. 



Table 7 

Fin ray counts in Ch. gunnari from various Antarctic fishing grounds 

Fishing ground 

S. Georgia Shag Rocks 
-

S. Orkneys Elephant I. King George I. Deception I. Kerguelen Is. 

Fin ray count 

Ill III k III Ill 
k 

XII XII 
k 

XII I II 
k 

I II II k 
II IV 

1977 1979 1977 1979 1978 1978 1978 1979 1979 1979 1979 1979 1979 1975 

D, 

VIII 3 - 3 - -- - 4 4 8 I - - I - - - - - 3 
IX 29 15 44 17 16 33 11 6 17 6 14 9 29 9 9 7 •. 25 7 21 
X 3 4 7 3 4 7 -- - - 22 15 6 43 6- 15 18 39 10 8 
XI - l l - - - - - - I I - 2 - I - I I -

D, 
35 - - - - - - - - - - - - - - - - - - 5 
36 - - - - - - - - - - - - - I - - l - 11 
37 2 - 2 - I l - - - - 2 I 3 - 3 - 3 - 12
38 10 4 14 4 8 12 4 3 7 7 10 4 21 4 10 10 24 9 3 
39 19 12 31 13 9 22 7 4 II 12 13 9 34 7 9 15 31 6 -

·40 3 4 7 3 I 4 4 3 7 11 5 I 17 3 3 - 6 3 -

41 I - - I I - - - - - - - - - - - - - -

p 

24 I - I - - - I - I - - - - - - - - - -

25 - - - - - - I - I - - - - - - - - I -

26 9 4 13 I 6 7 3 2 5 6 5 2 13 9 3 5 17 5 I 
27 17 13 30 18 12 30 9 8 17 19 18 10 47 4 16 11 31 10 8 

28 6 2 8 l l 2 I - I 4 7 3 14 2 6 8 16 2 I 
29 2 I 3 - I I - - - I - - - - - l I - I 

A 
33 - - - - - - - - - - - - - - - - - - I 
34 - - - - - - - - - - - - - - - - - - 2 
35 - - - - - - - - - - - - - - - - - - 7 
36 6 2 8 - - - 4 I 5 - 3 - 3 5 4 2 11 - 13 
37 15 4 19 7 8 15 9 6 15 13 13 6 32 7 11 12 30 4 8 
38 14 14 28 12 10 22 2 2 4 12 14 9 35 3 9 9 21 12 I 
39 - - - I I 2 - - - 5 - - 5 - I 2 3 2 -

40 - - - - I I - - - - - - - - - - - - -
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Table 8 

Fin ray counts in Ch. gunnari from various Antarctic sectors 

Antarctic sector 

Fin ray Atlantic Indian Ocean 

count 
northern southern 

fishing fishing total Kerguelen ls. (7) 

grounds (1,2)* grounds (3,4,5,6)* 

- ind. % ind. % ind. % ind. % 

D
l 

VIII 3 3 9 5 12 4 3 9 

IX 77 81 78 43 155 56 21 66 

X 14 15 92 so 106 38 8 25 

XI 1 l 4 2 5 2 - -

D2
35 - - - ..,. ··- - 5 16 

36 - - 1 1 1 + 11 35 

37 3 3 6 3 9 3 12 39 

38 26 27 61 35 87 31 3 10 

39 53 56 82 45 135 49 - -

40 11 12 33 18 44 16 - -

41 2 2 - - 2 1 - -

p 

24 1 1 1 1 2 1 - -

25 - - 2 1 2 1 - -

26 20 21 40 22 60 22 l 10 

27 60 63 105 57 165 59 8 80 

28 10 11 33 18 43 15 1 10 

29 4 4 2 1 6 2 - -

A 

33 - - - - - - 1 3 

34 - - - - - - 2 6 

35 - - 1 1 1 + 7 22 

36 8 8 19 10 27 11 13 41 

37 34 36 81 44 115 41 8 25 

38 50 53 72 39 122 44 1 3 

39 2 2 10 6 12 4 - -

40 1 1 - - 1 + - -

* 1. S. Georgia, 2. Shag Rocks, 3. S. Orkneys, 4. Elephant I., 5. King George I., 6. Deception I., 7. Ker

guelen Is.
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Fig. 4. Fin ray count distributions in Ch. gunnari from various Antarctic regions 
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Fishing ground 

S. Georgia

Shag Rocks 

S. Orkneys

S. Shetlands

Atlantic sector, 

total 

Kerguelen Is. 

Indian Ocean sector 

Jozef Sosinski 

Arithmetic means (M), standard deviations (o), and 
standard errors of the mean (m) for fin ray counts in 

Ch. gunnari from varidus Antarctic fishing grounds 

Fin M 0 m 

D1 9.14 0.4498 0.0461 

D2 38.82 0.7537 0.0773 
p 26.95 0.7590 0.0779 
A 37.52 0.7235 0.0742 

D1 9.50 0.3921 0.0290 
D2 38.77 0.7992 0.0591 
p 26.95 0.7297 0.0531 
A 37.39 0.8124 0.0600 

D1 9.37 0.5971 0.0358 

D2 38.78 0.7842 0.0470 
p 26.95 0.7399 0.0444 
A 37.43 0.7544 0.0452 

D1 9.16 0.3193 0.0564 
D2 36.42 0.7597 0.1364 
p 27.00 0.4472 0.1414 
A 35.87 1.0533 0.1862 

Table 9 

n 

95 
95 
95 
95 

183 
183 
183 
183 

278 
278 
278 
278 

32 
31 
10 
32 

It seems that the ray counts of D2 and A are most suitable as race-differentiating

criteria. As seen in Table 10, the individuals caught in the northern and southern regions 

of the Atlantic sector form a homogenous group in terms of their counts and differ from 

those caught off Kerguelen Islands (Indian Ocean sector), the differences occurring in 

comparisons between individual Atlantic sector/Indian Ocean sector fishing grounds and 

between the whole sectors. 

The Ginsburg test results (Table 11) confirm the above conclusions. After the 

"affinity" criterion had been sharpened here, too, from 40% to 35%, a conclusion was 

drawn that the D1 ray counts differed significantly between the Antarctic icefish caught

in the northern and southern fishing grounds of the Atlantic sector. Non-significant is, on 

the other hand, the difference between the fish of the two regions and those caught off 

Kerguelen Islands. Ray counts in D2 and A, the two most important fins, show no

difference to exist between the individuals of the two regions of the Atlantic sector; these 

individuals are, however, significantly different from those off Kerguelen Islands. The low 

"affinity" of D2 counts could even indicate the presence of two separate species,

according to the Ginsburg criteria. 



Fishing ground* 

(1,2) - (3-6) 

(1,2) - 7 

(3-6)- 7 

(1-6) - 7 
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Significance of differences between mean fin ray counts in 
Ch. gunnari from various Antarctic fishing grounds (based on 

D1 

5 < 6.60 

0. 27 < 5

5 < 5.36 

3.14 < 5 

M1 -M2 
Mdiff = -----

y m2+m2 
1 1

Fin 

D2 

0.51 < S 

5 < 15.31 

5 < 15.81 

5 < 16.35 

p 

0.00 < S 

0.31 < 5 

0.33 < 5 

0.34 < 5 

*denoted as in Table 5
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Table 10 

A 

l.36<5

5 < 8.23

5 < 7.75

5 < 8.14

Considering the results of the two tests performed, the Indian Ocean sector's
Ch. gunnari can be regarded as significantly different, in terms of fin ray counts, from the
representatives of the species caught in the Atlantic sector. In the latter, the fish
occurring in the northern fishing grounds are not different from those caught in the
southern grounds. Although there is a difference between their D 1 counts, it is lower than
the differences in D2 and A counts separating the individuals of the two sectors.

. . 

.. . 

Significance of differences between fin ray counts in Ch. gunnari

from various Antarctic fishing grounds (Ginsburg test) 

I Fin 
Fishing ground* 

D1 D2 p 

(1,2) - (3-6) 31.0% < 35 35 < 43.5% 35 < 45.5% 

(1,2) - 7 35 < 42.0% 6.5% < 10 35 < 41.5% 

(3-6) - 7 35 < 36.5% 7.0% < 10 35 < 38.5% 

(1-6) - 7 35 < 42.5% 6.5% < 10 35 < 39.5% 

* denoted as in Table 5.

Table 11 

A 

35 < 42.5% 

18.0% < 35 

19.5% < 35 

19.2% < 35 
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The results obtained here are in agreement with data given by Norman (1938) and 
Regan (1913) who gave ranges of fin ray counts in Ch. gimnari. Detailed data for the 
species off South Georgia can be found in Olsen (1955). His formula of the fin ray count 
is almost identical to that calculated in this study for the individuals of the Atlantic 
sector northern fishing grounds (South Georgia, Shag Rocks). On the other hand, the ray 
counts for D2 and A in the Kerguelen Islands Ch. gunnari found in this study are much
lower than the ranges given by the authors mentioned. 

ANTARCTIC ICEFISH (CH. GUNNAR!) GROWTH

Otolith size 

Otoliths grow with a fish. In the present study, the otolith size is regarded as a 
parameter used to discriminate separate stocks of the species. Otoliths were measured 
along their loneger axis. 

The measurements were made to calculate parameters of the linear equation y = a+bL, 
describing the otolith size-total fish length relationship. The parameters were calculated 
for individuals caught in three regions: off Kerguelen Islands; off South Georgia and Shag 
Rocks; off South Orkneys and South Shetlands. The values of the parameters are given in 
Table 12 and Fig. 5. 

Fishing ground 

Kerguelen Is. 

S. Georgia

and

Shag Rocks

S. Orkneys

and

S.Shetlands

Tabie ll 

Parameters of linear equation describing otolith size 

(y)---'total body length (L) relationship in Ch. gunnari 

n Fish Relationship as in formula 
Period (no. of length Y (mm)= a+ b L (cm) 
of ind.) R* 

range 
study (cm) a b r2 ** 

IV 1975 286 15-40 0.9889 0.5935 0.0655 0.9780 

18-57
II 1977 1207 (68)

0.9675 0.9961 0.0499 0.9361 

XII 1978 
419 23-47 0.9313 1.0293 0.0458 0.8674 

II 1979 

* R = correlation coefficient; * * r2 
= coefficient of determination of theoretical values relative to 

empirical ones 



Biology and taxonomy· of Champsocephalus 

y 
(mm) 
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Fig. 5. Otolith length (y) - total length (L) relationship in Ch. gunnari 
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55.0 L (cm) 

Fig. 5 shows the slope of the lines regressing the otolith size on the fish length off 
South Georgia and Shag Rocks to be similar to that off South Shetlands and South 
Orkneys, the otoliths of the first region being larger than those of the other. 

The line fitting the Kerguelen Islands data shows a slightly different slope, the 
individuals about 24 cm long having otoliths larger than these from the Atlantic sector. 
A comparison between the lines shows the otolith size to increase southward. 

Although the lines mirror the otolith size-fish length relationship pretty well, as 
evidenced by high determination coefficients given in Table 12, the question is: are the 
straight lines the best fit? The problem was tackled using otoliths of the South Georgia 
individuals as they were distributed over the widest length range {18-57 cm). Apart from 
the rectilinear relationship presented above (following the equation y = a + bL), cur
vilinear relationships were tried. Equation parameters were calculated for a logarithmic 
curve (y =a+ bln L) and for a parabolic one (y =a+ bL + ct2 ). The parameters
calculated are reported in Table 13 and the curves obtained are presented in Fig. 6. 

The coefficients of determination given in Table 13 show the log curve to be the best 
fit to the data within the 18-57 cm fish length range. Also the parabolic curve is a better 
fit than a straight line. 
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Fig. 6. Otolith length (y) - total length (L) relationship in Ch. gunnari off South Georgia 

r2 = 0.9926 

r2 = 0.9911 

r2 = 0.9714 

55 L(cm) 
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a 

b 

C 

r
2 

Fish length growth 
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Table l3 

Parameters of equations describing otolith length-total 
body length relationship in Ch. gunnari off South Georgia 

Logarithmic 
equation 

Y (mm) = a+b1nL (cm) 

-3.5367

1.7865

-

0.9926 

Parabolic 
equation Y (mm) = 

=a+bL(cm)+cL2 

(cm) 

0.2932 

0.0884 

-0.0005

0.9911 

Linear equation 

y (mm) 
= a +bL (cm)

0.9683 

0.0500 

-

0.9714 

In the present work the Antarctic icefish growth rate is compared for individuals from 
various regions. Calculations were made from direct measurements of individuals 
belonging to various age groups. To avoid large discrepancies which might result from 
different time of sampling, only those individuals caught from January through May were 
examined. The date of 1 July is considered the time when an individual passes from one 
age group to another. 

Owing to a small distance between certain Atlantic sector regions and also due to the 
fact of mean fish lengths for each age group being similar within a group, the data were 
grouped so that the fish growth rate is calculated separately for South Georgia/Shag 
Rocks and for two southern regions of South Orkneys and South Shetlands. Results and 
the corresponding data for K.erguelen Islands are given in Table 14 and Fig. 7. 

The values were calculated for males and females jointly, as no greater between-sexes 
difference was observed, similarly to Olsen (1955). It is difficult to read Ch. gunnari age 
from otoliths, particularly in older individuals. Their rings are fairly.well visible until age 
group XI, readings for older groups involving large errors. Therefore, for the South 
Georgia and Shag Rocks individuals, age readings up to group XI are regarded as 
representative. With respect of the other group of fishing grounds, readings up to group 
IX are taken as .representative due to a low number of older fish examined. The 
individuals caught off Kerguelen Islands did not exceed age group V. 

As shown by the data in Table 14, Ch. gunnari grows relatively fast until age group III, 
the mean annual increment amounting then to about 7 cm. Olsen (1955) obtained similar 
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Fig. 7. Mean length in age groups of Ch. gunnari 

X 

results. The fish in that group of age mature to spawn. The growth rate decreases 
thereafter to reach the mean annual increment of 1 cm at group X. 

The materials examined comprised individuals from group II on, i.e., at the age of 2+ 
years. The size of group O can be assessed from the other authors' data. Olsen- (1955) 
found 6.9-7.7 cm long Antarct�c icefish individuals off South Georgia in March and April 
1951. During the First Polish Antarctic Expedition, individuals 5.1-7.1 cm long were 
being caught off Palmer Archipelago in January 1976 (Rembiszewski et. al., 1978). 
During the Fourth Expedition, off South Georgia from 26 March till 26 April 1979, 
individuals 3.2-5.2 cm long (a mean of 4.3 cm) were found (10). 



Age 

group 

n 

m 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

xv 

XVI 

xvu 

XVIII 

XIX 
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Mean lengths and increments in various age groups of 

Ch. gunnari from different Antarctic fishing grounds 

Fishing ground 

S. Georgia and S. Orkneys and

Shag Rocks S. Shetlands

1- n 4+1-4 l n lt+l �\ 1 

21.27 212 6.70 - - - 17.27 

27.97 313 29.80 179 26.90 

4.78 4.92 

32.75 519 34.72 210 30.03 

3.91 3.30 

36.66 230 38.02 286 32.95 

2.45 2.52 

39.11 164 40.54 116 -

1.21 1.12 

40.32 160 41.66 57 -

1.31 1.44 

41.63 104 43.10 20 -

1.12 2.82 

42.75 71 45.92 13 

1.71 

44.46 46 44.25 4 -

0.29 
44.75 24 46.00 1 -

44.67 15 50.00 1 -

48.71 7 - - -

48.86 7 - - -

51.40 5 - - -

- - - - -

45.00 l - - -

58.00 1 - - -

54.00 l - - -

27 

Table 14 

Kerguelen Is. 

n 4+1-4 

105 9.63 

10 

3.13 

299 

2.92 

216 

-

-

-

-

-

-

-

-

-

-

-

-

-
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With the data referred to on mind, one can conclude that the group O individuals of 
Ch. gunnari attain, at the end of their first year of life, 3.2-7.7 cm, depending on a place 
and date of their birth. Assuming a relatively linear length growth between groups O and 
II, one can conclude that the group I individuals should measure, on the average, 
12-14 cm. Such values attained in groups O and I could be read from more legible
otoliths.

Fig. 7 shows growth rates of individuals caught in the three regions. The differences 
between them are easily seen. The lowest growth rate is typical of the Kerguelen Islands 
individuals. Those from the Atlantic sector grow faster; among them, the southern stocks 
show a higher growth rate than is typical of the South Georgia/Shag Rocks stocks. 
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Fig. 8. Weight-total length relationship in Ch. gunnari from: l. off South Georgia and Shag Rocks, 

2. off South Orkneys and South Shetlands, 3. off Kerguelen Islands



Fishing 

ground 

S. Georgia and I 
Shag Rocks 0.0039 

S. Orkneys arr

S. Shetlands
0.0025 I 

Kcrguclen Is. 0.0090 

Paran:eters of weight-length relationship fW = kL n) in

Ch. gunnari from various Antarctic fishing grounds 

Gonad maturity 

gonads poorly developed 

number I fish length 

n of fish range K 

(cm) 

-

3.1536 1292 

I
14-54 0.0014 

I 
3.2587 3944 

I
20-46 0.0009 

2.8484 425 15-39 0.0051 

Table 15 

gonads maturing and mature 

number fish length 

n of fish range 

(cm) 

3.4672 2940 20-80

I 
3.5645 1699 

I
23-51

3.0648 446 26-40
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Length-weight relationship 

The weight growth of the Antarctic icefish was followed as the function of length. The 
relationship is described by the formula: 

T\ 

W(g) = k Ltcm)

The equation parameters were determined with the least squares method. Results are 
given in Table 15. The relationship is presented graphically as curves in Fig. 8. 

The curves are restricted by the fish length ranges. As seen from the figure, within a 
length class there is a difference between the individuals with poorly developed gonads 
and that of maturing and mature individuals. The difference, however, is relatively small 
and visible in the fish longer than 30 cm: in the 40 cm class the difference amounts to 
40-60 g, i.e., about 10% of the mature fish weight. 

The fish weight in function of length is similar within the Atlantic sector, the curves 
differing slightly from that for Kerguelen Islands (Indian Ocean sector), the latter curve 
ascending more slowly. 

The following equations express the relationship regardless of maturity stage: 

W = 0.0017 L3 · 3934 for Ch. gunnari from the Atlantic sector, and

W = 0.0063 L2 ·9793 for Ch. gunnari from the Indian Ocean sector.

REPRODUCTION 

Gonad maturation cycle 

Tables 16 and 17 give the per cent distribution of fish over the gonad maturity stages 
(Maier's scale). The data are incomplete, which makes it difficult to describe from them 
the full annual cycle. Most data were obtained in the NE shelf of South Georgia where 
both commercial catches and the studies were made. Based on a 4�yr mean 
(1976-1978), a graph (Fig. 9) was drawn; the graph shows the maturation to take a short 
time only. 

Fully mature individuals (stage VI) were being found from March through May and 
were most abundant in April. The Antarctic icefish spawn not only in fjords, but on the 
shelf adjacent to the island, too, as found also by Permitin (1973). A large proportion of 
fish with juvenile (stage I) gonads in May resulted from immigration of juveniles to the 
fishing grounds. 

The data contained in Table 16 allow to conclude that in the Atlantic sector of the 
Antarctica, Ch. gunnari matures and spawns first off South Georgia and Shag Rocks. The 
Antarctic icefish occurring off South Orkneys mature somewhat later, as found also by 
Permitin (1973), and the stocks living by the Antarctic Peninsula reach maturity at the 
latest. Females were observed to have gonads more advanced (by 1 score of the scale) 
than males. The sex ratio varied from year to year and from month to month, but was 
usually approaching 1 : 1. 



Season 

1975/7 

1976/77 

1977/78 

1978/79 
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--��������������

Maturation of Ch. gunnari in various Atlantic sector fishing grounds (in ° / 00) 

Fishing ground 

S. Georgia 

S. Georgia 

-----------

Shag Rocks 

S. Georgia 

-----------

S. Orkneys 

S. Georgia 

-----------

Shag Rocks 

-----------

S. Orkneys 

-- -------

Elephant I. 

-----------

S. Shetlands 

-----------

Palmer 
Archipelago 

Month 

III 

I 
II 
III 
IV 
V 

II 
III 
V 

IX 
X 
I 
II 
III 
IV 

---

II 
III 

XI 
XII 
I 
III 

---

I 
III 

---

XII 
II 
III 

---

XI 
XII 
I 
II 
III 

---

1 

II 
III 

---

II 

I 

17 

3 

0 

14 

444 
604 

310 

436 

693 

0 

10 

99 

10 

63 

82 
f----

164 

155 

10 

170 

10 

10 

t----

40 

190 
---

10 

0 

0 
---

0 

0 

0 

160 

30 

I----

100 

0 

0 

1----

0 

Gonad maturity stage 

II III IV V VI VII 

75 78 160 063 7 i 0 

73 348 556 20 0 

I
0 

41 86 589 284 0 0 

8 20 234 I 628 96 0 

48 I 37 21 249 201 I 0 

���-�-�-
53 I 28 

,-�-+-�-
,----,---230 I 50 110 I 250 50 I 0 

149 I 53 128 223 II 

I
0 

188 0 
o I

0 0 10 

910 80 10 I 0 0 I 0 

900 80 10 0 0 0 

331 431 118 21 0 0 

140 340 510 0 0 0 

53 33 440 403 8 0 

90 18 481 302 27 0 
--- ---f---- --- --- -'>---

643 165 28 0 0 0 

585 172 86 2 0 0 

930 60 0 0 0 0 

670 100 40 20 0 0 

400 450 120 10 10 0 

300 160 370 140 20 0 

1---- ---r---- ---r----i----

170 530 250 10 0 0 

220 50 170 350 20 0 
I---- ---f---- --- --- ---

760 230 0 0 0 0 

.. 85 910 5 0 0 0 

60 370 480 90 0 0 
--- --- --- ---- ---- ---

940 248 5 3 0 3 

.980 0 0 0 0 5 

755 240 5 0 0 0 

660 160 10 0 10 0 

230 660 80 0 0 0 

--- ---1---- ---f---- ---

510 390 0 0 0 0 

160 430 410 0 0 0 

100 450 430 20 0 0 

--- ---1---- ---t---- ---

110 720 110 0 0 0 

Table 16 

Sex rati(!: ·- d:� n 
VIII (in °loo) 

0 323 :677 294 

0 533 :467 302 

0 533 :447 197 

0 538 : 462 355 

0 280: 720 189 

28 444: 556 356 

--- ------ --

0 480: 520 100 

0 479 : 521 100 

109 520: 480 100 

0 710: 290 100 

0 440: 560 100 

0 447: 553 483 

0 480: 520 100 

0 427: 573 300 

0 230: 770 600 
--- ------ ---

0 455 : 545 1948 

0 507 : 493 1404 

0 470 : 530 100 

0 520: 480 200 

0 480: 520 100 

0 523 :477 459 

,---- ----- ---

0 430 :.570 100 

0 270: 730 100 
--- ------ ---

0 567 : 433 300 

0 590: 410 200 
0 520 : 480 100 

---- ------ ---

3 483: 517 300 

15 565 : 435 200 

0 675 : 325 400 

0 545 : 455 200 

0 575 : 425 200 

r---- ------ ---

0 610: 390 103 

0 513 :487 300 

0 580 :420 100 

--- ---------

0 610: 390 18 
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Sep. Oct. Nov. Dec. Jan. Feb. March. Apr. Months 

Gonad maturity stages 
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Fig. 9. Maturation of Ch. gunnari off South Georgia over the year 

Ch. gunnari off Kerguelen Islands spawns more or less at the same time as do the 
Atlantic sector stocks (Table 17); the fish in the Heard Shoal fishing ground were less 
advanced in maturation than those in the Skif Shoal, a fishing ground located more 
northerly. No fully mature individuals (stage VI) were recorded, thus it is difficult to say 
if spawning takes place there. 

The first maturity 

Knowledge on fish length at the first maturity is important for deciding on measures 
to be taken to protect the stocks from overfishing. 

Olsen (1955) reported the smallest mature individuals, 4-yr-old, to measure 23 cm. 
According to Permitin (1973), males reach maturity at 21-26 cm, and females at 
21-25 cm. Kock (1979) recorded the smallest mature female measuring 21 cm.

In the present study an attempt was made to determine fish length at the first
maturity. The proportion of individuals with gonads at stages I and U was calculated for 
each length class. The calculations were separate for each fishing ground and concerned 
the fish caught between January and May. 



Season 

1974/75 

1977/78 

Maturation of Ch. gunnari in various fishing grounds off Kerguelen Islands· (Indian Ocean sector) (in ° / 00) 

Gonad maturity stage 

Fishing ground Month 

I II m IV V VI VII VIII 

Island shelf IV 692 0 186 122 0 0 0 0 

---------- ---- -------- ------------ --.-- ---- ----

Skif Shoal IV 0 0 0 425 575 0 0 0 

-------- ---- -------- ---- ---- -------- ---- ----

Heard Shoal IV 0 10 763 227 0 0 0 0 

Island shelf XII/I 34 921 45 0 0 0 0 0 

-------- :.......--- 1----- :---- �--- 1----- -------- :---- ----

Heard Shoal I 80 840 80 0 0 0 0 0 

n 0 494 506 0 0 0 0 0 

Table 17 

Sex ratio 

o: <.i' 
n 

550: 450 156 

-------- �---

590: 410 200 

-------- ----

520:480 300 

220: 780 89 

1--------- ----

400: 600 25 

510:490 239 
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The smallest lengths of maturing and mature individuals differed between the fishing 
grounds (Fig. 10). 

The data obtained off South Georgia are the most representative set owing to many 
seasons of numerous observations. The' smallest maturing individuals found in the region 
were assigned to the 20 cm length class and made· up 3% of the total number of 
individuals. The classes: 21 and 22 cm contained a similar proportion of maturing and 
mature individuals. They belonged to age group H, i.e., were terminating their third year 
of life. The proportion of maturing and mature individuals increased with length to reach 
82% in the 27 cm class. 

In the other Atlantic sector fishing grounds the smallest lengths of mature individuals 
were larger, up to 32 cm off South Shetlands. The data from offKerguelen Islands were 
less representative. Among the individuals caught in April 1975, all those smaller than 
24 cm had immature gonads, while all those larger than 26 cm matured to spawn 
(Fig. 10). Among the individuals examined between January and May, many large ones 
had their gonads at stage II (dormant); presumably, they had not spawned. Some of 
them, particularly those measuring 26-30 cm, might not have reached their first maturity 
yet, but it is unwarranted to draw such a conclusion with respect to those larger than 
40 cm. 

Off South Georgia, in April 1977, abundant catches consisting of large and old 
individuals with stage II gonads were being taken; certainly, those individuals did not 
spawn that year. 

These observations show that the Antarctic icefish do not spawn every year. 
As seen from Fig, 10, adult individuals with immature gonads occurred off South 

Georgia in all length classes. They were much less numerous than those spawnii:ig in a 
given year. One can thus conclude that only a part of non-spawners approach the shelf, 
the rest remaining dispersed in the pelagic zone. 

Fecundity 

The work presented contains results of studies on the Antarctic icefish fecundity, 
carried out in 1975-1977 and 1979 off South Georgia, Shag Rocks, South Orkneys, 
South Shetlands, and Kerguelen Islands. The fecundity of 609 females was determined. 
The individual fecundity was found to range from 1700 eggs in a 32-cm long female 
weighing 320 g to 17,338 eggs in a 51-cm long female weighing 1119 g. The smallest 
female examined measured 22 cm and contained 2,174 eggs. Individual fecundity in fish 
increases with fish length and weight. Parameters of a function which describes this 
relationship are given in Table 18. F�r comparative purposes, appropriate calculations 
were made separately for Ch. gunnari from various fishing grounds. Fecundity correlates 
well with length and weight, as evidenced by the high values of R. 

As shown by the data presented, fecundity was better correlated with fish length. 
Somewhat worse correlations with weight were presumably caused by the fact that all the 
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Table 18 

Individual fecundity of Ch gunnari from various Antarctic fishing grounds 

Mean Fecundity Fecundity - fish length relationship Fecundity - fish weight relationship 

Fishing ground Date N 

length weight (no of F = aLb F = a+bL n R F = aWb F = a+bW 
eggs mean n R 

(cm) (g) 
range 

a b ,, a b ,, a b ,, a b 

II-Ill 345 31.33 353 1750 5063 345 0.9695 · 0.2223 2.8882 0.9145 -9482 464.22 o.8W4 194 0.8874 0.8955 0.9153 0.8955 801.0( 16.020( 
S. Georgia 1976 -17338 

1977 

1979 

III 56 33.36 293 1700 4051 56 0.9110 0.4900 2.5600 0.6200 --0842 326,54 0.7001 56 0.8943 55.5555 0.7531 0.529S 792.66 11.110( 
Shag Rocks 

1977 -7332 

III 5169 
S. Orkneys 1979 67 39.52 518 -9889 7012 67 0.9014 0.2574 2.7744 0.6765 -12619 496.72 0.6601 67 0.8999 66.8151 0.7442 0.6652 1753.05 10.1400 

III 
S. Shetlands 1979 61 42.59 - -5710 8294 61 0.8614 3.7740 2.0487 0.5576 --1!837 402.25 0.5507 - - - - - - -

Kerguelen ls. 
IV 80 30.65 181 2000 4320 80 0.9031 0.0055 3.9498 0.7663 -13976 596.97 0.7924 65 0.9313 173661 1.0403' 0.7884 57.14 21.420( 
1975 -10645 

N = total no. of individuals examined, n = no. of individuals examined for a given type of relationship, R = correlation coefficient, r2 = coefficient of determination of theoretical values relative, to /empirical ones, 

L = fish total length (cm), W = fish total weight (g), F = individual fecundity 

,, 

0.8615 

0.6397 

0.6558 

-

0.7522 
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weighlin1�s were done at sea, where vessel's vibrations and tilt affected the result. Usually, 

the fecundity-length or fecundity-weight relationships are expressed by a curve described 
by F = aLb (F = aWb) or a straight line described by F =a+ bL (F =a+ bW). Most

authors use the first type of equation for the fecundity-length relationship and the, other 
type for the fecundity-weight one. In the present work, both types of functions were 
fitted to the two relationships; in each case the coefficient (r2 ) of determination of 
theoretical values relative the empirical ones was calculated. The analysis of r2 values 
obtained shows the F = aLb curve to be a better fit to the fecundity-fish length 
relationship. This is particularly evident in the South Georgia individuals where 
r2 = 0.9145. On the other hand, the linear function F =a+ bL .is also a good fit, the 
value being rather high (0.8834). A curve described by F = aWb fits the fecundity-weight 
relationship better than a linear function, although r2 of the latter does not deviate much 
from that of the first. Further considerations on the fecundity of Ck gunnari from 
various fishing grounds follow the tradition and employ the curvilinear equation for the 
fecundity-length relationship and the linear function for the fecundity-weight one. 

103 eggs 
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Fig. l l. Individual fecundity-body length relationship in Ch. gunnari from various regions 

(F = aLb)
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Fig. 12. Individual fecundity-body weight relationship in Ch. gunnari from various regions (F = a + bW) 

The two relationships are presented graphically in Figs. 11 and 12. 

As the data show, the highest fecundity is typical of Ch. gunnari from off South 

Georgia and Kerguelen Islands. When related to individual weight, those fish from the 

latter ground show even higher fecundities. This is the result of lower individual weights 

of the Kerguelen Islands Ch. gunnari as compared to the individuals caught in the Atlantic 

sector. 

The individuals caught off South Orkneys, South Shetlands, and Shag Rocks show a 
clearly lower fecundities. 

The results on the South Georgia Ch. gunnari fecundity obtained in this study are 

similar to those reported by Permitin (1973) and Kock (1979). 

Feeding intensity 

The intensity of feeding was assessed from observations on stomach fullness. The 

results are presented in Tables 19 and 20. Generally, a large proportion of individuals had 

empty stomachs. The most representative set of data, presented in Fig. 13, is that 

obtained off South Georgia, as it contains the highest number of observations collected 



Biology and taxonomy of Champsocephalus JY 

Stomach fullness of Ch. gunnari from various Atlantic 

Fishing 

ground 

S. Georgia

S. Georgia

L..-------

Shag Rocks 

S. Georgia

L-------

S. Orkneys

S. Georgia

L-------

Shag Rocks 

'-------

S. Orkneys

L_ ______ 

Elephant L 

L------

S. Shetlands

sector fishing grounds (
0 

/ 00 )

Month 
0 

III 870 

I 250 
II 370 
III 700 
IV 740 

IV 690 
--------

II 390 
III SOO 

V 220 

IX 570 
X 860 
I 450 
II 200 
III 520 
IV 410 

---- ----

II 150 
III 110 

XI 610 
XII 540 
I 130 
III 550 

---- ----

I 610 
III 800 

---- ----

XU 530 
II 180 
III 60 

--------

XI 570 
XII 270 
I 650 
II 250 
III 220 

--------

I 220 
II 100 
III 130 

Degree of stomach fullness 

1 

80 

160
240 
200 
170_
80 

----

180
240 
90 

250
60

160
300
270
340

----

230 
300 

330
210
290
250

----

300 
160 

----

320
300 
150 

----

260
380
90

380 
290 

----

330
290 
420 

2 3 

20 20 

220 170
220 60 
80 10 
so 10 

120 40
---- ----

160 60
180 50 
20 13 

100 60
10 40

210 90
160 240
160 40
140 70

---- ----

310 150 
300 180 

60 0
120 90
300 230
140 60

---- ----

90 0 
20 20 

--------

110 40
270 200 
200 320 

--------

90 I 70
150 170
90 150

240 120 
200 230 

---- ----

330 120
310 300 
190 220 

Table 19 

n 
4 

10 296 

200 303 
110 200 
10 304 
30 100 
70 97 

---- ----

210 100
30 100 
36 100 

: 

20 100
30 100
90 483

100 100
10 300
40 599

---- ----

160 1957 
110 1403 

0 100
40 200
50 100
0 459

---- ----

0 100 
0 100 

---- ----

0 299
50 200 

270 100 
---- ----

10 300
30 200
20 400
10 200 
60 200 

---- ----

0 203
0 199 

40 100 
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Degrees of stomach fullness: 

I
. 

0 

1- 2 

3-4 

Months: 01-12 

t'ig. 13. Feeding intensity of Ch. gunnari off South Georgia over the year 

over the longest period of time. The data show the lowest percentage of empty stomachs 

to be observed from December through February,i.e., in summer. 

Observations on the diel feeding cycle allow to suppose that the Antarctic icefish feed 

with a higher intensity in the afternoon and in the evening. 

length and age of Ck gunnari caught 

The length of the Antarctic icefish examined covered a wide range of values, from 12 

to 68 cm. The age range was also wide: the youngest individuals belonged to age group II 



Season 

1974/75 

1977/78 
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Stomach fullness of Ch. gunnari from various fishing 

grounds off Kerguelen Islands (Indian Ocean sector) (' / ) 

Fishing 

ground Month 

0 

Island shelf IV 430 
1-------- ---- ---

Skif Shoal IV 960 
1-------- ---- ----

Heard Shoal IV 520 

Island shelf XU 100 

I 30 
------- ---- ----

Heard Shoal I 640 

II 480 

00 

Degree of stomach fullness 

1 

210 
---

10 
----

250 

200 

200 
-- -

2 

110 
---

20 
----

60 

200 

300 ---1----
320 40 

250 
I 

uo 

3 

130 
---

10 
----

90 

330 

300 
----

0 

120 

41 

Table20 

n 

4 

120 155 
--- ----

0 200 
---- ---

80 299 

170 60 

170 30 
---- ----

0 25 

20 240 

(i.e., they were 2+ -yr-old). It was difficult to determine age in older individuals; 

therefore, when describing the age composition of the stocks, age group X was the 

limiting one. As most of the individuals could be allotted to this age range, it was 

considered sufficient for further analyses of stock fluctuations. The few older individuals 

attained up to 19 years of life. The fish length and age differed between the regions and 

between periods of observations. 

figs. 14-1 7 show length and age distributions of Ch. gunnari caught in various regions 

of the Atlantic sector. 

In 1975/1976 and 1976/1977, the South Georgia stock consisted mainly of large 

individuals belonging to older age groups. In the two subsequent seasons, owing to 

intensive fisheries, the stock was considerably younger, with age group HI individuals, 

recruited to the commercial stock and attaining the first maturity, prevailing. 

Off Shag Rocks, the Antarctic icefish stock consisted of younger age groups than that 

off South Georgia. 

In the South Orkneys region in 1977 /1978, the Antarctic icefish were caught off 

Laurie Island, in the eastern part. The stock composition was similar to that off South 

Georgia, with age group III prevailing. In the next season (1978/1979), the fishing 

operations were transferred to the western part, off Coronation Island. The stock 

exploited was older, age group V prevailing. 

Ch. gunnari caught off South Shetlands in 1978/1979 were older than those caught at 

that time off South Georgia. The stock present off Elephant Island was similar in its age 

structure to that occurring off South Orkneys, while that off King George Island was 
older. 
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Vig. 15. Length distribution and age composition of Ch. gunnari caught off Shag Rocks in 1977 and 1979 (generations denoted as in Fig. 14) 
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Fig. 18. Length distribution and age composition of Ch. gunnari caught off Kerguelen Islands in 1975 

and 1977 /7 8 (generations denott:Jd as in Fig. 14) 
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Fig. 18 presents length and age distributions of Ch .gunnari caught in the Indian Ocean 
sector of the Antarctica, off Kerguelen Islands. The .stock composition shows between
regions and between-seasons differences. 

Summing-up 

Champsocephalus gunnari Lonnberg, 1905 is one of the more important white-blood 
fish species in the Antarctica. Studies carried out in 1975-1979 proved the species 
presence in the following fishing grounds: 
- in the Indian Ocean sector of the Antarctica, off Kerguelen Islands;

a) on the Kerguelen Islands shelf,
b) on Skif Shoal, W of Kerguelen Islands,
c) on Heard Shoal, S of Kerguelen Islands,

- in the Atlantic sector of the Antarctica:
a) on the N�Jb�lfof-S-outlr6-eorgia,
b) off �}lag Rocks, W of South Georgia,
c) offSouth Orkneys,
d) off Elephant Island,
e) off South Shetlands.
Palmer Archipelago, located W of the Antarctic Peninsula, was the southernmost limit

of Ch. gunnari distribution in the Atlantic sectori The. fi.sh were being caught at depths 
down to 600 m; the best catches were made at about 300 m dept. 

To analyse in detail stocks from various fishing grounds, two meristics characters: 
verterbrae count and fin ray count were studied. 

Analysis of the first character showed. the Kerguelen Islands individuals to have the 
lowest vertebrae counts. Higher counts are typical of the Atlantic sector individuals, those 
caught in the southern grounds of the sector showing the highest counts. 

The fin ray count analysis (D2 and A are most suitable for the purpose) showed the
Kerguelen Islands Ch. gunnari to differ significantly from those of the Atlantic sector, 
while in the latter no significant differences existed between northern and southern 
fishing grounds in this respect. 

A number of biological features of the Antarctic icefish was studied, Growth analysis 
.was started from the description of otolith growth. A dear-cut relationship between 
oiolith size and fish total length was found. Otoliths of the Indian Ocean sector 
individuals were usually larger than otoliths collected from the Atlantic sector individuals 
of the same size. 

Moreover, in the Atlantic sector, otoliths collected off South Georgia and Shag Rocks 
were larger than those obtained from the southern fishing grounds. A linear equation fits 
the otolith sizefish length relationship pretty well, but logarithmic and parabolic curves 
describe th.e relationship more precisely. 

There are no between·sexes differences in body fongth growth. Up to age group IH, the 
fish grow relatively fast (about 7 cm a year); subsequently the growth rate slows down to 



48 Jozef Sosinski 

1 cm year in age group X. The lowest growth rate was found in the Antarctic icefish off 

Kerguelen Islands. Individuals from off South Georgia and Shag Rocks grow faster, while 

the highest growth rate is typical of those individuals caught from the southern grounds 

of the Atlantic sector. 

No between-sexes differences in weight were found between individuals of the same 

size. On the other hand, differences were found between individuals of the same length 

classes from various regions: the Kerguelen Islands individuals were lighter than those 

from the Atlantic sector. 

Ch. gunnari spawns in fjords and on shelves adjacent to islands, from March through 

May. Northern stocks attain maturity earlier in the year than southern stocks. Usually the 

first maturity is reached at body length of 23-27 cm. The smallest maturing individual 

measured 20 cm. The usual age at the first maturity is 4 years, although mature 3-yr-old 

individuals were being found as well. The gonad maturity analysis shows that adults do 

not spawn every year. Individual fecundity was found to range from 1700 to 17,338 eggs. 

Correlations were found to exist between individual fecundity and fish length and weight. 

The highest fecundity was typical of the individuals caught off South Georgia and 

Kerguelen Islands, while the fish caught in southern fishing grounds were less fecund. 

The Antarctic icefish feed with the highest intensity during the austral summer; the 

most intensive feeding coincides in time with gonad maturation. 

The materials examined encompassed individuals measuring 12-68 cm whose age 

ranged from group II to XIX, most fishes belonging to groups II-VIII. Length and age of 
the individuals caught in various fishing grounds differe.d; moreover, the parameters 

changed from season to season in the same fishing ground. Intensive fishery was found to 

bring about the rejuvenation of the Ch gunnari stocks. 

To conclude, the analysis of meristic characters allows to separate three groups of the 

Antarctic icefish stocks: 

1) from off Kerguelen Islands ( the Indian Ocean sector of the Antarctica),

2) from northern fishing grounds of the Atlantic sector (South Georgia, Shag Rocks),

3) from southern fishing grounds of the Atlantic sector (South Orkneys, Elephant Island,

South Shetlands).

Most biological features differ between the regions, too.

Using the commonly accepted criteria of the biological concept of the species (3) one

can assume, based on the significance of differences in meristic characters and variations 

in biological ones, that Ch. gunnari is a polytypic species composed of a number of 

allopatric populations. The populations occurring in the Atlantic sector differ from those 

of the Indian Ocean sector enough to treat them as separate subspecies. The Atlantic 

sector subspecies can be subdivided into two ecological races, northern and southern, 

with local stocks. 

The three groups of populations can be characterised by the following features: 

1. Ch. gunnari subspecies from the Indian Ocean sector (Kerguelen Islands):

mean vertebrae count 59.53; 

mean fin ray counts:D1 9.16, D2 36.42, P 27.00, A. 35.87;
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Otoliths (relative to fish length) larger than in other areas; slowest length growth; 
mean length of 26 .90 cm attained in the fourth year of life; 
body weight relative to length somewhat lower than in the Atlantic sector; 
spawning from March through May; in April 1975, individuals larger than 26 cm 
were ready to spawn; 
individual fecundity from 2000 to 10,645 eggs. 

2. Ch. gunnari subspecies of the Atlantic sector
a) northern race (South Georgia, Shag Rocks)

mean vertebrae count 61.27;
mean fin ray counts: D1 9.14, D2 38.28, P 26.95, A 37.52;
otoliths (relative to fish length) somewhat larger than in southern fishing grounds
and smaller than off Kerguelen Islands;
length growth rate higher than off Kerguelen Islands; mean length of 27.97 cm
attained in the fourth year of life;
smallest individuals measured 20 cm;
individual fecundity from 1700 to 17,338 eggs.

b) southern race (South Orkneys, Elephant Island, South Shetlands) mean vertebrae
count 62.01;
mean fin ray count: D

1 
9.50, D

2 
38.77, P 26.95, A 37.39;

otoliths (relative to fish length) somewhat smaller than in other regions;
fastest growth rate; mean length of 29.80 cm in the fourth year of life;
body weight relative to length similar to that in northern fishing grounds of the
Atlantic sector;
spawning from March through May, slightly delayed from that in northern fishing
grounds;
about 50% of all individuals reach first maturity at 32 cm length;
individual fecundity from 5169 to 11. 7 53 eggs.

CONCLUSIONS 

l. Champsocephalus gunnari Lonnberg, 1905 is a polytypis species. Populations
inhabiting the Indian Ocean and Atlantic sectors of the Antarctica form two separate
subspecies. The Atlantic sector subspecies can be subdivided into two ecological races,
northern and southern. The races consist of local stocks migrating from one fishing
ground to another.

2. Within 1976-1979, fisheries affected the Ch. gunnari resources in the Atlantic sector
by reducing the abundance of older individuals.

3. The minimum length of exploited Ch. gunnari, as one of the protective measures,
equal to the length at which about 50% of all individuals attain the first maturity,
should be set in the Atlantic sector at:
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24 cm. in northern fishing grounds (South Georgia, Shag Rocks) 
32 cm in southern fishing grounds (South Orkneys, Elephant Island, South 
Shetlands). 
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PEWNE DANE Z TAKSONOMII I BIOLOGII KERGULENY 
(CHAMPSOCEPHALUS GUNNAR/, LONNBERG 1905) 

STRESZCZENIE 

W wyniku przeprowadzonych badan w Jatach 1975-1979 zlokalizowano stada kerguleny w 
indyjskim sektorze Antarktyki w rejonie Wysp Kerguelena oraz w atlantyckim sektorze Antarktyki w 
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rejonach Georgii Pohldniowej, Orkadow Poludniowych i Szetlandow Poludniowych. Na podstawie 
analizy istotnosci roznic zbadanych cech merystycznych (liczba kn;gow i liczba promieni pletw) oraz 
zr6znicowania cech biologicznych przyjyto, ze kergulena jest gatunkiem · politypowym. Populacje 
wystypujijce w atlantyckim sektorze Antarktyki wykazuj!\ wystarczajijce roinice w stosunku do 
populacji wystypujiicych w indyjskim sektorze Antarktyki aby je wyodrybnic jako dwa osobne 
podgatunki. 

W obrybie podgatunku z atlantyckiego sektora Antarktyki mozna wyorybnic dwie rasy ekologiczne 
(pMnocnij i poludniow!\) z lokalnymi stadami. 

Te trzy wyodrybnione grupy populacji kerguleny charakteryzujij siy nastypUjijcymi cechami: 
1. Podgatunek kerguleny z indyjskiego sektora Antarktyki (Wyspy Kerguelena)

Ryby charakteryzuj!\ siy sredni!! liczbii krygow wynoSZ!\C!\ 59 ,5 3 oraz sredni11 liczb!\ promieni w
pletwach: D1 -9 ,16; D2 -36,42; P -27 ,00; A -35,87.

Otolity ich w stosunku do dlugosci ciala S!\ nieco wic,ksze od otolitow kergulen z innych.
rejonow. Wzrost dl:ugosci ciala jest stosunkowo najwolniejszy. W czwartym roku zycia wynosi
srednio 26,90 cm. Ciyzar ryb w odniesieniu do dlugosci ciala jest nieco mniejszy anizeli u kergulen
z atlantyckiego sektora Antarktyki. Tarlo odbywaj11 od marca do maja. Pfodnosc zbadanych ryb
wynosHa od 2 tys. do 10,6 tys. ziaren ikry.

2. Podgatunek kerguleny z atlantyckiego sektora Antarktyki
a) rasa polnocna (Georgia Poludniowa, Skal:y Shag)

Kerguleny z polnocnych lowisk atlantyckiego sektora Antarktyki charakteryzujlJ. siy sredni!!
liczbii krygow wynosz!\C!\ 61,27, oraz sredni!! liczb!\ promieni w pletwach: D1 -9 ,14; D2 -38,28;
P -26,95; A -37,52. 

Otolity w stosunku do wielkosci ryby S!! nieco wic,ksze od otolitow kergulen z lowisk 
pol:udniowych, zas mniejsze od otolitow kergulen z Wysp Kerguelena. Tempo wzrostu dlugosci ryb 
jest wiyksze od tempa wzrostu kergulen z Wysp Kerguelena. W czwartym roku :i:ycia osi11gajl! 
srednio 27 ,97 cm. Ciyiar ryb ·w odniesieniu do dlugosci ciala jest nieco wiykszy ani:i:eli u kergulen 
z Wysp Kerguelena. Tarlo odbywajij od marca do maja. Pierwszy raz przystypUj<! do tarla przy 
dlugosci okolo 24 cm. Najmniejsze dojrzale osobniki mialy dlugosc 20 cm. Pl:odnosc zbadanych 
ryb wynosHa od 1,7 tys. do 17 ,3 tys. ziaren ikry. 
b) rasa pofodniowa (Orkady Poludniowe, Wyspa Elephant, Szetlandy Pol:udniowe).

Ryby charakteryzuj<1 siy sredniii liczb<1 krygow wynosziicii 62,01, oraz sredniii liczbii promieni w
pletwach:D1 -9,50;D2 -38,77;P-26,95;A-37,39.

Oto!ity w stosunku do wielkosci ryb Sll nieco mniejsze od otolitow kergulen z innych rejonow. 
Tempo wzrostu jest najszybsze. W czwartym roku zycia ryby osil!gajii srednio 29 ,80 cm dlugosci. 
Ciyzar ryb w odniesieniu do dl:ugosci ciala jest podobny jak u kergulen z polnocnych lowisk. 
Tado odbywajlj od marca do maja z tym, ze odbywaj<1 siy one nieco poiniej niz u kergulen z 
fowisk bardziej polnocnych. Okol:o 50% ryb osi!!ga pierwsz� dojrzal'osc pkiowlj przy dlugosci 
cial:a 32 cm. Pfodnosc zbadanych ryb wynosila od 5 ,2 tys. do 11,7 tys. ziaren ikry. 

Na fowiskach wystypowal:y osobniki dlugosci 12-68 cm. Rozpii.:tosc wieku wynosil:a od II do 
XIX gtupy wieku. Wiykszosc zbadanych ryb naleial:a od II do VHI grupy. Dlugosc i wiek kergulen 
fowionych na poszczegolnych lowiskach byl:y rozne. Rowniez na danym lowisku zmienial:y siy w 
kolejnych latach badan. Stwierdzono, ze intensywne rybol:6wstwo wplynyfo na odmlodzenie stad 
kergulen. 
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�AHH.flE O TAKCOHOMMM M BMO�orMM JIE�HHOrl PhIBH 
(CHAMPSOCEPHALUS GUNNARI. LONNBERG 1905) 

P e s 10 M e 

B pesy�hTaTe HCC�e�oBaHHil, npOBO'AHMhIX B 1975-

-1979 rr. onpe�e�eHhl M8CTa CKOIT�eHHH CTa,IJ; �e�HHOH 

phlOhl B HHAllZCKOM ceKTOpe AHTapKTHKH B pailoHe oc

TpOBOB Kepr eReH, a TaK�e B aTRaHTHqecKOM ceKTO

pe llliTapKTHKH B panoHe MKHOH reoprHH, MKHhlX OpK

HeeB H lO>KHhIX illeTRaH�OB. Ha OCHOBe 8H8JIM3a cyme

CTB€HHhIX pas�Hqllz HCC�eAyeMhlX MepHCTHqecKMX qepT 

(KO�HqecTBO IT03BOHKOB j KO�HqecTBO �yqefi)
j 

a TaK

�e HeO�Hopo�HOCTH qepT OHO�OrHqecKMX,npHHHTO cqH

TaTh Re�HRylO phl6y Bll�OM TIO�HTHTIOBhIM.Ilony�R�MH,o6H

TaIO�He B aTRaHTHqecKOM ceKTope ARTapKTHKH OOHapy

�HBaIOT �OcTaToqHoe KORHqecTBO pa3AHqHH no OTHOIDe

HHID K nony�H�HHM HH�HliCKOro ceKTOpa AHTapKTMKH 

�AR Toro, qTQOhl MX Bhl�e�HTh KaK ,Il;Ba CaMOCTORT e�h

HbIX ITO,Il;BH�ao 

y TIO,Il;BM,Il;a aT�aHTHqecKoro ceKTOpa Afl:TapKTM,Il;hl MO�� 

HO B CBOID oqepe�b Bh!,Il;e�HTh ,Il;Be 3KO�OrHqecKHe pa-

Chl (ceBepHyID H ID�Hyro) C �OKBJihHbIMH CTa,TI;aMH. 

3TH TpH BbI,Il,e�eHHhle rpynnhl rrorry�R�Hll �8,Il;RHOM phl

Ohl xapaKTepH3YIDTCH CRe�yro�HMH qepTaMH: 

1. Tio,n;BH,Il; �e�RHOM pHOhl H3 HH,Il;HHCKOro ceKTOpa AH

TapKTHKM (ocTpOBa KepreAeH). 

PhlOH xapaKTepH3yIDTCR cpe�HHM KO�HqecTBOM no-

3BOHKOB, COCTaB�RID�HM 59,53, a TaK�e cpe,n;HHM KO

�HqecTBOM �yqen n�aBHHKOB: D1 - 9,16; 
D2 

-36,42;

P - 27,00; A - 35,87. 
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Hx OTOJIHThl no OTHOmeHHID K )J.JIBHe TeJia OOJibme OTO-

JIBTOB JI8)J..f:IHOH phlOhl .n.pyrBX paP.toHOB, PocT )J.JIBHbI 

TeJia OTHOCBT8JibHO M8,JJ.JieHHhlH. B B03pacTe 4 JieT co

cTaBJIHeT B cpe,JJ.HeM 26,90 CM. Bee pbIO no OTHomeHfilO 

K )J.JIBHe TeJia M8HbillBli qeM y JI8)J..f:IHOM PhlOhl aTJiaH

TBqecKoro ceKTopa AfITapKTBKB. HepecT c MapTa no 

Mallo Ilrro,n;OBBTOCTb BCCJI8)J.OBaHHbIX pbIO COCTaBJIHJia 

OT 2 TbIC. )J.O 10,6 ThlCe BKpBHOK. 

2. Ilo,JJ.BB)J. JI8)J..f:IHOH pbIObI aTJiaHTBqecKoro ceKTopa AH

TapKTBKB 

a) ceBepHaH paca

(KbKHaH reoprBH, CK�hl illar).

ne.n.eHaH pbI6a CeBepHbIX panOHOB npOMbICJia aTJiaHTB

qeCKoro ceKTOpa AfITapKTBKB xapaKTepB3yeTC.f:I cpe.n.

HBM KOJIBqeCTBOM no3BOHKOB - 61,27,. a TalOKe cpe.n.

HHM KOJIBqeCTBOM JiyqeH B nJiaBHHKax: 

o
1 

- 9,14; o
2 

- 38,28; P - 26,95; A - 37,52. 

0TOJIBTbI no OTHOfil8HBID K B8JIHqBH8 phl6 OOJibill8 qeM 

y OTOJIHTOB JI8)J..f:IHOH pbIObI ID�HhlX paHOHOB npOMbICJia,HO 

MeHbme OTOJIHTOB JI8,Il;.f:IHOH phlOhl C OCTpOBOB KepreJieH. 

TeMn pocTa )J.JIHHbI phl6 OOJibme TeMna pocTa JI8,Il;£HOH 

pbIOhl C OCTPOBOB KepreJieH. B B03pacTe 4 JI8T ,Il;OCTB

raroT cpe,n;HeH ,Il;JIHHbI 27,97 CM. 0THOill8HH8 Beca TeJia 

K ,n;JIHHe OOJibme, qeM y ne,n;eHon pbI6bI c ocTpoBoB Kep-

reJieH. HepecT C MapTa ITO Ma:tl:. IIepBhlH HepecT rrpH 

)l;JIBHe OKOJIO 24 CM. �JIBHa HaHM8HbillHX nOJIOB03p8JihlX 

oco6eH cocTaBJI.f:I8T 20 CM. IlJIO)J.OBHTOCTb HCCJI8)J.OBaH

l{bIX pbIO COCTaBHJia 1,7 ThlC. )J.O 17,3 TbIC. HKpHHOK. 

6) ro�HaH pace.

(Kl�Hbl8 0pKH8H 7 0-B 0JiernaH, .!L'.lr::Hbl8 w8TJiaE,Il;b!).
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PhIOhl xapaKTepH30Ba.JXHCb cpeAHHM KOJm:i::recTBOM no-

3BOHKOB - 62,01, a TaK>Ke cpeAHHM KO�Hi::recTBOM JIY

i::reil: B ITJiaBHHKax: 

.,
D

l 
- 9,50; 

o2 
- 38,77; P - 26,95; A - 37,39. 

0TOJIHThl no OTHOilleHHID K BeJIHi::rHHe phl6hl MeHbme, 

i::reM OTOJIHThl JieARHOii phl6hl APYrHx panoHoB. TeMn po

cTa CaMhlM BhICOKHM. B B03pacTe 4 JieT )J;OCTHraIDT 

cpe.n;HeM )J;JIHHhl 29,80 CM. 0THOilleHHe Beca TeJia K 

AJIHHe - TaKoe Ee KaJC H y  JieARHOM phl6hl 

pali:OHOB npOMhlCJia. Hepec T C Map Ta no Ma:i:i' 

ceBepHhlX 

C TeM 

TOJibKO, i::rTO OH npOHCXO)J;HT HeCKOJibKO IT03AHee, i::reM 

y JieARHOM phlOhl c 6oJiee ceBepHhlX paHOHOB npOMhlCJia. 

0KOJIO 50% pbIO )J;OCTHraeT ITOJIOB03peJIOCTH npn )J;JIH

He TeJia 32 CM. TIJIO)J;OBHTOCTb HCCJie.n;yeMhlX phl6 - OT 

5,2 ThlC. )J;O 11,7 ThlCo HKpHHOK. 

Ha MecTax npOMhlCJia BCTpei::rMHCb OCOOH )J;JIHHOM 12-

-68 CM. Ilo BospacTy pacnpe.n;eJIRJIHCb OT II .n;o XIX

BOspacTHhlX rpynn. Eo�billHHCTBO HCCJie)J;OBaHHhlX phl6 

np1ma.n;JieEMO II - VIII BospacTHhlM rpynnaM. ,Il;JIH

Ha H B03pacT Jie.D;RHOM phlOhl, BhIJIOBJieHHOH Ha Bhl

meyKa3aHHhlX MeCTax npOMhlCJia OhIJIH pa3HhlMH. 3TH �e 

rrapaMeTphl MeHRJIHCb B orrpe.n;eJISHHhlX pali:oHax: npoMhl-

Jie T. .II;oKas aHO' i::rTO HH-

TeHCHBHOCTb phlOO�OBCTBa ITOB�HH�a Ha OMO��HBaHHe 

CTa)J; �e)l;RHOM phl6hl. 
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