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I. Introduction. 

On the 4th October 1930 the research vessel "Norvegia", under 
the command of Major GUNNAR ISACHSEN, left Cape Town to com

mence her journey round the Antarctic Continent. On the 14th October 
she passed Bouvet Island and proceeded thence to the Eastward, past 
Kerguelen, through the Ross Sea, Bellinghausen Sea and the Weddel 
Sea. In March 1931 she went back to Bouvet. 

The aim of this expedition was partly to enquire into the occurrence 
of whales, mark whales, collect plankton and hydrographie material 
and at the same time make a number of geographical observations. 
In all 31 biological stations were taken on this expedition and a part of 
the material which was collected has already been elaborated by RUSTAD 

(1934). In the present paper an account will be given of the information 
which has been gained during the elaboration of the copepod rnaterial. 

The usual method adopted in the elaboration of such plankton 
material has not been used. The great majority of species of copepods 
in the Antarctic are already known from a number of publications 
(Brady 1883, Giesbrecht 1902, Wolfenden 191 1, Farren 1929, and others). 
No reason, therefore, has been found for elaborating the material 
with the object of finding new species although, naturally, in sifting the 
samples this question also has not been lost sight of. The nature of 
the task has been a study of the biology of some individual species, 
their distribution, quantitative occurrence and the renewal of the stock 
in relation to the hydrographie conditions. In our opinion this is now 
a much more important problem. 

The biology of the Antarctic copepods is still very little known. 
It is only in recent years that the Antarctic Ocean has formed the 
subject of more systematic research. Many difficulties arise owing to 
a lack of complete knowledge of the hydrographical conditions, the 
circulation of the water masses, etc. Moreover, a material such as that 
which has been at our disposal is very unsatisfactory. The stations 
are spread over a very great expanse of sea and there has been no 
opportunity to watch developments at one and the same place for any 
length of time. Nevertheless, it has been possible to draw certain 
conclusions. 
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During the elaboration of the material I have received invaluable 
help from Professor JOHAN HJORT, Dr. JOHAN T . RUUD, Cand. real. 
JENS EGGVIN and Dr. Hj. BROCH. I avail myself, therefore, of this 
opportunity to express my gratitude to these gentlemen. 

Material and Methods. 

During the "Norvegia" expedition of 1930—31 31 biological stations 
in all were taken with vertical hauls in various depths. As a rule 
vertical hauls were made from 50 m to the surface, from 100 to 50 m, 
from 200 to 100 m, from 300 to 200 m, from 400 to 300 m, and at 
some stations from 500 to 400 m and even deeper. The vertical hauls 
were made with a standard plankton-net. The net which was used has 
been described by RUSTAD (1930, p. 5). The samples were fixed in 
7 per cent formalin. 

As a rule the catches were very small. The number of individuals 
of the various species was therefore determined by total enumeration. 
Some catches were so large that total enumeration called for too much 
time and in these cases the number of individuals was determined with 
the aid of the gravimetric method introduced by HJORT and RUUD 
(1927). The length measurements were taken by means of a Leitz 
microscope objective No. 3 without front lens and ocular No. 2 with 
built-in moveable micrometer. 

The four species Calanus acutas GIESBRECHT, Calanus propinquus 
BRADY, Rhincalanus gigas BRADY (/?. grandis WOLFENDEN) and Me-
tridia gerlachei GIESBRECHT are those which occur most frequently in 
the samples. These are the species which have been made the subject 
of investigation. 

When the distribution of the species is to be investigated it is of 
greatest importance to have means of differentiating between the various 
copepodite stages. In the case of the two species of Calanus the scheme 
which long ago was drawn up for C. finmarchicus GUNN. (Gran 1902, 
Damas 1905, Paulsen 1906, Lebour 1916) was used. This scheme is 
so well-known that there is no reason to recapitulate it here. As regards 
R. gigas the scheme drawn up by P. H. SCHMAUS (Lehnhofer 1927) 
has been used. 

To determine the number of the various stages of M. gerlachei 
the method of measurement previously described (Ottestad 1932) has 
been used, but the following scheme may nevertheless be of assistance 
during the counting: 

stage I has 4 pair of legs and 2 abdominal segments. 
» 11 » 5 » » » » 2 » » 
» III » 5 » » » » 3 » » 

» IV ? c/ » 5 » •> » » 4 
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Fig. 1 The position of the biological stations of "Norvegia" 1930-1931. 

Stage V Î a" has 5 pair of legs and 4 abdominal segments. 
» VI ? >̂  5 >' » » * 3 

VI cf » 5 » » » » 5 

Sex dimorphism in regard to 5th pair of legs is found from and 
including Stage IV. 

It will be seen that by means of this scheme it is possible to 
differentiate between all copepodite stages except between IV. and V., 
both of which have 5 pair of legs and 4 abdominal segments. No 
morphological difference, which is so apparent that it can be used during 
the analysis, has been found between these two stages. These two stages, 
however, can easily be distinguished the one from the other by means 
of length of céphalothorax. Stage IV. has a céphalothorax between 4 2 
and 4.8 and Stage V. a céphalothorax between 5 0 and 5.6 measured 
in a Leitz microscope, objective No. 3 without front lens and ocular 
No. 2. The enlargement is thus 5.7 = 2 mm. Re-calculated we find, in 
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Other words, that in Stage IV. the céphalothorax measures between 
1.4 and 1.7 mm and in Stage V. between 1.7 and 2.0 mm. With a little 
practice this difference in size can be observed without the use of a 
measuring apparatus. 

In sifting the material regard has only been paid to these stages 
(I.—VI.). Nauplii and eggs occur in a number of samples, but it has 
not been possible to determine these according to species. This, how
ever, is, on the whole, of minor importance in the actual analysis of 
the stock, inasmuch as the eggs and the nauplii are hardly present in 
representative numbers. 

II. Hydrography. 

The hydrographie material which was collected during the "Nor-
vegia" expedition of 1930—31 is in process of elaboration and the 
results will be published by EGGVIN at a later date. In the following 
account of the hydrographical conditions the object, therefore, is merely 
to report the facts which are of importance for the subsequent presentment 
of the biological conditions. 

The expedition's stations were spread over a very great area (vide 
Fig. 1) and were taken at very different periods of the Antarctic summer. 
The first stations, east of Kerguelen, were taken in the latter half of 
November, the last in the Weddell Sea in the latter half of January. 
The hydrographical conditions at one and the same place will naturally 
have changed very much during the course of such a long period (vide 
Deacon 1933). When, however, it is a question of such a great area 
of sea as in this case, the hydrographical conditions at a particular station 
will be more characterised by its proximity to the ice than by the season 
of the year. For this reason we find, for example, winter conditions 
at Station 46, which was taken as late as January 22nd. The same 
applies to biological conditions as will be shown later. It is, however, 
of the very greatest importance to be able to determine whether a station 
has been taken in an Antarctic or sub-Antarctic area. The border-line 
between these areas of sea, the Antarctic convergence or polar front, 
is variously situated in the various areas of the Antarctic Ocean. According 
to the investigations of recent years (vide Sverdrup 1933) it lies in the 
Atlantic and Indian Oceans at about 50° S, whereas, in Bellinghausen 
Sea it runs at about 60° S. 

In the sub-Antarctic waters we find in the surface layer higher 
temperatures and greater salinity than in the Antarctic waters. Further, 
the sub-Antarctic surface water is deeper than the Antarctic and for 
this reason the rapid rise in temperature and salinity it not found in 
a depth of about 200 m as in the Antarctic waters. The main discussion 
below will be concerned with the temperature at the various stations. 
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Fig. 2. The variation of the 
temperature with depth at 

Stations 5, 7, and 13. 

Fig. 3. The variation of the tem
perature with depth at Stations 

19, 20, 22, and 24. 

The great majority of the "Norvegia" expedition's stations lie in 
Antarctic waters. At these stations we find a rapid increase in temper
ature and salinity as a rule between 100 and 300 metres. In the surface 
layer the temperature is generally negative and the salinity below 
34 o/oo. This thus applies to the stations taken in the area between 
Kerguelen and Ross Sea (5—18). Figure 2 shows the temperature at 
three of these stations. At Station 5 we find negative temperatures 
from the surface down to about 230 metres. The salinity rises gradually 
from 33.6'̂ 'ou in the surface layer to 34.35 ̂ /oo at a depth of 300 metres. 
At Station 13 we find negative temperatures from the surface down 
to about 100 metres and at Station 7 the temperature is slightly above 
0° down to about 100 metres. At both these stations there is a rapid 
rise both in temperature and salinity between 100 and 300 metres. 
We find similar conditions at the other stations in this area. It is of 
interest to point out that Station 7, which stands out from the others 
by reason of the high temperature in the surface layer, is the only 
station taken in the open sea, whereas the others were taken close 
to the pack ice. 
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Fig. 4. The variation of the temper
ature with depth at Stations 27, 28. 

34, and 38. 

Fig 5 The variation of the 
temperature with depth at Sta

tions 41, 42, 46, and 48. 

We find entirely different conditions at the following four stations 
(19, 20, 22, and 24). These stations were taken in the open sea. At 
all stations we find positive temperatures at all depths except in the 
case of Station 24, where, between 60 and 95 metres (vide Fig. 3), 
there are negative temperatures. If we disregard this station we find 
no noteworthy rise in the temperature towards the depth. The same 
applies to salinity. At Stations 19 and 20 the salinity in the surface 
layer approaches 34 °/oo and it rises gradually to 34.3 "/oo at 400 m. 
At Station 24 the temperature rises from 0° at 95 m to + 2° at 300 m. 
Salinity also rises much more rapidly at this station than at the others. 
In the surface layer it is approximately 34 ^ oo, at 100 m 34.25 o oo, 
at 300 m 34.55 "'oo and at 400 m 34.65 " oo. Station 22 takes an inter
mediate position as regards both temperature and salinity. The inter
pretation put upon this is that Stations 19 and 20 are sub-Antarctic 
and Stations 22 and 24 Antarctic situated near to, or possibly within, 
the convergence area itself. 



ON ANTARCTIC COPEPODS ' 1 1 

Of the stations in Bellinghausen Sea 26 and 27 are sub-Antarctic while 
the remainder (28—39) are Antarctic stations where the surface layer 
is more or less warmed. It will be seen from Fig. 4 that at Station 27 
there are positive temperatures at all depths and there is no increase 
from the surface towards the depth. The same applies to Station 26. 
At the other stations there is everywhere a marked rise in the tem
perature towards the depth. In the surface layer there are either 
negative temperatures, as at Stations 34 and 38, or the surface layer 
may be considerably warmed as in the case of Station 28. The Ant
arctic convergence is here found between Stations 27 and 28. 

The temperature at the three stations which are taken northeast 
of S. Orkney (41, 42, and 43) and at the four stations taken in the 
Weddell Sea will be seen from Fig. 5. These stations are all Antarctic, 
but the surface layer may be considerably warm as at Station 41. 
At the last-mentioned station we find positive temperatures at all depths. 
The surface at Station 42 is also very warm. 

III. The Horizontal Distribution. 

MACKINTOSH (1934) has succeeded in distinguishing between several 
faunistically different areas in the Atlantic sector of the Antarctic. He 
only had surface samples at his disposal, but his material is very large, 
many stations spread over the field of investigation. The material at 
our disposal is, in comparison, very small and the stations are spread 
over a very great area of sea. It, therefore, is plain that we have not 
sufficient material to present a clear picture of the copepod fauna in Ant
arctic. We have accordingly confined our investigation to a consideration 
of the relationship between the quantity of the four species C. acutus, 
C. propinquus. R. gigas and M. gerlachei. 

In Table 1 the number of individuals of these four species at the 
various stations is indicated. The figures relate to the total of the vertical 
hauls. It will be seen that the vertical hauls were not taken down to 
the same depth at all stations. At the majority of stations the hauls 
were taken down to 400 metres, at some to 500 metres, and at three 
only down to 300 metres. In the case of Station 42 the haul from 
200 to 100 metres is lacking and in that of station 46 the haul from 
300 to 200 metres. 

It will be seen from this table that the number of individuals of 
the particular species varies very greatly from station to station. C. acutus 
is most abundantly represented at Stations 5, 8, 22, and 28. Similar 
conditions are found in the case of C. propinquus, but this species 
does not occur at Stations 19 and 20. R. gigas is most abundantly 
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Table 1. 
The Individual Number of the Species at the Various Stations. 

Station 
No. 

5 
6 
7 
8 

10 
11 
13 
14 
16 
18 
19 
20 
22 
24 
27 
28 
31 
34 
37 
38 
41 
42 
43 
46 
47 
48 

Date 

1't/il 
18/11 
18/11 
20/, 1 

27 11 
2 9 , 1 

2/12 
4 1 2 
6/12 
9/12 

12,12 
I*'l2 
20/12 
2 2 , 2 

29,12 
3 0 , 2 

2/1 
3,1 

•*n 
S/l 

n/1 
18/1 
19,1 

2 2 , 
23,1 
24/1 

Haul 

4 C 0 - 0 
3 0 0 - 0 
4 0 0 - 0 
4 0 0 - 0 
3 0 0 - 0 
4 0 0 - 0 
400—0 
4 0 0 - 0 
4 0 0 - 0 
4 0 0 - 0 
4 0 0 - 0 
4 0 0 - 0 
4 0 0 - 0 
4 0 0 - 0 
5 0 0 - 0 
5 0 0 - 0 
5 0 0 - 0 
5 0 0 - 0 
4 0 0 - 0 
5 0 0 - 0 
5 0 0 - 0 
5 0 0 - 0 
4 0 0 - 0 
4 0 0 - 0 
4 0 0 - 0 
3 0 0 - 0 

C. acutus 

1942 
175 
800 

1298 
85 

321 
131 
25 
44 

278 
8 

10 
1127 
358 
279 

1050 
43 

133 
18 

124 
303 
154 
454 
986 
201 
251 

C. propin
quus 

166 
53 

293 
101 

7 
23 

5 
3 
4 

26 
0 
0 

425 
72 

111 
147 • 

8 
60 
22 
21 
72 

7 
48 
85 
12 
21 

R. gigas 

1494 
49 

287 
1598 

51 
103 
348 

82 
31 
63 
69 
58 

429 
95 

517 
357 
188 
328 
486 
946 

15 
19 
54 
38 

173 
214 

M. gerlachei 

0 
50 
59 

186 
23 

117 
31 
13 
67 
20 

0 
27 

171 
62 
94 
56 

2 
10 

1 
23 

139 
211 
528 
134 
21 
19 

represented at Stations 5 and 8 and appears in large quantities at the 
stations in the Bellinghausen Sea. M. gerlachei is not found at Stations 5 
and 19. It is found in greatest abundance at Stations 8, 11 and 22 and 
at the three stations (41, 42, and 43) in the Scotia Sea. 

The number of individuals of a species, however, is of little interest 
biologically. This number is, namely, dependent upon several circum
stances which must be made plain before a comparison is justifiable. 
Thus the number of individuals of a copepod species is dependent upon 
the composition of the stock in stages, and this in turn on the hydro-
graphical situation. The figures which are set forth in Table 1, therefore, 
are not comparable in any other sense than that they give a picture 
of the actual density. For this reason the difference between the number 
of individuals of C. acutus at stations 6 and 7 is, biologically, of little 
interest, because the stock at Station 6 is composed of Stages IV., V. 
and VI, while at Station 7 also Stages I., II. and III. occur in great 
quantities. However, it is naturally of some interest that M. gerlachei 
does not occur at all at Station 5 where the other three species are 
so richly represented. It is also of interest that C. propinquus does 
not occur at the two sub-Antarctic Stations 19 and 20. Nor does 
M. gerlachei occur at Station 19. 
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Table 2. 
The Absolute and Relative Number of Individuals in stages IV, V and 
VI of C. acutus, C. propinquus, R. gigas and M. gerlachei. See text. 

Station 

5 
6 
7 
8 
10 
11 
13 
14 
16 
18 
24 
27 
28 
31 
34 
38 
41 
42 
43 
46 
47 
48 

C. a 

Abs. 

1942 
175 
305 
1295 
85 
321 
131 
25 
44 
277 
54 
214 
100 
43 
56 
121 
44 
148 
352 
986 
201 
251 

outus 

Rel. 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

C propinquus 

Abs. 

166 
44 
12 
85 
7 
19 
5 
2 
3 
26 
8 
15 
52 
3 
1 
4 
4 
3 
25 
76 
3 
13 

Rel. 

9 
25 
4 
7 
8 
6 
4 
8 
7 
9 
15 
7 
52 
7 
2 
3 
9 
2 
7 
8 
2 
5 

R. gigas 

Abs. 

443 
42 
275 
1098 

39 
65 
239 
72 
21 
55 
30 
340 
275 
180 
295 
815 
15 
19 
38 
19 
150 
149 

Rel. 

23 
24 
90 
85 
45 
20 
182 
288 
48 
70 
56 
159 
275 
419 
527 
674 
34 
13 
11 
2 
77 
59 

M. gerlachei 

Abs. 

-
165 
. 

116 
-
13 
66 

7 
-
14 
2 
10 
23 
37 
121 
268 
124 
21 
19 

Rel. 

-
. 
13 
. 
36 
-
52 
150 
-
13 

14 
5 
18 
19 
84 
82 
76 
13 
10 
8 

If the number of individuals of two species are to be compared 
or the number of individuals of one and the same species at two or 
more different stations, the composition in stages must also be taken 
into consideration. This, however, is not always a simple matter. For 
the two species of Calanus the rule is that the three last stages (IV., 
V. and VI.) represent the groups which have wintered while the three 
first stages (I., II. and III.) represent the summer generation. There 
are, however, deviations from this rule. In the meantime, with the 
material at our disposal, it is not possible to enter more closely into 
the matter than when we compare the number of individuals of the 
three last stages of the four species. The composition in stages is 
then available as a check. 

In Table 2 are indicated the numbers of individuals of the four 
species in Stages IV., V., and VI. To obtain a picture of the ratio between 
the number of individuals of the four species in order thereby to be 
able to prove faunistic differences between the various areas an indi
cation has been given in the same table of the quantity of C. pro
pinquus, R. gigas and M. gerlachei in proportion to the quantity of 
C. acutus (100). 

From this it will be seen that the ratio between the quantity of 
C. propinquus and C. acutus is very nearly the same everywhere. 
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If Stations 6, 24 and 28 are disregarded, it will be found that C. pro-
pinquus is represented by from 2—9 individuals for every hundred 
of C. acutus. At Stations 24 and 28 Stage IV. in any case belongs 
partly to the summer generation, both as regards C. acutus and 
C. propinquus. It is undoubtedly this which causes the deviation in the 
quantitative ratio between the two species at these stations. Unfortunately 
no definite opinion can be expressed as to the cause of the high relative 
figure of individuals for C. propinquus at Station 6, but the composition 
in stages for the two species is different. Nevertheless, it may be said 
that, on the whole, in spite of these deviations, the ratio between the 
quantity of the two Calanus species is remarkably constant and there 
is nothing which can justify the assumption that this ratio varies in 
the different areas of the Antarctic Ocean. 

The matter is quite otherwise in regard to the relative figure of 
individuals of R. gigas. In the area between Kerguelen and the Ross 
Sea (Stations 5—18) R. gigas occurs alternately more or less abundantly 
than C. acutus. It is, however, only more abundant than C. acutus at 
Stations 13 and 14. Otherwise we find from 20—90 individuals of 
R. gigas for every hundred of C. acutus. What, however, is of greater 
interest is the relative abundance of R. gigas in the Bellinghausen 
Sea. At all stations in this area R. gigas is more abundant than C. acutus. 
It appears as if the relative number of individuals of R. gigas is on 
the increase from west to east. There is no corresponding increase, 
however, in the absolute number of individuals, (Table 2), although 
the most easterly station (38) has the greatest number. That the relative 
figure is as small as it is at Stations 27 and 28 can, in addition, only be 
due to the composition in stages of C. acutus. As will later be seen 
Stage IV., of C. acutus at these stations belongs, in any case, to the 
new generation and not to the winter generation. However this may 
be the great number of individuals of R. gigas in proportion to C. acutus 
in the Bellinghausen Sea is very striking. In the Scotia.Sea and the Wed-
dell Sea C. acutus is, on the other hand, more numerous at all stations 
(41—48) than R. gigas. Whereas in the Bellinghausen Sea up to seven 
times as many individuals of R. gigas as C. acutus are found, the latter 
is everywhere more numerous in the Weddell Sea than the former. 

If, in conclusion, we consider the ratio between the number of 
individuals of M. gerlachei and C. acutus, we shall see that, with a 
single exception, the latter is richer in individuals. The one exception 
is Station 16 where the number of individuals of C. acutus is very 
small. The material from the area between Kerguelen and the Ross 
Sea has not been analysed to stages for all stations as far as M. ger
lachei is concerned. It is, therefore, difficult to present a clear picture 
of the ratio between the quantity of the two species. We observe that 
this ratio varies very greatly, inasmuch as to 100 individuals of C. acutus 
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we find from 13 up to 150 of M. gerlachei. In the case of Belling-
hausen Sea, Scotia Sea and the Weddeil Sea, however, we obtain a 
very clear idea of this ratio. Thus, we see that there is an enormous 
difference in the relative number of individuals of M. gerlachei in 
Bellinghausen Sea and at Stations 46, 47, and 48 in the Weddeil Sea on 
the one hand and at Stations 41, 42, and 43 in the Scotia Sea on the other. 
Whereas in Bellinghausen Sea and at Stations 46, 47, and 48 we find 
for each 100 individuals of C. acutus from 5 to 19 of M. gerlachei, 
the latter at Stations 41, 42, and 43 is almost as numerous as C. acutus. 
At these stations we find for every hundred C. acutus 84, 82, and 76 
individuals of M. gerlachei. Stations 41, 42 and 43 were taken in the 
vicinity of S. Orkney whereas Station 46 was taken in the neighbourhood 
of S. Sandwich. MACKINTOSH (1934) emphasises also the abundant 
occurrence of M. gerlachei in the waters around S. Orkney and he 
remarks that "Possibly its method of reproduction is in some way 
associated with the bottom or with the conditions found in shoal waters". 
We shall return to this later. Here we will merely emphasise the both 
absolute and relatively great figure of individuals of M. gerlachei in 
this area in contrast to the Bellinghausen Sea and the stations in the 
Weddeil Sea. 

IV. The Vertical Distribution. 

As a basis for an investigation of the vertical distribution of the 
various species tables can be set up of the number of individuals in 
the various vertical hauls. During the "Norvegia" expedition vertical 
plankton hauls were taken as a rule from 50 m to the surface from 
100 m to 50 m, from 200 m to 100 m, from 300 m to 200 m, from 
400 m to 300 m and at some stations from 500 m to 400 m and 
even deeper. 

In the case of vertical distribution of plankton organisms many 
investigators attach very great importance to the vertical migration. This 
is also necessary where it is a question of distribution in the surface 
layer. Where, however, there is such rough division of the water 
masses as in this case there is certainly no reason to attach any 
great importance to these migrations. 

As regards the species which we are to consider below, it is only 
M. gerlachei which makes characteristically vertical migations, while 
C. acutus, C. propinquus and R. gigas make, practically speaking, no 
diurnal migrations (Mackintosh 1934). But, in any event, the stations 
also are comparable as far as M. gerlachei is concerned, because all 
were taken at the same time of the day. 

On the other hand there are other circumstances which must be 
taken into consideration. First and foremost that the various copepodite 
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stages of a species may have a different vertical distribution, for which 
reason the composition of the stock in stages must be observed. In 
this connection we shall show that the stages of C. acutus are differently 
distributed in the vertical hauls. Table 3 shows the vertical distribution 
of this species at Station 7. From thi^ it will be seen that the cope-
podite Stage I. is only found above 50 m. Stages II. and III. are also 
found in the haul from 100 m to 50 m, but in small numbers in 
proportion to the quantity in the uppermost haul. Stages V. and VI. 
on the other hand are distributed right from the surface down to 400 m. 

Table 3. 
The Number of Individuals of the Various Stages of C. acutus 

in the Various Vertical Hauls. Station 7. 

Vertical Haul 

50— 0 m 
100— 50 m 
200—100 m 
300—200 m 
4 0 0 - 3 0 0 m 

1 

252 
0 
0 
0 
0 

II 

198 
3 
0 
0 
0 

Copepodite 

m 

36 
6 
0 
0 
0 

IV 

0 
3 
0 
0 
0 

Stage 

V 

27 
99 
61 
65 
17 

VI 

9 
18 
3 
2 
1 

Total 

522 
129 
64 
67 
18 

From this it will be seen that the different stages of C. acutus 
have an essentially different vertical distribution. Therefore, the com
position in stages must also be paid attention to when the vertical 
distribution of this species at different stations is to be compared. 
Both on account of this different vertical distribution, and because 
Stages I., II,. and III. on the one hand and Stages IV., V. and VI. on the 
other in these Antarctic areas in the spring and throughout the summer 
represent two different generations, it seems natural to investigate 
separately the distribution of the three youngest stages and the three 
oldest stages. 

Somewhat the same state of affairs exists also as regards C. pro-
pinquus, and this will be dealt with below. 

Conditions in respect of R. gigas, however, are found to be entirely 
different. As an example may be taken the vertical distribution at 
Station 8 (vide Table 4). 

It will proceed from this table that there is no striking difference 
between the distribution of the older and the younger stages. The 
greatest quantities of all stages have been taken between 200 and 50 m. 
The only difference which is found is that the older stages are present 
in all vertical hauls, while the two youngest stages do not occur in the 
surface layer or the deepest hauls. The older stages, in other words, 
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Table 4. 
The Number of Individuals of the Various Stages of R. gigas 

in the Different Vertical Hauls. Station 8. 

Vertical Haul 

50— 0 m 
100— 50 m 
2 0 0 - 1 0 0 m 
300—200 m 
400 -300 m 

Copepodite Stage 

I 

0 
3 

10 
0 
0 

II 

0 
23 
95 

1 
0 

III 

0 
57 

275 
20 
16 

IV 

1 
166 
225 

27 
65 

V 

1 
208 

75 
19 
24 

VI 

9 
242 

30 
2 
4 

Total 

11 
699 
710 

69 
109 

have a greater vertical distribution than the younger. Corresponding 
conditions are also found in the case of M. gerlachei. Nor for this 
species is there any striking difference in the vertical distribution of 
the various stages. There is, however, in the case of M. gerlachei, 
also an indication that the older stages have a greater distribution than 
the younger. 

The vertical distribution of the various species at the different 
stations will now be considered. 

Ca/anus acutus. 

The vertical distribution of the three oldest stages will be seen 
from Table 5. It will be observed that these stages are found right 
from the surface layer down to as far as the vertical hauls have been 
taken. At Station 6 it seems as if these stages occur only above 200 m, 

Table 5. 
The Number of Individuals of C. acutus (IV + V-i-VI) 

in the Various Hauls. 

Station 

6 
7 
8 

11 
13 
18 
27 
28 
38 
42 
43 
46 
47 
48 

5 0 - 0 

143 
36 

395 
123 
72 
87 

131 
15 
21 

0 
0 

15 
2 

46 

1 0 0 - 5 0 

30 
120 
712 

82 
48 

2 
58 
39 
40 

1 
0 

35 
10 
83 

200—100 

2 
64 

175 
22 
10 

130 
12 
19 
24 

-
69 
29 

2 
101 

Vertical Haul 

3 0 0 - 2 0 0 

0 
67 

7 
48 

1 
52 

3 
5 

11 
65 

199 
. 

22 
21 

4 0 0 - 3 0 0 

18 
6 

46 
0 
6 
1 
8 

10 
80 
84 

907 
165 

-

500—400 

-
-
_ 
. 
-
9 
9 

15 
2 
. 
. 
. 
-

6 0 0 - 5 0 0 

-
. 
. 
-
. 
-
5 

-
. 
. 
. 
-

Total 

175 
305 

1295 
321 
131 
277 
214 
100 
121 
148 
352 
986 
201 
251 
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Table 6. 

The Number of Individuals of C. acutus (I+ 11+ 111) 
in the Various Vertical Hauls. 

Station 

7 
27 
28 
34 
37 
38 
41 
42 
43 

Vertical Haul 

5 0 - 0 

486 
42 

495 
4 
0 
3 
2 
6 

32 

1 0 0 - 5 0 

9 
23 

444 
73 
12 
0 

244 
0 
1 

200—100 

0 
0 

10 
0 
0 
0 

13 
. 

40 

300—200 

0 
0 
0 
0 
0 
0 
0 
0 

29 

400—300 

0 
0 
1 
0 
0 
0 
0 
0 
0 

500 -400 

0 
0 
0 

0 
0 
0 
-

Total 

495 
65 

950 
77 
12 
3 

259 
6 

102 

but we have no samples from the water masses below 300 m. Other
wise it will be seen that the vertical distribution is not the same at 
all stations. At the stations taken in the area between Kerguelen and 
the Ross Sea (Stations 6 to 18) the greatest quantities were taken in 
the water layer above 200 m. The same applies also to Stations 27, 
28, and 38 in Bellinghausen Sea. In contrast to this the greatest 
quantities in the Scotia Sea (Stations 42 and 43) were found between 
400 m and 200 m. A similar state of affairs also applies to Stations 46 
and 47 in the Weddell Sea. 

In contrast to the older stages the youngest are found almost 
exclusively in the surface layer (vide Table 6). The greatest quantities 
were taken in the hauls between 100 metres and the surface. At 
Station 43, where there are is negative temperatures down to 260 m 29 
individuals of Stages II. and III. were also found between 300 m and 
200 m. If the single individual of Stage III. taken between 400 and 
300 m at Station 28 is disregarded the youngest stages of C. acutus 
are, in other words, found exclusively in the Antarctic surface layer. 

Calanus propinquus. 

The vertical distribution of C. propinquus will be seen from Tables 7 
and 8. In the area between Kerguelen and the Ross Sea (Stations 6 
to 18) and also at Station 28 in Bellinghausen Sea the greatest quantities 
of the three oldest stages were found above 200 m. At Station 43 in 
the Scotia Sea, on the other hand, they were not found above 100 m. 
Of the three youngest stages the greatest quantities have been taken 
above 100 m, and only very few individuals were taken below 200 m. 
On the whole the vertical distribution of C. propinquus corresponds 
well with the distribution of C acutus. 
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Table 7. 
The Number of Individuals of C. propinquus (IV + V + VI) 

in the Various Hauls. 

Station 

6 
7 
8 

11 
18 
28 
43 
46 
48 

Vertical Haul 

5 0 - 0 

6 
0 

48 
7 
7 
0 
0 

37 
6 

1 0 0 - 5 0 

29 
3 
8 
5 
2 

30 
0 

21 
4 

200 -100 

9 
6 

19 
6 

16 
20 

2 
16 
3 

3 0 0 - 2 0 0 

0 
2 
0 
0 
1 
0 
7 
_ 
0 

4 0 0 - 300 

1 
10 

1 
0 
0 

16 
2 
-

5 0 0 - 4 0 0 

. 
, 
_ 
, 
1 
-
_ 
-

6 0 0 - 5 0 0 

. 

. 
-

1 
-

-

Total 

44 
12 
85 
19 
26 
52 
25 
76 
13 

Table 8. 
The Number of Individuals of C. propinquus (I + II + III) 

in the Various Hauls. 

Station 

7 
24 
27 
28 
34 
37 
41 
43 

Vertical Haul 

5 0 - 0 

243 
40 
96 
54 

8 
1 
7 
4 

100-50 

36 
15 
0 

37 
48 
17 
48 

0 

200—100 

2 
8 
0 
2 
1 
2 

12 
10 

3 0 0 - 2 0 0 

0 
1 
0 
2 
2 
1 
0 
6 

4 0 0 - 3 0 0 

0 
0 
0 
0 
0 
I 
1 
3 

5 0 0 - 4 0 0 

. 
0 
0 
0 
. 
0 
-

Total 

281 
64 
96 
95 
59 
22 
69 
23 

Table 9. 
The Number of Individuals of R. gigas (IV + V + VI) 

in the Various Hauls. 

Station 

7 
8 

13 
27 
28 
31 
34 
37 
38 
47 
48 

5 0 - 0 

63 
11 
36 

129 
12 
0 

100 
5 

109 
0 
2 

100 -50 

87 
616 
154 
15 

119 
34 
83 
14 

300 
6 

16 

200—100 

87 
330 

33 
58 
51 

0 
4 

155 
325 

15 
113 

Vertical Haul. 

3 0 0 - 2 0 0 

34 
48 
15 
22 
69 
53 
48 

239 
48 
74 
18 

4 0 0 - 3 0 0 

4 
93 

1 
41 
19 
65 
32 
27 
16 
55 

-

5 0 0 - 4 0 0 

_ 
45 

4 
23 
23 

. 
17 
_ 
-

600—500 

_ 
. 
3 
5 
5 
. 

. 
-

Total 

275 
1098 
239 
340 
275 
180 
295 
440 
815 
150 
149 
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Table 10. 

The Number of Individuals of R. gigas (I + II + III) 
in the Various Hauls. 

Station 

8 
13 
24 
27 
28 
38 
48 

Vertical Haul 

5 0 - 0 

0 
3 

26 
86 

0 
21 

0 

100 -50 

83 
70 

6 
30 
67 
34 

8 

2 0 0 - 1 0 0 

380 
36 
29 
61 
15 
74 
47 

3 0 0 - 2 0 0 

21 
0 
4 
0 
0 
2 

10 

4 0 0 - 3 0 0 

16 
0 
0 
0 
0 
0 

500—400 

0 
0 
0 

Total 

500 
109 
65 

177 
82 

131 
65 

Table 1 1. 

The Number of Individuals of M. gerlachei (VI + V + VI) 
in the Various Hauls. 

Station 

8 
11 
16 
42 
43 
46 

Vertical Haul 

5 0 - 0 

1 
1 
0 
0 
2 

5 

100—50 

38 
21 

0 
0 
0 
1 

2 0 0 - 1 0 0 

120 
73 
24 

3 
2 

300 -200 

2 
3 

38 
24 
30 

400—300 

4 
18 
4 

68 
233 
121 

500-400 

29 

Total 

165 
116 
66 

121 
268 
124 

Table 12. 

The Number of Individuals of M. gerlachei (I + II + III) 
in the Various Hauls. 

Station 

8 
24 
28 
41 
42 
43 

Vertical Haul 

5 0 - 0 

0 
0 
0 
0 
0 
0 

1 0 0 - 5 0 

5 
36 

0 
0 
0 
0 

2 0 0 - 100 

15 
0 

30 
87 

31 

3 0 0 - 2 0 0 

1 
16 
12 
12 
35 

112 

4 0 0 - 3 0 0 

0 
3 
0 
3 

34 
117 

5 0 0 - 4 0 0 

0 
0 

21 

Total 

21 
55 
42 

102 
90 

260 
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Rhincalanus gigas. 

From Table 9 it will be seen that the three oldest stages of 
R. gigas occur in nearly all vertical hauls. The vertical distribution is 
approximately the same as for the older stages of C. acutus. The 
three youngest stages of R. gigas have also somewhat the same distri
bution as the older stages. These stages, however, are only found at 
Station 8 at a greater depth than 300 m. 

Metridia gerlachei. 

An entirely different picture of the vertical distribution is obtained 
in looking at M. gerlachei (Tables 11 and 12). This species is found 
only exceptionally above 50 m. The greatest quantities both of the 
oldest and youngest stages are found between 400 m and 100 m. There 
is, however, a striking difference between the stations in the area between 
Kerguelen and the Ross Sea on the one hand and those in Scotia Sea and 
the Weddell Sea on the other. Thus, at Stations 8 and 11, it will be seen 
that the greatest quantities of the three oldest stages were taken between 
200 and 100 m, while at Stations 42, 43, and 46 the depth at which 
they were taken was between 400 and 200 m. 

The three youngest stages (Table 12) do not occur at all above 
50 m, and only a few individuals were taken between 100 and 50 m. 

V. The Composition of the Stock in Stages. 

The methodical side of the analysis of the stock has been referred 
to in the Introduction. It has not been possible to determine according 
to species more than the five copepodite stages (I—V) and the mature 
individuals (VI). It is, therefore, exclusively the relative ratio between 
the quantity of these six stages which will be dealt with below. 

We will first and foremost consider C. acutus. Fig. 6 gives a 
picture of the composition of the stock in the area between Kerguelen 
and the Ross Sea. Here, as well as in what follows, only those stations 
are taken into consideration where the number of individuals is so 
great that any importance can be attached to the ratio between the 
number of individuals of the various stages. With the exception of 
Station 7 these stations were all taken at the ice edge. Station 7 was 
taken in the open sea and, as emphasised above, the surface layer is 
very warm. It is thus at once quite obvious that the composition in 
stages at this station deviates markedly from the composition in stages 
at the other stations. At Station 7 all stages are represented whereas 
at the other stations only the three oldest stages (IV., V., and VI.) 
At Station 18 there are a few individuals of Stage III. 
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At Station 7 two 
generations are undoubt
edly represented. Some 
time before this station 
was talcen spawning has 
certainly occurred in the 
same water masses, and 
it is the result of this 
spawning we find at Sta
tion 7 as Stages I., II., 
and III. 

Nor is the composi
tion in stages at the other 
stations, however, exactly 
the same. At Station 5 
Stage V. is dominant 
whereas at the other sta
tions (6, 11, 13, and 18) 
Stage VI. (mature indivi
duals) is present in rela
tively greatest quantities. 

There is, in other 
words, a wholly essential 
difference between the sta
tion taken in the open 

sea (7) and those taken at the ice edge. At the first station there are 
positive temperatures in the surface layer, at the latter negative. Below, 
however, we shall find that the variation in the composition of the 
stock at the latter stations also stands in a certain relationship to the 
surface temperature. If the stations are arranged in a series which 
corresponds to increasing surface temperature it will be seen that there 
is in the same order an increase in the number per cent of mature 
individuals (vide Table 13). In this case regard has only been paid 
to the stock which is found above 100 m since it is not to be expected 
that the composition in stages in deep water would be influenced by 
the surface temperature. It is thus seen that the colder the water 
masses the fewer are the mature individuals. 

From this we see that there is a certain parallel between the 
composition of the stock in stages and the temperature. But it must 
be borne in mind that other factors may, to some extent, enter in. 
We know that when the water masses drift outwards from the ice 
edge, or when the ice melts and retreats, there is a warming of the 
surface water (vide Deacon 1934). The surface temperature, therefore, 
can to a certain degree be regarded as a measure for the age of the 

111 IV V VI 

Fig. 6. The composition of the stock in stages 
for C. acutus. 
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Table 13. 
The Temperature in the Surface and the Number 
per cent of Mature Individuals in the Stock of 

C. acutus between the Surface and a Depth 
of 100 m. 

Station 

5 
8 
6 

13 
11 

Temperature 
at 0 m 

— 1.65 
— 1 55 
-1 .53 
— 1.47 
-1.32 

Number per cent 
of Mature Individuals 

15.6 o/o 
48.5 » 
55 5 » 
74.2 . 
7 6 . 6 >. 

water masses reckoned from the time when they were covered with 
ice. Under the altered conditions which arise from the relief of the 
water masses from the ice cover, rising temperature and increased 
amount of light, etc., the individuals become mature and commence to 
spawn. This explains the difference between the composition in stages 
at Station 7 and at the other stations. At Station 7 the temperature 
in the surface layer is very high and it must be assumed therefore 
that the water masses at this station have been free of the ice cover 
for a long time. In these water masses, therefore, development is so 
far advanced that the spawning has taken place and the result of this 
spawning we now find as Stages I., II., and III. It may perhaps be 
objected that the presence of Stages V., and VI. at Station 7 does not 
accord with this opinion. It must, however, be assumed that, simultane
ously with this development in the surface layer, an ascent takes place 
to the surface of the individuals which are in deep water. This does 
not proceed clearly from our material. On the other hand, however, 
the summer generation is found exclusively in the surface layer, a 
circumstance which seems to indicate that C. acutus must ascend to the 
surface in order to spawn. That a plankton species can winter in deep 
water and rise to the surface in the spring in order to spawn has 
already been established. Thus it has been proved that C. finmarchicus 
GUNN winters in deep waters in the Norwegian fjords and migrates 
to the surface layer in the spring and spawning takes place in the 
uppermost layers (Nordgaard and Jorgensen 1905, Ruud 1929, Somme 
1934). There is no need to dwell on this question as it has previously 
been discussed (Ottestad 1932). 

With regard to the stations in the Bellinghausen Sea, the sub-
Antarctic Station 27 and the Antarctic Stations 28, 34, and 37 are taken 
in the open Sea, Station 31 in the vicinity of Peter I. Island and 
Station 38 at the ice-edge. 
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The composition of the stock of C. acutus at these stations will 
be observed from Fig. 7. At Station 27 all stages, with the exception 
of Stage VI, are represented. Stage IV. occurs in the greatest quantity. 
At Station 28 all stages are represented, but here Stage II. is most 
numerous. All stages are also represented at Station 34, but here there 
are relatively great quantities of Stage V. and VI. There is no doubt 
that two generations are found at this station. The same is probably 
the case at Station 28, but here the younger generation is dominant. 
It is of great interest to compare the composition in stages at these 
two stations and at Stations 31 and 38. The latter two stations are 
taken at the ice-edge and the surface water is very cold in comparison 
with that at Stations 28 and 34. The lowest surface temperature is 
found at Station 31 (—1.13°). At this station only the three oldest stages 
are found. At Station 38 the surface is somewhat warmer (—0.8P) and 
here Stages I. and II. are also represented. Station 34 is even warmer 
(—0.40°) and here the three youngest stages are represented as numer
ously as the three oldest stages. Finally, Station 28 is the warmest 
( + 0.87°). At this station the oldest stages have practically disappeared 
and the three youngest stages are dominant. There is thus a development 
in the composition of the stock parallel with the temperature in the 
surface layer. At the coldest station only the generation which has 
wintered over is found and at the warmest practically only the summer 
generation. The other two stations, 34 and 38, occupy an intermediate 
place, both as regards temperature and composition in stages. Absolutely 
corresponding conditions have been described above. No comments, 
therefore, will be made at this juncture, but the matter will be referred 
to later. The composition in stages at the sub-Antarctic Station 27 
appears at first sight to be a further development of the position at 
Station 28. At this station all stages are represented, with the exception 
of Stage VI., and Stage IV. occurs in the greatest numbers. Further, 
the situation at this station will be dealt with as being probably the 
outcome of quite special circumstances. 

At the very warm Antarctic Station 24, taken in the area between 
the Ross Sea and Bellinghausen Sea a composition in stages is found, 
which corresponds approximately to that at Station 28. This will be 
seen from Table 14. 

Table 14. 
The Number of Individuals of the Various Stages of C. acutus 

at Station 24. 

Stage 

Number of individuals 

I 

43 

II 

178 

III 

83 

IV 

28 

V 

26 

VI 

0 
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St. 27 

St 34 

The ice conditions in that 
part of the Scotia Sea and the 
Weddell Sea where Stations 
41 to 48 are taken are very 
complicated. The stations were 
taken during the period 17th— 
24th January 1931. The first 
three (41, 42, 43) were taken 
at the ice-edge. The last three 
(46, 47, and 48) were taken, 
on the other hand, in the 
open sea. It is well known 
that from S. Orkney to S. Sand
wich and to the east there lies 
a tongue of drift ice in the 
summer. In January 1931 
the northern border of this 
drift ice lay at Stations 41, 42, 
and 43. The water masses in 
this area are in movement 
towards the north east, that 
is to say, in the direction of 
the ice-edge. Stations 46, 47, 
and 48 lay outside the ice. 
But it is clear that just pre
viously the water masses at 
these stations had been covered 
by ice. The surface at Station 
46 is the coldest (—1.25"). 
At Stations 47 and 48 the 
the surface water is sligthly warmed (—0.12° and —0.22°). The surface 
water at Stations 41 and 42 is the warmest (-f-1.39° and 4-1.00°). 

In the same manner as described above for the other areas of 
sea there is also in this area a parallel between the composition in 
stages of C. acutus and the temperature. It will be seen from Fig. 7 
that at the cold stations (46, 47, and 48) only the three oldest stages 
are found, while at Station 41 it is the youngest stages which are 
dominant. At Stations 42 and 43 the oldest stages are most profusely 
represented, but here the youngest also occur. In this area there is 
also a parallel between the temperature in the surface layer and the 
composition of the stock. This connection can also, in this case, be 
traced back to the ice conditions. 

The composition of the stock for C. propinquus corresponds some
what to that of C. acutus. Table 15 sets forth the number of individuals 

II 111 IV v V VI 

Fig 7. The composition of the stock 
in stages for C. acutus. 
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Table 15. 
The Number of Individuals of the Various Stages of C. propinquus 

and the Surface Temperature at the Different Stations. 

Station 

5 
7 
8 

24 
27 
28 
34 
41 
46 

I 

0 
90 

0 
1 
5 

20 
12 
18 
2 

II 

0 
105 

8 
39 
30 
21 
33 
36 

1 

Copepod 

111 

0 
86 

8 
24 
61 
54 
14 
14 
6 

ite Stage 

IV 

0 
4 

11 
4 

13 
39 

1 
4 
1 

V 

1 
0 
1 
4 
2 

11 
0 
0 

15 

VI 

165 
8 

73 
0 
0 
2 
0 
0 

60 

Temperature 
at 0 m 

— 1.65 
+ 0.10 = 
- 1 . 5 5 ° 
+ 2.16° 
+ 2.69° 
+ 0.87° 
— 1.13° 
+ 139° 
— 1.25° 

of the various stages of C. propinquus at the stations where the material 
is moderately great. In addition the temperature at the surface is given 
in the last column. 

We see that also as regards C. propinquus there, is a parallel 
between the composition of the stock and the surface temperature, 
but this parallel does not come out so clearly as for C. acutus. 

It will be observed from Table 15 that at the very cold Station 5 
only the two oldest stages are found, whereas at Station 7 it is the 
youngest stages which are dominant. Similar conditions to those at 
Station 7 are found at Stations 24, 27, 28, 34, and 41. Of these 
Station 34 has cold water in the surface, but this station was taken in 
the open sea. At the two cold Stations 8 and 46 the youngest stages 
are also found, but it will be seen that it is the mature individuals 
which are numerically superior. We cannot go further into the question 
of the composition in stages as regards this species as the material is 
insufficient for a closer investigation. 

The composition of the stock of R. gigas proceeds from Fig. 8. It 
will be observed that in this species it is entirely different from that 
of C. acutus. At all stations in the area between Kerguelen and the 

Table 16. 
The Number of Individuals of the Various Stages of R. gigas. 

Station 

6 
10 
16 
18 

I 

0 
0 
0 
0 

II 

1 
5 
1 
0 

Copepodite Stage 

III 

6 
7 
9 
8 

IV 

5 
13 
10 
4 

V 

10 
9 

10 
20 

VI 

27 
17 

1 
31 

Total 

49 
51 
31 
63 
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Ross Sea, which are included 
in the figure all stages are 
represented except I. and 
II. at Station 7 and Stage I. 
at Stations 11 and 14. The 
composition in stages at the 
other stations in the area 
will be seen in Table 16. 

At these stations Stage 
I. is lacking and this is the 
case also with Stage II. at 
Station 18. Itwill be observed 
that the composition in stages 
of R. gigas also is not exactly 
the same at all stations. At 
Station 5 Stage III. is richest 
in individuals, at Stations 7, 
8, 11, 13, and 16 Stage IV., 
at Station 14 Stage V., and 
at Stations 6, 8, and 18 
Stage VI. This variation in 
composition in stages, how
ever, is of very little signifi
cance in view of the lack 
of suitable supplies of mate
rial. Nor does it stand in 
any kind of relation to the 
temperature as was the case 
with C.acutus. Whether there 
are two generations of R. gigas at these stations it is not easy to decide. 
A composition in stages such as that of Station 11 seems to indicate 
two, but on looking at the composition in stages at Stations 27 and 28 
in the Bellinghausen Sea (vide Fig. 8) an entirely different and much 
clearer picture is found of a stock which is composed of two genera
tions. At the other stations in the Bellinghausen Sea (31, 34, 37, and 38) 
the composition in stages is very nearly the same in spite of the fact 
that the temperature at the surface varies greatly. At these stations 
the temperature is respectively —1.13°, —0.40°, -f-0.28°, and —0.81°. 
There is no noticeable difference between the composition in stages at the 
cold Station 31 and at the much warmer Station 37. On the other hand we 
find a very great difference in the composition in stages when comparing 
these stations with Stations 27 and 28. Station 27 is sub-Antarctic and 
Station 28 lies very near the convergence area, or possibly in the area 
itself. At both these stations we find two generations. 

I II III IV V VI IV \'l 

Fig. 8. The composition of the stock in 
stages for R. gigas. 
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In other words, we do 
not find the substantial differ
ence in the composition in 
stages between the warm and 
the cold stations, or between 
the stations which are taken 
in the open sea and those 
taken at the ice-edge, as was 
the case with C. acutus. This 
indicates that there must be 
a fundamental difference in 
the life histories of the two 
species. Examinations of mate
rial from the Weddell Sea 
(Ottestad 1932) showed pre
cisely corresponding condi
tions. On that occasion the 
conclusion drawn from this 
difference between the two 
species was that, whereas 

I II 1" IV V VI I II III IV V VI c. acutus was a typical Ant-

Fig. 9. The composition of the stock arctic form R. gigas was a 
in stages for M. gerlachei. sub-Antarctic which appears 

as a guest in Antarctic areas. 
This conclusion is confirmed by MACKINTOSH (1934), who places R. gigas 
among "the normal inhabitants of sub-Antarctic water". MACKINTOSH 

informs us, however, that this species is taken in very great numbers 
in the warmer areas of Antarctic. These conditions will be referred to 
later. In conclusion, reference will only be made to Table 17 to show 
the composition in stages of R. gigas in the Scotia Sea and the Weddell 
Sea. The composition in stages at these stations is very nearly the 
same, in spite of the fact that the temperature varies very greatly. It 
seems to indicate that there are two generations, but the material is 
too meagre to determine this with certainty. 

It will be seen that at the two warmest stations (41 and 42) only 
the two oldest stages are found, whereas at the other, colder, stations 
the younger stages are represented. 

The separation into stages of M. gerlachei has not been made at all 
stations. At many stations, moreover, this species occurs in such small 
quantities that little importance can be attached to the ratio between 
the number of individuals of the various stages. From Fig. 9 it will be 
seen that the composition in stages for M. gerlachei corresponds, on 
the whole, exactly to the composition in stages of C. acutus. At the 
relatively cold stations (8 and 11) in the area between Kerguelen and 
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Table 17. 

The Number of Individuals of the Various Stages of R. gigas. 

Station 

41 
42 
43 
46 
47 
48 

Copepodite Stage 

I 

0 
0 
2 
0 
0 
0 

n 

0 
0 
4 
3 
1 

13 

III 

0 
0 

10 
16 
22 
52 

IV 

0 
0 
3 
8 

53 
95 

V 

5 
6 
8 
3 

38 
48 

VI 

10 
13 
27 

8 
59 

6 

Total 

15 
19 
54 
38 

173 
214 

the Ross Sea only the four oldest stages are found. The composition 
in stages is approximately the same as for C. acutus (vide Fig. 6). 
At the warm Station 28 in the Beltinghausen Sea the composition in 
stages is also approximately the same as for C. acutus. At the three 
Stations (41, 42, and 43) in the Scotia Sea, where M. gerlachei is very 
numerous, all stages are represented, and the composition in stages 
shows that there are two generations. At Station 46 the mature indi
viduals are dominant. 

The composition in stages of M. gerlachei is thus very nearly the 
same as for C. acutus. There is also for this species a parallel between 
the composition in stages and the temperature, even if this parallel 
does not proceed so clearly as for C. acutus. This is due, however, 
in the main, to the fact that the material is insufficient, but it may 
also be because M. gerlachei is not a surface layer form like C. acutus 
and cannot, therefore, be influenced by surface temperatures in the same 
degree as the latter. 

VI. Conclusions. 

The main object of this investigation is, as mentioned in the intro
duction, an attempt to elucidate the distribution and complete life histories 
of some individual copepod species in Antarctic waters. On account of 
of the kind of material available, it has been necessary to confine the 
investigation to the following four species: C. acutus, C. propinquus, 
R. gigas and M. gerlachei. The two species of Calanus occur remarkably 
parallel in these waters and in the following discussion no account will 
be taken of C. propinquus. Owing to the very much greater quantity 
of C. acutus the conditions in respect of this species appear much more 
clearly than those relating to C. propinquus. 

The investigations into the distribution and biology of the Antarctic 
copepods which are available are few in number. The examinations 
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of the copepods in Antarctic waters have hitherto been confined to a de
scription of new finds and a statement of the occurrences of known species, 
but there are very few clues to the life cycle of the individual species. 
MACKINTOSH (1934) has occupied himself mainly with examinations of 
the composition of the macroplankton and the changes in this from one 
period of the year to another in the various areas of the Atlantic sector of 
the Antarctic. He gives us, however, several very valuable pieces of 
information regarding the various individual species, and to this reference 
will be made later. But MACKINTOSH had only surface samples at his 
disposal and it has already been pointed out that some species occur 
most numerously in the deeper water layers. This, for example, is the 
case with M. gerlachei. 

In a previous paper (Ottestad 1932) an attempt has ben made to 
give a picture of the life history of these same species in the Weddell 
Sea, on the basis of the material which was collected from the floating 
factory "Vikingen" working on the whaling grounds in the Weddell 
Sea. That paper is a parallel to the present work and we shall 
gradually return to a comparison of the results. 

The great number of different examinations of the distribution of 
plankton organisms have shown that a species can be carried by sea 
currents far from its normal milieu. As a rule the stock which is 
carried away in this manner will gradually decline in number and in 
the new environment the species most generally will be unable to 
propagate. Spawning can undoubtedly take place at times, but the 
eggs wil Inot be able to develop. The best means of investigating these 
conditions are the age composition (composition in stages) of the stock 
and the changes in this composition. It will also be understood that 
an examination of the distribution of a species which is based on 
statements of where the species is found and not found and which 
does not take into account the quantity of the species at the different 
places is of little importance from an ecological point of view. As 
far as plankton organisms are concerned, a much more exhaustive 
analysis of the stock must also be carried out than has hitherto been 
the case. 

It is, therefore, of the utmost importance to have an accurate 
knowledge of the movement of the water currents. The recent hydro-
dynamic investigations in the Antarctic (Sverdrup 1933, Deacon 1933, 
Clowes 1933, Mosby 1934) have yielded many very interesting results 
which are of the greatest importance to an understanding of the life 
cycle of the Antarctic plankton organisms. Let us, therefore, make a 
brief survey of the most important results. Agreement seems to have 
been arrived at regarding certain general features. The Antarctic surface 
water is in movement from west to east. This also applies to the sub-
Antarctic surface water, but, in addition to this horizontal movement 
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the Antarctic surface water has also a vertical movement. The surface 
water has a northerly component, it sinks at the Antarctic convergence 
or polar front and from this area the greatest quantity of the sunken 
water is carried back southwards where, together with water masses 
of other origin, it forms the intermediate water layer. At greater southerly 
latitudes this water is again carried up to the surface and returns into 
the north-easterly movement. Together with the water which is formed 
by melting in the spring and summer this water constitutes the Antarctic 
surface layer. During the movement southwards in the deep, which is 
very slow, a great number of organic stuffs are accumulated in this 
intermediate water layer formed by the breaking down of large quantities 
of plants and animal organisms which sink from the surface. When 
this water again rises to the top in south latitudes it carries with it 
these great quantities of nutrient salts which we know are character
istic of the Antarctic surface layer (vide Ruud 1930). This vertical 
circulation of the Antarctic water masses creates possibilities whereby a 
stock, e. g. of C. acutus, which is the result of a spawning in the surface 
layer, near the ice-edge, does not drift out of the Antarctic area, but 
can be carried back to the ice-edge. 

A part of the surface water which sinks down at the convergence, 
however, is also carried northwards into deep waters. Thereby arise 
also possibilities for the carrying of the Antarctic organisms into sub-
Antarctic areas. In addition to this vertical circulation there are also 
areas in Antarctic where the surface water is in horizontal circulation. 
Thus, in the Weddell Sea. There is not, however, complete agreement 
between hydrographers regarding the interpretation of this phenomenon. 
WOST (1928) was of the opinion that within the inner sphere of this area 
of circulation there was convergence in the surface layer with a sinking 
of the surface water at the centre, whereas the surface water at the 
outer edge had a diverging movement, in the outer Weddell Sea to 
the north east towards the Antarctic convergence. MOSBY (1934), on 
the other hand, considers that the water masses on the whole diverge 
outwards from a centre with ascending water masses. These conditions, 
however, are of little interest in connection with the present work and 
it is, therefore, unnecessary to go further into this question. A knowledge 
of the vertical circulation as described above is sufficient for the inter
pretation of the phenomena which are to be dealt with below. 

Closer consideration will be given below to the three species 
C. acutus, R. gigas and M. gerlachei. Thus, it will be shown that these 
three species, on the whole, represent three different types of Antarctic 
copepods. C. acutus is thus a typical Antarctic form which spawns at 
the surface in the warm water masses which are mixed with water 
derived from melting. It is also found north of the convergence area, 
but seems here to be unable to propagate. M. gerlachei is also an 
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Antarctic form. It deviates, however, in several respects from C. acutus, 
especially in a quite other vertical distribution. R. gigas, on the other 
hand, represents another type. This is certainly a species which is not 
capable of reproduction in Antarctic areas, but which is found in not 
inconsiderable quantities south of the convergence. 

Calanus acutus. 

With regard to the horizontal distribution of C. acutus, MACKINTOSH 

(1934) has demonstrated that it belongs to "species found on all isotherms 
but with a slight preference for colder water". The greatest quantities 
are found between the isotherms for—l°and—2"^, but great quantities 
are also found up to +3°. In areas with a temperature above +3° 
the quantity of this species decreases very heavily with increasing 
temperature. Further, Mackintosh remarks: "Numerically, this is the 
most important species of all. It is distributed throughout the Antarctic 
surface waters, and there have been catches of 1000 or more everywhere 
from the convergence to the cold waters of the Bellinghausen and 
Weddell Seas." "The species is on the whole evenly distributed and 
there is no tendency to form shoals." 

Our material shows that C. acutus is found from the surface down
wards, in any event to 500—600 metres. The quantity at this depth, 
however, is very small in comparison with what is found in the surface 
waters. As a rule the quantity decreases heavilly from 300 metres 
downwards. However, there is a substantial difference between the 
vertical distribution of the young and older stages. The three youngest 
copepodite stages are not found deeper than 300 metres, that is to say, 
they occur only in the Antarctic surface layer (vide Table 6). It is 
thus only the older animals which are found at greater depths. 

As emphasised above there is a very great diffence between the 
composition of the stock in stages at the stations taken at the ice-edge 
and those taken in the open sea. At the first mentioned station the 
surface water is very cold whereas at the latter it is considerably warmed 
up. This, for example, is the case at Station 7 in the area between 
Kerguelen and the Ross Sea, at Stations 22 and 24 in the Ross Sea 
area. Station 28 in the Bellinghausen Sea and Stations 41, 42, and 43 
in the Scotia Sea. Of the last mentioned stations No. 41 has specially 
warm water at the surface. Now, it proves that at the cold stations 
at the ice-edge only the older stages are found whereas at the warm 
stations out in the open sea the young stages also are found in greater 
or less numbers. However, also at the cold stations at the ice-edge 
the composition in stages varies in a definite manner, for it appears 
that the warmer the surface water the greater, relatively, are the 
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number of mature individuals to be found between the surface and 
100 metres. It is sufficient here to refer to Table 13, page 23. 

It is well known that when the water masses drift outwards from 
the ice-edge the temperature at the surface rises sharply on account 
of the mixing with water of 0°C derived from melting. The temperature 
at the surface is thus, to a certain extent, an expression of the degree 
of mixing with water derived from melting, or it may also be said that 
it is an expression of the age of the water masses reckoned from the 
time when they were ice-covered. The parallel which has been shown 
between the temperature at the surface and the relative number of 
mature animals can, therefore, in our opinion only be interpreted as 
an indication that at the moment the water masses become ice-free and 
the temperature rises a rapid maturing takes place. 

Now, if all these circumstances are taken into consideration — 
the composition of the stock in stages at the ice-edge and out in the 
open sea, the vertical distribution of the younger copepodite stages, 
and the parallel between the relative number of mature animals and 
the temperature at the stations taken at the ice-edge — one is led 
directly to the view that C. acutus begins spawning in the warm 
water masses at the ice-edge. It is, then, the result of this spawning 
which is found as Stages I., II., and III. in the warm water masses 
out in the open sea. However, in the open sea areas there are also 
foundmature individuals in the surface layer. This shows that spawning 
does not only take place at the ice-edge but that it continues gradually 
as the water masses drift out from the ice and are warmed. It is also 
conceivable that the individuals which are in deep waters are gradually 
carried upwards, actively or passively (vide page 20). In the meantime 
there can be no doubt but that the spawning takes place in the surface 
layer, and that the water masses warmed by mixing with the water 
derived from melting are the main field in which the spawning of the 
species takes place. 

The examination of C. acutus in the Weddell Sea (Ottestad 1932) 
showed that the individuals which are found in the intermediate water 
layer are smaller than those in the surface layer. In the case of this 
area of sea, it was possible to differentiate between three groups of 
sizes of this species corresponding to the various current systems. 
Now, it is, of course, possible that the opinion advanced on the occasion 
referred to must be revised on account of the recent contributions to 
an understanding of the hydrographical conditions (Mosby 1934). These 
questions will not be gone into here. We will confine ourselves to 
showing that any difference in size is not present everywhere. This 
will appear from Table 18, which shows the average length of céphalo
thorax of C. acutus VI. It will be seen that the mean is the same for 
all vertical hauls. 

3 
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Table 18. 

The Mean Length of Céphalothorax of Mature C. acutus 
in the Various Hauls. Station 18. 

Vertical haul 50— 0 metres: 4.3 mm 
>> 100— 50 " 4.3 » 
» 200—100 » 4.3 » 
» 300—200 » 4.2 >' 

On the basis of the information now available the annual life cycle 
of C. acutus can broadly be reconstructed in the following manner. 
Spawning takes place in the surface layer at very different times of 
the year, exclusively determined by ice conditions in the various areas. 
Thus, at Station 7 there has been found a considerable summer generation 
as early as 18th November. The water masses in the surface layer at 
this station were greatly warmed up. But also as late as in the latter 
half of January we find winter conditions, both as regards temperature 
and composition of the stock in stages, at Stations 46, 47, and 48. 
At the same time there is undoubtedly found in other areas of the 
Weddell Sea an entirely dominant summer generation (Ottestad 1932). 
It cannot therefore be said that C. acutus has any definite spawning 
time in Antarctic waters. The connection must be conceived in the 
manner that there is a constant invasion of the older stages from the 
ice-covered areas during the whole of the spring and summer. In the 
entirely changed conditions which arise in the surface layer when the 
water masses have passed the ice-edge, rising temperature, and increased 
amount of light, these individuals are rapidly developed to maturity 
and spawning commences. The spawning then steadily continues as the 
water masses drift out from the ice-edge until the whole of the winter 
generation has spawned and disappeared. The eggs are developed 
during this drift to nauplii and copepodites. To produce any sort of 
picture of this development is very difficult because the occurrence of 
eggs and nauplii has not been investigated and because these undoubtedly 
also do not occur in a representative manner in our material. All that 
it has been possible to obtain is material from the Weddell Sea (Ottestad 
1932). The three following stations are taken in an area south of 
S. Orkney. At the same time Fig. 10 gives a picture of the distribution 
of temperature and the composition of the stock in stages in respect 
of C. acutus. It will be seen that Station 12 is the warmest, then 
comes Station 11, while Station 13 is the coldest. In accordance with 
this is a displacement in the composition in stages, e. g. at the warmest 
station (12) Stage III. is dominant whereas at the coldest (13) it is 
Stage II. which is richest in numbers; and if we give Stages I., II., III., 
IV., v., and VI. the respective values of 1, 2, 3, 4, 5, 6 we can, with 
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m. 15 10 0 5 0,0 

Fig. 10. The variation of the temperature with depth in the upper 100 metres at 
Station 12, 11, and 13 ("Vikingen" 1929—30) and the composition of 

the stock in stages for C. acutus at the same stations. 

a view to characterising the composition in stages, calculate the average 
stage, which is as follows at the various stations: 

Station 12 — 3.0 
11—2.9 

» 13 — 2.7 
There is thus an increase of the average stage with increasing tem
perature. 

With the surface water these young stages are carried northwards 
to the Antarctic convergence where they sink into deep waters. There
upon they are carried southwards to Antarctic areas with the Antarctic 
return current. As previously mentioned the water masses in this current 
again return to the surface in south latitudes and with them also the 
stock of C. acutus. But the young stock of C. acutus can also be 
carried northwards into sub-Antarctic areas. In what manner this 
probably takes place will be discussed later in comparing C. acutus 
and R. gigas. 

This description of the life cycle of C acutus is naturally very 
schematic, but it cannot be otherwise as long as our knowledge of the 
circulation is so defective as it is. Everywhere where there is a horizontal 
circulation in the surface layer the life cycle will naturally become far 
more complicated. This is the case as far as the Weddell Sea is con
cerned, in whatever way the circulation may be regarded. 

Rhincalanus gigas. 

MACKINTOSH (1934) includes this species among normal inhabitants 
of sub-Antarctic water. During the "Discovery" expeditions it has been 
found to occur in great quantities at practically all stations in the warmer 
areas of Antarctic. Very considerable numbers were also found in the 

k 
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Bellinghausen and Weddell Seas. R. gigas shows no tendency to form 
shoals. We have previously noted that this species is relatively very 
abundant in the Bellinghausen Sea where it is found up to seven times 
as numerously as C. acutus. In this area it is the dominant species 
of copepod. In the other areas of Antarctic, however, it is, on the 
whole, less numerous than C. acutus. 

So far as the horizontal distribution otherwise is concerned, R. gigas 
occurs at all stations taken by "Norvegia" 1930—31; but the number 
of individuals varied greatly from station to station. Experiences in 
the Weddell Sea (Ottestad 1932), however, showed that R. gigas was 
far more numerous in the outer area of Weddell Sea than in the 
inner. On the basis of these and other conditions the conclusion 
drawn at that time was that R. gigas was a sub-Antarctic form, a 
conclusion which has been confirmed by the "Discovery" expeditions 
(Mackintosh 1934) and which will be further strengthened by the present 
investigation. 

As regards the vertical distribution, R. gigas is found in all vertical 
hauls. The vertical distribution does not deviate in any marked degree 
from the vertical distribution of C. acutus, except in one single respect. 
We have noted that in the case of C. acutus there was an essential 
difference in the vertical distribution between the older and younger 
stages. The younger stages only occurred in the Antarctic surface layer. 
In the case of R. gigas the vertical distribution of the older and younger 
stages is about the same. The younger stages of this species do not, 
however, occur at greater depths than 400 metres. 

Another difference between these two species is to be found in the 
composition in stages. We have emphasised above the great difference 
in the composition in stages in respect of C. acutus between the cold 
stations at the ice-edge and the warm stations in the open sea. A cor
responding difference is not found in the case of R. gigas. The composition 
in stages for this species is practically the same at the ice-edge and in 
the open sea (vide Fig. 8). This applies only to the Antarctic stations. 
At the sub-Antarctic stations, on the other hand, (e. g. Station 27) a 
summer generation of R. gigas is found. 

With regard to the composition in stages in the Bellinghausen Sea 
there is a very illuminating contrast between R. gigas and C. acutus. 
The stations which provide the most informative basis of comparison 
are 27 and 34. The first of these is a sub-Antarctic station, while the 
latter is an Antarctic where the water masses in the surface layer are 
somewhat warmed. The compositions in stages of the two species at 
these stations are shown in Fig. 11. We note that for C. acutus the 
composition in stages at Station 27 is very nearly the same as for 
R. gigas at Station 34. Similarly, we see that the composition in stages 
of R. gigas at Station 27 is the same as for C. acutus at Station 34. 

• 
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In other words, C. acutus , „ 'fjr.'v v v. , „ '„Tv v vi 
has the same composition 
in stages in a sub-Antarctic 
area as R. gigas in Ant
arctic areas, and vice versa. 
On the basis of this con
trast, as well as of the other 
experiences of the ecology 
of the two species, we have 
arrived at the opinion that, 
just as R.gigas occurs in the 
Antarctic as an introduced 
form, so is C. acutus an si. 3, 

St. 27 

introduced form in the sub- pig. 11. The composition of tlie stock in 
Antarctic areas. It must, stages for C. acutus and R. gigas 
therefore, also be inferred at Stations 27 and 34. 

that R. gigas is transported 
from sub-Antarctic areas to an Antarctic and C. acutus in the same 
manner in the opposite direction. Now, the transport of water masses 
from Antarctic to sub-Antarctic is known to us. We thus know that 
some of the Antarctic surface water which sinks at the convergence is 
carried northwards and forms a main part of the intermediate water 
layer in sub-Antarctic. There is not, however, any corresponding trans
port from sub-Antarctic to Antarctic, assuming that no weight is to 
be attached to transport in deep waters. It is possible, however, that 
in the convergence area the sub-Antarctic surface water also sinks 
(Sverdrup 1933) and as a result there may be effected a transportation 
in the upper waters from sub-Antarctic to Antarctic; but it is not, indeed, 
certain that it is in this manner that the transportation is effected. For 
the purpose of this discussion it is sufficient to know that in the con
vergence area itself a considerable mixing of Antarctic and sub-Antarctic 
water masses takes place and that because of this there are always 
possibilities for transport of plankton organisms from the one area to 
the other. 

It can presumably be assumed that the view asserted above con
cerning the biology of R. gigas is sufficiently well founded on the 
information at our disposal to-day. In particular the information which 
MACKINTOSH (1934) furnishes concerning the distribution of this species 
well supports our conclusion. Meanwhile, as far as C. acutus is con
cerned, it must be borne in mind that the material from sub-Antarctic 
which is available is very inadequate. That this species is a typically 
Antarctic form is scarcely to be doubted, but the manner of its occurrence 
in sub-Antarctic must be the subject of subsequent, more exhaustive, 
investigations. 
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Metridia gerlachei. 

According to MACKINTOSH (1934) M. gerlachei is a cold water 
form. This species deviates from the two Calanus species in several 
respects. First and foremost its vertical migrations are considerable 
and it is, in addition, a patchy form (Mackintosh 1934). Moreover, 
both as regards horizontal and vertical distribution there is a great 
difference between this species and the two Calanus species. Thus, it 
has been shown that M. gerlachei occurs in relatively great quantities 
at the three stations, 41, 42, and 43, north of S. Orkney. In this area 
"Discovery" has also found it to be very numerous (Mackintosh 1934). 

M. gerlachei is found preferably in deeper waters than C. acutus. 
It is only rarely that we have found it abundant at depths less than 
100 metres. Nor do the youngest stages occur in any quantity in the 
upper layers. It is possible that this vertical distribution may be due 
to the great vertical migrations as our stations, with a few exceptions, 
are all taken in the day time. At the three stations taken during the 
night M. gerlachei, however, occurs in such small quantities that no 
grounds are offered for a judgment of the part played by the migrations 
in the vertical distribution. It must, however, be possible to assume 
that these migrations cannot, in any noteworthy degree, exert any 
influence on the distribution where it is a question of great depths 
such as 400—500 metres. That the migrations can displace the quantity 
in the upper water layers is presumably certain, but that any alteration 
takes place in the distribution in greater depths to such a degree that 
the whole of the picture is changed is very improbable. 

We have previously shown that M. gerlachei occurs preferably in 
the water masses between 300 and 100 metres. The vertical distributions 
of the oldest and youngest are fairly identical. The only difference 
which can possibly be of any significance is that, whereas the oldest 
stages are found right up to the surface, the youngest in no single 
instance are found above 50 metres. The best material we have of 
M. gerlachei is from the three stations 41, 42, and 43 in the Scotia 
Sea. These stations are taken in an area north of S. Orkney. It will 
proceed from Table 12 (page 20) that the three youngest stages are 
not found above 50 metres. The greatest quantities of both the youngest 
and oldest stages are found between 400 and 200 metres. 

With regard to the vertical distribution we find, in other words, 
a very substantial difference between M. gerlachei and the two Calanus 
species. For, even if the vertical migrations of M. gerlachei are great, 
it is very improbable that the individuals which, at Stations 41, 42, and 
43, are found at a depth of 400 metres during the day would have 
migrated in the night to the water layers from 200 metres and upwards. 
It is necessary to seek an explanation of this phenomenon. 
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JESPERSEN (1934) has undertaken a very close examination of the 
vertical distribution of M. longa SARS in the waters west of Greenland. 
He states that "As a rule it did not occur at all, or in very small 
numbers, in the uppermost layers of water and in several of the surface 
hauls where it was taken the specimens turned out to be dead." 
An examination of the hydrographical conditions at the stations where 
only dead individuals of this species were found in the surface layers 
showed that these stations were marked by very high temperature and 
low salinity at the surface. It is possible that this information may provide 
an explanation of the vertical distribution of M. gerlachei in Antarctic 
waters. We know that throughout the spring and summer the temperature 
at the surface increases at the same time that the salinity decreases. 
If it is the case that M. gerlachei does not tolerate high temperature 
and low salinity, it must be expected that, at the warm stations in the 
open sea, e. g. at Stations 41, 42, and 43, this species may be found 
preferably in the border layer between Antarctic surface water and the 
intermediate water layer. At three stations considered above (41, 42, 
and 43) the border between the two water layers, judging by the 
temperature, lies between 300 and 200 metres, and it is indeed at this 
depth we have found the greatest quantities of M. gerlachei. 

Probably the species also spawns at this depth as the quantities 
of mature animals found in the surface layer are very small. The 
composition in stages corresponds on the whole to that for C. acutus. 
Thus at the cold stations at the ice-edge only the older stages are 
found, while at the warm stations in the open sea the younger stages 
are dominant as a rule. We, therefore, must assume that M. gerlachei 
has the same life cycle as C. acutus. The only feature which distinguish 
these species from each other is the vertical distribution. However, 
there are other circumstances which require more precise explanation. 
We have previously pointed out that M. gerlachei occurs in relatively 
greater quantities at Stations 41, 42, and 43 in the Scotia Sea than in 
the other areas. MACKINTOSH (1934) who has also had the same 
experience that it is in the area between S. Shetland and S. Orkney 
that this species is most numerously represented, states "Probably its 
method of reproduction is in some way associated with the bottom or 
with the conditions found in shoal waters." We will not adopt any 
definite attitude either for or against this opinion. We believe, however, 
that another explanation can be given of this phenomenon. First and 
foremost the quite peculiar transport of the water masses in this area, 
due to the distribution of land masses, must be taken into consideration. 
Whatever opinion may be held regarding the circulation in the Weddell 
Sea it is a fact that, along the continent in the inner Weddell Sea, there 
runs a cold current from east to west. On account of the land masses 
this current is forced in a northerly direction along the east coast of 
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Graham Land and, all things taken into consideration, we should expect 
to find the remains of this current in the area between S. Shetland and 
S. Orkney. It is precisely in this area that we find the great quantities 
of M. gerlachei. We believe, therefore, that this rich occurrence of 
M. gerlachei in this area is related to these remarkable current conditions. 
However, it is clear that this opinion must provisionally be regarded 
as a hypothesis. Our material is by no means sufficient as a basis 
for the determination of this question. 

VII. Summary. 
1. In the first two sections an account is given of the object of the 

investigations, the material, the methods applied and the hydrographie 
conditions at the various stations. 

2. In Section III. there follows a survey of the horizontal distribution 
of the four species C. acutus GIESBRECHT, C. propinquus BRADY, 

R. gigas BRADY, and M. gerlachei GIESBRECHT. With some few excep
tions all species occur at all stations, but in greatly varying quantities 
(Table 1). Thereafter, in Table 2 the number of individuals of these 
species in Stages IV., V., and VI. is given, as well as the relative 
number of individuals of C. propinquus, R. gigas, and M. gerlachei, 
indicated in proportion to the number of individuals of C. acutus. 
The ratio between the quantity of the two Calanus species is remarkably 
constant. For each 100 individuals of C. acutus there are from 2 to 
9 of C. propinquus. At Stations 6, 24, and 28 there are considerable 
deviations from this rule, but this is due to difference in the composition 
in stages of the two species. The relative number of individuals of 
R. gigas, on the other hand, varies very greatly. The greatest relative 
number are found at the stations in the Bellinghausen Sea (Stations 
27—38) and at Stations 5, 7, 8, and'13 between Kerguelen and the 
Ross Sea. The relative number of individuals of M. gerlachei also 
varies greatly. The greatest quantities are found in the Scotia Sea 
(Stations 41, 42, and 43) and at Stations 14 and 16. At the latter two 
stations, however, there is only a small quantity of C. acutus and for 
this reason the calculations are doubtful. 

3. In Section IV. a statement is given of the vertical distribution. 
Table 3 shows that the three youngest stages of C. acutus (I + II + III) 
have a different vertical distribution to the oldest stages (IV + V + VI). 
This does not apply to R. gigas (Table 4). Both for this species and 
M. gerlachei the youngest stages have approximately the same vertical 
distribution as the oldest. 

The three oldest stages of C. acutus (Table 5) occur in all samples 
down to 500—600 metres. At the stations in the area between Kerguelen 
and the Ross Sea (Stations 6—18) and at Stations 27, 28, and 38 in 
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the Bellinghausen Sea the greatest quantities were taken above 200 
metres. In contrast to this in the Scotia Sea (Stations 41, 42, and 43) 
and at Stations 46 and 47 in the Weddell Sea the greatest quantities 
were taken between 200 and 400 metres. The three youngest stages 
of C. acutus (Table 6) are only found in the Antarctic surface layer. 
The greatest quantities were taken between the surface and 100 metres. 

The vertical distribution of C. propinquus (Tables 7 and 8) cor
responds on the whole to the distribution of C. acutus. 

The vertical distribution of R. gigas (Tables 9 and 10) is approxi
mately the same as for the three oldest stages of C. acutus; and there 
is no noteworthy difference between the distribution of the oldest and 
the youngest stages. The youngest stages, however, only rarely occur 
at greater depths than 300 metres. 

M. gerlachei (Tables 11 and 12) occurs only in exceptional cases 
at a less depth than 50 metres. The youngest stages are only found 
at two stations between the surface and 100 metres, and the greatest 
quantities of all stages were obtained in the hauls between 100 and 
400 metres. M. gerlachei has thus another vertical distribution than 
the other species. 

4. A statement is given in Section V. of the age composition or 
composition in stages. As far as C. acutus is concerned, this will be 
seen from Figs. 6 and 7. With the exception of Station 27 all stations 
are taken in Antarctic areas. There is, however, a difference in the 
hydrographical situation inasmuch as at some stations (7, 28, 34, 41, 
42, and 43) the surface layer is greatly warmed whereas at other stations 
the surface water is cold. The composition in stages of C. acutus alters 
parallel with the temperature. At the cold stations only the oldest 
stages (IV., v., and VI.) are found whereas at the warm stations 
the youngest stages are represented. But also at the cold stations taken 
at the ice-edge the composition in stages alters with the temperature. 
Table 13 thus shows that the warmer the surface water is the greater 
is the number per cent of mature individuals which are found in 
the stock. 

The composition in stages of C. propinquus (Table 15) corresponds 
on the whole to that of C. acutus. 

In the case of R. gigas, on the other hand, the composition in 
stages (Fig. 8, Table 17) is practically the same at all stations with the 
exception of the sub-Antarctic Station 27 and Station 28 which lies in 
the convergence area. For this species there is, thus, no parallel between 
the composition in stages and the surface temperature. At Stations 27 
and 28 two generations are plainly represented. Otherwise the com
position in stages changes very little from station to station. 

The composition in stages for M. gerlachei (Fig. 9) is very nearly 
the same as for C. acutus. For this species there is also a parallel 
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between the composition in stages and the temperature, though not so 
plain as in the case of C. acutus. 

5. In the last section an attempt has been made to give a conception 
of the life cycles of the various species. 

C. acutus spawns in the surface layer at very different times of 
the year. The decisive factor for spawning is the ice conditions and 
therefore the temperature: possibly also the volume of light. Throughout 
the whole of the spring and summer there is with the water masses 
a steady advance of the older stages outwards from the ice covered 
areas. In the altered conditions which arise in the surface layer when 
the latter masses become free of the ice cover these stages develop 
into mature individuals which commence to spawn. The result of this 
spawning (eggs, nauplii, and copepodites) is gradually carried out with 
the water masses from the ice-edge simultaneously with a continuation 
of the change in conditions in the surface layer, rising temperature and 
decreasing salinity. The young stages sink into deep waters at the 
Antarctic convergences and are then carried southwards with the Ant
arctic return current. But these stages can also be carried northwards 
into sub-Antarctic areas. 

C. acutus is .a typical representative of the Antarctic Ocean. This 
also applies to C. propinquus which in all respect occurs parallel with 
C. acutus. 

On the other hand, R. gigas must be regarded as a representative 
of the sub-Antarctic Sea. A plainly pronounced summer generation is 
only found at the sub-Antarctic Station 27 and at Station 28 which lies 
in the convergence area, but it has not been possible to find any result 
of such a spawning. 

In common with the two Calanus species M. gerlachei is a typical 
representative of the Antarctic Ocean. Preferably it is found deeper 
than the two Calanus species. This we have attempted to explain as 
a consequence of low temperature and simultaneous high salinity at 
the border between the surface water and the intermediate water layer. 
Otherwise, however, M. gerlachei has the same life cycle as C. acutus. 
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