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QUANTITIES OF ZOOPLANKTON AND 

PROPAGATION OF CALANUS FIArMARCHICUS AT 

PERMANENT STATIONS O N  T H E  NORWEGIAN 

COAST AND A T  SPITSBERGEN, 1959  - 1962 

BY 

ULF  LIE^ 

Fiskeridirektoratets Havforskningsiilstitutt 

INTRODUCTION 

Zooplankton has been collected at permanent oceanographic stations 
along the Norwegian coast since 1948. The purpose of these long-range 
plankton studies is mainly to follow the annual and seasonal changes in 
the food conditions for plankton-feeding fishes. Also, the samples provide 
material for an analysis of the abundance of eggs and larvae of commerci- 
ally important fishes in Norwegian coastal waters. 

The permanent stations were originally Sognesj~en, Ona, Skrova and 
Eggum (Fig. 1). Skarsv%g and Kongsfjorden at Spitsbergen were added 
in 1955 and 1957; the sampling at Ona was abandoned in 1957. Since 
1948, zooplankton has also been collected at the weather ship "M" at 
66"N, OZOE in the Norwegian Sea. 

The hydrographical conditions at the various stations are representa- 
tive of the conditions in the Norvegian coastal water at the corresponding 
latitudes. Hydrographic data from the permanent stations have been 
collected simultaneously -cvith the zooplankton and processed at the hydro- 
graphy section of the Institute of Marine Research, Directorate of 
Fisheries. 

The zooplankton was completely identified and counted from 1948- 
1951 (WIBORG 1954), but has since been less thoroughly analyzed. The 
emphasis has been on measuring displacement volumes, the dominating 
species of zooplankton have been noted, and fish-eggs and larvae have 
been identified and counted. Since 1959 the percent composition of devel- 
opment-stages of Galanus finmarchicus has also been estimated. 

WIBORG (1954) described the annual and seasonal changes in the 
quantities of zooplankton at the permanent stations from 194.8 to 1951. 

Present address: Department of Oceanography, University of Washington, 
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Fig. 1. Permanent zooplankton srations (from WIBORG 1958). 

He also discussed the coinposition of the zooplankton and various aspects 
of the biology of the important species. The quantity of zooplankton at 
the permanent oceanographic stations until 1958 was reported by WIBORG 
(1958 and 1960). 

The current paper reports on thc zooplanktoll quantities and the pro- 
pagation of Calnnus fi?zmnrchicus at Sognesjoen, Skrova, Eggum, Skarsviig, 
and ICongsfjorden during the period 1959- 1962. 



MATERIAL AND METHODS 

The present report is based on 734 samples from five stations. The 
material from Skrova is by far the most complete, averaging more than 
eight samples per month, while the average for the other four stations 
is less than four. 

The majority of samples were collected with Nansen-nets with mouth 
diameter 70 cm and mesh size 0.2 mm. In  1961 and 1962 this gear was 
replaced by Juday-nets with 40 cm diameter in the upper ring, and the 
same mesh size as the Nansen-nets. When calculating the volume of 
zooplankton per square meter of surface, it has been assumed that the 
catch per unit area was the same for the Nansen-nets and for the Juday- 
nets. 

Two samples were taken per station per sampling date: one sample 
from the 50-0 m layer, the second from the bottom to the surface. All 
the samples were preserved in 5- 10 percent formalin. 

The volume of the zooplankton was measured by the displacement 
method (WIBORG 1954). Presence of large quantities of phytoplankton 
may rcduce the accuracy of the measurements considerably by clogging 
the sieves, but by washing the samples thoroughly before measuring 
volume, most of the phytoplankton can be removed. 

The volumes of zooplankton per square meter of surface have been 
calculated and the monthly means of these values are presented in Figs. 
2 -6. 

The propagation of Calanus finmarchicus has been studied by deter- 
mining percentage distribution of the first 100 Calanus copepodites 
counted when examining the sample under a dissecting microscope. 
This method probably does not meet the requirements for random 
sampling; therefore, the data have not been used for any statistical evalu- 
ations. The bias introduced by the method of subsampling does not 
permit much emphasis on single observations of stage distribution, but 
demands consideratio11 of trends in large numbers of samples. 

The percentage developmental stage distribution as monthly means 
averaged for the years 1959 - 1962 at the various stations is presented in 
Figures 7-10. 

VOLUMES OF ZOOPLANKTON AT THE PERMANENT STATIONS, 1959-62 

Sognesjwen (Fig. 2)  
Very few samples are available from this station, a circumstance 

which makes the study of seasonal changes in the biomass uncertain. 
The spring increase seemed to start in April, the maximum was reached 
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Fig. 2. Monthly mean totalvolumes in ml/m2 of zooplankton at Sognesjoen, 1959-1962. 

in April or May. A second, less pronounced peak could be detected in 
July - August. 

WIBORG (1954, 1958, 1960) found the same general trend in the sea- 
sonal variations in biomass of zooplankton, and his data reveal consider- 
able variations from one year to another. However, WIBORG also had 
relatively few observations from this station, which may account in part 
for the variations. 

Skrova. (Fig. 3) 

The quantities of zooplankton in the 50-0 m samples were very poor 
during the first three months of all the years investigated. The spring 
increase was observed from the middle of April, and for all years two 
significant peaks were found; one in May and one in June. A third, less 
pronounced peak occurred in September-October. 

Fairly high densities of zooplankton were observed all year round in 
the 300-0 m samples. 3). The minimum was found in March, and the 
same three peaks occurred as in the 50-0 m samples. The two separate 
peaks in May and June are not revealed by the monthly mean values 
per m2. 

From February on, an increasing proportion of the zooplankton was 
found in the upper 50 m layer, and during April, May, and June, more 
than 50% of the total standing stock occurred in this layer. The relative 
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Fig. 3. Monthly mean total volumes in ml/m2 of zooplankton a t  Skrova, 1959-1962. 

density of zooplankton in the 50-0 m samples was also prominent during 
the peaks in September-October 1959 and 1961, but not in 1960. From 
October the amount of zooplankton in the upper 50 m layer decreased 
rapidly, and during December and January less than 5% of the total 
biomass was found in this layer. 

The variations in zooplankton volumes per square meter of surface 
from 1959 to 1962 (Fig. 3) correspond largely to those observed by 
WIBORG (1954, 1958, 1960). He demonstrated that considerable changes 
may occur at this station from one year to another as regards time for 
the peaks and the mean annual richness of zooplankton. 

Eggum. (Fig. 3) 
The spring increase in the 50-0 m samples at this station was always 

found in April, reaching a niaximum of volume in May. In 1960, no 
other peaks were found, whereas a second peak occurred in August 
1961 and June 1962. 

The 200-0 m samples from 1960 revealed peaks in May and early 
July, and a slight increase in October. (Fig. 4). The same pattern was 
found in 1961, but as no samples were collected later than September, 



Fig. 4. Monthly mean total volulnes in ml/m2 of zooplanktoll at Eggurn, 1960--1962. 

an eventual third peak could not be detected. Also in 1962 the spring 
maximum in the 200-0 m samples was found in May, and a second 
peak seemed to occur at the end of June. 

The zooplankton density in the winter season from September to 
April was extremely poor and no significant difference between the 50-0 
and the 200-0 m samples was found. During the summer season, how- 
ever, the volumes of the 200-0 m layer were considerably higher than 
the volumes of the 50-0 m samples. 

M T ~ ~ o ~ ~  (1954, 1958) found largely the same pattern, and he empha- 
sized the extensive variations from one year to another. 

SkarsvRg. (Fig. 4) 
The spring increase in the 50-0 m samples was observed from April- 

May. The maximum was as a rule found in July, but in 1962 it occurred 
as early as the middle of June. A small second peak could be detected in 
August -September 1960 and 1961. The volumes of the 260-0 m samples 
followed the same pattern. 

The main part of the zooplankton seemed to be concentrated in the 
upper 50 m during the first half of the year, while the relative density 
of zooplankton in this layer decreases after the spring maximum when the 
plankton descends for overwintering in the deeper water layers. 



Fig. 5. Monthly mean total volumes in ml/m2 of zooplankton at Skarsvig, 1959-1962. 

J A ~ H N O V  (1939a) found, at a corresponding latitude in the western 
Barents Sea, a minimum of zooplankton in March and a maximum in 
August, and no second peak was observed. 

Kongsfjorden (Fig. 6) 
The scarcity of samples from this station prevents a complete discus- 

of the seasonal variations in the biomass of zooplankton. The spring 
increase started in June, but no general trend in the occurrence of the 
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Fig. 6. Monthly mean total volumes in ml/m2 of zooplankton at Kongsfjorden, 
1959-1962. 



maximum was revealed. Ilowever, high amounts of zooplankton were 
found from July, until the sampling was ended in October -November. 

Up  until June the main part of the zooplankton seemed to be concen- 
trated in the upper 50 m, but from July onwards, the relative importance 
of the biomass of this water layer decreased steadily. 

According to M~IBORG (1960) the highest volu~nes of zooplankton were 
found during the last half of the year, both in 1957 and 1958. 

PROPAGATIONS OF CALANUS FINMARCHICUS AT THE 
PERMANENT STATIONS, 1959-1962 

Sognesjuen (Fig. 7 )  
The complete picture of the propagation of CnlnnusJinma~chicus at 

Sognesj~en is rather uncertain due to the scarcity of samples. However, 
during all the years investigated there was a maximum of females at the 
end of February or the beginning of March, followed by high percentages 
of young copepodites during March. The main spawning evidently must 
have taken place in the first half of March. The percentage distribution 
of females, males, and young copepodities during the rest of the year 
indicates, as shown in Fig. 7, that spawnings also took place in early 
June and August. 

High percentages of the copepodite stage V during summer and fall 
in the 200-0 m samples, indicate that only part of the spring generation 
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Fig. 7. Variations in the percentage distribution of males, females and copepodite 
stages I-V of Calanus finmarchicus at Sognesjaen. Monthly mean figures 1959-1962. 



reaches maturity and spawns the same year, while the main part of the 
stock stays in the deeper waters as copepodite stages IV and V until 
next spring. 

Three spawnings of Calanus finmacrlzicus in coastal waters of south- 
western Norway have been recorded by several authors (RUUD 1929, 
RUNNSTROM 1932, GUNDERSEN 1953, and WIBORG 1954), and WIBORG 
could even demonstrate that a fourth spawning occurred in 1949. WIBORG 
calls the spawning in March the "main spawning" and the later spawnings 
6 G minor spawnings", by which he probably implied that, as stated above, 

only a part of the spring generation takes part in the two latest spawnings. 
However, as WIBORG based his terms "main" and "minor" spawnings 

on percentages, they do not reveal which of the spawnings actually was 
the most important because this will depend on the total number of 
animals present. I n  spring during the first spawning the stock is very small 
and, even if 100 percent of the population 1-eaches maturity and spawns, 
the number of Calanus produced may still be smaller than the number 
produced by a lower percentage of adults in the autumn when the Calnnus 
stock is larger. The percentage distribution of the development-stages 
does not therefore necessarily reveal the importance of the spawning. 
However, the spring spawning at all stations was followed by a sharp 
increase in the zooplankton biomass (Figures 2-6) which indicates that 
the first spawning really is the main spawning in the sense of production 
of new animals. 

~ F M A M J ~ A S O N D  
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Fig. 8. Variations in the percentage distribution of males, females and copepodite 
stages I-V of Calanus finmarchicus at Skrova. Monthly mean figures 1959-1962. 

Symbols as in Fig. 7. 



Skroua (Fig. 8) 

During all the years investigated the maximum of females was found 
in the middle of March, and the corresponding copepodite stages I and I1 
occurred from the end of March with a maximum in the middle of April, 
which indicates that the main spawning took placc in the last half of 
March. ,4 second peak of females occurred in June-July and high per- 
centages of copepodite stages I and 11 were present from the middle of 
July, from which one may conclude that a second spawning of Calanus 
fi?zmarchicus occurred in the first half of July. Fig. 8 indicates that some 
spawning may also have occurred in October. 

High percentages of the copepodite stage V in the 300-0 m samples 
indicate that only a part of the spring generation spawned the same 
summer. 

These results are in good agreement with MTIBORG (1954), who stated 
that Calanus finmarclzicus at Skrova spawned in April-May and in July- 
August. He also suggested that a minor spawning must have occurred in 
June. This suggestion was, however, built only on the occurrence of a 
small number of nauplii, and could not be followed through the cope- 
podite stages. 

Eggum (Fig. 9 )  

No samples from March 1961 and 1962 are available, but the occur- 
rence of the copepodite stages I and I1 in April both years indicates that 
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Fig. 9. Variations in the percentage distribution of males, females and copepodite 
stages I-V of Calanus finmarclzicus at Eggum. Monthly mean figures 1960-1962. 

Symbols as in Fig. 7. 



the maximum of females must have been in March, which was the case in 
1960. A second peak of females was found in June-July of all the three 
years investigated. Both maxima of females were followed by high percen- 
tages of the copepodite stages I and 11. High numbers of young Calanus 

Jinmarclzicus were also found in September without a preceding peak of 
females. The material from Eggum 1960-1962, may then lead to the 
conclusion that there are two spawnings of Calanus per year; one in 
March and one in June-July. The young copepodites found in Sep- 
tember may have been transported into the area from nearby popula- 
tions, as suggested by WIBORG (1954). According to WIBORG there were 
three spawnings of Cnlanus at Eggum; in April, June and August-Sep- 
tember. However, also in this material the last maximum of young 
copepodites was not preceded by a peak of females. 

Skarsvdg (Fig. 10) 

A maximum of females occurred each year in March-April, followed 
by high percentages of the copepodite stages I and I1 in April and May, 
so the spawning probably took place mainly in the first half of April. 
A second spawning occurred in July, as high percentages of females 
were found in July and the copepodite stages I and I1 in August. 

High percentages of the copepodite stage V in the deeper water 
during the second spawning indicate that the spawning was of minor 
importance. 

J F M A M J J A S O N D  
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Fig. 10. Variations in the percentage distribution of males, females and copepodite 
stages I-V of Calanus finma~.chicus at SkarsvBg. Monthly mean figures 1959-1962. 
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No previous investigations on the propagation of Calanus fin~narchicus 
from a comparable latitude in Norwegian waters have been made. 
According to YASHNOV (1939b) and MANTEIFEL (1939) there is only 
one spawning of Calanus per year in the southern Barents Sea and in the 
waters off the west Murman coast. However, according to MANTEIFEL 
(1941), copepodite stages 1-111 are found in some years from July to 
September in the Barents Sea without a preceding abundance of adults. 
MANTEIFEL concluded that these young Calanus were brought into the 
Barents Sea from Norwegian coastal waters, which supports the conclu- 
sion in the present paper that there is a second spawning in July in 
northern Norway. 

Kongsforden 

The scarcity of samples from this station allows no conclusioils about 
the propagation of Calanus finmarchicus. The material indicates, however, 
that there is only one spawning per year and that no spawning takes 
place in the second half of the year. 

DISCUSSION 

At all stations along the Norwegian coast there were two pronounced 
maxima of volumes of zooplankton per year, while Icongsfjorden at Spits- 
bergen showed only one maximum. There was a significant delay in the 
occurrence of the spring maximum with increasing latitude, ranging from 
April at Sognesj~en to July at Skarsv&g. A similar trend for the occurrence 
of the second peak could not be detected. 

A complete comparison of the annual relative richness of the zoo- 
plankton from the different stations was not possible because the material 
collected during the winter season was too scanty for some of the stations. 
However, the material was fairly good for all the stations during the 
period April to August, and in Table 1 is show11 the mean zooplankton 
volumes for the different stations during this period of each year. 

Table 1 indicates the relative richness of zooplankton at the different 
stations during the period April-August. However, one cannot draw 
any conclusions about the relative annual richness of the stations from 
the table because the plankton biomass during the last half of the year 
is considerably higher at Skarsvsg and ICongsfjorden than at the other 
stations. 

The total annual biomass per station seems to be of the same order of 
magnitude at the four northern stations, while the biomass at Sognesj~en 



Table I. Mean of monthly mean volumes in ml of zooplankton per 1ii2 surface from the 
permanent stations for the period April-August of the years 1959-1962. 

Station 

Year I 
i 1 1959 1960 1961 1962 Mean 

is considerably lower. This finding is supported by earlier investigatiolls 
(WIBORG 1954, 1958, 1960). 

WIBORG (1954) found that the richness of the zooplankton at Eggum 
during the spring and summer was comparable to the coilditions at 
Georges Bank off the east coast of North America and in the Barents Sea. 
During the winter the zooplankton density at Eggum and Sognesjoen 
is extremely 10~1, and WIBORG suggests that the strong north-going cur- 
rents may carry the plankton away. 

The data do not allow for conclusions as to which year was the richest 
because of the variation from one station to another with no general 
trend. 

The data from the permanent stations during 1959-1962 revealed 
significant changes in the number of spawnings for Calanus finnznrclzicz~s 
and the time for their occurrence with increasing latitude. At Sogneqj~en 
and possibly at Skrova three spawnings were observed, at Eggum and 
Skarsviig two, and at Kongsfjorden only one. The spring spawnings 
occurred in the first half of March at Sognesjgen, in the last half of March 
at Skrova and Eggum, in the first half of April at Skarsviig and some 
time between April and June at ICongsfjorden. A similar delay in the 
occurrence of the second spawning with increasing latitude could not be 
detected. 

The spring spawning of Calanus was always followed by a sharp in- 
crease in the volumes of zooplankton, and the maximum volume was 
reached 1 %  to 2 months after the spawning. A similar increase in the 
volume after the second spawning was less pronounced. This may be 
attributed to the fact that only a small part of the stock of Cala?zus took 
part in the spawning, that plankton is transported into the area from 
nearby regions, and that neritic species are much more abundant dur- 
ing the late summer, reducing the relative importance of Calanus fin- 
marchicus. 

2. 

Sognesjoen . . . . . . . . . . . . . . . . . .  
Skrova . . . . . . . . . . . . . . . . . . . . . .  
Eggum . . . . . . . . . . . . . . . . . . . . .  
Skarsvjg . . . . . . . . . . . . . . . . . . . .  
Kongsfjorden. . . . . . . . . . . . . . . . .  

8.6 1 46.4 19.5 
No data I 20.4 

31.9 12.2 
20.4 , 12.9 

No data 5.0 
25.6 27.5 

3 1.8 
15.9 

11.3 26.8 

8.2 
29.8 
28.2 
18.0 
17.7 



An attempt was made to determine the stage distribution of Calanus 
when maximum volume occurs. Although there are considerable varia- 
tions from one year to another, it is probably permissible to conclude 
that maximum volume is found when the copepodite stages I11 and IV 
in southern Norway and IV and V in northern Norway comprise more 
then 50% of the total number of Calanus. The relationships between the 
stage distribution of Cnlnnus finmnrclzicus and the occurrence of maxinlunl 
volumes should be studied more extensively, especially in boreal oceanic 
waters where the domillance of Cnlnnus is more pronounced. This rela- 
tionship might enable us to determine from a small number of samples 
the immediate future changes of the plankton biomass, which would 
be of niain concern for the prediction of food availability for plankton 
feeding fishes. 

SUMMARY 

1. Zooplankton has been collected in vertical hauls from 1959 to 1962 
at four permanent oceanograpllic stations along the coast of Norway 
and one from Spitsbergen. The volumes have been measured and the 
stage composition of Calanus fi~zmarclzicus determined. 

2. A delay of occurrence of maxi111 volume with increasing latitude 
for the spring maximum of volume is evident, but a similar trend for 
the secondary maxima could not be demonstrated. The annual 
richness of zooplankton on the southernnlost station (Sognesjaen) 
was considerably poorer than at the other four stations. At these the 
amount of zooplankton was of the same order of magnitude. There 
were large variations in amount of zooplankton from one year to 
another at all stations, and a general conclusion about the relative 
richness of the different years could not be made. 

3. A significant delay in the time of spawning of Calnnus fin??zarchicus 
and decreasing number of spawnings with increasing latitude was 
demonstrated. 

4. Maximum of volume occurred about 1 $/2 to 2 months later than the 
spawning of Calnnus fitz~narchicus when the copepodite stages 111 
and IV in southern Norway and IV and V in northern Norway 
comprised more than 50% of the stages. A method for prediction 
of biomass changes based on development-stage distribution of Calnnus 
is suggested. 
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DISTRIBUTION OF MACKEREL EGGS AND LARVAE 
IN THE SKAGERRAK, 1957- 1959 

BY 

SVEIN MYRBERGET~ 

Statens Biologiske Stasjon, Flodevigen 

INTRODUCTION 

The Skagcrrak is one of the most important spawning areas for 
mackerel (Scomber scomb~z~s L.) in Nordic waters: the planktonic eggs 
ancl small larvae are found in considerable numbers in June-July, 
especially off the south coast of Norway (EHRENBAUM 1923). The following 
data cn the geographical distribution of n~aclterel eggs and larvae in the 
Skagerrak during different parts of the spawning season have beell 
collected between Alay and July 1957-1959 in connection with a spaw- 
ning stucly of sprat (Clz11jea spfattus) and made available by the Marine 
Biological Station at Fl~devigen. 

MATERIALS AND METHODS 

Samples ILierc collected from the middle of May to the beginning 
of July \vif h a plankton net 1 nl in diameter lowered to a depth of 50 or 
100 m and hauled up veitically. O n  most stations two hauls were made, 
one A-haul always from 50 111 to the surface, and one B-haul sometimes 
from 50 m, otherwise from 100 m. 

In  all, 495 hauls were made at 269 stations in the Skagerrak and 
Oslofjorcl. In  the Skagerrak all stations were outside the skerrygard, 
but mackerel are knoxvn to spaxvn frequently further inside the fjords 
as well (DANNEVIG 1948). 

Description and sizes of mackerel eggs are given by many authors 
(e.g. HOLT 1893, BUCHANAN-WOLLASTON 19 1 1, DANNEVIG 19 19, 
EEIRENBAUM 1923, BIGELOVJ and WELSH 1925, DEMIR and ARIM 1957 and 
H I E ~ ~ S T R A  1962). Identifications were based mainly on stiuctural charac- 
teristics, as xvell as on size of eggs and of the oil droplet. Eggs diameters 
vary with the salinity of the waters and the geographical locality: in the 
North Sea ancl Skagerrak eggs are reported to be 0.95-1.38 mm in 
diameter (usually 1.2 -1.3 mm), the oil droplet 0.28-0.35 min. This 

Present address: Statens Viltunders~kelser, Vollebekk, Norway. 



was in general the case with the present material, but a few eggs were 
found (identified by the einbryo) measuring up to 1.45 inm in thc brackish 
Kattegat waters late in the season. 

Some eggs without embryo were indistinguishable from those of the 
ling (Molva nzolvn), which according to EHRENBAUM (1905 -09) have a 
diameter of 0.97 -1.13 mni, with an oil droplet cliamcter of 0.28-0.3 1 mm. 
However, as the main spawning of ling takes place in April, and as 
practically no ling eggs with embryo were found, this source of error 
is probably an insignificant factor in the identification. 

Larvae were identifiecl on the basis of descriptions by CUNNING- 
HAM (1891) and EHRENBAUM (1905-09 and 1923) and measured to 
the nearest 0.1 n ~ m .  

Larvae and, in 1959, eggs from all stations were identifiecl. In 1957 
and 1958 the eggs from A-hauls only were identified. From the 269 
A-hauls a total of 31,469 mackerel eggs and 2,914 larvae were collected 
(Table 1). 

Table 1. Number of mackerel eggs and larvae in A-hauls. 

Year 

Total 1 48 1 710 / / 2101 1761 241 410 

1957 
1957 
1958 
1958 
1958 
1959 
1959 
1959 

Grand total / 269 131469 / / 19781 7541 1821 2 914 

Date 

Total / 221 130759 / / 1 7681 5781 1581 2 504 

Sh-uger,.uk 
2 115-3015 

716-1316 
2915- 916 
23/6-2516 
3016- 317 
19/5-2215 

Number of larvae 

of 
stations 

Total length in min 
- 

<4.05 4.05- >4.50 1 4.50 1 
42 
21 
36 
22 
27 
27 

Total 

J%gs 
- 

816-1 116 

Number 

- 
ll - 

I 1 

218 701 23 311 
202 641 53 319 

7 - -  7 

I 

1 3'29 
7 

without 
visible 
embryo 

3016- 217 1 18 1 237 37% 
28 

1268 
2274 
8 505 
3 305 

435 9 1 843 
2 31 10 

: ::' 29y0 

87% 
82% 
59% 
62% 

2 576 32% 

38% 



RESULTS 

Table 1 shosars the number ol stations on different cruises and gives 
the numhcrs of ~l~ackerel  eggs and larvae in various size-classes in the 
A-hauls. Only 102 (6.2%) larvac were longer than 4.5 mm, probably 
a iesult cf heavy mortality, known to bc 10-14% per day in American 
Atlaiitic waters (SFTTE 1943), and also of the fact that the larger larvae 
may by bctt cr able to escapc the nets (AHLSTRI~IM and NAIR, cited in MARR 
1956). 

Dektlz qr rggs arztl larvae 

The eggs ancl .;mall larvae arc free-floating, at a depth which varies 
accorcling to the clensity of the lvatcrs. Larvae, especially those longer 
than 5 mm, are kliown to move to upper layers for the night (JOHANSEN 

1925b and SETTE 1943). 
No attenlpt WLLS lnacle to find the accurate clcpths of eggs and larvae. 

The fo1lo:ving ob.;crvations, however, may bc indicative : 
In 1959 therc x\.c.re on thc avcrage only a few more eggs and larvae 

in B-hauls taken froin 100 m than ill A-hauls (Table 2) .  This is,  however, 
not clelinite rviclcr~cc foi- the occurrelice of eggs and larvae between 50 and 
100 m, as stin$ nncl current will sornetilncs lcad thc net to surface more 
obliquely from 100 than froln 50 n-~, thus resulting in relatively larger 
catchcs from t l ~ c  upper water layers of the B-hauls. The number of eggs 
in B-hauls \bas 114% that of A-hauls, larvae in B-hauls 125% that of 
A-liauls, ancl the cliffcrencc between A- and B-hauls was significantly 
grcatcr (P < 0.001) for larvae than for eggs. This might indicate that a few 
cf the Inivac (but very few, if any, of the eggs) were taken below 50 m. 

If this is the case, net samples taken from 50 m and upwards should 
be sufficient for i~lvcstigatilzg mackerel spawning localities. 

111 the Korih Sca and Skagerrak spawning takes place from the second 
half of May ancl into the lnonth of July with a maximum in June (EHREN- 

Table 2. Number ol mackrrel eggs and larvac from 
Skagerrak stations in 1959. 

Eggs . . . . . . 9 890 11 289 114.1% 
Larvae . . . . 1 2 005 2 499 124.6% 

, B-hauls 

1 A-liauis 
50-0 ni 100-0 m 

Number in B-hauls 
as percentage of 
that in A-hauls 



BAUM 1923, JOHANSEN 1925a, REVHEIM 195 1 and DANNEVIG 1962) ; the 
earliest rccord along the Norwegian coast is 14 May (DANNEVIG 1948). 
Cases of very late spawning are known from British Itraters where the 
peak occurs ill May-June (ALLEN 1917, LEBOUR 1918, CLARK 1920, 
CORBIN 1947 and STEVEN 1949) but from the present data rlothing can 
be said about the conditions after 3 July. 

A/lackerel eggs were found on all cruises, i. e. from 19 May to 3 July. 
In  1959 great quantities were found as early as 19-22 May (an average 
of 122 per llaul), and as many as 62O/, had visible embryos (Table 1). 
That year the first larvae were found on 22 May off Lindesnes, all in the 
egg-sac stage. In  1957 eggs were also collected late in May (21 -30 May, 
30 eggs per haul, 13% with visible embryos), but no larvae were found 
at any of the inany stations investigated. In  1958 the first cruise was 
from 29 &Iay to 9 June, and a great nunlber of eggs, but only one larva, 
was found. These data indicate that in 1959 heavy spawning started as 
early as the middle of A/ra)7, in 1957 and probably also in 1958, in the last 
days of May. 

I11 1957 there was no cruise aftcr 13 June. In  1958, around the first 
of July, the average number of eggs and larvae per sample was 95 and 
12 respectively. Greatest averages per haul (332 eggs and 66 larvae) were 
taken about 10 June 1959; around I July of that year the average had 
fallen consiclerably (to 13 eggs and 0.6 larvae), indicating that in this 
year ~ i i t h  a11 early start, spawning was practically over at the beginning 
of July. 

21 - 30 MAY 1957 i d  ! d N  F I N E 4  
7 - 1 3  JUNE 1957 a a 
23-25 JUNE 1958 a 1 a l l P E 4 E 4  €4 
1 9 - 2 2 M A Y 1 9 5 9  r/51 a a @ [ql [ql El 
8-11JUNE1959 1 a 4 
30 JUNE-2 JULY 1959 0 [ql a fl 

I I b 9 1'0 5 1 0  2'5 30 35 40 45 50 55 
NAUTICAL MILES - TORUNGEN HIRTSHALS + 

NUMBER: 0.0 H.1-50 8 ~ 5 1 - 2 0 0  H > 2 0 0  

Fig. 1. Nunlber of mackerel eggs collected in A-hauls on different cruises from 
Torungen, Norway to Hirtshals, Denmark. 

Spawning area 

Mackerel eggs were found at all localities, in all parts of thc Skagerrak. 
Figure 1 shows the number of eggs collected on different cruises from 

Torungen off Arendal to Hirtshals. Early in the season large quantities 
were found mainly off the Norwegian coast, (e.g. 19-22 May, 1959) 



but lat t r  great numbers were found furthcr O L I ~  as well; few eggs were 
ever taken off the Danish coast. 

The  clata as a whole show the same tendencies, with the largest 
quantities of cggs found along the Norwegian and Swedish Skagerrak 
ccast, €specially between Jomfruland (Kragcro) and VBclerobod. The 
greatest number in one haul (937) was taken 4 nautical miles south of 
Fercler L i ~ h t  (Tonsberg) on 11 June, 1959. 

From cru;ses in the Oslofjorcl, the cnly significant quantities of mack- 
erel eggs or larvae were collectecl in 1959, off D r ~ b a k .  I n  the inner fjord 
the n u x b e r  was alxvays negligible. 

As the eggs float passively, a study of this type cannot indicate exactly 
where spawning has takcn place. However, as hatching probably takes 
about one week in natural conclitons (WORLEY 1933 and SETTE 1943) 
even the oldest eggs had not been adrift for more than a few days. Along 
the Norwegian coast Baltic Water runs westwards near the surface, with 
lowered salinity in the spring owing to the melting of snow. In  late spring 
a11d sui-nnler this water is warmer than the surrounding waters, and in 
summer its spreacls out over the Skagerrak as a result of its low specific 
gravity (DANNEVIG 1933 and S ~ H U L Z  1940). 

As mackerel usually spawn near the surface (DANNEVIG 1962) and as 
the eggs and larvae are usually found in the Baltic Current, it seems a fair 
assumption that spa~rliing also takes place mainly in this current, but furt- 
her "upstream" than the localities registered for the eggs and larvae. 

Temlje~atzu e 

According to DANNEVIG (1962) nlackcrel generally spawn in waters 
of about 12°C. The  cggs found earliest in the Norwegian part of the 
Skagerrak occurred at a temperature of 8" (DANNEVIG 1948). From other 
waters the main bulk of spawning seems to take place from 11" to 14" 
(JOHANSEN 1925a, GALL 1939, SETTE 1943 and KANDLER 1954), with 
extremes in American Atlantic waters of 7.3 -1 7.6"C (SETTE 1943). 
Spawning is thus not ('restricted to any fixed degree of temperature" 
(EHRENBAUM 1923b, p. 6).  

To characterize temperature conditions at the different stations the 
average temperature at a depth of 0 and 10 nl is used as spawning is 
belicvcd to occur in the upper water layers (DANNEVIG 1962), at least 
early in thc season. 

According to Table 3 the highest concentrations of eggs prior to 
11 June were found in the warmest areas of the Skagerrak. The  same 
tendency xvas notecl also on ir,clividual cruises, in May at least; later, 
in the suinmrr water temperatures xvere evidently high enough in all 
parts of the sca. 



Table 3. Number of mackerel eggs collected per haul in relation to water temperature. 
(The cruise of 30 June to 2 July 1959, is excluded (average temperature 14.2") as no 

station had more than 50 eggs). 

/ < 50 eggs / 51-200 eggs 1 > 200 eggs 

Hauls of over 200 eggs were, with one exception, all taken between 
10" and 16°C. Only 6 hauls of 51 -200 eggs were made in waters below 10" 
(3 of them at stations where even the maximum temperature was below 
this). Thus it seems probable that spawning takes place mainly between 
10" and 16°C. 

Salinity 
Mackerel usually spawn in waters with a salinity of about 34O/,, (FARRAN 
1939, FURNESTIN 1939 and GALL 1939) ; in the Skagerrak and Kattegat 
the eggs are sclclom found in waters whose salt content is less than 26O/,, 
(NILSSON 19 14). 

Table 4 shows the number of eggs collected in relation to salinity 
given as the average of measurements at 0 and 10 m. In  very brackish 

Table 4. Number of mackerel eggs collected per haul in relatlon to salinity in O/,,. (East 
and West Skagerrak - east and west respectively of a line from Risar, Norway to 

Skagen, Denmark). 

1 5 50 eggs 1 > 50 eggs 

Date Number Salinity 
of - 

stations/ Mean / Extremes 

West  Skagerrak 
29.4 28.1-33.2 19.5-"16 . . . . . . . . . . . .  2; 32: 2y-34:4 :: 1 1 23/6-2516 . . . . . . . . . . .  27 6 26 9-28 4 28.0 22.9-29.2 

Total . . . . . . . . . . . . . .  1 32 j 30.5 126.9-34.41 50 / 28.7 122.9-33.2 

- 
East Skagerruk 
2115-1116 
3016- 317 ........... 

Number 
of 

stations 

Salinity 

Mean / Extremes 

Total .............. / 52 / 27.8 117.7-33.11 70 1 25.4 120.3-32.9 

1 I I I I I 

41 1 28.8 
11 23.9 

2 1.4-33.1 
17.7-29.8 

20.3-31.6 
21.3-32.9 

54 
16 

25.5 
25.2 



areas, however, the eggs were probably taken from greater depths and 
more saline waters than the surface measurements indicate, 

In  the eastern Skagerrak the upper layers in the spawning centres had 
an average salinity of 25.5O/,,, in the western Skagerrak, 28.7O/,,. Before 
11 June salinity was a little lower in the centres than elsewhere. 

DISCUSSION 

Mackerel usually winter at great depths in the North Sea and Skager- 
rak (REVHEIM 1955, NEDELEC 1958) and migrate in April-May towards 
the coast, where spawning takes place in waters which are relatively warn1 
and of low salinity. 

Comparing the Skagerrak with other areas, where mackerel move 
from the coast in spring, STEVEN (1948) suggests that this "spawning" 
migration is primarily directed towards deeper waters. Although this 
may be true in part, it is possible that, in the Skagerrak at least, the 
mackerel are migrating to those parts of the sea where temperature 
conditions are most suitable for spawning. In  the Kattegat the numbers 
of spawning mackerel seem to be dependent on the strength of the in- 
running current (JENSEN 1960), indicating that still other factors, such 
as deep-water currents and hydrographic conditions, may influence the 
migrations. 

In  1959 spawning apparently started earlier than in 1957 and 1958, 
and, according to Table 5, May temperatures in coastal waters were 
higher in 1959 than in the two preceding years, indicating a relationship 
between high May temperatures and early spawning. The commence- 
ment of spawning probably also depends on other factors such as winter 
temperatures (STEVEN 1949), and in some years a region of cold water 
just below the surface might inhibit mackerel from coming to the upper 
layers (DANNEVIG 1952). 

Table 5. Average temperature at  sea surface in the month of May. 

Locality I Author / 1957 1 1958 1 1959 
I 1 I 

Fladevigen, Norway . . . . . . . 
Anholt, N. Denmark . . . . . . . 
"Vinga", Sweden. . . . . . . . . . 

G. DANNEVIG pers. comni. 
THOMSEN 1959, 1960, 1961 
JERLOV 1959 and SVANSSON 

1960, 1961 

7.1 
9.2 8.3 I 
9.1 / 8.3 

11.1 
11.1 

11.2 



Numbers of mackerel eggs and larvae collected from 495 vertical 
hauls at 269 stations in the Skagerrak and Oslofjord, 1957-59 are ana- 
lysed. 

Eggs were found in practically all areas of the Skagerrak during the 
sampling period: from the middle of May to the beginning of July. 

A few larvae, but very few if any eggs, were probably taken from 
below a depth of 50 m. 

Early in the season spawning seems to take place mainly in the 
comparatively warm waters of low salinity in the Baltic Current. In 1959 
spawning started about mid-May, in 1957 and 1958 in the last days of 
May; in 1959 May surface temperatures were higher than in the two pre- 
ceding years. Spawning seems to take place mainly in water tempera- 
tures of 10-16°C. 
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