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During March-June 1959-1966 the coastal banks off western and northwestern 
Norxvay were sru-veyecl for fish eggs and larvae. Zooplankton was sampled with Juday nets, 
Nansen nets and Clarke-Bumpus planktoll samplers. The  sample volumes were measured 
by displacei~lrnt. From the end of March to the middle of April volumes were below 10 ml/m2 
of sea surface except for local patches of prespaxvning Calunzts finmarcl~inw. where there 
were u p  to 90-110 ml/mz ~vitll m a x i r n ~ i ~ ~  concentrations of 3 ~ n l / m ~ .  After the middle 
of April volumes increased to average 25-50 i ~ l l / r n ~  with rnaxirna of 100-200 ~ n l / n ~ ~  and 
concentrations of up to 4-7 ml/m3. 

Similar co~lditio~ls persisted througho~it May. 011 the northern banks the increase in 
sample vol t~~nes  was   no st marked in JLIII~ .  C,finnmrcl~ic~rs was generally the clorninant species. 
011 the southern banks stage V copepodites and fe~nales of the wintering generation were 

in majority at  the end of March - beginning of April, while stages 111-IV of the spring 
generation were predominant in the micidle of April, progressing to stages IV-V at the 
encl of the month. On the northern banks the development was slower, stages 11-111 still 
clominating at the end of April. The total standing stock of zooplankton in the coast and bank 
areas between Stad and A~ldenes in April-June is estimated to be of a size order of 7 x lo6 t 
weight and for the entire coastal area of Norway 13 X lo6 t. The tolal annual production 
of zooplailkto~~ along the coast of Norway based 011 the figures of 'TIMOKEIINA (1964) is 
estimated to be 26 x 106 t ancl when based on a primary production estimate of 100 g 
C/rn2/year (RYTHER 1969), 25-50 x 106 t. 

I N T R O D U C T I O N  

During tlie years 1959-1966 the coast and bank areas of western 
and northwestern Norway were surveyed during the spring months for 
fish eggs and larvae. Reports have been published (DRAGESUND 1965, 
DRAGESUND and HOGNESTAD 1966 and 1967, DRAGESUND and WIBORG 



1963, WIRORG 1960 b, 1961, 1962 a). In addition to the eggs and Larvae 
of fish, zooplankton samples were also analyzed, and these results are 
presented in this paper. 

MATERIAL A N D  METHODS 
Samples were taken in oblique hauls with a Clarke-Bumpus plankton 

sampler (CB) in the upper 50 m and in vertical hauls from bottom to 
surface or  200 (100)-0 m with various nets, Nansen 70 cin (N 70), Juday 
80 cm (J RO), J~ tday  36 cm (J 36) and a one meter egg net (0/100). The  
mesh sizes used were: in J 36 - 180 JI, N 70 - 180 )I and 500 j i  J 80, 
O/lOO and CB - all 500 $1. 

The  samples were preserved in 4% forinaldehyde. After removal of 
fish eggs and larvae the zooplankton ~lolumes were measured by displace- 
ment (ROBERTSON 1970) and volumes calculated per m2 of sea surface 
of per m3 of sea water. 

Biomass determination by volume incorporates measurements of the 
highly variable water and ash contents of the plankton organisms and there- 
fore does not give an accurate picture of their nutritional state or  potential 
values as food (STEEDMAN 19'74). T h e  plankton samples were also taken 
with different types of gear and in various kinds of hauls and therefore 
are not strictly comparable. However, as the zooplankton was fairly 
uniform, being mainly composed of copepods and other crustaceans, the 
figures will indicate the relative biomass of plankton on the Norwegia~l 
coastal banks during the spring and early summer. 

T h e  inain data are presented in Fig. 1-7 and Table I. 

RESULTS 
1959 
( O / l O O ,  100-0 m. Fig. 1 A.) 

During the first half of April the plankton was generally scarce, less than 
20 ml/m2, except near the slope off Rgst--VesterHlen with figures of' 
about 50 ml/m2. Further south, at  Stad-Ona, volumes exceeded 20 m1/m2 
at a few stations, and Calanzts finmarcl~icz~s adults and stage V copepoclites 
predominated. 

During the second half of April volumes increased to 4 0 - 4 5  ml/m2 
of Stad and Ona and near the slope farther north u p  to 60 ml/m2, but 
were much lower elsewhere. 



Fig 1. Looplankton volumes, ml/rllZ 01. sea stirface. 
A) 1959,01100, 100-0 m. 18-29 April. B) 1960, CB, 30-0 m. 1) 25 May-2 June. 
2) 7-10 June .  3) Equal volrunes in both periorls. 

1960 
(CB upper 50 In. Fig. 1 B.) 

At the end of March less than 10 ml/m2 were taken in the upper 50 m. At 
the end of May - beginning of June lnaxirna of 180 and 120 ml/m2 were 
recorded at Stad-Ona and VesterHlen banks respectively. Maxi~num con- 
centrations in the upper 25 rn were 5 ml/rn3 off Vestel-Hlen, 6.6 1111/1n3 off 
'Trxna and 2.9 1nl/m3 off Ona. 



Fig. 2. Zooplankton vol~tmes, ml/m2 of sea surface. 
A) 1961, J 36, bottoi~l to 0 111. 1) 6-19 April. 2) 20-29 April. 3) Equal volun~es 
in both periods. B) 1961, CB, 50-Om, 25 May-3 June. Symbol size as in Fig. 1. 

1961 

U 36 and N 70, bottom to 0 m, and CB in the upper 50 m. Fig. 2.) 
During April, plankton was generally scarce. At the end of May- 

beginning of June C.fznnlarcl~icus predominated, with maxima of 100-150 
ml/m2 between Stad and Halten. Farther north, figures were mostly below 
50 ml/m2 with the exception of a few rich hauls with 60-100 ml/m2 
off Sklinna and Trzna.  Maximum concentrations were 3.7 ml/m3 in the 
Ona-Fr~ya area, 5.2 rnl/n13 on the Sklinna and Halten banks and 2.0 
ml/m3 on the R ~ s t  bank. 



Fig. 3. Zooplankton volumes, rnl11n' of sea sul.face. 
A) 1962, J 36, bottom to 0 m. 1) 2-7 April. 2) 9-12 April. 3) Eclu;tl voiiimes in 
1)oth periods. B) 1962, 24-27 April. 1) CB, 50-0 111. 2) J 36, bottom to 0 m. 
3) Equal voltimes in both gears. Syrnbol size as in Fig. 1.  

1962 
(J 36, bottom to 0 m, and CB in the upper 50 m. Fig. 3.)  

At tlze beginning of' April evidently most of the plankton was concentra- 
ted below 50 In as the J 36 nets yieled up to 60-90 !nl/m2, CB hauls less 
than 20 ml/m2, but the J 36 net may also have caught more plankton because 
of the smaller mesh. At the end of April both types of gear caught approxi- 
mately equal volumes/rn2 sea surface, and the plankton was also more 
abundant; 50-160 ml/m2 between tlze Sognef'jord and Stad, 60-120 
ml/m20i'f Frflya. Maximum concei~trations in t ~ f o  areas were 7.0 and 
4.0 ml/m3 respectively. 

1963 
( N  '90, J 80 and J 36, 10Q-0 ni, CB in the upper 50 In. Fig. 4 A.) 

At the beginning of April a patch of prespawningC.f;;n~tzurchicus off Stad 
yielded 109 ml/m2 and 3.4. mI/in3. 111 other areas the plankton was scarce, 
with maxima of 20-25 ml/m2. During the second half of April plankton was 
scarce except off Frgya where 50- 80ml/m2 and 2.5 n11/ru3 were recorded 
in the upper 25 111. 



Fig. 4. Lool1lal1kton \.olulne\, nil/m2 of s r a  s~ii-lice. 
'4) lC)(i:l, 16-22 .4l)i-il. 1) (:U, 50-0 111. 2) 5 70, Ijotto~n-O 111. 3)  Equal \olui~ies 
in botli gca1.s. 4) J 36, 30 A11ril-13 )lay. U) 1965. I ) J  80, Ijoitom-0 m, 29 \I;trch- 
5 .Alwil. 2) J 36, hottoln-0 m. ti-12 -\pi-il. 3 )  Equal \ o l ~ ~ i n e s  in bo th  pel.iotls. Syiilbol 
si/c a s  in Fig. 1. 

Diurnal vai-iatio~is irr the \rolumes of ~slankton in the upper 50 1x1 Itrere 
stttdied on tlie F r ~ y a  bank on 20-2 1 Api-il, C B  llar~ls being take11 a1.o711lcl 
dl-ifting s~tbstirface dl-agues ( D R . ~ ( ; E § L ' N L > ~ ~ ~ ~  WIL~OI~C;  1963). The  extlemes 
\\.ere 27 i111/m2 at 1400 h r  and 82 ml/m2 at 0800 lir (Tabel 1). T h e  vai-ia- 
tions were l~robably carisetl both by \.el-tical migration of the planktoil 
and by shifting of' \vater masses wiih vai-ying contents of' plankton. Si~ililar 



variatiorrs were observed i11 the nuinhers of herring larvae (DRAGESUND 
and WIROKG 1963). 

During the first half of Map rnaxirnum figrn-es in vertical harrls were 
200, 76 ancl 160 inl/m2 off Ona, Fr@ya and Sklinna respecti~iely. 
Table 1. Voliirnes of plankton per m2 of sea surface it1 the upper 50 in at a dl-ii't statio~l 

on the Froya bank 20-21 Alxii 1963. CR hat~ls. 

H r 0800 1000 1200 1400 1600 1800 2000 2200 2400 0200 0400 0600 0800 

Fig. 3. Zoop1;inkton \.olumrs tnl/m2 of sea siirt;ice. 
:I) 1964. 1) CB, 50-0 rn, 14-23 April. 2) 1 36, l)otto1~1-0 111, 14-23 ~\pr i l .  
3) vol~iiiics in I )o~h gcars. 4) CR, 50-0 111, 20-23 April. B) 1964, 23 i\[,ril- 
5 >fay. 1 )  (3, 50-0 m. 2)  ,J 80, botron1-0 111. 3) Equal \ol~tmes in boll1 gears. 
Symbol sire as in Fig. 1 .  



1964 

('J 36 and 5 80, bottom to 0 m, GB in the upper 50 m. Fig. 5.) 
During the seconcl half of April plankton was mostly scarce, as a rule 

less than 35 ml/m2. C.finmarclzic~ts stage IV copepodites preclominated. 
A diurnal drift station on the Sklinna bank on 18 and 19 April (Table 2) 
yielded 19-32 ml/m2 during the first 12 hours (1400 lir - 2400 hr) 
and 5-18 ml/rn2 from 0400 hr  to 1400 hr. It is probable that different 
water masses were fished. 

Table 2. Vol~tmes of zooplankton per- m2 of sea surface in the upper 50 m at a clrift station 
on the Sklinna bank 18-19 Api-il 1964. CB hauls. 

Hr  1400 1600 1800 2000 2200 2400 0200 0400 0600 0800 0900 1000 1200 1400 

Tlie Halten bank was visited twice at 6 days intex-vals, on 17 April 
and 23 April I-espectively. On the first date plankton was scarce, 5-25 
ml/m2, but the next time figrlres increased to 4.5-115 ml/m2, and 
maximum concentrations went LIP to 4.0 ml/ni3. 

From 23 April to 2 May plankton was mucli more abu~ldant  than 10 days 
earlier, in some places Inore than 100 ml/m2, and orf Fr@ya 60-90 ml/m2 
and 1.5-3.0 ml/m3. Tlie cle\relopment of C.Ji'?zmarchiczis had progressed to 
equal proportions of copepodite stages IV and V. 

At a drift station on the R@st bank 28--29 April plankton volumes 
varied between 11 and 68 ml/m2, with a maximum at midnight (Table 3). 

Table 3. Volumes of 7ooplankton per n12 of sea surface in the upper 50 m at a drift 
station on the R@st bank 28-29 April 1964. CB hauls. 

At a drift station on tlie T r z n a  bank on 30 April-1 May tlie volume 
variations were small and irregular, 33--65 ml/m2 (Table 4). 

Table 4. Volr~mes of zooplankton per m2 of sea surface in the upper 50 111 at a drift station 
o n  tile Trrttna bank 30 4111-il-1 May 1964. CB hat~ls. 



Fig. 6. Zooplankton volumes, ml/m3 of sea surface. 

A) 1966.15-23 April. 1) CB, 50-0 m. 2) J 36, bottom-0 m. 3) Equal volumes in both 
gears B) 1966, 23 April- 5 May 1) CB, 50-0 m. 2) J 80, bottom- 0 m 3) Equal 
volumes in both gears. Symbol size as in Fig. 1. 

1965 

(J 36, J 80, bottom to 0 m. Fig. 4 B.) 
During the period 28 March-12 April the coast and bank areas were 

surveyed twice. Plankton was scarce, less than 10 ml/m2 in the CB hauls, 
and maximum 40 ml/m2 in the vertical hauls. Stage IV-V copepodites 
and females of C,linmarchicus predominated, indicating an early spring 
situation. 



1966 
U 36, J 80, bottom to 0 m, CB In the upper 50 in. Fig. 6.) 

Plankton hauls were taken from 15 April to May. At the beginning 
of the period plankton volumes were mostly below 10 ml/m2 with maxima 
of 20 ml/m2 in the vertical hauls. C$nmarchicus stage 11-111 copepodites 
predominated. At the end of the period volumes had increased in the 
Ona-Halten area to 46-60 ml/m2 in vertical hauls in which copepodites 
of stage IV predominated. Farther north plankton was scarce and 
Cfznmarchicus was still in stages 11-111. 

D I S C U S S I O N  

In the coastal area off western and nortwestern Norway the maximum 
in zooplankton biomass is usually reached during May though some- 
times in the northernlnost area not until June (WIBORG 1954). In the 
eastern Norwegian Sea maximum usually occurs in June, later than on 
the coastal banks (PAVSHTIKS 1956, WIBORG 1954, 1955). However, 
conditions may vary from one year to another. In the area of the Norwegian 
current the dominant species, C.finmurchicus, started spawning in March 
in 1954, one month earlier than in 1951 (PAVSHTIKS 1956). The conditions 
in the open sea however, do not always correspond with those on the banks. 

In the present investigation the material was collected mainly during 
April, and the biomass may not have reached the maximum. Some 
conclusions may nevertheless be drawn on the development of zooplankton 
during April-June. Average figures for the different areas are shown in 
Fig. 7 and Table I.  

FIRST HALF OF APRIL 

Plankton is generally scarce on the coastal banks, on an average 
10 ml/m2 or less, maximum 25--45 ml/m2. Prespawning concentrations 
of C,finnzarclzicus may occasionally yield up to 90-1 10 ml/m2 and 3.4 ml/m3 
in the Stad-Fr@ya area. 

SECOND HALF OF APRIL-BEGIA~ATII\TG OF MAY 

Plankton is more abundant but figures vary considerably, averaging 
mostly 25-50 ml/m2, maximum volumes in all areas 100-200 ml/m2 and 
maximum concentrations 4-7 ml/m3. The large variations in abundance 



2 0 
1966 

n El 
S T A D  O N A  FR0YA HALTEN SKLINNA T R E N A  MYKEN R 0 S T  

Fig. 7. Zooplankton volumes, ml/m2 of sea snrfhce. Average figures. 
1) end of March, 2) first half of April, 3) second half of April, 4) first half of May, 
5) second half of May - beginning of June .  

may partly be caused by the varied vertical distribution of the plankton. 
According to TIMOKHINA (1964) zooplankton on the coastal banks in May 
is more evenly distributed in the upper 100 m and in June mainly in the 
upper 50 m. 

Observations from one year only; with volumes of 75-200 ml/m2 in 
the Ona-Sklinna area. 



END OF A4AY - BBGINNIRiC OF JUNE 

Average volumes are slightly higher than in April, 30-40 ml/m2, and 
maximum volumes and concentrations are of about the same magnitude 
as in late April. 

Observations from earlier years may be used for comparison. During 
May-June 1949--1951 the quantitative distribution of zooplankton was 
studied off norther11 Norway in the Lofoten-VesterHlen area (WIBORG 
1954). At the beginning of May 1951 vol~~mes of 50-100 ml/m2 were 
recorded over relatively wide areas. At the beginning of June the figures 
increased even more, some areas with more than 100 ml/m2, maximum 
190 ml/m2 and concentrations of 6.0 ml/m3. 

In the middle of June 1974 the average volume on the R@st bank was 
44 ml/m2, in the Vestfjord 36 ml/m2, maximum 106 ml/m2; in the middle 
of June 1975 the corresponding figures were 39, 39 and 255 ml/m2 
respectively; in the Ona-Stad area the average volume in the middle of 
June 1975 was 42-51 ml/m2, maximum 110 ml/m2 (WIBORG, 
unpublished). 

(The samples taken in June 1974 and 1975 were measured fresh, and in 
order to compare the volumes with those of preserved samples, the 
figures have been reduced to 85% as indicated for copepod plankton 
by AHLSTROM and THRAILKILL (1963).) 

In a section along 67'30' N. TIMOKHINA (1965) estimated the average 
quantity of zooplankton in Norwegian coastal waters (R@st Bank) in May to 

be 61.3 g/m2 (= ml/m2). Large quantities have been recorded in June, some- 
times more than 100 g/m2 (TIMOKHINA 1972) and even 220 g/m2 (4476 
mg/m3 in the upper 50 m, (NESTEROVA 1974), mainly consisting of C.finmar- 
clzicz~s stage I V-V. 

The areas of maximum abundance seem to vary from one year to 
another and also from season to season. The patchy occurrence of the 
plankton is indicated by great differences in volumes at stations situated 
close to each other, or in hauls taken at short intervals at the drift stations. 
Rich plankton patches are very often found on or close to the edge of the 
continental shelf, and on and around the banks. 

Some calculations have been made of the total biomass of zooplankton 
on the coastal banks between Stad and Vesterdlen (see Fig. 6), a distance 
of about 900 km. Assuming an average continental shelf width of 150 km, 
the area will be approximately 135 000 km2. With an average volume 
of plankton at the beginning of June of 50 g/m2 or 50 t/km2, the total 
biomass will be about 6.8 x lo6 t. If similar conditions prevailed along 
the remainder of the Norwegian coast, about 1 200 km in length, in a 
zone averaging 100 km in width, or 120 000 km2, the biomass of 
zooplankton in this area would be 120 000 x 50 = 6 x lo6 t. 



T I M ~ K M I N A  (1964) found that in May-June 1959 C~finmnrchicus consti- 
tuted 80--90% of the total plankton biomass in Norwegian coastal 
waters. She calculated the annual production of C:finmarchicus in this area 
to be about 103 t/km3. Applying this figure to the Stad--Vesterilen area 
we obtain: 103 x 135 000 = 13.9 x lo6 t, and for the remaining coastal 
areas: 103 x 120 000 = 12.4 x lo6 t, in total: 26.3 x 106 t/year. 

The average primary production in coastal areas is assumed to be in 
the order of 100 t C/km2/year (RYTHER 1969). If this figure is applied 
to the Norwegian coastal areas the annual primary production should 
be (135 000 + 120 000) x 100 = 25.5 x lo6 t C. Assulning further an 
ecological efficiency factor of 10-20% and 10% of C in the wet weight 
of zoopla~lkton (R'I'THER 1969), the annual secondary production of 
zooplankton along the coast of' Norway would be of an order of 
26-52 x 106 t. This is quite close to be above figure of 26.3 x loh tiyear 
based on calculations by TIMOKI-IINA (1964) 

If calculations are continued to the next link in the food chain, the 
annual production in the Norwegian coastal areas of fish, mam~nals and 
other organisms feeding on zooplallkton will be of an order of 2.5-10 x 10%. 
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Table i. Quantitative ciistrihution of zooplankton off' western arid northwestern Norway 
in  march-J~ine 

Area 

Stad . . . . . . . . . . . . .  

Oiia . . . . . . . . . . . . .  

FrGya . . . . . . . . . . . .  

f-ialten . . . . . . . . . . .  

Sklinna . . . . . . . . . .  

Trana . . . . . . . . . . .  
My ken . . . . . . . . . . .  
K ~ s t  . . . . . . . . . . . . .  

Stacl . . . . . . . . . . . . .  

Ona . . . . . . . . . . . . .  

Fr6ya . . . . . . . . . . . .  

Halten . . . . . . . . . . .  

Sklillna . . . . . . . . . .  

Trzena . . . . . . . . . . .  

Myken . . . . . . . . . . .  

R@st . . . . . . . . . . . . .  

Stacl . . . . . . . . . . . . .  

Ona . . . . . . . . . . . . .  

1959-1966. For gear syrnbols - see text. 

Year 

1959 

Date 

5, lV 
27. IV 

7-8. IV 
26. IV 

8-9. IV 
25 . IV  

10-11. IV 

Gear 

N 70 
o / loo  
o / l oo  
O/lOO 
0/100 
0 / l00  

.0/100 

1960 

1960 

1961 

i 

No. 
of 
st .  

7 
5 

14 
7 
7 
8 
8 

9.2 
3.9 
9.6 
5.6 

15.0 
6.3 

4.3 
4.3 

52.9 
2.8 

10.0 
36.1 

5.4 
4.7 

27.1 
2.7 
4.6 

14.3 
1.9 
2.8 
2.1 
2.3 

79.4 
1.5 

14.0 

I 
2.7 

12.5 

4.3 
3.0 
6.2 
9.6 
5.3 
2.3 

37.1 

ilil/lnZ 

avel-- 
age 

4.0 
13.8 
9.7 

17.7 
3.8 

10.1 
2.8 

ml/m3 

max. 

C.finm. 
dom. 
stage 

5 
5 
3 

11 
7 
7 

6 
3 
4 
7 
5 
7 
8 
5 
7 
9 
8 
5 
4 
4 
8 
7 
4 
8 

10 

11 
15 

6 
6 
6 
5 
8 
4 
7 

6.3 
0.6 
5.0 
0.6 
6.3 
2.5 

1.5 
4.0 
9.8 
1.5 
5.0 

21.5 
1.5 
1.5 

15.5 
1.5 
3.0 
6.8 
1.5 
1.5 
1.5 
1.5 

42.0 
1.5 
6.8 

1.5 
1.0 

1.5 
0.5 
3.8 
4.0 
1.6 

11.4 
11.3 

sea 

min. 

1.3 
5.0 
1.8 
3.8 
0.6 
1.2 
0.6 

24-25 1V 
13. IV 
24. IV 

13-14. IV 
22-23. IV 
19-20. IV 

22. I11 
7. IV 

24.V 
23. 111 

5. IV 
27. V 
23. I11 
4. IV 

27-28. V 
24-25. I11 

4. 1V 
28-29. V 

25. 111 
3. IV 

26. 111 
2. 1V 

29-30. V 
28. I11 
30. V 

29-30. 111 
8-9. V I  

10. IV 

29. 1V 
11. IV 

28. 1V 
29. 

surf. 

max. 

7.5 
37.5 
41.5 
42.5 
12.5 
15.6 
8.8 

I0/100 
0 1 0 0  
Oil00 
0/100 
0/100 
O/lOO 

N 70 
N 70 
CB 
N 70 
N 70 
CB 
N 70 
N 70 
CB 
N 70 
N 70 
CB 
N 70 
N 70 
N 70 
N 70 
CB 
N 70 
CB 

N 70 
CB 

J 36 
CB 
N 70 

J 36 
CB 
J 36 

CB , 

10.6 
6.3 1 

12.5 
29.5 
50.0 
14.4 

5.0 
5.0 

83.5 
4.0 

18.0 
85.5 
10.0 
8.0 

51.8 
8.0 

10.0 
25.3 

3.0 
3.0 
4.0 
5.0 

177.3 
1.5 

19.8 

8.0 
39.3 

3.0 
4.3 

20.0 
12.0 
10.5 
15.4 

100.8 

2.1 

2.9 

1.7 

0.7 

6.6 

0.6 

1.4 

3.7 
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Table I. (cont.) 

Area 

Ona . . . . . . . . . . . . .  

Frøya . . . . . . . . . . . .  

Halten . . . . . . . . . . .  

Sklinna . . . . . . . . . .  

Træna . . . . . . . . . . .  

T i z n a  . . . . . . . . . . .  
Myken . . . . . . . . . . .  

Røst . . . . . . . . . . . . .  

Stad . . . . . . . . . . . . .  

Ona . . . . . . . . . . . . .  

Frøya . . . . . . . . . . . .  

Halten . . . . . . . . . . .  

Sklinna . . . . . . . . . .  

Træna . . . . . . . . . . .  

Myken . . . . . . . . . . .  

Date Year 

1963 

1964 

Geai 
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