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ABSTRACT 

Str~mgren, Tor. 1973. Zooplankton investigations in Trondheims

fjorden, 1963-1966. K. norske Vidensk. Selsk. Mus. Miscellanea 

13: 1-149. 

Hydrographic and zooplankton data taken during a four 

year period in Trondheimsfjorden, Western Norway, are presented 

and discussed. 

The upper layers of the fjord showed an estuarine cir

culation. In the deeper layers inflows occurred regularly. There 

were significant annual variations in these water movements. 

The zooplankton volume varied greatly from year to year, 

and the major fluctuations seemed related to inflows and outflows 

in both surface and deep layers. The copepod Calanus finmarchicus 

dominated the zooplankton at all seasons, and the volume varia

tions recorded were mainly due to this species. The autumn maxi

ma in the upper layers, however, were strongly in=luenced by 

smaller autochthonous species. 

Allochthonous species were of minor importance for the 

biomass. They occurred irregularly, and although immigrants 

might propagate, permanent stocks were not established. 

The seasonal abundance, propagation, and vertical dis

tribution of the different zooplankters in Trondheimsfjorden 

generally seemed to correspond with what is found on the open 

coast. 

Tor Str~mgren, University of Trondheim, The Royal No~~egian 

Society of Sciences and Letters, Zoological Depart

ment, N-7000 Trondheim. 
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INTRODUCTION 

Extensive work on zooplankton has been done along the Norwegian 

Coast since 1900, but long term observations of zooplankton have never been 

carried out in a fjord. Investigations for a one year cycle have been done 

in Oslofjorden by Wiborg (1940), in Hardangerfjorden by Gundersen (1953) 

and Lie (1967), in Nordasvannet, a landlocked locality near Bergen by 

Wiborg (1944), in Vestfjorden - Ofotfjorden by S~mme (1934) and partly 

Wiborg (1954), and in Dramsfjorden by Beyer (unpublished). 

In the western coastal waters Wiborg (1954) made an extensive 

study for a four year period. His work has partly been continued by Lie 

(1965,1966). 

In addition must be mentioned the basic work of Ruud (1929) 

from the M~re Coast, the investigations in the Bergen area oy Runnstr~m 

(1932) and at St. M in the Norwegian Sea, started by 0stvedt (1955) and 

continued by Lie (1968). From Trondheimsfjorden a list of planktonic 

copepods was presented by Lysholm (1912). The localities referred to are 

indicated on the map, Fig. 1. 

f-eSt M Bll"N 2'£ 

• Zoophmkton Investigationr 
In Norwegian w8lere 

Fig. 1. zooplankton investi

gations in Norwegian waters. 
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MATERIAL AND METHODS 

The present investigation is based on zooplankton collected 

in Trondheimsfjorden. Samples were taken during the period Febryary 1963 

to July 1966 at permanent stations in the main fjord (Fig. 2). 

• SAMPLING STATION 

50 M OF DEPTl-i 

MAIN TRESHa...OS 

• BIOLOGICAL STATION 

N 

----¥-rhr"l----<>3"27'N 

11°1Q"E 

Fig. 2.	 Trondheimsfjorden, sampling stations and main thresholds 

indicated. 

The stations are as follows: 

st. l. Beitstadfjorden, depth 260 m.
 

st. 2. Skarnsundet, depth 140 m.
 

St. 3. Outside Skarnsundet, depth 280 m.
 

St. 6. ytterl/lydypet, depth 420 m.
 

St. 7. Tautra threshold, depth 70 ITI.
 

St. 15. Rl/lberg, depth 510 m.
 

St, 16. Hambara, depth 600 m.
 

st. 17 . Agdenes, depth 300 m.
 

St. 18. Smellingen, depth 410 m.
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According to different methods and stations, the investigation 

may be divided into three periods: 

1.	 February 1963 to February 1964. Samples were taken at stations 1, 

2, 3, 6, 7, 15, 16, 17, and 18 in the main fjord. All hauls were 

vertical with a small Juday net with a di~eter of 38 cm, equipped 

with a closing device. The net was closed at standard depths, near 

bottom - 100 m, 100 - 50 m, and 50 - 0 m. Mesh size of the walls 

of the net was 190 pi of the bucket approximately 440 p. 

2.	 February 1964 to July 1965. The number of stations were reduced to 

four, St. 1, 6, 15, and 18, each representing a main basin of the 

fjord. The closing depths were partly defined by hydrographic re

lations, near bottom - 100 m, 100 m - thermocline, thermocline - 0 m. 

The mesh size of the bucket was reduced to 190 p. 

3.	 July 1965 to July 1966. The number of stations were reduced to two, 

St. 6 and 15, representing the outer and inner fjord. The net was 

hauled from 100 m to the surface without a closing device. Mesh, 
size was as during period 2. 

samples were taken monthly during winter and autumn and when 

possible with shorter intervals during spring and early summer (Tab. 1). 

Hydrographic data such as temperature, salinity, and oxygen, were collec

ted at depths of 0, 5, 10, 20, 30, 40, 50, 60, 75, lOO, 150, 200 m and 

further in steps of 100 m to bottom. Water samples were collected by 

Nansen reversing water bottles, equipped with two reversing thermometers 

each. The salinity was determined by the Standard Knudsen titration 

method and the oxygen concentration by the Winkler standard method. From 

May 1963 to July 1965 phytoplankton samples were taken quantitatively by 

water bottles at standard depths, 0, 5, 10, 20, 30, and 50 m, and quali 

tatively with a horizontal tow net near the surface (mesh size 78 p) . 
The samples from the tow net were used to check the breeding periods of 

the smaller copepods. 

All hauls were single, and the conclusions based on such hauls 

must be considered with caution as the deviation from the mean is shown 

to be at least 30-40% (Gardiner 1931, Windsor & Walford 1936 and others) . 
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Table l. Sampling dates during 1963-1966 

1963 1964 
dt.. J f ..; .\ J J A 0 J f H A H J J 0 N 

1 13 2 ). 16 1) 16 15 10 21 17 22 2) 2) I' •• 16•2 13 2 )0 1. e 13 18 15 9 20
 
) n 24!::i 17 8 13 18 10 20
 

18 17 
7 22 17 8 12 17 9 21• 22 J 29 17 8 12 17

.. .... 9 20 l' ) 21 4 21 22 15 15 

) " 
,. 

15 21 5 19 10 .. 17 7 18 2 ,. 6 20 24 21 17 13 I' 10I' I'
 
I'
 21 19 10 I. 17 7 18l'17 '0 20 II 15 20 18 8 19 
lb 20 20 II 15 20 18 8 19 20 ,. ,. 20 18 14 20 

1965 1966
 
1 17 )0 7 :.16 )0 2) 25 27 13
 

21 1731 lJ 6 25 29 19 19 )0 2) 1 )0 2. 12
• l' 1 )0 2. 1215 20 19 1 12 5 28 2 20 21 29 28 
18 2 12l' " 

These figures are strongly affected by the tendency of certain species 

to occur in patches. 

All hauls were taken during daytime, and the vertica distri 

bution accordingly refers to daylight conditions. 

The difference in mesh size from period 1 to period 2 

greatly influences the number of small specimens and stages. But as 

the volume is mainly determined by relatively large specimens, this 

change in method is of less importance for the volume measurements. A 

number of parallel hauls were taken for control with both mesh sizes, 

but the deviation in volume expected for parallel hauls was not exceeded. 

The numbers of small specimens and stages found during period 1 must be 

interpreted with utmost care when compared with later periods, but may, 

however, be used as minimum values. 

A problem with all vertical hauls is to sample the layer 

near the bottom adequately. Hauling was started when the wire length 

was the same as the depth recorded by the echo sounder. Effort was made 

to prevent drift of the ship, but when deep stations were sampled, even 

small deviations of the wire from the vertical would cause a significant 

error. Currents beneath the surface act in the same way. In order to 

samples the bottom plankton more adequately, the Beyer bottom sledge 

(Holme 1964) equipped with current meter and closing device, was used. 

However, at depths below 300 m it was impossible to control whether the 

sledge followed the bottom or fished pelagic. Nevertheless, the material 

gives a quantitative impression of the zooplankton, at least in the 

deepest 50 m. 
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Another source of error is the arrangement of the closing 

device. Undoubtedly, intricate arrangements mounted in front of the 

net significantly reduce the catch, but the simple closing mechanism 

used should hardly cause errors exceeding the normal deviation. 

The vibrating movement of the wire when hauling probably 

caused a loss of plankton. This is supported by the observation that 

deep hauls from the bottom to the surface generally contain less plank

ton than divided hauls taken immediately after. This refers mainly to 

the plankton species inhabiting the upper zone of the water. 

All samples were immediately fixed in 5% formalin and later 

transferred to 70% ethylalcohol. 

The volume measurements were done by the displacement method 

with mechanical removal of interstitial water (Wiborg 1954). Gelatinous 

coelenterate material and large euphausids etc. were removed before 

measuring. The percentage error involved in this method increases with 

decreasing volume and low values must be considered with caution. Large 

samples were subsampled in a whirling vessel, the Wiborg-Lea Plankton 

Divider (Wiborg 1951), before counting. Several parallel countings were 

made to check the method, and although no statistical treatment has been 

carried out, the results seem to support Wiborg's opinion that the in

strument is reliable. Probably the error involved in this sUbsampling 

is small compared to the deviations introduced by the sampling method 

(Ackefors 1969). Subsamples with less than 300 individuals were control

led by parallel countings. Finally, the whole sample was examined cur

sorily for large and less numerous specimens. 

Length measurements of copepods refer to carapace. The measure

ments were made with a Zeiss stereo microscope with built in micrometer. 

Each division equalled 0.040 mm for the large specimens, 0.025 mm for the 

small. 

The relative volume of the copepods was estimated by measuring 

the length and diameter of the cephalothorax of each species and stage. 

If the cephalothorax is regarded as a cylinder, a volume may be calcula

ted (Wiborg 1954). The volume of Calanus finmarchicus, copepodite stage 

V, was chosen to represent 100 units, and the rest were given values 

according to this. To obtain average values relevant to Trondheimsfjorden, 

measurements were carried out, if possible, on 25 individuals of each stage 
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of the important species from St. 18 and 1 in January, April, July, 

and September 1963. For species occurring singly or in very small 

numbers, the relative volume is estimated without individual measure

ments. 

Product-moment correlation coefficients were calculated 

for the numerical variation of each possible pair of copepod species, 

noncopepod groups or species, important phytoplankton groups or species 

and temperature and salinity for the whole sampling period at St. 18, 

15, 6, and 1 separately. The number of observation points included in 

the correlation analysis were 24, 44, 44, and 25 at St. 18, 15, 6, and 

1 respectively. 

TOPOGRAPHY 

The main fjord penetrates 145 km inland with a moderate 

number of side branches. The broadest part of the fjord is approximate

ly 16 km. A multitude of islands are scattered about at the mouth of 

150 

350 

300 

250 

400 f-------J..~---\ 

200 

450 f---------------1 

500 I-	 ~ 

550 f--------------~ 

800 L-__----::!~~O~UT~E~R...::P~AR~T ~..:::.....	 ___'_':IN~N=..:ER~PA~Rc.:..T~~ ___.J 

Fig. 3.	 Trondheimsfjorden, longitudinal section with sampling 

stations indicated. 
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the fjord, but very few islands are found within the fjord propero 

Bathymetrically the main fjord consists of five main basins, separated 

by sills as indicated in the bathymetrical chart, Fig. 3. The bottom 

line is taken along the maximum depth of the fjord. The greatest depth 

in each basin is as follows, from the outer to the inner part: 410 m 

(inside FjellviEr~y), 420 m (St. 18), 600 m (St. 16),·420 m (SL 6), 

260 m (st. 1). 

Yhe outer sill at FjellviEr~y, depth 207 m, separates the fjord 

area from the Norwegian Sea. The sill at st. 17, Agdenes, indicates the 

border between the fjord proper and the outermost part which is more in

fluenced by coastal water. The Tautra threshold, with depth approxima

tely 70 m, is found in the middle of the fjord between the third and the 

fourth basin. This threshold divides the fjord proper into an outer and 

an inner part. The outer part of the fjord proper lays in an eastward 

direction, while the inner part is directed more northernly. Thus the 

dominating wind directions may have different effects on the surface 

water and the distribution of the planktonic organisms in the outer and 

inner fjord. The innermost basin, Beitstadfjorden, is connected with the 

rest of the fjord by a rather na row channel of 140 m depth. 

HYDROGRAPHY 

A survey of the hydragraphy of Trondheimsfjorden during 1963-66 

is given in Figs. 4-11 showing isopleths for temperature, salinity, and 

oxygen. A more detailed description of the hydrography of Trondheims

fjorden is given by Wendelbo (1970). 

The main hydrographic changes in the fjord generally follow 

the same trend each year. In the months January, February, and March, 

cooling of the surface water combined with reduced freshwater supply 

lowers the stability and causes normally a vertical winter mixing in the 

upper 5-50 m, as demonstrated by the temperature and oxygen isopleths. 

At the outer stations the winter mixing may be traced even below 100 m 

by increase in the oxygen level. The vertical mixing is reduced inwards 

due to greater stability in the inner fjord. A similar effect was found 

in the Oslofjord (Gade 1968), where a tendency for greater vertical 
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exchanges in the outer part was a general feature. In 1966 the winter 

cooling was extraordinarily strong. The stability was low and a deep 

winter mixing occurred even at the inner stations. The vertical mixing 

in the upper layers was followed by a deep inflow indicated by oxygen 

increase in the bottom layers. 

The winter mixing normally supplies the uppermost	 layers 
o

with saline and relatively warm water with temperature above 7 . 

During the following months, April, May, and June, the supply of fresh 

water increases, mainly due to ice melting. 

The surface salinities in April were highest in 1963 and 

1966, probably corresponding to the small freshwater supply in early 

spring those years. The minima in surface salinities were observed 

in May-June, corresponding to maximal river discharge. 

." 
ST 6 YTTEROYDYPET 

,O"'-_'- --'-----'--- ----'- -'-	 --->__------J 

Fiq. 4. Temperature isopleths 1963-66 at St. 6. (Modified from 

wendelbo 1970). 



- 15 

ST 15
47S,'---'

ROSERG 
L .L .l..-_--' 

Fig. 5. Temperature isop1eths 1963-66 at St. 15. Symbols as in 

Fig. 4. (Modified from Wende1bo 1970). 

D 34.6> 5>34,4 34,8>5>34,6 35,0>5>34,8 5>35,0 

Fig. 6. salinity isopleths 1963-66 at st. 1. (Modified from 

y.Jendelbo 19701. 
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Fig. 7. Salinity isopleths 1963-66 at St. 6. Symbols as in Fig. 6. 

(Modified from Wendelbo 1970). 

Fig. 8. Salinity isopleths 1963-66 at St. 15. SYmbols as in Fig. 6. 

(Modified from Wendelbo 1970). 
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Fig. 9. Salinity isopleths 1963-66 at St. 18. Symbols as in Fig. 6. 

(Modified from Wendelbo 1970). 

300 

Fig. 10. Oxygen isopleths 1963-66 at St. 6. (Modified from 

Wendelbo 1970). 
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Fig. 11. Oxygen isopleths 1963-66 at St. 15. Symbols as in Fig. 10. 

(Modi~ied from Wendelbo 1970). 

The reduction of surface salinity and the start of the ver

nal warming increase the stability and the halocline becomes mor dis

tinct. 

Below the halocline an ingoing counter current is induced 

and an introduction of saline water is demonstrated by the rise of the 

34.6 0/00 isopleth at St. 18 and 15, and of the 34
0 

/00 isopleth at all 

stations. 

In July, August, and September the summer heating of the 

upper layers reaches its maximum, and gradually the deeper layers in

crease in temperature due to diffusion and vertical mixing. 

The stability in September is very low. The salinity in 

the upper layers is reduced, and a transport of less saline water in 

from the coast is indicated. Simultaneously the mean temperature of 

the upper 100 m increases due to an advective supply of heat. A simi

lar temperature effect is described from Hardangerfjorden (S~len 1969). 

The freshwater supply to the surface layer in autumn is 

variable, and in 1963 small quantities were recorded compared to 1964, 
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as indicated by surface salinities. In 1963 a relatively strong wes

ternly wind seems to have caused an ingoing surface current at the 

outer stations, while in 1964 the brackish water runoff seemed to be 

strong enough to persist in spite of the wind. In October-December 

the upper layers were still unstable. The surface salinity increased, 

and the winter cooling started. 

In the deeper layers of Trondheimsfjorden several inflows 

seem to take place throughout the year, as demonstrat d by the salini

ty and the oxygen isop1eths (Figs. 6-11). The early spring inflows 

have been discussed earlier. These inflows are not characterized by 

high salinity; the inflows later in the year, however, are more saline. 

At the outer stations 18 and 15 the deep autumnal inflows may be traced 

by salinities of approx. 35
0 

/00. When passing the Tautr threshold the 

salinity is reduced, and at St. 6 salinities above 34.6
o

/00 and 34.2
0
/00 

respectively may be used to trace th.e inflows. Both the number and the 

strength of the inflows seem successively reduced by the thresholds. In 

1963 the summer-autumn deep inflow was successively delayed from July 

at St. 18 to August-September at the inner stations. The strength of 
o

this inflow is demonstrated by salinities above 35.2 /00 at St. 15 in 

August. 

In 1964 an inflow at St. 18 in July seemed fairly strong, 

while only a relatively weak indication of the same inflow was found 

at St. 15, and at the two inner stations it was difficult to detect. 

At the inner stations 6 andla massive introduction of sali

ne water started in May-June 1965 as indicated by salinities between 

34.2 and 34.6
0 

/00. A separate inflow in August 1965 was indicated at 

all stations, but salinities of 35
0 

/00 were not recorded even at St. 18. 

At the two outer stations, particularly at st. 15, a very thorough 

change of the hydrographic development, perhaps a reversing of the 

current systems, seems to have taken place in July 1965. 

During the sampling period the deep inflows did not coincide 

with any drastic change in temperature (Figs. 4-5) but an increase in 

oxygen content is clearly demonstrated (Figs. 10-11). Both the trend 

of the oxygen isopleths for 6 ml/l in the depths at St. 15, and the 
0 0

salinity isopleths for 34.4 /00 closely following the 34.8 /00 isopleth 

demonstrate that the deep inflows may at least influence the water from 
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bottom to about 100 m of depth. 

The high salinity of the deep inflows in summer-autumn in

dicates an Atlantic origin, while the warm intermediate and subsurface 

water that enters the fjord is probably a mixture of Atlantic and coas

tal water. 

COMPOSITION OF THE ZOOPLANKTON 

The general composition of the zooplankton is demonstrated
 

in Figs. 12-15, calculated in per cent of number of organisms. St. 15
 

is representative for the outer main fjord, St. 6 for the inner.
 

100-0 m, Figs. 12-13 

The copepods form the main bulk of the zooplankton and in 

the period October-February they comprise more than 95% by number. The 

remaining 5% was composed to a great extent by bottom invertebrate larvae, 

-"S,-,-T-,6"-i-Y,-,-T,-,-T-"E"-,R,-,,b,--,Y--=D,--,Y,-,-P--=E~T-'---- ~L::.-:...>.!lmJJ., 
'1.1 

60 

50 

40 

30 

IIIIIIlCLADOCERA ~ COPELATA • GASTROPODA 

m:::l BOTTOM ~ 
@il INVERTEBRATE LARVAE ~ 

:=s--,-T_l,-"5,-,-R,""b,-,B~E=-,-,R-"G,--
'1.1 

60 

50 

0
 
OTHER NON-COPEPOOS COPE PODA 

~_--,,,,,,,,c::-,-,,,-,m-'-l 

Fig. 12. Percentage compo

sition of the zooplankton 

in 100-0 m at St. 6 during 

1964-66. 

Fig. 13. Percentage compo

sition of the zooplankton 

in 100-0 ID at St. 15 during 

1964-66. (Symbols as in 

Fig. 12). 
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mainly cirriped larvae. During spring the bottom invertebrate larvae 

increased in number, and this together with an increase in the Cope lata 

stock reduced the copepod component to 60-70%. This percentage was 

further reduced to 30-40% in summer, mainly due to large numbers of 

Cladocera. In late summer the gastropod Limacina retroversa contribu

ted with a small, but significant part mainly in the outer fjord. 

Below 100 m, Figs. 14-15 

In the layers below 100 m the variations throughout the 

year are smaller. As in the layer above, the copepods formed the bulk 

of the zooplankton with 90-95% in July-February, while the rest of the 

plankton was composed by Ostracoda, Chaetognata, Euphausiacea, and 

other noncopepods. During springtime the upward migration of important 

copepods with an increase in the stock of Ostracoda and Chaetognata re

duced the copepod component to 50-70%. 

Fig. 14. Percentage composition 

rnIlJ] OSTRACODA ~ • EUPHAUCIACEA of the zooplankton below 100 mCHAETOGNATHA 

r:m:I 0 at St. 6 during 1964-65.IttIOTHER NON COPEPOCIA COPEPODA 

Fig. 15. Percentage composition 

of the zooplankton below 100 m 

at St. 15 during 1964~65. (Symbols 

as in Fig. 14). 
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From July to February the copepods formed the main bulk of 

the zooplankton, in average 70-80 per cent of numbers. 

In spring the zooplankton was dominated by bottom inverte

brate larvae, making in average 80 per cent of numbers in March-April. 

Cladocera occurred in small numbers most of the year, but 

was significant only in summer from June to August-September. Copela

ta occurred regularly and seemed to be most important in spring. The 

gastropod Limacina ~et~ove~sa was found in small numbers at all sea

sons, but was not important. 

Comparison between the two layers 

A general trend for both layers at all stations is a great 

and regular seasonal fluctuation each year, but a significant diffe

rence is found in the origin of the fluctuations. In the layer above 

100 m maxima of noncopepods reflect a succession of species, while in 

the deeper layers the variations are due to fluctuations within the 

permanent members of the community. 

The biological spring, indicated by larvae and young stages 

of holo- and meroplanktonic groups, occurs quite simultaneously in the 

whole water column. No significant differences either in time of maxi

ma or in relative importance of the main groups are found from the outer 

to the inner fjord. The only major exception is the gastropod Limacina 

~etroversa with reduced importance inwards in the fjord. 

Comparison with other areas 

Percentage composition of the zooplankton from the coast 

stations is given by Wiborg (1954) and refers to the whole water column. 

They are therefore not directly comparable to the results given here, 

but the upper 100 m in the fjord seems to correspond roughly to the to

tal water column at the open coast stations. 

The same general trend is found at all Norwegian localities, 

with the copepods dominating most of the year and the same succession 
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of different groups. Trondheimsfjorden seems to have a greater percen

tage of noncopepods during spring and early summer, the difference 

mainly caused by neritic and meroplanktonic components as Cladocera and 

bottom invertebrate larvae. Due to its posi ion in the outer part of 

vestfjorden, the coast station at Skrova has a significant percentage 

of deep water species sUch as Chaetognata and Ostracoda which mainly 

occur in the layers below 100 m in Trondheimsfjorden. In Oslofjorden 

(Wiborg 1940) the zooplankton community, Ostracoda excluded, was very 

similar to Trondheimsfjorden, both in composition and in seasonal succes

sion. Wiborg found great differences between the outer and the inner 

Oslofjord, but a parallel to that was not observed in Trondheimsfjorden. 

In Hardangerfjorden the copepods dominated at all seasons in 100-0 ID 

during 1955-56, while Cladocera and bottom invertebrate larvae were of 

little importance and Gastropoda was absent (Lie 1967). 

COMPOSITION OF THE COPEPODA 

The composition of the copepods is given in percentage of num

bers and of relative volume units. 

The percentage composition based on numbers in 100-0 ID and 

below 100 m is shown in Fig. 16-19. 

100-0 m, Figs. 16-17 

Seasonal fluctuations occurred regularly each year. From 

OCtober to May autochthonous species dominated. This period was charac

terized by low concentration of zooplankton in the 100-0 m layer. 

In the beginning of this period, from OCtober to February, 

Mic~ocaZanus pU8iZlus plays an important role numerically, constituting 

up to 50\ of the copepods. Its dominance increased inwards in the fjord. 

To some extent ScoZeaithricella mino~ followed the same pattern as Mic~o

calanus, with percentages up to 50\, although it normally formed about 

10\ of the stock. These two copepods togetherwith.Onaaea bo~eali8 con

stituted nearly the entire copepod stock during this period. The rest of 
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ITIJCAl..ANJS FINMARCHICUS §METRIDIA SPP DpSEUDClCALANUS MINUTUS 

0MICROCALANJS PVGMAEUS • SCOLECITHRICELLA MINOR IIIIJ]TEMORA LONGICORNIS 

~ACARTIA	 ~CENTROPAGES HAMATUSSPP PARACALANUS PARVUS 

.PAREUCHAETA NORVEGICA [lIOITHONA SIMILIS RONCAEA BOREALlS 

BOTHER COPE PODS 

Fig. 16.	 Percentage composition of the copepods in 100-0 m at St. 6 

during 1964-66 

the winter period, from March to May, the importance of CaZanus finmar

chicus increased greatly, contributing up to 90% of the copepod stock. 

This rise coincided with the upward migration and spring spawning of 

C. finmarchicus. 

From June to September Temora Zongicornis, Acartia spp., 

ParacaZanus parvus and Centropages hamatus made up to 50% of the copepod 

stock. This component seemed partly dependent on influx and this pattern 

was reflected by reduced percentages at the inner stations. O. boreaZis 

was still of great numerical importance and formed together with Oithona 

simiZis 30-40% of the copepods. 

In September-October the percentage of PseudocaZanus eZonga

tus increased to 30-40%. 

As shown in Figs. 16-17, 11 species of copepods were respon

sible for nearly 95% of the stock in the upper 100 m. The variation in 

percentage was partly due to a seasonal variation within the autochtho

nous species and partly to a regular succession of less autochthonous 

species. 
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Fig. 17.	 Percentage composition of the copepods in 100-0 m at St. 15 

during 1964-66. (Symbols as in Fig. 16). 

Below 100	 rn, Figs. 18-19 

In the layers below 100 m the number of important species is 

reduced to eight. These copepods constituted more than 95% of the cope

pod stock. Most of the summer and autumn species which occurred in the 

layer above were absent; they were replaced by two deep water autochtho

nous species, Metridia longa and Papeuchaeta nopvegica. 

The seasonal fluctuations were smaller than in the layer 

above, and the species composition was stable. 

Calanus finmapchicus dominated in all parts of the fjord, but 

its importance was significantly reduced at the inner stations. The re

duction of C. finmapchicus, which regularly occurs in April-May, was 

partly due to a migration of maturing C. finmapchicus to the layer above. 

Reduced importance of C. ,finmapchicus was followed by increasing percen

tages of Micpocalanus pusiZlus, Oithona similis, Oncaea bopeali8, and 

Metpidia longa. The percentage of ScolecithPicella minop found during 

most of the year was unexpectedly large compared to that of Pseudocalanus 

elongatus. 

Papeuchaeta nopvegica contributed a small, but significant 

percentage in March-May at all stations. Due to its great size, this 

copepod has an importance far exceeding its numerical value. 

In both layers the boreal and boreo-arctic species dominated. 

This is in accordance with the statement by Gran (1902) and Darnas (1905) 
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Fig. 18. Percentage compo

sition of the copepods be

low 100 m at St. 6 during 

1964-65. (Symbols as in 

Fig. 16). 

Fig. 19. Percentage compo

sition of the copepods be

low 100 m at St. 15 during 

1964-65. (SYmbols as in 

Fig. 16). 

that in the Norwegian Sea the main body of the zooplankton consists of 

autochthonous boreal species. 

Comparison with other areas 

The composition of the copepods in Trondheimsfjorden and at 

the coast stations also shows the same general trend with the autochtho

nous boreal species dominating. At the southernmost coastal station, 

Sognesj~en (Fig. 1), the importance of C. finmarchicus is significantly 

smaller than at the coastal stations further north. The reduction of the 

Calanus percentage at Sognesj~en corresponds to the composition in 

100-0 m in Hardangerfjorden as shown in Table 2, calculated from Lie's 
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data (Lie 1967). Compared to the same layer in Trondheimsfjorden there 

is a significant reduction in the percentages of Calanus during the main 

spawning period. In both fjords there is a decrease inwards, but this 

is most marked in Hardangerfjorden. In Hardangerfjorden the percentage 

of Calanus ranges in spring from 34% in the outer part (H7) to 15% in 

Ithe inner part (H5) while in Trondheimsfjorden the values are 80-90% 

and 45% respectively. 

Table 2. Relative importance of Calanus finmarchicus in percentage of 

total number of copepods in Hardangerfjorden 1955-56. 

(Calculated from Lie (1967) ) 

1955 1956 

S 0 N D J F M A M J J A S 

H7 1.0 6.0 19.5 10.0 11. 5 28.0 29.0 34.0 31. 5 44.0 44.5 29.0 3.0 

H6 6.5 15.5 3.0 6.5 1.5 4.0 2.0 32.5 12.0 12.0 22.0 28.5 4.0 

H5 8.5 9.0 2.0 2.5 2.0 26.0 5.0 15.0 1.0 3.5 12.5 7.5 2.0 

During autumn the southern species Paracalanus parvus is im

portant i Hardangerfjorden (from 30-60% in September 1955), while it 

is quite insignificant in Trondheimsfjorden. 

Percentage composition of copepoda 

based on relative volume 

The percentage composition based on numbers greatly favours 

small and numerous species and stages, and may give a false impression 

of the relative importance of the members of the copepod stock. 

The relative quantity of the various species and stages based 

on a common unit may be estimated either in absolute or relative values 

of volume or weight (Lohmann 1908), Bogorov & preobrajenskaya 1934, 
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Bigelov & Sears 1939, Wiborg 1954 and others). The sources of err~r are 

numerous. Firstly, the values measured and calculated in one area can

not be directly transferred to anot.her, since length, volume, and wro ight 

of different species and stages vary both in tlme and space according to 

environmental factors. Volume calculatlons by Wiborg (1954) give diffe

rences of more than 100% for several species and stages when the coastal 

stations Ona and Skrova are compared, In spite of the errors involved, 

several authors have found such methods useful, when interpreted with 

caution. The relatlve volume of the copepods was estlmated by measuring 

length and diameter of the cephalothorax of each species and stage. If 

the cephalothorax is regarded as a cylinder, a volume may be caJ_culated, 

The relative volumes found in TJ~ondheimsfjorden (Table 3) are 

in good accordance with those given by Wiborg (1954). It must be stres

sed that the calculatlons are based on means from different seasons for 

one year only, but will nevertheless give a rough picture of the relative 

importance of the different species. 

As the absolute density of planktonic copepods in a Ilving state 

might be supposed to be of the same order as the absolute denslty of the 

sea water, the diagrams based on relative volume may give a very rough 

picture of the relative biomass of the different specles. 

The composition of copepods in Calanus units in 100-0 m and be

low 100 m, shows a similar plctuLe at all stations in the main fjord. 

Figs. 20-21 show the composition at SL 15. Calanus finmaY'chicu.q domi-' 

nated in 100-0 m most of the year, and MetY'idia longa was of significant 

importance. Small species such as Oithona simiZis and Oncaea bOY'ealis 

represented a much smaller percentage than when the calculations were 

based directly on numbers, while swnmer and autwnn speCles, TemoY'a 

longicoY'nis~ AcaY'tia longiY'emis~ CentY'opages hamatus~ and Pseudocalanus 

elongatus generally showed unchanged percentages. At the innermost sta

tion, St. 1, temperate species were of less importance. 

Below 100 m C. finmaY'chicus dominated completely and together 

with M. longa averaged nearly 80% of the total stock. At the inner sta

tions M. longa had a relatively greater importance. The large copepod 

PaY'euchaeta norveg{ca was of signlficant percentage mainly in spring, and 

these three copepods together with the small percentage of Scolecithri

cella minoY' generally represented nearly 90% of the stock. 



- 29 

Table 3. Relative volume of the copepods in Trondheimsfjorden. 

Calanus finmarchicus copepodite stage V = 100 

0' 
~ V IV III II I N 

Calanus finmarchicus 

Calanus hyperboreus 

Pareuchaeta norvegica 

Metridia longa 

Metridia lucens 

Metridia spp. 

Heterohabdus norvegicus 

140 

700 

600 

100 

40 

80 

140 

700 

1000 

100 

40 

100 

100 

500 

700 

60 

20 

40 

50 

200 

300 

30 

5 

10 

10 

15 

40 

50 

4 

4 

4 

10 

1.5 

1.5 

1.5 

3 

0.5 

0.5 

0.5 

1 

0.5 

0' 
~ V-IV IIl-II-I N 

Pseudocalanus minutus 7 9 7 2 0.1 

Microcalanus pygmaeus 2 2 1 0.5 

Scolecithricella minor 9 13 8 2 

Temora longicornis 5 5 4 1 0.2 

Acartia spp. 4 4 2.5 0.5 0.1 

Paracalanus parvus 4 4 2.5 ·0~5 . 

Centropages hamatu8 8 8 6 

Centropages typicus 16 16 10 

Centropages spp. 2 0.1 

Candacia norvegica 50 50 20 5 

Candacia armata 15 15 8 

Candacia spp. 2 0.2 

Chiridius armatus 120 200 90 10 1 

Oithona spp. 2 

Oncaea borea lis 1 

Harpacticoida 1 
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Fig. 20. Percentage composition in 100-0 m of the copepods in CaZanus 

units at St. 15 during 1964-66. (Symbols as in Fig. 16). 
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Fig. 21.	 Percentage composition below 100 m of the copepods in CaZanus 

units at St. 15 during 1964-66. (Symbols as in Fig. 16). 

VOLUME VARIATIONS 

As a general rule the volume maximum of the year was found 

in summer and autumn, while the minimum was found in winter and early 

spring (Fig. 22). The plankton below 100 m dominated in both these 

periods. The fluctuations both from year to year and from station to 

station were large. In 1963 a distinct autumn maximum occurred at all 

stations i August-October. In 1964 the corresponding maximum was found 

in July-September at St. 18 and 15 only, while no signif~cant maximum 



- 31 

60
 

50
 

4
 

30
 

2
 

10
 

0
 

100
 

90
 

80
 

70
 

60
 

50
 

40
 

30
 

20
 

10
 

0
 

100
 
N
 

90
~ 

::; 80
 
~ 

70
 
~ 

60
 
W 
~ 

§ 40
 
>
 

30
 

20
 

10
 

0
 

120
 

110
 

100
 

90
 

80
 

70
 

60
 

50
 

40
 

30
 

2
 

10
 

0
 

1963
 

Fig. 22. 

440 ~ 190 f' 
ST 1 
BEITSTADFJORD 

~100-0m 
240-100m 

F M A M J J A 5 0 N J J 
1963 1965 

ST 6 
YTTEROYDYPET

ilOO - Om 

420- lOOm 

F M A M J J A S 0 N D 
1963 

i100 -Om 
510-100m 

F M A M J J A 5 0 N D J 
1963 

ST 18 
SMELLlNGEN

i100 -Om 
410 -lOOm 

F M A M J J A 5 0 N D J F M A M J J A 5 0 N D J J 

24
 

20
 

16
 

12
 

8
 

4
 

0
 

40
 

6
 

2
 

28
 

24
 

20
 

16
 

12 0
 

88
 

4 ~ 

OU> 
--' o <i
:l
 
0
 

36 ;;:
 

32 ~
 
28 L..
 

24 0
 

205
 
tD 

16 ~
 

12 ~
 
8
 

4
 

0
 

48
 

44
 

40
 

36
 

2
 

8
 

4
 

20
 

16
 

12
 

8
 

4
 

0 

1964
 

2

Zooplankton volume below 1 m , 100-0 m and below 100 m
 

separated (left scale), and total number of individuals
 

in 1000s (right scale) at St. 18, 15, 6, and 1 during
 

1963-65. (From February 1963 to February 1964, mesh
 

size 440 p). The shadowed area of the histogram gives
 

the volume below 100 m, the unshadowed, the upper 100 m.
 



- 32 

'2 

32 

28 

24 

20 

16 

12 

I Number lOO-Om

I Volume 100- Om 

A '" 

ST 15 
ROBERG 

ST 18 
SMELLlNGEN 

440 P 

ST 1 
BEITSTADFJORD 

40 

35 

30 

...J 
~ 

~ 

l>J 
::>: 
;:) 

...J 1S 

~ '0 
05 

ohh-h-~.,a,..~--rf~CT"IJ--1-, ...."""'I-fl~",h-hH...-h-h--hh-h-h~~M'''''''''''''''rf1rt'h;-fNTi1n''rt'r-;t"rtT;;;-~~ 
60 t363 

A 
'" 

55 

50 

45 

40 

35 

30 

25 

20 

2Fig. 23. Zooplankton volume in ml/m , and total number of individuals 

in lOOs per haul in 100-0 m at all stations during 1963-66. 

(From February 1963 to February 1964, mesh size 440 p> . 

was found at St. 6 and 1. In 1965 the small volumes at St. 15, 16, and 

1 in July indicated less plankton than in 1963. Thus, on the basis of 

presence or absence of distinct maxima, gradients are found from year 

to year as well as from outher to the inner fjord. 

The volume variations in the upper 100 m in the main fjord 
2

during 1963-66 are shown in Fig. 23, in ml below 1 m of surface. 

At St. 1 and 18 the sampling has been carried out from Feb

ruary 1963 to July 1965, and at St. 6 and 15 from February 1963 to July 

1966. In 1963 a considerable stock was established in May at all sta

tions, and at the two outer stations a second and smaller maximum occur

red in August. A small stock persisted throughout the winter, mainly in 
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the inner fjord. In 1964 both spring and summer maxima were found in 

the outer fjord, but the spring maximum was much reduced compared to 

1963. In the inner fjord the spring and summer stock did not exceed 

the winter population. The following winter 1964-65, the plankton 

volume was quite insignificant at all stations. 

In May 1965 small spring maxima were observed at St. 1, 6, 

and 15, most pronounced at St. 1, while the volume was nearly zero at 

St. 18. An autumn maximum was found in September at both St. 15 and 

6, while St. 18 and 1 were not sampled. In 1966 a very pronounced 

maximum was found in June at St. 15 and 6, with an extremely high volu

me at the outer station 15. 

The number of organisms (Figs. 22-23) relatively closely fol

lows the fluctuations in volume, but due to the change in mesh size the 

results from 1963 cannot be used for comparison. Generally the relation 

number h' h . . d' h 1 d ' was 19 est In sprlng an In t e ate summer an autumn maXlma. 
vo 1ume 
This is due to vast numbers of nauplii and young stages from spring 

spawners, and to the adults and young stages of small species dominating 

the summer and autumn zooplankton. 

Mean volume and percentage deviation from the mean 

The mean volume for each month during 1963-66 in 100-0 m at 

St. 15 and 6 is given in Tables 4-5. Generally the greates mean volu

mes were found in May-June at both stations, corresponding to the spring 

maxima. Another maximum was found at St. 15 only in August-September, 

related to the autumn maxima found at the outer stations. 

An interesting record is the maximum found at both stations in 

February. ~inima of the year are found fro~ October to January. 

The percentage deviations from the mean are also given in 

Tables 4-5. Generally the largest deviations seemed to occur in spring 

and early summer. Deviations exceeding 225% were found, and the average 

deviation from the mean was about 57% at St. 15 and 55% at St. 6. These 

deviations are remarkably great and demonstrate that single year cycle 

observations are of very restricted value in estimating average standing 

crop in the fjord. The average deviations from the mean at the coast 
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Table 4. Mean volume and percentage deviation 

St. 6 during 1963-66 

from mean in 100-0 m at 

J F M A M J J A S b N D 

Mean 
volume 
1963-66 

0.20 0.68 0.40 0.65 1. 95 2.20 0.93 0.30 0.53 0.25 0.30 0.33 

1963 

1964 

1965 

1966 

0 

0 

+150.0 

-70.6 +25 

-70.6 -50 

-11. 8 +25 

+7.7 

-69.2 

-69.2 

+130.8 

+161. 5 

-79.5 

-82.1 

+159.1 

-90.9 

-81.8 

+13.6 

-35.5 0 

-78.5 -33.3 

-35.5 +33.3 

+147.3 

-24.5 

-43.4 

+69.8 

+20 

-20 -33.3 

+33.3 

+21. 2 

-39.4 

+21. 2 

Table 5. Mean volume and percentage deviation 

St. 15 during 1963-66 

from mean in 100-0 m at 

J F M A M J J A S 0 N D 

Mean 
volume 
1963-66 

0.30 1. 00 0.30 0.74 1.80 2.70 0.60 1.17 0.73 0.25 0.40 0.20 

1963 

1964 

1965 

1966 

-33.3 

-33.3 

+66.7 

+180 

-60 

-80 

-40 

0 

-33.3 

+33.3 

+143.2 

-39.2 

-73.0 

-32.4 

+116.7 

-52.8 

-63.9 

-48.1 

-92.6 

-85.2 

+225.9 

-66.7 +36.8 -31.5 

0 +28.2 -58.9 

0 -65.8 +91.8 

+66.7 

+20 

-20 -50 

+50 

0 

0 

stations calculated by Wiborg (1958) indicates that also at 9uch locali

ties long term investigations are necessary to get reliable information 

of the stock of zooplankton. 

Volume variations in Trondheimsfjorden compared to other areas 

The yearly fluctuations of zooplankton volume in Trondheimsfjor

den, on the Norwegian west coast, and at St. M in the Norwegian Sea, are 

compared in Table 6. 
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2
Tahle 6.	 Zooplankton volumes in ml/m from other localities in Norwe

gian waters compared to Trondheimsfjorden. (calculated from 

Gundersen 1953, Wiborg 1954, and Lie 1966, 1967 

1963	 1~64 196, 
JFMA M	 J JAS ONDJFMAM JJAS ONDJFMAMJ JASO 

fr. fielmafjorden 
outer port	 - 109 - 29 64 69 70 93 66 103 - 73 51 56 19 16 32 27 69 56 96 51 27 20 20 15 25 13 21 26 

Tr. helms fjorden 
inner part 40 - 20 67 105 77 53 72 64 - 62 50 39 25 11 27 20 15 14 26 14 10 7 7 6 5 5 14 13 

St. M 54 57 41 36 29 32 16 20 16 20 20 30 26 44 53 - - - 10 7 33 35 35 94 107 70 33 25 

Eggum 9161751471144525109 - - - - -230756527711251 - - - 14560 - 64304730 

Skrova 17131417 41 491166542 35334333 6 91740 30201645 42 15 14 23 14 5 36 52 53 49 26 17 45 

1950 1951 1955 1956
Hard. fjorden 
inner part - 3 5 6 34 9 6 7 6 7 5 4 6 12 6 13 16 6 10 10 25 22 6 3 3 17 15 10 14 9 9 

Hard. fjorden 
outer part - - - - - - - 3 5 9 5 6 7 7 5 3 2 6 5 7 4 5 6 15 

Sognesj~en 2 3 15 10 20 9 - 9 5 2 2 3 10 6 16 10 5 5 

2
The quantity is given as monthly averages in ml/m. The 

whole water column was sampled except at st. M, where the volume refers 

to 600 m - surface. Except for Hardangerfjorden and Sognesj~en the 

years 1963-65 can be compared directly. 

The southernmost coastal station, Sognesj~en, showed small 

volumes. This seems a general trend at this station (Lie 1965, 1966, 

Wiborg 1954). Also in Hardangerfjorden relatively small zooplankton 

concentrations occurred compared to Trondheimsfjorden (Gundersen 1953, 

Lie 1967). 

The northern coast stations, Skrova and Eggum, generally 

showed a far greater standing stock, but a marked reduction occurred in 

1965, and the same trend was found in Trondheimsfjorden, especially in 

the outer part. 

On the contrary, st. M in the Norwegian Sea showed an opposite 

trend with a pronounced maximum in 1965 and smaller volumes in 1963 and 

1964. In 1964 the sampling routine at st. M was interrupted from July, 

but the general trend at this stations since 1950 (Lie 1968, Wiborg 1958) 

indicates that the maximum of the year has normally occurred before that 

month. 

The nature of the volume maxima 

As shown by many workers (Ruud 1929, and oth~rs) the stock of 

C. finma~chicus is decisive for the size of the volume maxima. In Trond

heimsfjorden this feature is evident for the summer-autumn maxima below 
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100 m and the spring maxima in 100-0 m. 

The small zooplankton volumes recorded in Hardangerfjorden 

also seem related to a reduced importance of C. finmapchicus. 

The summer-autumn maxima in 100-0 m in Trondheimsfjorden are 

of more complex composition that the CaZanus-dominated spring maxima 

in the same layer. Beside C. finmapchicus a variety of small organisms 

take part in this maximum, especially the copepods Temopa ZongicoPnis, 

Centpopages hamatus, and Acaptia Zonqipemis. All these copepods are 

undoubtedly authochthonous in the area, but a significant immigration 

also seems to take place. This pattern may explain the reduced impor

tance of the autumn maxima in 100-0 m in the inner parts of the fjord. 

Because variations in this summer-autumn maximum are mainly dependent on 

the group of variable species mentioned above, a specified discussion in 

terms of volume seems less relevant. 

Because the summer-autumn maxima both in 100-0 and below 100 m 

to some degree seem dependent on supply from outside the fjord, the ob

served delay inwards in time for volume maxima may be explained as a 

transport effect. A similar trend may be assumed in Hardangerfjorden in 

1956 (Lie 1967, Figs. 2 and 4). 

In Hardangerfjorden both Gundersen (1953) and Lie (1967) found 

a tendency for the spring maximum to occur later in the inner part of the 

fjord, and Lie related this to an undefined "fjord effect." In Trond

heimsfjorden the spring maximum at St. 18 seemed to occur a little ear

lier than in the inner fjord, but the material limits further interpre

tation. The phytoplankton bloom, however, simultaneously in all parts 

of the fjord (Sakshaug 1970), and the spring burst of C. finmapchicus 

should normally be timed to that, indicating a similar trend for the 

volume maxima in spring. The delay of maxima which is indicated from 

St. 18 to St. 6 in Fig. 39, is due to a successful local development 

and accumulation of older stages, and not a delayed initiation of the 

volume increase. 
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COPEPODA CALANOIDA 

Calanus finmarchicus (Gunnerus) 

Two nearstanding species are recorded in Norwegian waters, 

C. finmarchicus and C. helgolandicus. The latter has its centre of 

distribution: in the North Sea, while C. finmarchicus has a more 

northern distribution. In Trondheimsfjorden only C. finmarchicus seems 

to be present. 

Figs. 16-19 demonstrate clearly that C. finmarchicus is a 

very dominant component in the zooplankton in Trondheimsfjorden at all 

seasons. The species contributed by far the major part of the biomass, 

but the stock showed a very significant variation both in time and space. 

In coastal waters C. finmarchicus is a dominant member of the zooplank

ton, but in other fjords, especially the inner parts, its importance is 

normally significantly reduced and replaced by smaller neritic copepods 

(Wiborg 1940, 1954, Gundersen 1953, Lie 1967, Beyer, Dybwad & Versvik 

1967), although accumulations in inner basins may occur (Wiborg 1940). 

In Oslofjorden, however, (Wiborg 1940) C. helgo~icus may have been 

taken as C. finmarchicus. 

Variations in numbers 

The numberical variations of C. finmarchicus at St. 18, 15, 6, 

and 1 during 1963-66 are shown in Fig. 24. In the hauls below 100 m, 

the numbers are not directly comparable due to different depths at diffe

rent stations. When comparing 1963 with the other years, it must be re

marked that due to the mesh size used before March 1964, sampling of 

lower stages was poor with significant concequences for the estimation 

of numbers. The stage distribution in the same periods is shown in 

Figs. 25-26. 
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Figs. 24.	 Calanus finmarchicus, total number per haul below 100 m and 

in 100-0 m at St. 1, 6, 15, and 18 during 1963-66. (From 

February 1963 to February 1964 mesh size 440 p). 
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Variations in 100-0 m 

In 100-0 m two main maxima were observed each year (Fig. 24). 

Normally the greatest maximum was found in April-May at all stations, 

while a much smaller maximum- occurred in August-September at the outer 

stations only. 

The spring maximum in 100-0 m was generally based on nauplii 

and lower copepodite stages, while in August-September all copepodite 

stages seemed to take part. The spring maximum occurred regularly each 

year in April-May at all stations, but the size of the maximun varied 

greatly. At the outer St. 18 the stock was rich every year, perhaps 

slightly reduced in 1964 and 1965. At the inner stations, 15, 6, and 1, 

there was a gradual and very significant reduction of the stock inwards 

in 1964 and 1965. In 1966 only st. 15 and 6 were sampled, but the abun

dance that year is clearly demonstrated at both stations. 

In the rich years the stock in the April maximum was normally 

composed of nauplii and copepodite stages V-I, in comparable numbers, 

while in the poor years the copepodite stages IV-Ill were of much less 

importance. Obviously, the environmental conditions met during the 

first copepodite stages must be decisive for the success of the stock. 

The factors which are responsible for failure or success seem more accen

tuated in the inner fjord. 

The August-September maxima of C. finmarchicus in 100-0 m were 

composed of nauplii and all copepodite stages, and occurred regularly at 

St. 18 and 15. They could be traced at st. 6, but were absent or nearly 

absent at St. 1. Presence of all stages indicate a local origin. The 

separate occurrence of copepodite stages 11-111 and V at St. 15 in August 

1964 may be connected with a successful brood of young copepodite stages 

at St. 18. 

In the summer-autumn maxima in 100-0 m all stages take part 

and are possibly derived from females of the spring generation. Accor

dingly, the reduced maxima in the inner part in the autumn only reflect 

the variable success of the spring generation, but immigration may also 

influence the distribution. 

At the other localities along the coast a similar annual bi

modal abundance is found. From Hardangerfjorden Lie (1967) reports maxima 
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in 100-0 m in April and July-August, while Gundersen (1953) at the. same 

locality records the second maximum in September. In coastal waters 

south of Lofoten and at St. M in the Norwegian Sea, April and June-July 

seem to give the peaks of abundance (Wiborg 1954, ~stvedt 1955). The 

spring maximum occurs simultaneously at all localities, while the second 

maximum is delayed a month or two in the fjords. 

The size of the maxima shows interesting differences between 
3

the localities. In Table 7 the concentrations (ind./m ) of all stages 

of C• .finmarchicus in 100-0 m or 50-0 M at different localities along the 

coast are compared. 

Table 7. Concentration of Calanus finmarchicus in 100-0 m and 50-0 m at 

comparable localities along the Norwegian coast. Numbers in 

ind./m
3 

Spring Surruner
3 3

Locali ty Depth conc.ind/m conc.ind/m Reference 

Trondheimsfjorden 
outer part 

100-0 1. 000-2.000 1.000 

Trondheimsfjorden 
inner part 

100-0 100-1.500 100-1.000 

Hardangerfjorden 
inner part 

50-0 100-1.000 300 
Gundersen (1953) 
Lie (1967) 

Lusterfjorden ( inner 
part of Sognefjorden) 

50-0 30 25 Gundersen ( 1953) 

Ona 50-0 200 600 Wiborg (1954) 

Eggum 50-0 1.600-10.000 1.000 Wiborg (1954) 

The values obtained in Trondheimsfjorden, especially in the 

outer part, are quite high compared to other fjord localities. The 

inner part of Trondheimsfjorden shows great fluctuations, but in poor 

years the numbers are of the same size as in Hardangerfjorden. Luster

fjorden, in the innermost part of Sognefjorden, shows extremely low 

values. 

The fluctuations in stock abundance in inner Trondheimsfjord 
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compared to the constant 10yl stock recorded in the inner parts of other 

fjords raise a question as to whether the poor stocks in the inner fjords 

reflect the normal situation and indicate a fundamental difference in 

physical conditions or whether the occasional sampling has been made in 

poor years. This problem stresses the need for long term investigations 

of zooplankton in such localities. 

Variatlons below 100 m 

The variations below 100 m are shown in Fig. 24. The summer 

and the autumn maxima in this layer occurred in two main periods, in 

June-July and in September-October. 

The June-July maXlma of copepodite stages V-IV below 100 m are 

partly due to descendants from the spring generation migrating downwards, 

and the fluctuations partly reflect the success of these generations. 

This summer maximum seems delayed from yearly June at St. 18 to July at 

St. 15 and 6, and perhaps to August-September at St. 1. This delay in 

time for maximum and the reduced numbers inwards may indicate that immi

grants are also present with the local stock. 

The autumn maxima in August-October below 100 m are also domi

nated by copepodite stages V-IV and seem too large to be related back to 

local stocks. A supply from outside the fjord must take place, and the 

maxima seem correlated with the deep summer-autumn inflows (Figs. 6-9) 

both in time and strength. 

In autumn the coastal stocks of Calanus migrate from the sur

face and may thus be brought into the fjord with the inflowing water. 

Within the fjord Calanus probably migrates futher down and is trapped 

behind the thresholds. An accumulation of overwintering stages may thus 

take place in the fjord depths. 

For the hauls below 100 m little information from comparable 

areas along the coast is available. Wiborg's data (1954) from the coastal 

stations indicate maxima in the layers below 50 m in July and August-Sep

tember. In Hardangerfjorden (Gundersen 1953) small autumn maxima due to 

copepodite stage V were found in August-September and October-November in 

the fjord proper. 
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Propagation 

The propagation of C. finmarchicus may be traced by the occur

rence of nauplii and lower copepodite stages. In Figs. 25-26 the stage 

distribution is given in numbers per haul, and thus the strength of the 

different generations is demonstrated. 

Nicholls (1933 a) has shown that the eggs of C. finmarchicu8 

need at least -11 days to develop into copepodite stage I, while the 

development from one copepodite stage to the next requires at least 

three days. Low temperature retards the development (Bansen 1960). 

According to this scheme, the time for propagation may be traced back 

from the occurrence of nauplii and copepodite stage I. Further, the 

presence of adult males and females indicates spawning. 

In 1963 males and females were absent at all stations in the 

end of February. The females probably spawned in February/March at St. 

18 and in March/April at St. 15, 6, and 1. Peaks of copepodite stage V 

in June-July may be due to the spring generation. At all stations a 

summer generation seemed to be produced in July-August. The copepodite 

stage V of the August generation probably overwintered in deep waters, 

but the bulk of this stage below 100 m in autumn was obviously of other 

origin. 

In 1964 maturing C. finmarchicus from the overwintering stock 

gave a February maximum of males at all stations, and a maximum of fe

males in March. These females probably spawned at all stations in March/ 

April, but development seemed to fail, partly in the young copepodite 

stages. The lack of success was accentuated inwards in the fjord. A 

small secondary peak of nauplii was found in May at St. 18, 15, and 6, 

indicating an April/May spawning. A July spawning succeeded at the 

outer station 18 and partly at St. 15, while it again seemed to fail 

at St. 6 and 1. At St. 18 a small spawning in November was due to an 

adult stock in OCtober-November. This spawning may be traced also at 

St. 15. The overwintering stock of copepodite stage V is very small at 

the two inner stations 6 and 1. 

In 1965 a maximum of males in February at all stations was 

followed by a maximum of females, and spawning probably took place in 

March at all stations. This generation had no success. A second 
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spawning, perhaps by the same stock, occurred in April at St. 15, 6, and 

1, and a July spawning was recorded at the same stations. At St. 15 a 

small spawning was recorded in September. None of these spawnings resul

ted in a rich stock of overwintering stages. 

In 1966 only St. 15 and 6 were sampled. The adult stock in 

February-March seems to have spawned in March, and produced a successful 

generation. Maxima of copepodite stage IV at both stations in June may 

be due to this generation. A second rich spawning is indicated in June 

at both stations. 

The main spawnings in Trondheimsfjorden seem to take place in 

March, and at the outer stations two small secondary spawnings seem to 

occur regularly in April/May and in July. At the inner stations 6 and 1, 

the July spawning seems to be of less importance and may even be absent. 

Thus, there is a tendency of reduced numbers of spawnings inwards in the 

fjord. Besides these maxima, spawning later in autumn may occasionally 

take place at the outer stations. 

In Hardangerfjorden Lie (1967) recorded spawnings in February, 

May-June and, possibly, in OCtober-November. Gundersen (1953) found 

spawnings in February-March, May-June and in September in the same loca

lity. These results are in good accordance with the observations from 

Trondheimsfjorden. A similar trend of maximal periods is also found at 

the coastal stations (Wiborg 1954, Lie 1965, 1966). 

Lie (1967) mentioned that while the outer part of Hardanger

fjorden follows the general pattern of the coastal stations with a major 

maximum in spring followed by minor spawnings later in the year, the 

inner part was characterized by small maxima of equal size all seasons. 

This pattern is also found in Trondheimsfjorden in the poor years, while 

in successful years the spring generation produced great numbers. As the 

investigation in Hardangerfjorden represents only one single year, it is 

impossible to know whether the comparatively small stock at all seasons 

reported by Lie is the permanent state, or if it was the result of an 

occasional lack of success of the spring generation. 

In Oslofjorden wiborg (1940) reported an inward delay in the 

time for spawning. In Ofotfjo~den, in the inner part of Vestfjorden, 

spawning started 1-2 weeks later than in outer Vestfjord (S~e 1934, 

Wiborg 1954). Fish & Johnson (1937) found that in the Bay of Fundy delay 
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inwards in vernal varming is reflected in breeding periods. In Trond

heimsfjorden a significant delay inwards is not observed either for the 

spring spawning or for vernal warming, although at the outer station 18 

the maximum of young stages seem to occur slightly earlier than at the 

stations in the fjord proper. On the other hand the intervals between 

the sampling dates may be too large to reveal if a small delay in time 

exists. 

Marshall & Orr (1952) reported that individual females of 

C. !inmarchicus might spawn in bursts for more than two months under 

laboratory conditions, depending on food supply. Accordingly, maxima 

of nauplii found within a span of one or two months might be spawned by 

the same females, and maxima of the nauplii recorded in March/April and 

April/May might belong to the same generation. Nevertheless, if signi

ficant peaks are found, the spawning activity reflects important varia

tions in the environmental conditions stimulating spawning, and phenotypic 

changes may give broods of different quality. 

In Trondheimsfjorden the nauplii spawned in spring seem to need 

approximately four weeks to reach copepodite stage V, and another four 

weeks to mature into ripe females. This estimation is in good accordance 

with the results obtained by Nicholls (1933 a) who found that in the labo

ratory a period of at least one months seemed necessary to develop from 

egg to copepodite stage V in the Clyde Sea. Fish (1936 a) observed a 

developmental period of 1-2 months in Fundy Bay, while in the Lofoten 

area S~mme (1934) found that only 42 days were needed for the same develop

ment. 

Vertical distribution 

The vertical distribution of C. !inmarchicus at St. 15 is shown 

in Fig. 27. Black columns represent percentage distribution in the dif

ferent depths of females, copepodite stages V-IV and copepodite stages 

Ill-I, including nauplii. 

In 1963 and 1965 females migrated into the upper 50 m in Februa

ry, and a considerable part of-the female stock stayed in this layer until 

April. In 1964 the females were not found in the uppermost layer, although 
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Fig. 27.	 Calanus finmarchicus, percentage vertical distribution of 

different stages at St. 15. 

an upward	 migration above 100 m took place. In 1963 a significant per

centage of females again invaded the upper layers in June, while in 1964 

and 1965 this migration did not reach above 50 m. The rest of the year 

the bulk of females stayed below 100 m. 

The copepodite stages V-IV had a vertical distribution simi

lar to the females in the spring, but they generally showed small per

centages in the upper layers. The greatest percentage above 100 m was 

found in April-May, which is when the female component in these layers 

diminished. In June-July a downward migration took place and the rest 

of the year copepodite stages V-IV seemed restricted to the layers below 

100 m. 

copepodite stages III-I and nauplii had their main distribu

tion in the upper 100 m during spring and summer. In 1963 the whole 

spring stock of these stages was found in the upper 50 m, while in 1964 
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a high percentage in the upper layers in March-April was followed by a 

deeper distribution of the main stock in April-May. While the March

April stock in 1964 was situated above the discontinuity layer, a very 

small percentage occurred in this layer in April-May. In 1965 the young 

stages were also less abundant in the uppermost layer than in 1963. 

The general pattern of the seasonal migration and vertical 

distribution of C. finmarchicus in Trondheimsfjorden is in good accor

dance with observations from the coast and other fjords (Ruud 1929, 

Wiborg 1940, 1954, and Gundersen 1953). The outer and the inner Trond

heimsfjord showed no differences in vertical distribution, but the verti

cal division used in the sampling may be too rough to reveal details. In 

spring 1965 a special sampling program was carried out at St. 15 to inves

tigate the detailed vertical distribution of the nauplii and young cope

podite stages of C. finmarchicus. The hauls were always taken in daytime, 

and were doubled in order to avoid extreme deviations. The percentage 

vertical distribution was calculated from the mean of the two hauls. The 

vertical distrlbution of copepodite stages 111-1 and nauplii is given in 

Table 8. 

Table 8. Calanus finmarchicus, percentage vertical distribution, of cope

podite stages 111-1 and nauplii in the upper 50 ID at St. 15 in 

spring 1965 

Depth 
in m 

March-April 
III II I N III 

April 
II I N III 

May 
II I N 

0-10 9 31 51 64 18 32 13 51 16 16 25 38 

10-20 17 32 20 21 25 25 48 42 13 43 42 43 

20-30 32 12 14 9 12 11 18 1 35 24 12 5 

30-40 25 15 6 3 33 21 12 5 11 5 8 11 

40-50 17 10 9 3 12 11 9 1 25 12 13 3 
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The results strongly indicate that the younger stages, mainly 

copepodite stages II-I and nauplii, preferred the uppermost layers, 

particularly the upper 20 m. When copepodite stage III was reached, 

the distribution was more uniform, though the layer below 20 m seemed 

to have the greatest percentage. The same trend was found for all three 

months, but at the end of the period the youngest stages seemed to mi

grate from the 0-10 m layer and got their center of distribution at 

10-20 m of depth. 

Length distribution 

The carapace length of 50 copepodites, stage V, was measured 

from nearly all samples taken below 100 m at both St. 15 and St. 1. 

The fluctuation of mean length of C. finmarchicus, copepodite 

stave V, at these stations is shown in Fig. 28. 

At St. 15 minima of mean size were each year found in March, 

preceeded by small peaks in January. The larges mean length was found 

in April-May 1963 and June-July 1965, while in 1964 the mean size was 

less variable. The mean monthly length ranged from a minimum of 2.16 mm 

in March 1965 to a maximum of 2.54 mm in April-May 1963. At St. 1, the 

mean length was considerably more uniform, with total range 2.35 to 

2.48 mm. This difference between st. 15 and St. 1 may indicate that the 

population at st. 1 is of local origin, while at St. 15 immigrants are 

of importance. 

The size distribution of C. finmarchicus, copepodite stage V 

at st. 1 and 15, is shown in Fig. 29. At St. 15 the size distribution 

is quite irregular with a wide range and a pronounced bimodality. This 

440 fJ 190 fJ 

--st.15 
---- st. 1 

............~ ...............--.--- - - - -. - - - - --. 

Fig. 28. Calanus finmarchicu8, mean carapace length of copepodite stage 

V at St. 1 and 15 during 1963-65. 
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pattern may indicate that the stock of C. ,finma~chicus at St. 15 origi

nates from several sources and that different generations live together. 

In 1963 a significant increase of 'larger individuals was found from 

February to May. During summer and autumn these were gradually replaced, 
by smaller individuals. From December 1963 to January 1964 larger speci

mens increased in number. In February 1964 the size distribution was 

similar to February 1963 and throughout 1964 this distribution seemed 

to be fairly constant. In February 1965, the 1963 and 1964 situation 

seemed to be repeated, but with a greater proportion of smaller indivi

duals, and in March 1965 a size group of about 2.2 mm dominated. In May 

1965 these small specimens had nearly disappeared, and in late May a 

2.5 mm group dominated. This increase continued and in July 1965 also a 

2.7 mm group was found dominant. 

The February-March size minima found at St. 15, probably resul

ted from the overwintering stock which was derived from the autumn gene

ration the previous year. In this case, high temperature during the 

development may explain the size distribution. At Skrova Wiborg (1954) 

found a size minimum in February-March during thr,ee years, and he assu

med that two generations had overwintered and that the large sized gene

ration matured first, causing a drop in mean size of copepodite stage V. 

A similar explanation may be applied to the February-March minima in 

Trondheimsfjorden. 

The increase in size found at St. 15 in May every year, espe

cially in 1963 and 1965, may have been derived from the new spring gene

ration which developed in cold water, but may also have been partly due 

to immigrants. Even abundant food supply may have improved the growth 

during spring. 

During summer and autumn a gradual decrease in size occurred 

at St. 15, being most obvious in 1963 and 1965. It was, perhaps, related 

to summer and autumn generations which have developed in warm water. This 

smaller size coincided with a rapid increase in number of individuals, 

probably due to immigration. 

The May maxima in size and the summer and autumn decline found 

at St. 15 are also recorded at the coastal localities, indicating simi

lar conditions. 

The variation in siz~ distribution at St. 1 is significantly 
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Fig. 29.	 Calanus finmarchicus, length frequency of copepodite stage V
 

at St. 1 and 15 during 1963-1965 (left scale no of specimens
 

counted) .
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smaller than at St. 15. A bimodality seems to occur, but the range of 

distribution is narrower, and one size group has a greater tendency to 

dominate. Individuals smaller than 20 mm were not recorded at St. 1. 

The distribution at St. 1 indicates more stable conditions than at st. 15 

and in the coastal area. 

c. hyperboreus is regarded as an arctic-oceanic species (Gran 

1902) occurring in the North Atlantic and all Arctic seas (Brodskii 1950). 

It occurs in deep ~orwegian fjords (Sars 1903, Runnstr~m 1932), sometimes 

in abundance (S~mme 1934). In Trondheimsfjorden very small numbers were 

found. 

Length measurements by Ruud (1929) showed that stage V and fe

males in the M~re fjords were significantly smaller than specimens from 

open water outside. In Trondheimsfjorden size differences between 

C. hyperboreus and C. finmarchicus were smaller than expected, and in the 

routine counting copepodite stages I-II of C. hyperboreus may easily have 

been taken for C. finmarchicus. Nauplii of C. hyperboreus and C. finmar

chicus were not separated, but judging from the number of older stages, 

nauplii of C. hyperboreus were of minor importance compared to C. finmar

chicus. 

The numerical variations of C. hyperboreus in Trondheimsfjorden 

during 1963-66 are shown in Table 9, all stations combined. 

Only one male was recorded in February 1964, but females and 

copepodite stages V-IV occurred at all seasons in small numbers. Copepo

dite stages III-I had a very restricted occurrence during February-April. 

The presence of copepodite stages II-I in Trondheimsfjorden indicates 

spawning in February-March, partly coinciding with the spawning of 

C. finmarchicus. According to S~mme (1934) C. hyperboreus propagates 

once a year in February-March in Vestfjorden, and this observation is 

confirmed by Wiborg (1954). 

C. hyperboreus, females and copepodite stages V-IV, were record

ded only once in the upper 50 rn, and nearly the whole stock was caught 
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Table 9.	 Calanus hype~bo~eus, numerical variation in the main fjord 

during 1963-66, all stations combined. (From February 1963 

to February 1964 mesh size 440 p, numbers in paranthesis) 

J F M A M J J A S 0 N D 

1963 cl"-IIl (0) ( 5) (0) (16) (10) (36) (23) (10) (43) (20) (0) (0) 

Il-I (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) 

1964 a-Ill (41) (25) 25 3 9 0 20 13 14 19 17 11 

Il-I (0) (0) 10 20 10 0 0 0 5 0 0 10 

1965 O-IlI 0 4 5 8 7 1 0 0 0 0 0 0 

Il-I 0 10 25 50 10 0 1 0 0 5 5 0 

1966 O-III 0 0 35 50 1 0 0 

Il-I 0 80 35 10 0 0 0 

below 100 m. S~mme (1934) assumed that spawning was connected with upward 

migration. 

Paracalanus parvus (Claus)___ c_=u	 _ 

P. pa~Vu8	 is regarded as a temperate form, and Wiborg (1955) 

lists	 it as neritic. It is reported as far north as the Barents Sea. 

In Trondheimsfjorden adults and copepodite stages V-IV of 

P. parvus had a very restricted occurrence and were found only in autumn. 

The numberical variation of these stages is given in Table 10, which 

shows number per haul. Usually the maximal occurrence was found in Sep

tember and October. Younger stages are difficult to distinguish from 

Pseudocalanus spp. and were not separated. 

The distribution in time and space in Trondheimsfjorden indi

cates that P. pa~vus is not able to establish a local stock in the area. 

The species appears suddenly in September and declines in OCtober, except 

in 1964 when it occurred as early as in July at St. 18, but was not found 

in the fjord proper. Both the number and the horizontal distribution of 

P. pa~vus	 seems correlated to the course of the warm water influxes into 
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Table 10. Paracalanus parvu8, numerical variation of adults and cope

podite stages V-IV at st. 1, 6, 15, and 18 during 1963-65. 

(From February 1963 to February 1964 mesh size 440 }l) . 

1963 1964 1965 

S 0 J A S 0 S O/N 

st. 1 (0) (0) 0 0 0 0 

St. 6 (0) (67) 0 0 0 0 1.600 50 

st. 15 (635) (3) 0 0 0 0 500 100 

St. 18 (370) (90) 100 0 1 0 

the fjord proper in autumn. 

Both in Oslofjorden (Wiborg 1940) and Hardangerfjorden (Gunder

sen 1953, Lie 1967) the maxima occurred in September, but in both fjords 

small stocks persisted throughout the winter. In Oslofjorden the increase 

started in July, and in Hardangerfjorden not until August. 

No spawning was recorded in Trondheimsfjorden, but possible 

copepodite stages III-I of P. parvus might have been taken as Pseudoca

lanus elongatus which occurred simultaneously in large numbers. The re

stricted occurrence, however, does not indicate that a possible new gene

ration of P. parvus in autumn had any success. 

All P. parvus were taken in the upper 50 m. This agrees with 

earlier observations, but Gundersen (1953) recorded that P. parous kept 

below 50 m in Hardangerfjorden in July and August. 

Pseudocalanus elongatus Boeck anda __u._ww_ =__= _ 

~seudocalanus minutus (Kr~yer) 

G.O. Sars (1903) established three species of Pseudocalanus in 

Norwegian waters, P. elongatus Boeck, P. major G.O. Sars, and P. gracilis 

G.O. Sars. With (1915) classified these three species as forms of 

P. minutus (Kr~yer). 
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Wiborg (1954) concluded that Sars' classification was correct, 

but, on the other hand, McLaren (1963) suggests that the separation of 

P. minutus (sensu latu) into three distinct species may have been done 

without proper consideration of ecophenotypic variations. P. elongatus 

is a dominating species in coastal waters, and one might assume that the 

major part of Pseudoaalanus observed in Norwegian coastal waters belongs 

to this species (Wiborg 1954). In the Norwegian Sea at St. M, P. minutus 

(sensu strictu) dominated (0stvedt 1955). 

In the present material a number of large size specimens of 

Pseudoaalanu8 occurred in the deep hauls. The mean length of the fema

les was a little under 1.20 mm, and they had a habitus typical of P. minu

tUB (s.s.). Adults and copepodite stage V of P. minutus were found below 

100 m in small numbers, but the material is too scanty to give background 

for conclusions. In the upper 100 m adults and copepodite stage V always 

showed a P. elongatus habitus. 

P. minutus probably spawns in spring simultaneously with P. elon

gatus (Wiborg 1954), but young copepodite stages of the two species are 

difficult to separate. Younger copepodite stages were thus not separated, 

but the elongatus/minutus ratio in the material strongly indicated that 

the young copepodite stages without significant error might be classified 

as P. elongatus, at least in the upper 100 m. Even in the layers below 

100 m P. elongatus dominated. 

Pseudocalanus elongatus Boeck 

Nauplii and the smallest copepodite stages of P. elongatus are 

only occasionally retained by the net, and the discussion is based upon 

adults and older copepodite stages. During February 1963 - February 1964, 

the mesh size used also reduced the catch. 

Variation in numbers 

The numerical variation of P. elonpatus during 1963-66 is shown 

in Fig. 30. Two distinct maximal periods were found during the year in 
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Fig. 30. Pseudocalanus elongatus, total number per haul below 100 m and 

in 100-0 m at St. 18, 15, 6, and 1 during 1963-66. (From 

February 1963 to February 1964 mesh size 440 p). 

the upper layers with small peaks in spring and a large maximum in summer

autumn. In both periods all stages took part (Fig. 31). 

The spring maxima 

The spring maxima in the main fjord normally seemed to be small. 

All stages were present, and the distribution in time and space indicated 

that a local stock was responsible. 

OCcasionally, larger peaks were observed at the innermost sta

tions, at St. 1 in May 1963 and 1965. 

Similar small maxima in April-May are found in other fjord loca

lities (Runnstr~m 1932, Wiborg 1940, Gundersen 1953, Lie 1967). On the 
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coast Ruud (1929) also found a small spring maximum, while Wiborg (1954) 

recorded the main maxima of the year in this period. 

The summer-autumn maxima in 100-0 m 

In 1963 the summer-autumn maximum was found at St. 18 and 15 in 

July-August. At St. 6 it was much reduced and almost absent at St. 1. 

In 1964 the maxima were found in July-August at St. 18, 15, and 6, and in 

August-September at St. 1. At the outer stations the numbers were very 
2

large, nearly 300,000 ind/m at St. 15. As in 1963 the maxima were sig

nificantly reduced at st. 6 and nearly absent at St. 1. In 1965 only 

st. 15 was sampled in late summer-autumn, and the maxima in September

October were significantly smaller than in 1964. In 1966 a significant 

increase was indicated at St. 6 in early July. 

The summer-autumn maxima in 1963 and 1964 generally showed re

duced numbers at the inner stations 6 and· 1, and indicates that immigra

tion may have taken place. In 1965 and 1966, however, no such gradient 

was found. In 1965 the total number was significantly reduced compared 

to 1964. 

In the other Norwegian fjord localities the greatest summer and 

autumn maxima of P. eLongatus were also found in the outer parts, but the 

numbers seem to be significantly smaller than in the outer part of Trond

heimsfjorden. 

From November to April the stock was very small in the upper 

100 m. 

Variations below 100 m 

In the layers below 100 m, the P. eLongatus population is mixed 

with P. minutu~ (s.s.). The latter was found mainly in the spring and 

made up nearly 20% of the females, but in summer and autumn it was out

numbered by P. eLongatus. The stock was small with maxima i July-Decem

ber. 
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st. 18, 15, 6, and 1 during 1963-66. (From February 1963 

to February 1964 mesh size 440 pl . 
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Propagation 

The stage distribution of P. eZongatus is shown in Fig. 31. 

Males normally showed two maxima a year, corresponding to the maximal 

abundance of the total stock. In winter males were very scarce. 

The main maxima of females followed the maxima of males, but 

small peaks were also found in early spring. 

The females of the March-April maximum were probably respon

sible for the peak of copepodite stages III-I in April-May. 

The summer-autumn maxima were composed of all stages, and a 

more or less continuous spawning is indicated. 

If a period of 14 days is assumed for the development from egg 

to copepodite stage Ill, spawning took probably place in March, May, and 

several times in the summer and the autumn. A spring spawning in March 

was recorded by Ruud (1929), Runnstr~m (1932), and Wiborg (1940, 1944, 

1954), and at Qna, Wiborg (1954) found maximal spawnings in May-June, 

August and October; in summer and autumn more or less continuously. 

Wiborg (1940) reported a delay in time for spawning inwards in Oslofjor

den, but no such pattern has been observed in Trondheimsfjorden. 

During spring the development from copepodite stages 111-1 to 

adults may be estimated to take 1.5-2 months in Trondheimsfjorden, indi

cating a total span of more than two months from egg to adult. Wiborg 

(1940) assumed a developmental period of two months in Oslofjorden, and 

in the Gulf of Main Fish (1936 b) found a similar rate of development. 

Vertical distribution 

The majority of the stock was found in the upper 100 m (Fig. 32). 

During spring the females ha their main distribution above 100 rn, 

but a significant part was also found below that layer. The summer stock, 

however, s emed more confined to the upper 100 m. 

The copepodite stages V-IV generally showed the same distribu

tion as the females, but had a greater preference for deeper waters. The 

copepodite stages 111-1 were mainly found above 100 m. The overwintering 

stages V-IV resided in deep waters, and a vertical upward migration of 
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Fig. 32.	 Pseudocalanus elongatus, percentage vertical distribution of 

different stages at St. 15 during 1964-65. 

females was indicated in February-March, followed by spawning. 

The numerical variation below 100 m compared to .100-0 m indi

cates that in late autumn a downward vertical migration below 100 m 

takes place simultaneously with the vertical mixing of the water masses. 

At other coast and fjord localities Ruud (1929) and Wiborg 

(1940, 1954) found most of the stock in the upper 50 m. This distribu

tion agrees with the situation during summer and autumn in Trondheims

fjorden, but Wiborg (1954) observed that during certain periods adults 

and old copepodite stages were frequently found below 50 m. 

Length distribution 

The distribution of mean carapace length of females at St. 15 

is shown in Fig. 33. There is a pronounced decrease in mean carapace 

length from the period February-May to August-October 1964, and a few 

110% I 50% • 100% 
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Fig. 33.	 Pseudocalanus elongatus, mean carapace length of females at 

St. 15 during 1963-1966. 

observations from 1963, 1965, and 1966 support this observation. Obvious

ly a large sized cold water generation dominated in spring, while in 

August-September a new generation brought up in warm water is of smaller 

size. The largest mean size was recorded in April 1966, an~ may be re

lated to the very low water temperature that spring. The ~axi~al range 

of mean length for all years was 1.10-0.80. 

The size distribution (Fig. 34) is generally unimodal, but in 

September 1963 and in August 1964, there is a tendency towards bimodali 

ty. Obviously the spring generation is rather homogenous, while in autumn 

a mixing of local and immigrating populations may include slightly diffe

rent size groups. 

On the west coast (Wiborg 1954), the mean length increased jn 

early spring with maximum in April-May and as in Trondheimsfjorden a 

decline in mean length took place throughout summer. In Trondheimsfjor

den, however, the maximum length in February-May is of the same size as 

the minimum values found on the coast. Although a peak in April-May 1964 

may have escaped attention, the observation in the end of April 1966 indi

cates that the mean length in Trondheimsfjorden rarely exceeds 1.10 mm, 

and indiciduals longer than 1.20 mm were never observed. During summer 

the mean length in Trondheimsfjorden also is much smaller than on the 

coast. Both variation in mean size and the total size range in Trond

heimsfjorden, are quite similar to that found in Loch Striven (Marshall 

1949) and near Plymouth (Digby 1950). 
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Fig. 34.	 Pseudoaalanus elongatus, length frequences of females at 

St. 15 during 1963-196 . 

Pseudocalanus minutus (Kr~yer) 

Adults and copepodite stage V of P. minutus were found below 

100 m in small numbers, but the material is too scanty to give background 

for conclusions. Spawning probably takes place in spring simultaneously 

with P. elongatus (Wiborg 1954), but young copepodite stages are easily 

overlooked. 

Microcalanus pusillus G.O. Sars 

Sars (1903) established 2 species of the genus Mia~oaalanus, 

M. pusillus and M. pygmaeus, in Norwegian waters. With (1915) regarded 

both as varieties of M. pygmaeus, but Wiborg (1954) stated that Sars' 

opinion was correct. 
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M. pusillus dominates in Norwegian waters, but in the depths of 

the fjords M. pyrmaeus (s.s.) is of some importance (Wiborg 1954). 

In Trondheimsfjorden only M. pusillus was recorded, and the 

size distribution of females supports this observation. However, young 

stages of ~ pygmaeus (s.s.) might have escaped attention. 

Before March 1964, most of the stock passed the meshes of the 

net. During the rest of the period adults and copepodite stages V-IV 

were caught, while lower stages were found in very few numbers. 

Variation in numbers 

The variation of the stock during 1964-66 is shown in Fig. 35. 

In 100-0 rn a number of maxima were found throughout the year 

with main peaks in May-June. In 1964 the main maximum was found in May 

at St. 18, 15, and 6, but only indicated at St. 1. Smaller maxima were 

found at all stations in August and October-November. In 1965 the main 

maximum in total number was found in May at all stations, but with smal

ler maxima in February at St. 15. In July and September maxima occurred 

at all stations. In 1966 a large spring maximum occurred in May-June. 

In the layers below 100 m a few maxima may be distinguished; 

the largest in April-May. In 1964 the major maximum seemed to occur in 

April-May at the outer stations, while no observations were made at St. 1. 

In October-November a second maximum occurred. In 1965 a rich April-May 

maximum was recorded at all stations. 

Below 100 M the number of maxima were reduced compared to the 

layer above, and the main spring maximum in 100-0 m seemed to be delayed 

in time compared to the corresponding Maximum below 100 m. A similar 

delay may be traced also in the later maxima. 

In the fjords and at the coastalloca11ties south of Trondheims

fjorden the major maxima were found in April-May, followed by a number of 

secondary maxima (Ruud 1929, Wiborg 1940, 1954). In Hardangerfjorden 

small numbers were found, especially in the outer part (Lie 1967). Gene

rally, the maximal concentrations found in other fjord localities were 

small, while the values for Trondheimsfjorden during maxima were relati

vely high and comparable to the maximum concentrations found at Eggum 

(Wiborg 1954). 
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Fig. 35.	 Microcalanus pusillus, total number per haul below 100 m and 

in 100-0 m and total number of males and females at St. 18, 

15, 6, and 1 during 1964-66. 

Propagation 

The number of adults is given in Fig. 35, males and females 

separated. The maxima of adults coincided with the maxima of total num

ber in 100-0 m. Maxima of females were found in February-March, May

July and September, and the males partly showed a similar distribution. 

Small numbers of males and females were present outside these periods. 

The distribution of adults indicates that the main breeding periods are 
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probably found in February-March, April-May, June-July, and September. 

This pattern corresponds well with the spawning found at Ona in January, 

March-April, June-July, September, and November (Wiborg 1954). 

vertical distribution 

The main stock occurred below 100 m (Fig. 36). Females and 

copepodite stages V-IV had an almost identical vertical distribution, 

while the males probably kept deeper. An upward migration in early 

spring seems probable, and was combined with an increase of the total 

stock, possibly related to spawning. Very few specimens were taken 

above the discontinuity layer. At Eggum Wiborg (1954) found that the 

main spring maximum in June was preceeded by migration to the upper 50 m 

along with spawning. 

Marshall (1949) found that M. pusillus did not show the same 

seasonal vertical distribution as the other copepods in Loch Striven, 

and that it always kept below la m. 
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Size distribution 

The length measurements of M. pusillus are based on (when 

possible) 50 females fron 16 samples fron the hauls below 100 m at St. 

15 during 1964-65. The mean carapace length in different months is 

given in Fig. 37. 

O.50.----------------------------~ 
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Fig. 37.	 Microcalanus pusillus, mean carapace lenqth of females at 

St. 15 durinq 1964-65. 

Minima seen to occur in March, followed by peaks in May-June. 

The maximal range of mean size is 0.43-0.53 mm. This distribution of 

mean size shows a very close parallel to that found at the coastal loca

lities (Wiborg 1954). 

The indicinual size distribution is demonstrated in Fig. 38. 

In March 1964 the distribution was bimodal with small individuals 

(0.43 mm) dominating, probably being derived from the autumn generation. 

The bimodality indicates several sources of supply, or that two genera

tions were present. In April a larger size group was of equal importance, 

but in May both these size groups were replaced by large specimens 

(0.53 mm) and the distribution became unimodal. This increase in size was 

undoubtedly related to the new spring generation grown in cold water. From 

June to September smaller individuals again gradually took over, probably 

due to maturation of summer and autumn generations in warmer water. In 

October 1964 a bimodal distribution again occurred, due to large specimens, 

perhaps brought in by a simultaneous deep inflow. This size distribution 

persisted until February, but in March 1964 a new stock with smaller speci

mens was introduced, perhaps related to the deep sprinq inflow. 
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Fig. 38.	 MiaroaalanuB pusillus, length frequences of females at St. 15 

during 1964-65. 

In April, however, a large size fraction again appeared and a 

size bimodality persisted until July when the largest specimens domina

ted. The situation found in March-July 1965 showed a parallel to the 

same period in 1964, and the same explanation may be applied. 

Chiridius	 armatus (Boeck)••••••w	 C •••L=L _ 

C. armatus is an arctic species, distributed from the North 

Atlantic to the Arctic Ocean (Brodskii 1950). Sars (1903) mentions it 
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as being a pronounced deep water form off the coast of Norway and occur

ring in deep fjords. The sledge hauls compared to the ordinary vertical 

hauls indicate that adults and older copepodite stages of C. armatus live 

very near the bottom, and may thus escape the net. Similar observations 

are reported by Matthews (1964). 

Young stages are probably 'less confined to the bottom and ver

tical hauls may accordingly give an impression of variations of the stock. 

Variation	 in numbers 

The variation in numbers, shown in Fig. 39, is mainly due to 

copepodite stages III-I. Periods of abundance seemed to occur in spring 

and summer-autumn with the main maximum in September-October. At St. 1 

the stock seemed to be smaller than at the outer stations, probably due 

to the lesser depth at this station. 

In Raunefjorden (Matthews 1964), total maximum was found in May, 

partly corresponding to the phytoplankton bloom in the upper layers and 

440 ~ 100 ~ 

T 
T G 

-_.-_-+-._-._-._-5f 1~ 

300 

20 

200 

0::100 
W 
((J no rec rds 
~ O-+--+----+----+--+--+...q.....;~_+--;......Ll----'::.I--I~.::..-~--.J'__'4__ 
::> 
z300 

Fig. 39.	 Chiridius armatus, total number and number of the copepodite 

stages III-I in the total water column at St. 18, 15, 6, and 

1 during 1963-65. (From February 1963 to February 1964 mesh 

size 440 p). 
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partly to the temperature in deeper water. A small peak of adults occur

red in August. 

In Hardangerfjorden Gundersen (1953) found C. a~atus to be 

sparse with peaks in February-March and May. In Oslofjorden C. armatus 

was found mostly in the inner fjord, with peaks in February, April-May, 

and December. 

Propagation 

In Trondheimsfjorden the occurrence of copepodite stages 111-1 

indicates a more or less continuous spawning. In Oslofjorden Wiborg 

(1940) assumed that C. a~atus propagated a greater part of the year 

with peaks in March-April and OCtober-November. In Raunefjorden Matthews 

(1964) found the main breeding in May followed by a secondary spawning in 

June-July. 

Vertical distribution 

C. armatu8 was almost exclusively taken below 100 m, and the 

vertical distribution of copepodite stages 111-1 indicated that it spawn

ed in deep water. No seasonal migration above 100 rn was observed. Sars 

(1903) found this species mainly below 200 m in the fjords which is in 

agreement with observations by Gundersen (1953) and Wiborg (1940). At 

St. M, 0stvedt (1955) recorded C. armatus nearly always below 600 m, and 

Jespersen (1939a) found this copepod exclusively in hauls below 600 m in 

Greenland waters. 

Pareuchaeta norvegica (Boeck)_______ __c _ 

P. norvegica was reported by Gran (1902) to be a boreal-oceanic 

plankton element of the deep Atlantic water. In deep Norwegian fjords it 

occurs frequently (Sars 1903). 

In Trondheimsfjorden specimens of P. norvegica are found in the 
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plankton during all seasons and usually in rather small numbers. However, 

due to its relatively large size it must be regarded as an important 

member of the plankton with respect to biomass. 

Hauls with Beyers bottom sledge at different seasons always 

gave a considerable number of adults, mainly females, and copepodite 

stage V of P. nopvegica, and indicate that these prefer near bottom habi

tats. Beyer (referred to by Wiborg 1954) has made the same observation 

in Oslofjorden. Thus the samples taken by vertical hauls are hardly rep

resentative for adults and old copepodite stages/ but for the younger 

stages the numbers are probably more reliable. 

Variation in numbers 

The variation in numbers per haul of P. norvegica during 1963

66 (Fig. 40) is mainly due to copepodite stage I and nauplii. Main 

maxima are indicated in March-April at all stations, with smaller peaks 

in April-May and in July-August. During February 1963 to February 1964 

copepodite stages were not separated. 

In Oslofjorden peaks of abundance of young stages occurred in 

February-May (Wiborg 1940), and spring maxima of similar composition 

were found in Hardangerfjorden (Gundersen 1953), at the coastal stations 

(Ruud 1929, Wiborg 1954) and at St. M in the Norwegian Sea. Secondary 

maxima in autumn seemed to be the rule at all localities. The maximal 

periods found in Trondheimsfjorden agree well with these observations. 

In Trondheimsfjorden the innermost St. 1 showed small numbers 

every year. In 1964 St. 18 appearently had a small stock, while in 1965 

this station gave a rich yield of nauplii. In maximal periods an average 
2

abundance of 1/500 ind/m was found, but extreme values in 1965 reached 
2

11,000 ind/m , mainly nauplii, at the outer station 18. In Oslofjorden 

also the innermost stations were poor in P. nopvepica, while the largest 

numbers were found in the outer part of the fjord. 
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and 1 during 1963-65. (From February 1963 to February 1964 

mesh size 440 p) . 

propagation 

The maxima referred to above were mainly due to nauplii and 

young copepodite stages, and indicate two main breeding periods annually, 

in early spring and in late summer. The spring brood is the largest. 

Females carrying egg sacks and nauplii were found at all seasons, and 

P. nopvegica obviously breeds more or less continuously in Trondheims

fjorden. The earlier records from Norwegian waters show similar bree

ding habits. The deep distribution of the bulk of the young stages in

dicates that P. norvegica spawns in deep water. 
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Vertical distribution 

The vertical distribution of P. no~vepicQ at St. 15 is shown in 

Fig. 41, with females,copepodite stages V-IV and copepodite stages 111-1 

including nauplii, separated. 

Females were exclusively found below 100 ffi. Males were uncom

mon in the hauls and they may have a deeper distribution, but Nicholls 

(1934) has shown that males have a significant shorter life than females, 

and s~aller numbers must accordingly be expected. Copepodite stages V-IV 

occasionally occurred in the plankton above 100 m, but no regularity in 

vertical distribution at different seasons could be discovered. The 

copepodite stages 111-1 and nauplii are less confined to the layers below 

100 m. In March-April s~all but significant percentages were found even 

above the discontinuity layer, but the ~ajor stock still kept below 100 m. 

This distribution coincided with the maximum of lower stages. In summer

autumn nearly the whole stock of these lower copepodite stages was observed 
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above 100 m. 

The vertical distribution of the larvae indicates that P. nor

vegica ascends to some degree during spawning. On the other hand, seve

ral workers state that the young copepodites always keep to deep water, 

(Ruud 1929, St~rmer 1929 and others). Bigelow (1926) also made the same 

observation, but he found that individuals in breeding condition occa

sionally occurred at the surface. 

It is a well known fact that adult P. norvegica prefers deep 

water down to 1,000 m in the Norwegian Sea (Wolfenden 1904), and at St. 

M, ~stvedt (1955) found the maximal occurrence in 600-100 m. 

Scolecithricella minor (Brady) 

S. minor has a world-wide distribution, although probably diffe

rent varieties are found in different parts of the worlds oceans 

(Brodskii 1950). It is very eurythermal and is said to be an arctic 

species (Fish & Johnson 1937) as well as a warm water indicator (Bigelow 

1926). According to Jespersen (1939b) and Hansen (1960), S. minor must 

be regarded as an Atlantic species. 

S. minor is normally an unimportant member of the zooplankton 

in Norwegian waters. In Trondheimsfjorden, however, it is of significan

ce during certain periods. 

Variation in numbers 

The stock fluctuated rapidly, and several maxima occurred an

nually both above and below 100 m (Fig. 42). 

In 100-0 m peaks were found in January-February 1965; March

April 1964 and 1965, May-June 1963, 1964, 1965, and 1966; September 1963, 

1964, and 1965; and November-December 1963 and 1964. All stages took 

part in these maxima (Fig. 43). The stock was usually significantly re

duced inwards in the fjord, particularly at St. 1. 

Below 100 m peaks were found in March 1965; May 1963, 1964, 

and 1965, August 1963; October 1964; and December 1963 and 1964. As in 
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in 100-0 m at St. 18, 15, 6, and 1 during 1963-66. (Before 
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the layer above all stages took part in the maxima and a similar stock 

reduction inwards was also evident. 

The peaks in 100-0 m and below 100 m showed a tendency to alter

nate in time, most significant in 1964 and 1965. The alternation did 

not correspond to any significant change in stage distribution, and it 

seems as if the whole population undertook frequent vertical migrations. 

Spring and autu~n seemed to be periods of maximal abundance, and the 

stock might exceed 10,000 ind/~2. 

At other localities in Norwegian waters only single specimens 
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occur (Gundersen 1953), or small numbers are found with peaks in diffe

rent months (Runnstr~m 1932, Wiborg 1940, 1954, 0stvedt 1955). This 

distribution with peaks scattered in time corresponds to the frequent 

maxima found in Trondheimsfjorden. 

In Oslofjorden S. minor was mostly found in the outer part 

(Wiborg 1940). 

Propagation 

The stage distribution in 100-0 m is shown in Fig. 43. Small 

numbers of adults were present during almost all seasons, and the dis

tribution of copepodite stages III-I indicates that spawning occurred 

more qr less continuously. Below 100 m a similar pattern was observed, 

but males and females were more numerous. No females were observed in 

spring 1966, while copepodite stages V-IV were quite abundant. It is 

possible that the low sea temperature in 1966 was unfavourable to the 

maturing of S. minor and caused an accumulation of copepodite stages 

V-IV. 

The main spawning seemed to occur in spring and autumn, both 

above and below 100 m. The development is probably rapid, going from 

copepodite stages III-I to females within four weeks, and a generation 

length of two-three months might be assumed. This corresponds well with 

the number of maxima of copepodite stages Ill-I. In the Lab~ador Sea 

Kielhorn (1952) suggested a breeding period from August to December, and 

in British Columbia Legare (1957) found young stages in numbers corre

sponding to the stock maximum in November distributed in the whole water 

column. 

Vertical distribution 

The vertical distribution of S. minor at St. 15 is shown in 

Fig. 44 with females, copepodite stages V-IV and copepodite stages 

III-I separated. The females have their main distribution below 100 m, 

but in spring a significant number visit the upper layers. Also the 
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Fig. 43.	 Scolecithricella minor, stage distribution in 100-0 m at St. 18 

15, 6, and 1 during 1963-66. (Before March 1964 mesh size 

440 p) . 

males showed the greatest numbers below 100 m. The copepodite stages 

V-IV had a vertical distribution similar to the females, but a slightly 

larger percentage was found above 100~. The younger copepodite stages 

occurred more frequently above 100 m. 

In Norwegian fjords and coastal waters S. minor is most fre

quent below 50 m (Wiborg 1940, Gundersen 1953) and in the Norwegian Sea 

0stvedt (1955) found its center of distribution in 600-100 rn, correspon

ding to Atlantic water. In British Columbia Legare (1957) recorded both 
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Fig. 44.	 Scolecithricella minor, percentage vertical distribution of 

different stages at St. 15 during 1963-65. 

adults and young stages at all depths. 

The variation in vertical distribution in Trondheimsfjorden may 

also indicate that all stages undertake frequent vertical migrations. 

Hansen (1960) assumed that S. minor submerged during summer, but no other 

records of seasonal migration are given in the literature. 

Length distribution 

The length measurements of S. minor, females and' copepodite 

stage V are based upon 50 specimens for each date from the layers below 

100 m at St. 15. The variation of mean carapace length of females and 

copepodite stage V is shown in Fig. 45. Minima were found in March-April 

both years, while the largest values occurred in May-June and August. The 

maximal range was 1.19-0.95 mm for the females and 1.02-0.88 mm for the 

copepodite stage V. 
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Fig. 45.	 Scolecithricella minor, mean carapace length of fenales and 

copepodite stage V at St. 15 during 1964-65. 

Fig. 46.	 Scolecithricella minor, length frequences of females and 

copepodite stage V at st. 15 during 1964-65. 

The length frequences of S. minor, females and copepodite stage 

V are shown in Fig. 46. The minima in March-April of both years were 

probably due to an overwintering autumn generation, while the increase 

in size in May-June may reflect development in colder water during 

spring. The unimodal distribution indicates little mixing of stocks. 
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Temora longicornis Muller 

T. longicornis is known to be a neritic species, but is also 

found in the open sea. It is common in the Skagerak, on the West Coast 

of Norway, and in the fjords (Sars 1903, Farran 1911). 

According to Farran (1911) T. longicornis has a Marked tenden

cy to occur in patches. In Trondheimsfjorden, however, the general trend 

of the variations does not indicate an extremely clumped distribution. 

During summer T. longicornis is numerically an important mem

ber of the zooplankton in Trondheimsfjorden. The smallest stages are 

unsatisfactorily retained by the net, especially during February 1963 

February 1964. 

Variation in numbers 

The variation in number of T. longicornis during 1963-1966 is 

shown in Fig. 47. 

The main maxima are very distinct, and rapid variation of the 

stock is characteristic. The main maximum of the year was found in the 

period July-September, preceded by small maxima in March-May. During 

winter single specimens occurred occasionally in the hauls. 
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Fig. 47. Temora longicornis, total number per haul in 100-0 m at St. 18, 

15, 6, and 1 during 1963-66. (Before March 1964 mesh size 440 p) . 
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Small numbers normally found in March were followed by 3 small 

maximum in April-~ay. The spring max~mum seemed to occur simultaneously 

at all stations, being of the same size and composed of all stages 

(Fig. 48). 

The summer-autumn maxima were generally very rich. In 1963 the 

maximum occurred at St. 18 and 15 ~n August. The corresponding maximum 

at St. 6 was much smaller, and was not found until September. These 

maxima were composed mainly of males and females. A few copepodites of 

stages V-IV were recorded, but due to the mesh size used before March 

1964, lower stages passed easily through the net. 

In 1964 a June maximum at St. 18 consisted mainly of adults and 

copepodite stages V-IV. In July 1964 a maximum due to copepodite stages 

III-I probably occurred at St. 18, but this maximum seemed to be oversha

dowed by the general rise in numbers. In August 1964 abundant maxima were 

found at St. 15 and 6. These max~ma were composed of old and young cope

podite stages. In September there was a third summer maximum at St. 18, 

composed of both adults and small copepodite stages. This maximum may 

also be traced at St. 15 and partly at St. 6. Even at st. 1 small numbers 

of copepodites were found. 

From July 1965 only St. 15 and 6 were sampled. In July a summer 

maximum composed of all stages was found at St. 15, and in September a 

maximum occurred simultaneously at both stations. At St. 6 all stages 

took part in the maximum, while at St. 15 the copepodites dominated. 

In 1966 small numbers were recorded in the middle of July, and 

a delayed maximum this year was obvious. The small numbers during June

July 1966 may not be related back to a lack of particular stages, but 

coincides with abnormally low temperatures during spring and early summer. 

Large summer-autumn maxima seemed restricted to stations 18, 15, 

and 6. A gradient towards the inner part of the fjord both in respect to 

time of the maximum and partly to the number of specimens seems obvious. 

In Hardangerfjorden Gundersen (1953) recorded maxima of medium 

size in May and July, while Lie (1967) in the same locality found very 

small numbers in spring and not until July was a small stock observed, 

mainly in the outer part. In Oslofjorden (Wiborg 1940) and at M~re (Ruud 

1929) maxima were found in April-May and in June-July. As in Trondheims

fjorden the summer maxima were largest in the outer part with decreasing 
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values inwards, and in the M~re fjords they were absent even in August. 

In the landlocked Nordasvann (Wiborg 1944) and in Lusterfjorden in the 

innermost part of Sognefjorden (Gundersen 1953) relatively large summer 

stocks of T. longiaornis were found. 

propagation 

The stage distribution of T. longiaornis is shown in Fig. 48. 

The first males were found in April-May 1963, in the last week of May 

in 1964 and 1965, and in April 1966. Females were recorded simultaneous

ly with the males in 1963, 1964, and 1965, but in 1966 they were not 

found until early June. Before these dates adults were not recorded in 

the plankton. Based on the presence of young copepodite stages, spring 

spawning probably occurred in April 1963, in early March and April 1964, 

1965, and 1966. 

In Hardangerfjorden Gundersen (1953) did not find the adults 

until late June, while copepodites and nauplii were recorded in abundan

ce in April-May. In the Plymouth area Digby (1950) observed that while 

adults and copepodites were scarce early in the year, nauplii were found 

from February. 

A winter stock probably existed in a low concentration in Trond

heimsfjorden and was not caught by the ordinary vertical hauls, but in 

spring they were able to produce a new generation. On the other hand, 

Conover (1964, referring to A. Berner pers.comm.) reports that T. longi

cornis has been found to have possible resting eggs, and freshwater 

copepoda are also known to have resting eggs during unfavourable conditions 

(Elgmork 1955, Fryer & Smyly 1954). 

The larvae which were spawned in Trondheimsfjorden in March did 

not seem to have any success. The April generation developed into stages 

V-IV in May and further to adults in July. The July females probably 

spawned in July-August, this generation reached stages V-IV in August

September and developed into adults in September. The September females 

spawned in September, but this generation did not seem to reach maturation. 

Spawning probably takes place rather continuously when temperature is 

favourable. Wiborg (1954) assumed that spawning occurred more or less 



- 82 

...........: ..... ~T 1 
-----~---- T 6 

T 5 
--- ---5T 8 

1000 

2000 

'2000 

440 f.J 190 f-l 
1000 0 _._. 1510 000: , 
900 0 , I,

I ,
I I80 I 

I
I 
I I 

700 I I 

I I 

I I 

600 I I I 
I I 

500 I I 
I I 
I , 

400 I I 
I I 

300 
I 

200 
100 i 

1', 

0 
/ .. , .... ':-. 

-266 
700 ~--13q) : 

600 i 
I r-, 

I I 
"500 i 

i 

0:: 400 i 

W I 

300 I 
r1l I 

2: 200 I 

:::) I 

Z 100 
/ 

, 

" 
/ 

0 
-N 

rig. 48.	 Temo~a longico~ni. , stage distribution in 100-0 m at St. 18, 

15, 6, and 1 durin0 1963-66. (Before March 1964 mesh size 

440 p) . 

continuously when Temo~a was present in numbers at the coast stations, 

and this assumption is supported by observations in the Norwegian Sea 

(Hansen 1960) and Long Island Sound (Deevey 1956). wiborg found that 

on the coast the most intense propagation occurred in May, June-July, 

and August-September. In Oslofjorden Wiborg (1940) suggested spawning 

in April, and in Nordasvannet v7iborg (1954) found three propagations 

periods; in May, July-August, and September-October. These main periods 

agree with the observations in Trondheimsfjorden. In Oslofjorden a 
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delayed spawning inwards was indicated in spring (Wiborg 1940), but in 

Trondheimsfjorden no such trend was found. 

The spring generation seemed to require one month to reach 

stages V-IV, and two months more to mature into adults. This gives a 

total life span for the spring generation of two-three months. The 

summer generation seemed to develop rapidly into stages V-IV, and the 

adults were found less than two months later. In 1966, the April-May 

generation probably needed at least two months to reach stages V-IV. 

This delayed development may have been due to the extremely low tempera

ture in spring 1966. 

Vertical distribution 

In Trondheimsfjorden the whole stock of T. longicornis was found 

in the upper 100 rn, usually above 50 m (Fig. 49), and at the Borgenfjord 
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stations large stocks kept to the upper 15-20 m (Str~mgren 1973). All stages 

had an identical vertical distribution. In Norwegian waters T. longico~

nis is known to be an inhabitant of the upper 50 m. In the Baltic it 

prefers the uppermost layers near the thermocline (Ackefors 1969). 

Length distribution 

The variation in mean carapace length of females of T. longi

co~nis at st. 15 is shown in Fig. 50. In 1965 maxima occurred in July 

and in September, minima in May and August. Both in 1964 and 1965 there 

is a decrease from July to August-September, which may be due to a sum

mer generation bred in warm water. The largest mean length, in April 

1966, is perhaps related to low water temperature. Relatively rapid and 

large variations seem to be the general pattern and indicate that the 

population changes several times, partly due to new generations, and 

partly to immigrants. The total range in mean length in Trondheimsfjor

den is 0.83 to 0.56. In British waters (Marshall 1949, Digby 1950), 

maximal mean size occurred in spring, while throughout summer, the indi

viduals were significantly smaller. The autumn size maximum found in 

British waters is also indicated in Trondheimsfjorden. 

The size distribution (Fig. 51) indicates a slight bimodality 

in July, while in autumn only one size group seems to dominate. 
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Fig. 50. Temo~a longicornis, mean carapace length of females at St. 15 

during 1964-1966. 
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Fig. 51.	 Temora longicornis, length frequencies of females at St. 15 

during 1964-1966. 

Metridia	 longa (Lubbock) 
---=------ -------------

Two species of the genus Metridia, M. longa and M. lucens, 

occur in the plankton in Norwegian waters. 

Adults and copepodite stages V-IV were determined to species, 

while copepodite stages 111-1 and nauplii were classified as Metridia 

spp. As will be discussed later, M. lucens had an irregular and restric

ted occurrence in the fjord, and only single specimens were found at St. 6 

and 1. Obviously, almost all of the young stages of M. spp. in the inner 

fjord and a great majority in the outer fjord belonged to M. longa. In 

the discussion M. spp. is taken as 11. longa in all parts of the fjord. 

M. longa is a distinctly northern form (Wolfenden 1904), and 

Bigelow (1926) regards it as a true arctic species. It is probably very 

common in the deeper layers all over the Norwegian Sea (~stvedt 1955, 

Wiborg 1955), and in deep Norwegian fjords (Sars 1903, Runnstr~m 1932, 



- 86 

Wiborg 1940, 1954, and Gundersen 1953). 

Variation in numbers 

The numerical variation of M. longa and M. spp. in the main 

fjord during 1963-65 is shown in Fig. 52. Two main maxima occurred 

during the year, a very significant one in April-May and a far smaller 

one in August-OCtober. 

In 1963 the spring maxima in May were composed of copepodite 

stages IV-I in the first part of May (Fig. 53), replaced by copepodite 

stage V in May-June. The maximum at St. 6 and 18 in August was due to 

adults and a few copepodites of different stages, and the October maxi

mum at the three inner stations, 15, 6, and 1, had the same composition. 

In 1964 the spring maximum at St. 18, which started in the end of April, 
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was based on nauplii and copepodite stages Ill-I. At the other stations 

the maximum was not found until May, with nauplii and copepodite stages 

IV-I as the most important members. As in 1963 the stock composition 

shifted to copepodite stage V at the end of the period. The small maxi

ma at St. 6 in August and October, at St. 15 in September and at St. 18 

in August-September, were mainly due to females and copepodite stage V. 

Copepodite stages 111-1 dominated the September maximum at St. 1. 

In 1965 an early maximum was found in March at St. 15 and 6, 

consisting of females and a small number of nauplii and copepodite 

stages 11-1. The regular April/May maximum occurred simultaneously at 

all stations, but the peak at St. 1 was not reached until May-June. All 

stages took part in this maximum. 

The general pattern of the yearly fluctuations of M. longa 

seems to be that large spring maxima in April-May occurred simultaneous

ly and were of similar composition at all stations. When the inadequate 

sampling in 1963 is considered, the maxima in 1963 and 1964 probably 

were of the same magnitude, while in 1965 a significant reduction was 

found at st. 18, 15, and 6. 

The autumn maxima were small and complex. Two main sub-periods 

may be distinguished, the first in August and the second in September

October. 

In Oslofjorden Wiborg (1940) observed that M. longa had a 

maximum in June-July, followed by a larger one in October. From the 

fjords near Bergen Runnstr~m (1932) found maxima in March and September. 

Propagation 

The stage distribution of Metridia is shown in Fig. 53. In 

1963 a number of females probably spawned in March-April at all stations, 

and this brood was recorded as copepodite stage I in April-May. They 

developed into copepodite stage V in June, males in July and females in 

August. A second spawning probably occurred in August-September at all 

stations. This trend was repeated in 1964. In 1965 an early spring 

spawning took place in February, probably at all stations, but this early 

brood did not succeed. It was followed by the usual spring spawning in 

April. 
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In inner Oslofjord (Wiborg 1940) and on the coast (Wiborg 1954) 

spawning was assumed in spring and in autumn. In Hardangerfjorden Gun

dersen (1953) supposed a spring spawning of M. lonpa. 

Single specimens of young stages of M. longa were found in 

Trondheimsfjorden during all seasons, and indicate that occasional spaw

ning may take place throughout the year. Digby (1954) considered the 

breeding season to be from April to September in Greenland waters and 

in the Labrador Sea a winter breeding was indicated (Kielhorn 1952). 

If the maxima of copepodite stage V in May-June was due to a 

spawning in March, a developmental period of two to three months from 

egg to copepodite stage V is indicated. The development from copepodite 

stage V to male seems to take one month, and to female, two months. This 

gives a life span from egg to adult of four-five months. The autumn 

generation see~s to show the same developmental rate. Females occurred 

in the hauls at all seasons, while males had a restricted occurrence. 

The males were found from June to D(~cember in 1963 and 1964, and from 

the last part of May in 1965. Maxima of males were found in the begin

ning of these periods, approximately a month earlier than the female 

maxima. 

Vertical distribution 

The vertical distribution of females and copepodite stages V-IV of 

M. longa and copepodite stages 111-1 including nauplii of M. spp. at 

St. 15 is shown in Fig. 54. The females were found below 100 m most 

of the year. Significant migrations to the layers above 100 m were in

dicated in March-April 1963 and in June 1964. An opposite migration 
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Fig. 54.	 Metridia longa and Metridia spp., percentage vertical distri 

bution of different stages at St. 15 during 1963-65. 

was observed by Digby (1954) in Greenland waters. 

The copepodite stages V-IV were distributed like the females, 

but significant percentages were found above 100 m in April and June 

1964. The young copepodite stages and nauplii were found in the upper 

layers in March-April all years, and in May 1964 and in August-September 

1963, but the majority of these lower stages were found below 100 m. 

MOderate numbers of copepodite stages 111-1 inside the Borgenfjord thres

holds indicate, how~ver, that in spring the youngest stages may penetrate 

into the uppermost layers (Str~mgren 1973). 

The vertical distribution of M. longa in Trondheimsfjorden 

agrees with observations from other areas, but dissimilarities do occur. 

Bogorov (1946) suggests that M. longa has a different pattern of verti 

cal migration dependent upon season and latitude. Perhaps there are 

changes in vertical distribution at different stages (Bogorov 1932, Digby 

1954) as well as between various geographical areas (Jespersen 1934, 

0stvedt 1955, and Johnson 1963). 
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Length distribution 

The carapace length measurements of M. Zonga females are based 

on 50 specimens per date from the layers below 100 m at St. 15. 

The variation in mean size is shown in Table 11. Minima of 

mean size seemed to occur in April both ye rs, while peaks were indi

cated in September 1964 and June-July 1965. 

Table 11.	 Metridia Zonga, mean carapace length of females at St. 15 

during 1964-65 

1964 1965 

M A M J J A S o N o J F M A M J 

2.39 2.35 2.48 2.29 2.44 2.39 2.41 2.42 2.38 2.34 2.43 

In Oslofjorden Wiborg (1954) recorded the smallest mean size in 

February and the largest in June. In both fjords this trend indicates two 

generations, which have developed at different temperatures. 

The range of mean length in Trondheimsfjorden was 2.30-2.49 mm. 

From Skrova Wiborg (1954) reports an annual range of 2.50-2.60 mm, while 

in Oslofjorden the mean values in June and February were approximately 

2.40 and 2.30 mm respectively. Wiborg (1954) suggested that the smaller 

mean size in Oslofjorden, compared to Skrova, might be related to reduced 

salinity. In Trondheimsfjorden, however, the mean size was the same as 

in Oslofjorden, although salinity conditions were similar to Skrova. 

The individual size distribution is shown in Fig. 55. The size 

range was rather narrow, 2.20-2.64 mm. In spring a bimodal size distribu

tion probably occurred both years, indicating two generations, perhaps the 

spring and autumn generation from the previous year. The minima of mean 

size were due to the occasional occurrence of a group of smaller indivi

duals. The larger sized group was nearly constant during all seasons. 

A slight increase in length in summer-autumn may represent the spring 

generation developed in colder water. The size range of M. Zonga was 

quite narrow in comparison with C. finmarchicus (Fig. 29). This pattern 
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1964-65. 

obviously reflects a uniform population confined to water layers with re

latively small fluctuations in temperature, and indicates that the popu

lation is local. Digby (1954) stated that M. longa was very uniform in 

size in Greenland waters. 

M. longa prefers animal food (Haq 1967), and the uniformity of 

size may also reflect that food is available most of the year. 
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Metridia lucens Boeck 

M. lucens is very common in the warm water of the Atlantic 

(Wolfenden 1904), and Gran (1902) regarded it as a temperate Atlantic

oceanic plankton element. 

In Trondheimsfjorden M. lucens had a very restricted occurrence 

in time and space, and only small numbers were found (Fig. 56). 

In 1963 M. lucens was observed only at the outer stations 18 

and 15, with small numbers in spring followed by a maximum in July-August. 

Peaks were also found in September at St. 18 and in OCtober-November at 

St. 15. 

From December 1963 the stock declined, and M. lucens was not 

observed again until late 1964 when a small peak at St. 18 in November 

was followed by a slightly larger occurrence in January 1965 at St. 15. 

At St. 6 only stragglers were encountered. In March-April 1965 another 

few specimens were recorded at St. 18, a number were found at St. 15 in 

September-October, and at St. 6 a few individuals were found in November-

December. 

In spite of the scanty material, a few general trends may be 

distinguished. There is evidently a gradient inwards in the fjord both 

in time and space. The largest and the earliest occurrence was found 

at St. 18. At St. 6 and 1 it was recorded only twice and in very few 

numbers. 

South of Trondheimsfjorden M. lucens occurs regularly on the 
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Fig. 56.	 Metpidia lucens, total number of adults and copepodite stages 

V-IV in the whole water column during 1963-65, and in 100-0 m 

in 1965-66. 
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coast (Wiborg 1954, Ruud 1929), while it is more variable in the fjords 

where it is found almost exclusively in the outer parts (Ruud 1929, 

wiborg 1940, Lie 1967). 

This distribution indicates that it is an immigrant. probably 

M. lucens may be used as an indicator of Atlantic water (Rae & Rees 1947, 

Rae 1950, 1957, Fraser 1952, and Rees 1957), and 0stvedt (1955) found 

that deep registrations of M. lucens were correlated with deep Atlantic 

water. Thus, occurrences of M. lucens in the fjord may indicate inflows 

of Atlantic water. Wiborg (1954), however, supposed that local stocks 

existed on the coast, and in that case coastal water may also be a source 

of supply. 

The small numbers in spring, which are also found in other 

fjords, are probably remnants from the autumn stock. Rae (1951) stated 

that a winter population found in the Norwegian Sea between Bergen and 

St. M belonged to a stock which arrived in the previous autumn. At St. M 

0stvedt (1955) found that the autumn increase was dependent on inflow, 

while the local stock died out during winter. 

Winter stocks in Trondheimsfjorden may benefit from the rela

tively high temperature in the deep layers. In the Bay of Fundy warm 

winters tended to give a large occurrence of M. lucens inshore, and high 

temperature seemed to improve the survival rate (Bigelow & Sears 1939). 

Haq (1967) reported that M. lucens preferred animal food and 

and independence of phytoplankton may be favourable for surviving during 

winter in the deep fjord basins. 

propagation 

Due to mixing with M. longa a possible propagation of M. lucens 

was not detected, but even if spawning did occur, a local stock was not 

established in the fjord. At St. M 0stvedt (1955) assumed that if spaw

ning took place in early summer, the brood might not survive. Wiborg 

(1954), however, suggested five main spawnings at Sognesj~en. 
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Vertical distribution 

The few winter records in Trondheimsfjorden were from below 

100 m, but in periods of relative abundance it was distributed mainly 

below 50 m. 

M. lucens is mainly found below 50 m in the fjords and along 

the coast (Wiborg 1940, 1954). Similar vertical distributions are ob

served in other localities (Cameron 1957, Legare 1957). Marked vertical 

diurnal migrations are recorded (Farran 1947). 

Centropages hamatus (Lilljeborg)___ c __ , _ 

C. haM tus is considered to be a neritic species. In Trond

heimsfjorden this species has a marked seasonal occurrence. 

Variation in numbers 

The variation in numbers of C. hamatus during 1963-66 is given 

in Fig. 57. 

In the main fjord two maxima were indicated annually, a very 

small one in spring and a large one in summer-autumn. 

C. hcunatus occurred in April-May at St. 6 and 1 in 1963, and 

at St. 15 and 18 in 1964. In April-May 1965 and 1966 C. hamatus was not 

observed. 

All stages normally seemed to be present during the spring 

maxima. 

During summer-autumn 1963 smaller stages were inadequately 

sampled, but the number of adults indicates a significant maximum in 

August at St. 18 and 15. At St. 6 a small peak occurred in September, 

while no C. hamatus were observed at St. 1. 

In 1964 maxima occurred at St. 18 in July, and at St. 15 in 

August. As in 1963 a smaller peak was found at St. 6 in September, while 

it was absent at St. 1. The 1964 maxima were significantly reduced com

pared to 1963. In 1965 maxima were observed at St. 15 and 6 in August, 
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Fig. 57. Cent~opages hamatus, total number per haul and stage distri 

bution in 100-0 m at st. 18, 15, 6, and 1 during 1963-66. 

(Before March 1964 mesh size 440 p) . 

and were significantly larger than in 1964. 

In 1966 an increase had started when the sampling stopped in 

July at St. 6, while no C. hamatus was recorded at St. 15. 

The summer-autumn maxima were composed of all stages. In the 
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main fjord a gradi nt inwards both in number of specimens and in time 

for maxima was found in 1963 and 1964 indic ting immigrants in the 

local stock. No such trend, however, was observed in 1965. 

In Oslofjorden Wiborg (1940) found the largest numbers in the 

inner fjord, with maxima in May-August, exceeding 5,000 ind/m2 in June. 

In Hardangerfjorden, how ver, C. hamatus was recorded neither by Gunder

sen (1953) nor by Lie (1967). In the landlocked Nordasvann, C. hamatus 

was not very abundant with maxima in June-August. On the coast immedia

tely outside it was common from May to October (Runnstr~m 1932), while 

at the coastal stations investigated by Wiborg (1954) C. hamatus occur

red rather scarcely. 

Propagation 

The stage distribution of C. hamatus is shown in Fig. 57 with 

males, females, copepodite stages V-IV and copepodite stages 111-1 

separated. 

Although very few adults occur, they may have produced the 

small spring generation. 

The summer-autumn generations spawn in Trondheimsfjorden, and 

young copepoditest ges are abundant. A more or less continuous spaw

ning may be assumed when conditions are favourable. In Nordasvannet 

spawning probably occurred from May to September, and Marshall (1949) 

assumed a continuous bree ing during July and August in Loch Striven. 

In Oslofjorden, however, Wiborg (1940) found that spawning was less in 

summer than in spring. 

During maximal periods the percentage of males was larger than 

females. A similar sex ratio in C. hamatus was observed in Nordasvannet 

(Wiborg 1944), and in Loch Striven (Marshall 1949). 

Vertical distribution 

In Trondheimsfjorden all stages of C. hamatus were always found 

in the upper 100 m, and mostly ove 50 m. In spring it occurred both 

above and below the thermocline. 
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Centropages typicus Kr~yer 

c. typicus is a true Atlantic form (Scott 1911). It is brought 

into the Norwegian coastal waters by the North Atlantic or the coastal 

current, and no local stocks exist (Wiborg 1954). In Trondheimsfjorden 

C. typicus was recorded only twice; in October 1963 in small numbers at 

st. 1, 2, 3, 6, 7, 15, 16, 17, and 18, and once in July~August 1964 at 

St. 18, outside the fjord proper. Lysholm (1912) reported 5 adults taken 

in September from the outer fjord, while two adults were found in OCto

ber in the innermost basin another year. 

The percentages of C. typicus in all parts of the fjord in 

OCtober 1963, and the simultaneous occurrence of other rare warm water 

species in autumn 1963, peoved that water of Atlantic origin had been 

introduced. Strong westerly winds and minimal brackish water runoff may 

have improved the immigration. The single specimen of C. typicus at the 

outermost St. 18 in July-August 1964 may be explained in the same way. 

This late occurrence of C. typicus in Trondheimsfjorden agrees with the 

seasonal distribution observed in coastal areas. In Hardangerfjorden it 

was recorded in autumn by both Gundersen (1953) and Lie (1967). Gundersen 

recorded a small but continuous occurrence from June to September 1950, 

and stray specimens were also observed in early spring. Lie, on the 

other hand, recorded C. typicus only in September 1956 in the fjord 

proper. 

All specimens of C. typicus were taken in the upper 50 m. 

Heterohabdus norvegicus (Boeck) 

H. norvegicus is an oceanic-bathypelagic species, but small 

numbers of H. norvegicus are found in the depths of Norwegian fjords. 

This species probably prefers the near bottom layers and is thus in

sufficiently sampled by ordinary vertical hauls. 
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Fig. 58.	 HeterohabduB norvegicuB, stage distribution at St. 18, 15, 6, 

and 1 during 1963-65. (Before March 1964 mesh size 440 p). 

Variations in numbers and propagation 

In Trondheimsfjorden H. norvegicuB was found in moderate num

bers at St. 15 and 6 (Fig. 58). At the shallower station 1, the stock 

was smaller, and at St. 18 it was very rarely caught. This distribution 

indicates that H. norvegicuB has its main distribution in the deep basins 

in the fjord proper. A few numbers were found at all seasons and a small 

maximum of adults and copepodite stages V-IV seemed to occur in March-May 
2

1963 and 1964. Numbers exceeding 500 ind/m occurred frequently and in 

maximal periods more than 1,000 ind/m2 were recorded. Because H. norve

gicUB probably lives near the bottom, it may be of some importance to the 

plankton community near the seabed. 

In the outer Oslofjord maximal periods seem to occur in Februa

ry and April-May (Wiborg 1954), while Gundersen (1953) found only single 

specimens in August and November in Hardangerfjorden. 

In Trondheimsfjorden copepodite stages 111-1 seem restricted to 

the period August-April, and indicate that propagation takes place then, 

perhaps with main periods in October-November, December-January, and March

April. In inner Oslofjord Wiborg (1940) found copepodite stage I in Decem

ber and copepodite stages IV-Ill in February. H. norvegicuB probably 

spawns during a long period in autumn and winter in Norwegian waters. 

Jespersen (1939) has reported spawning in July and August in Greenland 

waters. 
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Vertical distribution 

The vertical distribution of H. nopvegicus in Trondheimsfjorden 

indicates that a small portion of the stock migrated above 100 m in 

March-April. The rest of the year it was confined to greater depths. 

At St. M in the Norwegian Sea H. norvegicu8 occurred mainly in the 

600-100 m hauls (0stvedt 1955), and near Iceland it was found in deeper 

water (St~rmer 1929). 

The vertical and horizontal distribution of H. norvegicu8 in 

Trondheimsfjorden indicates that the local population has little exchange 

with stocks outside the fjord. 

Candacia armata (Boeck) 

C. armata is a surface form belonging to Atlantic water (Scott 

1911, Russel 1939, and Rae 1951). A few specimens have been recorded 

occasionally in October-November in Norwegian waters, but local stocks 

are not established. 

Very few specimens were recorded in Trondheimsfjorden. In 

September 1963 five individuals occurred at st. 15, and in October 1963 

the records were: St. 18 - 5 ind., St. 15 - 3 ind., St. 6 - 1 ind., and 

none at the innermost station 1. In 1966 one specimens was encountered 

at St. 15 in July. At the Borgenfjord stations C. armata was not obser

ved. Lysholm (1912) reports one male of C. armata in the outer fjord in 

December, simultaneous to C. typiCU8 and Acartia aZausi. 

The occurrence of C. armata in September-OCtober 1963 shows a 

parallel to C. typicus and was probably related to special hydrographic 

conditions that probably facoured the immigration of the epiplanktonic 

C. armata. In Bardangerfjorden it is not recorded by Gundersen (1953) 

and Lie (1967). 

C. armata probably may be used as an indicator of surface drift 

into Trondheimsfjo~den in autumn. 
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Candacia norvegica (Boeck)
-------=-----------------

C. nopvegica is a deep water species (Farran 1948). A few 

specimens of this species and Candacia spp., probably belonging to 

C. nopvegica, were encountered in Trondheimsfjorden at all seasons.
 

It was always taken below 100 m and was most frequent in the fjord
 

proper. Wiborg (1954) recorded C. nopvegica only at Skrova and Gunder


sen (1953) found it twice during October and December in Hardangerfjor


den, while 0stvedt (1955) did not report it at St. M.
 

Acartia longiremis Lilljeborg 

In Norwegian waters three species of Acartia occur, A. longi

remis, A. clausi, and A. discaudata. The latter was not found in the 

fjord, but an occasional sampling at a large tide pool outside the fjord 

proper showed an abundance of adult A. discaudata in June 1966. A. dis

caudata has earlier been reported from a few localities in the Bergen 

area, and also Runnstr~m (1932) recorded it in a landlocked basin. 

A. longiremis and A. clausi were both found in the fjord, and 

in some periods they occurred simultaneously. Nauplii and young copepo

dite stages of these species are difficult to eparate, and nauplii and 

copepodite stages 111-1 were taken together as Acartia spp. 

A. longiremis is a widespread neritic surface species more 

northern than A. clausi (Brodskii 1950). In our waters its neritic 

character is stated by several workers (Farran 1911, Jespersen 1940, 

Wiborg 1954, 1955, and others) . 

In Trondheimsfjorden A. longiremis is numerous. 

Variation in numbers 

The fluctu tions of the A. longiremis stock during 1963-66 is 

shown in Fig. 59. Two main maxim seem to occur annually, in May-June 

and in late summer-autumn. 

In 1963 A. longipemiB was inadequately sampled, but the absence 
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number per haul and stage distribution in 100-0 m at all 

stations during 1963-66. (Before March 1964 Mesh size 440 p) . 

of adults indicates that no maximum took place in May-June. The May-June 

maxima in the main fjord were quite small in 1964, relatively large in 

1965 and absent in 1966. 

Late SUFtlner-autumn maxima occurred in the ~ain fjord in August 

1963 and in August-October 1964 and 1965. The number of adults indicates 

a maximum of moderate size in 1963, smaller in 1964 and quite large in 1965. 
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During the May-June maxima the largest numbers seemed to occur 

at St. 6, while A. longiremis was almost absent at St. 18. During late 

summer and autumn a delay in time for the maxima toward the inner part of 

the fjord is perhaps indi ated in 1963, 1964, and 1965. 

Lysholm (19l2) found A. longiremis in numbers in Trondheims

fjorden, while it was scarce or lacking in offshore waters. 

The general trend of the fluctuations of A. longiremis on the 

west coast from Bergen and northwards, shows that two peaks of abundance 

occur, in spring and in summer-autumn, just as in Trondheimsfjorden. In 

Hardangerfjorden A. longiremis was practically absent in 1950-51 (Gunder

sen 1953), while in 1955-56 Lie (1967) found significant numbers in May 

and July. At the coastal stations visited by Wiborg (1954) A. longiremis 

was relatively scarce, while more sheltered coastal areas generally seem 

to be favourable to A. longiremis, and Hansen (1960) reports it to con

stitute 30-60% of the copepods in such localities 

The May-June maxima occurred in a period with maximal freshwater 

supply. In the Straits of Georgia, Legare (1957) also found that the main 

peaks of A. longiremis in June corresponded with maximum increase of river 

discharge. This pattern may be connected with the preference of A. longi

remis to the fjord proper in May-June. 

The maxima later in summer seemed also to be dominated by the 

local stocks, but in August-September 1963 and in August-October 1965, 

the general trend of the maxima indicates a supply from other areas. 

In Trondheimsfjorden the abund nce of A. longiremis in May-June 

seemed to be inversely correlated to the number of C. finmarchiaus in the 

same period. In 1966 and probably in 1963, the May-JUne maxima of 

A. longiremis failed, coinciding with a very large stock of copepodite 

stages V-IV of C. finmarhcicus. Also in May-June 1965 the importance of 

C. finmarchicus was inverse to A. longiremis, and in 1964 a similar trend 

was partly indicated. This negative relation between A. longiremis and 

C. finmarchicus may be due to a different response to freshwater discharge. 

On the other hand, Conover (l964) found that C. finmarchicus fed readily 

on Artemia nauplii, and although C. finmarchicus is regarded to be an her

bivorous copepod in atural habitats, smaller stages of A. Zongiremis 

might be taken. 
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Propagation 

If spawning in Acartia takes place when females and males occur 

simultaneously in numbers, both A. longiremis and A. clausi may spawn in 

the fjord, and the young stages which were found, may helong to both. 

The temporal and spatial distribution of the two species, however, may 

point out periods when copepodite stages 111-1 and nauplii of Acartia spp. 

probably were A. longiremis. A. clausi was not observed in the fjord 

before July, and the spring stock of younger stages was obviously due to 

A. longiremis. In the inner fjord A. clausi was of little or no impor

tance, and at St. 1 the summer-autumn stock in 1964 was evidently A. longi

remis. 

The stage distribution of A. longiremis during 1963-66 is shown 

in Fig. 59~ of Acartia spp. during 1964-66 in Fig. 60. 

In 1963 no records of small stages were obtained due to the 

mesh size used. In 1964 the nauplii at St. 1 in August indicate a spaw

ning of A. longiremis. This generation probably developed in the copepo

dite stages 111-1 found in September, while the corresponding peaks of 

copepodite stages V-IV and adults occurred in September-October. This 

indicates a developmental period of less than two months for the August 

generation of A. longiremis. A period of 6-8 weeks is indicated for the 

May generation in 1965. In Nordasvannet Wiborg (1944) assumed an inter

val of 6-8 weeks between two generations of A. longiremis. 

During spring 1964-65 spawning was indicated in the main fjord 

before the females were observed. This pattern shows a parallel to 
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Fig. 60. Acartia spp., number per haul of copepodite stages 111-1 and 

nauplii in 100-0 m at all stations during 1964-66. 
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T. longicornis and may be due to a very low concentration of adults, but 

the existence of resting stages or eggs may be possible. Conover (1956) 

mentions that some form of resting stages might explain the seasonal 

fluctuation of Acartia spp. in the Long Island Sound. 

During maximal periods the males normally seem to be more abun

dant than the females. A similar sex ratio was observed also for C. ha

matus. 

In Trondheimsfjorden adults and copepodite stages V-IV of 

A. longiremis are confined to the 100-0 m layer with the main bulk in 

the upper 50 m. Seasonal vertical migrations into deeper layers were 

not observed. In Nordasvannet Wiborg (1944) found that A. longiremis 

kept mainly in the upper 15 m. 

Acartia clausi Giesbrecht 

Wiborg (1955) regards A. clausi as a neritic species, but on 

the other hand, it is typical to Atlantic water (Hansen 1960), and is 

obviously less neritic than A. longiremis. Colebrook et al. (1961) 

stated that in the Atlantic A. clausi fits into the oceanic grouping of 

zooplankton, while in the North Sea it has a distribution which places 

it with the neritic species,' and separate populations may occur. In 

Trondheimsfjorden A. clausi has a very restricted seasonal distribution. 

Variation in numbers 

The numerical vari tion in the main fjord during 1963-66 is 

demonstrated in Fig. 61. 

There seems to be one maximal period each year. In 1963 a 

maximum in August at St. 18 was followed by corresponding maxima at 

St. 15 in September and at St. 6 in September-October, but very few 

specimens at St. 1 in OCtober. There was a successive reduction of 

numbers inwards in the fjord. When the abundance in 1963 is compared 

to the other years, the inadequate sampling in 1963 must be remembered. 

In 1964 maxima occurred in August at St. 18, 15, and 6 with significantly 
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reduced numbers at St. 6. In 1965 maxima were found in August at St. 6, 

and at St. 15 in October-November. This late autumn maximum was also 

indicated in 1963 and 1964. 

The general pattern of the maxima of A. clausi in the fjord is 

reduced and delayed inwards, but the small numbers recorded prevent a 

detailed interpretation. The occurrence was restricted to summer

autumn, and although a small number may survive until midwinter, a spring 

generation was not found. 

The temporal and spatial distribution of A. clausi indicates 

that the species is dependent on immigration. 

The numbers of A. longipemis and A. clausi seem to be negatively 

correlated. Also in Hardangerfjorden a similar relation seems to occur. 

In Norwegian waters A. clausi generally seems to have its main 

maximum in summer-autumn, but small spring peaks are also found (Runnstr~m 

1932, Wiborg 1940, 1954, and Gundersen 1953) . 

Propagation 

The stage distribution of A. clausi is shown in Fig. 61, with 

males, females and copepodite stages V-IV separated. All stages took 

part in the summer maximum, and the relatively large maximum in 1965 

was mainly due to copepodite stages V-IV. As with A. longipemis adults 

made a significant percentage of the stock, and in 1964 and 1965 the 

males were more numerous than the females. A similar trend was obser

ved in Loch Striven by Marshall (1949). 

Due to the mixing with A. longiremis no conclusions on spaw

ning can be drawn from the material. If spawning takes place when males 

and females are present in numbers, one might assume spawning in summer

autumn. On the coastal stations Wiborg (1954) assumed that spawning took 

place 4-5 times from March to October at the localities south of Trond

heimsfjorden, while at Skrova a single spawning occurred in October. 
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Vertical distribution 

The whole stock in Trondheimsfjorden is found in the upper 

layers, nearly always above 50 m. In the Baltic, Ackefors (1969) re

corded the bulk of the stock above the thermocline, i.e. in the upp~r 

15 m. 

Rhincalanus nasutus Giesbrecht 

Two specimens of this Atlantic species were recorded at st. 15 

in December 1963 and in February 1964. Both specimens were taken in 

the 100-50 m hauls. R. nasutus is considered to be bathypelagic {Brodskii 

1950} and it always kept below 100 m at St. M (0stvedt 1955). The two 

specimens of R. nasutus may have been introduced into the fjord by deep 

inflows of Atlantic water. Another indicator of Atlantic water, Metridia 

lucens, occurred in the same samples. 

Aetideus armatus (Boeck) 

A. armatus is a deep water form, but may undertake daily migra

tions to the upper layers (Verwoort 1952). In Trondheimsfjorden it was 

taken four times in the deepest hauls in April in the inner fjord, and in 

April, May, and OCtober in the outer fjord. At St. M A. armatu8 is main

ly found in water of Atlantic origin (0stvedt 1955). 

xanthocalanus borealis G.O. Sars 

x. borealis was caught once in the outer fjord in OCtober 1963 

in the deepest haul. Sars (1903) regarded this species as Arctic. 
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Diaixis hibernica (A. Scott) 

According to Sars (1903) D. hibernica lives very near the 

bottom. It was recorded once in August 1963 below 100 m in inner 

Trondheimsfjord. 

Tharybdis macropthalma G.O. Sars 

One specimens was taken in May 1965 at St. 1. Sars (1903) 

recorded this Calanoid in Oslofjorden, Trondheimsfjorden, and off the 

west coast of Norway. 

One male and one female were found at st. 6 in August 1969. 

This copepod is a surface form, typical to the North Sea and 

Skagerak (Farran 1911, Rae & Rees 1947, and 0stvedt 1955). It was 

found once in Trondheimsfjorden, in September 1963 at the outermost 

statton 18. This occurrence agreed well with the assumed inflow of 

surface water bringing in Centropages typicus and Candacea armata in 

autumn 1963. Lysholm (1912) reported A. patersoni in May and June in 

the outer fjord. In Oslofjorden it occurs from July to OCtober (Wiborg 

1940), but in Hardangerfjorden it was not recorded (Gundersen 1953, Lie 

1967), showing a parallel to Candacea armata. 
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COPEPODA CYCLOPOIDA 

Oithona similis Claus 

O. similis is accepted as a typical epiplanktonic copepod 

(Farran 1911), and is known to be very abundant in our waters. Due to 

its small size nauplii and small copepodite stages, O. similis easily 

pass the meshes of the net, and only adults are retained satisfactorily. 

Variation in numbers 

The numerical variation of O. similis during 1964-66 is given 

in Fig. 62. 

In 100-0 m O. similis had its main maximum in July-September. 

In 1964 an August maximum was recorded at all stations, prolonged until 

September at St. 18 and 15. Possibly this prolongation was due to sepa

rate maxima in September. At St. 1 a small July maximum was followed by 
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Fig. 62. Oithona similis, total number per haul below 100 m and in 

100-0 m at all stations during 1964-66. 
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a larger one in September. 

In 1965 a July maximum was found at all stations sampled, but 

for this year the greatest maximum occurred in September-October. Small 

but significant spring maxima were found at all stations in May-June 

1965. 

In 1966 a July maximum was indicated at St. 15 and 6. 

Below 100 m a maximum in October 1964 was recorded simulta

neously at all stations, and prolonged at St. 6 until November. 

small numbers of O. similis were alwyas present during winter. 

On the West Coast (Wiborg 1954) and in the Norwegian Sea at 

St. M (0stvedt 1955) the stock of O. similis reached maximum in the 

50-0 m layer in the periods May-June and August-September. The late 

June maximum at St. M and the August maximum at Ona were very pronounced. 

In fjord localities main maxima are observed in the periods 

April-May and July-September (Ruud 1929, Wiborg 1940, 1944, Gundersen 

1953, and Lie 1967). 

These results are in accordance with the observations from 

Trondheimsfjorden, but the numbers of O. similis in the upper layers 

were quite a bit larger in Trondheimsfjorden than in the other fjord loca

lities. In Hardangerfjorden proper, both Gundersen (1953) and Lie (1967) 
2recorded less than 20,000 ind/m , while Trondheimsfjorden yielded more 

2
than 70,000 ind/m several times. 

In 1964 the greatest numbers in summer-autumn were found at the 

outermost station 18, and there was a significant reduction in the size 

of the maximum inwards in the fjord. A simultaneous gradual delay in 

time for the maximum was found from St. 18 to St. 1. In 1966 the summer 

maximum also seemed to occur first in the outer fjord, while in 1965 no 

gradient in time or size of maxima was detected. This distributional 

pattern indicates that immigrants may be of importance for the summer

autumn stock. 

In Oslofjorden Wiborg (1940) stated that the spring increase 

started earlier in the outer fjord, and the autumn increase in Hardanger

fjorden, reported by Lie (1967) seemed to start at the outermost station 

and was gradually delayed inwards in the fjord. This delay seemed to be 

combined with small numbers at the innermost stations and higheF numbers 

at the outermost station. These patterns show a parallel to the general 

trend in Trondheirnsfjorden. 
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Propagation 

Most of the specimens caught were adults, and no attempt was 

made to separate different stages in order to find propagation periods. 

The phytoplankton net, however, retained nauplii of O. similis in qreat 

numbers. No quantitative estimation cou~d be made because clogging in

fluenced the catch very significantly, but the net samples shows an abun

dance of nauplii of Oithona spp., probably O. similis, at all seasons. 

Based on male and female percentage Wiborg (1954) assumed that propaga

tion took place during all seasons in coastal waters, with 3-5 maximal 

spawnings during the year, and in the Plymouth area Digby (1950) recor

ded five generations a year. 

Vertical distribution 

The vertical distribution of O. similis is shown in Fig. 63. 

From May to September the main stock kept in the upper 100 m, 

while in late autumn and winter a significant part was found below 100 m. 

This pattern indicates a downward migration in autumn, corresponding to 

the maxima found below 100 m, followed by a rise in May. A deeper dis

tribution of O. similis during certain periods in summer and especially 

in autumn is reported from Norwegian waters (Ruud 1929, Gundersen 1953, 

Wiborg 1954, 0stvedt 1955), and Bigelow (1926) suggested that in the 

Gulf of Maine O. similis migrated to deeper water in autumn. On the 

other hand, Hansen (1960) reported that in the Norwegian Sea O. similis 

was a surface form in all its stages. 
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Fig. 63. Oithona similis, percentage vertical distribution at St. 15 

during 1964-65. 
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During the present investigation small stages of O. spinirost

ris and O. similis were not separated, and only specimens which could be 

determined with certainity were classified as O. spiniro8t.~>is. According

ly, young stages of this species were taken together with O. similis, but 

the ratio of adult O. similis/O. spinirostris indicates that the error 

introduced does not make the interpretation unreasonable. 

Variation in numbers 

The variation of adult O. spinirostris in Trondheimsfjorden 

during 1964-66 is demonstrated in Fig. 94. 

In 100-0 m the variations were irregular, but the main maxima 

seemed to occur in April-May and August-September at st. 15, 6, and 1 

in 1964 and 1965. At St. 6 a winter maximum in November-December was 

indicated. 

Below 100 m the stock was smaller. Increased numbers in April

May were probably related to the corresponding maximum in 100-0 m. 

O. spinirostris showed a significant preference for the fjord 

proper, and very few specimens were found at the outer station 18, thus 

showing a similarity to H. norvegicu8 and Oncaea borealis. This distri

bution indicates that the stock of O. spinirostris is rather local. 

Also in other fjord localities and on the coast, small peaks 

Fig. 64. Oithona spinirostris, total number per haul below 100 m and in 

100-0 m at all stations during 1964-66. 
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are found in spring and in autumn (Ruud 1929, Wiborg 1940, 1954, 

Gundersen 1953, and Lie 1967). 

propagation 

No indications of spawning were recorded, but O. spinirostris 

undoubtedly spawns in Norwegian waters, perhaps twice a year. In Ice

landic waters Jespersen (1940) assumed that breeding coincided with the 

warming of the water, while in the Labrador Sea an abundance of nauplii 

occurred in December-February (Kielhorn 1952). 

Vertical distribution 

The vertical distribution of O. spinirostris is shown in Fig. 65. 

The main bulk was found above 100 m in spring and summer, but 

the uppermost layers were avoided. In autumn a downward migration seemed 

to take place into deeper layers, tending to give a more even vertical 

distribution. In the Norwegian Sea, 0stvedt (1955) found 55% of the stock 

in the 600-100 m layer. On the Norwegian west coast Wiborg (1954) found 

that the main stock inhabited the layers below 50 m. In fjords, however, 

a significant part of the stock is found above 50 m. 
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Fig. 65.	 Oithona spinirostris, percentage vertical distribution at 

St. 15 during 1964-65. 
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Oncaea borealis G.O. Sars 

O. borealis is small in size, and even in periods of abundance 

it is of little importance to the biomass. Smaller stages pass the meshes 

of the net, and in 1963 very few O. borealis were found, due to the mesh 

size used then. Most of the catch consisted of adults with females domi

nating. 

Variation in numbers 

The variation in total number of O. borealis during 1964-1966 

is shown in Fig. 66. 

In 100-0 m small, maxima were found in April, May-June, and 

August-September in 1964, in May-June, July, August-October in 1965, and 

in July 1966. 

In Hardangerfjorden Lie (1967) observed peaks in April and 

September in 100-0 m. At Sognesj~en Wiborg (1954) recorded a maximum 

in June, and at St. M, 0stvedt (1955) found relatively many individuals 

above 100 m in May and June. 

Below 100 m maxima were found in April/May, July and September-
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Fig. 66. Oncaea borealis, total number per haul below 100 m and in 100-0 m 

at all stations during 1964-66. 
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October in 1964, and in April-May and July in 1965.	 The greatest num
2

bers were found in April-May with 30,000-70,000 ind/m . Gundersen 

(1953) found maxima below 50 m in May in Hardangerfjorden, and in Oslo
2

fjorden (inside Dr~bak) maxima with 20,000-50,000 ind/m were found in 

May-June (Wiborg 1940). 

In Trondheimsfjorden O. bopeaZis was almost absent at the 

outermost St. 18, while the maximal numbers were found at the inner

most stations. O. bopeaZis seems to prefer fjord localities, and also 

in Oslofjorden (Wiborg 1940) and Hardangerfjorden (Lie 1967), the 

greatest numbers were found in the inner parts. 

Propagation 

Propagation periods were not determined directly, as lower 

stages were not retained by the net. The bulk of the stock was made 

up by females, while males seem to occur in the plankton from April 

to August, with peaks in June-July (Table 12). Adults in copulation 

were observed in May 1964 at st. 15. 

Wiborg (1940) found egg-sacks, females and individuals in 

copulation at all seasons, but in very small numbers in winter from 

October to February, and he suggested spawning from January to May and 

perhaps in August. Runnstr~m (1932) found that in Hjeltefjorden near 

Bergen, propagation took place most of the year, except in winter from 

December to February. 

Table 12.	 Onaaea bopeaZis, total number of males at st. 18, 15, 6, 

and 1 from bottom to surface during 1964-65 

1964 1965 

A May J J A S May J J A 

1 15 50 0 20 20 50 50 10 

6 0 0 0 60 20 0 0 0 0 0 100 0 

15 0 50 50 10 110 0 0 0 0 0 0 50 

18 0 0 0 0 0 0 
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Vertical distribution 

During 1963-1966 the main stock of O. boreaZis was found below 

100 m at all stations, but an upward migration was indicated in March

May 1964. Similar behaviour was also observed in April-May 1963 (Figs. 

66 and 67). Wiborg (1940) stated that in inner Oslofjord O. boreaZis 

preferred the upper 50 m, while it had a deeper distribution in the 

outer part. At M~re, however, Ruud (1929) observed the opposite trend. 

0stved~ (1955) recorded a seasonal difference with large numbers above 

100 m in May and June, but with a deeper distribution in autumn. 

The majority of the males were taken in the upper 100 m, and 

in Oslofjorden Wiborg (1940) found a similar trend. 
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Fig. 67.	 Oncaea boreaZis, percentage vertical distribution at St. 15 

during 1964-65. 

Oncaea similis G.O. Sars 

A few O. simiZis were taken at St. 15 and 6 in May 1965, in the 

100-0 m haul. 

In Herdla and Hjeltefjord O. simiZis was found during all sea

sons with a peak of abundance from October to March (Runnstr~m 1932). 

Wiborg (1954) recorded it a~ Sognesj~en in March and September. 
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Euryte longicauda Philippi 

E. Longiaauda was taken in May 1965 at the outermost St. 18 

below 100 m. Sars (1918) found this form frequently clinging to 

LaminaPia along the whole Norwegian coast. 

COPEPODA HARPACTICOIDA 

Unidentified Harpacticoida, the bulk probably MicroceteZZa 

norvegica, were recorded at all stations during all seasons. The main 

distribution seemed to be in the upper layers. 

OTHER ORGANISMS 

Coelenterata 

me coelenterates were often damaged durinq the haul and of 

the more fragile specimens only gelatinous material was retained. 

Beroe cucumis Fabricius occurred frequently at all stations 

at all depths. PZeurobracia piLeus occurred occasionally. 

Siphonophors belongig to the family Diphydidae were encoun

tered rather often. Specimens from other families occurred occasio

nally. 
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Single specimens of Aglanta digitale (O.F. Muller) were found 

in the hauls, mainly in spring and early summer. Other medusae taken 

by the net were seldom identifiable. 

Only Tomopteris helgolandica occurred as an adult in the plank

ton. Larvae of other polychaetes were occasionally found and are dis

cussed below. 

Tomopteris helgolandica Greef 

T. helgolandica is widely spread in the Atlantic (Wesenberg

Lund 1935). 

In Trondheimsfjorden adults and younger stages of T. helgo

landica were found in small numbers at all seasons, exclusively in the 

deepest hauls. The variation in number during 1963-65 is demonstrated 

in Fig. 68. 

Although the material was scanty a significant periodicity 

of abundance seemed to occur. At St. 15 maxima were found in February 

1963, 1964, and 1965, in April-May 1963 and 1964, and in September

OCtober 1963 and 1964. At st. 18 and 15 the maxima partly coincided, 
2

and during maximal periods nearly 600 ind/m were found in average. 

At St. 6 the number of individuals were significantly reduced and at 

St. 1 only single specimens were caught. 

T. helgolandica prefers the outer part of the fjord, and in 

Oslofjorden Wiborg (1940) found a similar horizontal distribution. Rae 

(1949) regards T. helgolandica as an indicator of Atlantic water in the 

North Sea, where it has a seasonal appearence with maxima in autumn. At 

St. M the presence of T. helgolandica indicated inflow of Atlantic 

water (0stvedt 1955). probably T. helgolandica is able to establish a 

small population in the deep waters of Trondheimsfjorden, but the main 
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Fig. 68.	 Tomopteris heZgoZandica, total number at all stations during 

1963-65. (Before March 1964 mesh size 440 p) . 

stock may	 be dependent on supply with deep inflows. 

Pteropoda

Two Pteropods were recorded in the fjord, CZiona Zimacina and 

Limacina retroversa. 

Clione limacina (Phipps) 

C. Zimacina was found three times below 100 m in the outer fjord 

in January-February 1964. Russell (1935) regards C. Zimacina as an indi

cator of Arctic water. 

Limacina retroversa (Fleming) 

In Trondheimsfjorden L. retroVersa has a restricted occurence 

in time and space. 

The variation in numbers of L. retroversa during 1963-66 is 

shown in Fig. 69. In 1963 maxima occurred in August at St. 18 and in 
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Fig. 69.	 Limacina petpovepsa, total number in 100-0 m at all stations 

during 1963-66. (Before March 1964 mesh size 440 p). 

September at St. 15 and 6. In April-May only 10 specimens were recorded 

at St. 6. In 1963 small specimens easily passed the meshes of the net. 

In 1964 a few specimens occurred at St. 6 in May. In June L. petpovepsa 

was relatively abundant at St. 18, and in August the maximum was reached 

at St. 18 and 15. During summer it occurred in very small numbers at 

St. 6 and 1. From October 1964 to April 1965 single specimens were en

countered at St. 18, while in April-May 1965, a small maximum was found 

at all stations. A large maximum in 1965 was found in September at St. 

15. In 1966 no specimens were found during spring, but in July a summer 

increase was indicated at St. 15. A general trend of distribution is 

reduced numbers at the two innermost stations. 

In other Norwegian localities L. petpovepsa has been found to 

be quite variable, but generally the largest numbers occurred in summer 

and autumn. 

In the North Sea L. petpovepsa is considered to be an indica

tor of Atlantic water (Rae 1949), but the occurrence of small numbers in 

spring in all parts of the fjord indicates that L. petpovepsQ is statio

nary in Trondheimsfjorden. On the coast Wiborg (1954) recorded single 

specimens during all seasons. 

The summer maxima in the main fjord were obviously influenced 
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by influx from areas outside the fjord as indicated by the delay in time 

for maxima inwards and the very significant reduction in numbers at the 

inner stations. Wiborg (1954) observed a similar delay in time for maxi

ma north along the coast. The absence of a spring stock in 1966 may be 

due to abnormally low temperatures. 

Vertical distribution 

L. retroversa is an inhabitant of the upper layers in Trond

heimsfjorden, and only a few specimens were taken below 100 m. At St. M 

it belonged to the surface layers (~stvedt 1955), but was also frequently 

taken in 600-100 m. 

Of the genus Sagitta only S. elegans occurred in Trondheimsfjor

den. S. setosa is recorded on the southern part of the coast, but was not 

found in Trondheimsfjorden. Eukrohnia spp. were abundant in the deeper 

part of the fjord. Both E. hamata (M~bius) and E. bathypelagica Alvarino 

occurred. 

Sagitta elegans Verill 

The two varieties, S. elegans elegans and S. elegans arctica 
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Fig. 70. Sagitta elegans, total number at all stations during 1963-1966. 

(Before March 1964, mesh size 440 r). 
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Fig. 71.	 Sagitta elegans, percentage vertical distribution at st. 15 

during 1963-1966. (Before ~arch 1964, mesh size 440 p) . 

(Fraser 1957) were not separated. The latter has a distribution similar 

to c. hyperboreus. 

S. elegans was found regularly in the deep and intermediate 

layers of Trondheimsfjorden (Fig. 70). No maximal periods can be detec

ted, although prominent peaks occurred, particularly at St. 15. The 

material is scanty, but it seems evident that the stock is significantly 

smaller at the inner stations 6 and 1. In Oslofjorden, Wiborg (1940) 

also found the greatest numbers in the outer fjord. On the western coast 

S. elegans is of minor importance (Wiborg 1954). 

In Trondheimsfjorden the main stock of S. elegans was found 

below 100 m (Fig. 71), but also occurred regularly up to the disconti 

nuity layer. In spring and summer, the bulk, mainly small specimens, 

occurred in the upper 50 m. 

Eukrohnia	 spp. 

The bulk of Eukrohnia spp. were E. hamata, but E. bathypelagiaa 

also occurred frequently (R. Giskellldegard, pers. comm.). Eukrohnia spp. were 

frequently found below 100 m, but very few specimens were taken in the 

layer above. Maximal periods seem to occur in spring (Fig. 72). In 

contrary to S. elegans, the greatest numbers were found in inner fjord, 
2	 2

with maxima of 9,600 ind/m and 8,030 ind/m at St. 1 in March 1964 and 

1965 respectively. These maxima consisted mainly of small individuals 

and a spawning in February of one or both species is indicated. Even 
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Fig. 72. Eukrohnia spp., total number at all stations during 1963

1966. (Before March 1964, mesh size 440 p) . 

440 f' 
1963 

Fig. 73.	 Eukrohnia spp., percentage vertical distribution at St. 15 

during 1963-1966. (Before March 1964, mesh size 440 p) . 

the smallest individuals tended to avoid the uppermost layer (Fig. 73). 

Cladocera 

Podon polyphemoides (Leuckart)_c	 _ 

Three species of Podon were identified: P. polyphemoides, 

P. leucarti, and P. intermedius, but P. polyphemoides dominated strongly. 

This species is regarded as a temperate neritic plankton element (Gran 

1902) • 

The variation in number of P. polyphemoides during 1963-1966 is 
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Fig. 74.	 Podon polyphemoides, total number at all stations during 

1963-66. (Before March 1964 mesh size 440 p) . 

shown in Fig. 74. 

The occurrence of P. polyphemoides in the fjord was very re

stricted in time, with peaks in June and August-September. 

In the main fjord the June maximum was large in 1964, and 

very small in 1965 and 1966. The August-September maxima were roughly 

of the same size in 1964 and in 1965. In 1963 most of the stock probab

ly passed through the net. 

A general feature seems to be large fluctuations of P. poly

phemoides from year to year, and a similar trend is also found on the 

coast (Wiborg 1954). 

A few specimens were recorded in the fjord in May. In Oslo

fjorden and on the west coast small spring maxima also occur (Gran 1900, 

Runnstr~m 1932, and Wiborg 1940, 1954). At the southernmost coastal 

localities and in Oslofjorden the June maximum is most prominant, but 

the main maximum is delayed northwards, and at Eggum it is found in Sep

tember. In Hardangerfjorden Gundersen (1953) recorded July and August

September maxima of moderate size, while Lie (1967) found very small 

maxima in the same locality. 

There is a significant reduction in number inwards in Trond

heimsfjorden both in summer and autumn, and only in 1964 were a few 

P. polyphemoides found at the innermost station 1. In Oslofjorden an 
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opposite horizontal distribution was found, with the largest numbers in 

the inner fjord (Wiborg 1940). 

The maxima were obviously related to the temperature increase 

in the upper 100 m. This trend may indicate a direct temperature de

pendence, giving a local stock of P. polyphemoides a rapid increase. 

The optimum temperature for P. polyphemoides in the Baltic is assumed 

to be 10-15oC (Ackefors 1969). The horizontal distribution, however, 

indicates that the summer-autumn maxima of the stock in Trondheimsfjor

den also receives a supply from outside the fjord. 

Females with embryos and eggs occurred frequently and a new 

generation was obviously released during the warm season. 

P. polyphemoides was always found in the upper 100 rn, both 

above and below the thermocline. Harder (1957) found that P. polyphe

moides was situated in or near the discontinuity layer. 

Evadne nordmanni Loven 

A number of specimens of Evadne were examined in periods of 

abundance and all belonged to E. no~dmanni. This species probably 

dominates completely in Trondheimsfjorden. E. nordmanni was earlier 

considered to be entirely neritic. Gran (1902) suggested it as an in

dicator of coastal water, but Kielhorn (1952) found that E. nordmanni 

was able to establish populations in the open sea. 

The variation in numbers per haul of E. nDrdmanni during 

1963-66 is shown in Fig. 75. 

In 1963 small numbers occurred at St. 6 in April-May, but the 

maximum of the year was not found until June at St. 18 and 15. In Sep

tember a second small maximum occurred at St. 15. During 1963 small 

specimens were not sampled adequately. In 1964 St. 6 again showed a 

small maximum in April-May, followed by a maximum at all stations in 
2

June-July. At St. 18 the stock exceeded 300,000 ind/m in July. At 

St. 15 a small peak occurred in August. In 1965 a maximum perhaps 

occurred at St. 15, 6, and 1 in April/May, but was overshadowed by a 

large maximum in May-June. In 1966 no April-May maximum was recorded, 

but a maximum in June or later was indicated. 
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Fig. 75. Evadne nordmanni, total number at all stations during 1963

66. (Before r1arch 1964 mesh size 440 ]1) . 

The spring stock was small and was found mainly in the fjord 

proper. The summer maxima were much larger, particularly at the outer

most station but with decreasing number in the inner fjord. The maxi

ma were found simultaneously at all stations. The absence of E. nord

manni in spring 1966 followed by a delayed summer occurrence may be re

lated to extremely cold water. 

On the southern west coast the stock of E. nordmanni normally 

is large, and Sognesj~en has maxima. of more than 40,000 ind/m
2 

in June 

(Wiborg 1954), while in Hardangerfjorden very small stocks are recorded 

(Gundersen 1953, Lie 1967). 

Normally E. nordmanni seems to occur earlier in the plankton 

than P. poLyphemoides and this difference is probably related to a lower 

optimum temperature for E. nordmanni. 

In Trondheimsfjorden females with embryos and eggs formed the 

majority of the stock, and E. nordmanni obviously propagated significant

ly in the fjord. During winter only stray specimens were encountered, 

and the bulk of the winter stock was evidently in resting position. 
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Vertical distribution 

E. nordmanni was always found in the upper 100 m, and mainly 

in 50-0 m both spring and summer. It seems to prefer the uppermost 

layers, above the thermocline. On the west coast Wiborg (1954) took 

nearly all E. nordmanni in the upper 50 m, while Gundersen (1953) re

corded that in August the layer below 50 m was preferred in Hardanger

fjorden. 

Isopoda 

A few individuals were taken now and then in the deep hauls, 

mainly at St. 6 and 15, but were not determined to species. 

Ostracoda 

Only species of the genus Conchoecia have been recorded in 

Trondheimsfjorden. In Norwegian waters, three species are found regu

larly in the plankton, C. elerans~ C. borealis, and C. obtusata (Gran 

1902, Wiborg 1954, and 0stvedt 1955). In the present material several 

species probably occur. 

In the deeper hauls Conchoecia spp. were frequently found. 

The variation in numbers per haul in the main fjord during 1963-66 is 

demonstrated in Fig. 76. A significant periodicity was recognized with 

maximal periods in May-June and September-October. The concentration 

was of the same magnitude at the three outer stations, while the inner

most station showed smaller numbers. Maximal values were above 
2

10,000 ind/m in May 1964, while average values were of the order of 
2

2-3,000 ind/m . In spring 1963 and 1965 the outermost and the inner

most stations showed few specimens compared to 1964. 

In coastal localities (Wiborg 1954) Conchoecia spp. were found 
2

in small numbers except at Skrova where stocks up to 3,000 ind/m were 

recorded. The peaks of abundance on the coast were fnund in January-

February at a time when ~inimal numbers occurred in Trondheimsfjorden. 
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Fig. 76. Conchoecia spp., total number at all stations during 1963

66. (Before March 1964 mesh size 440 p) . 

In Oslofjorden (Wiborg 1940) very few specimens were found inside Dr~bak 

while in the outer fjord maxima occurred in April-May. 

During spring and autumn small specimens, either small species 

or new broods, dominated. On the coast small individuals were present 

at all seasons, but the main propagation might have taken place in 

January-February (Wiborg 1954). In Oslofjorden Wiborg (1940) recorded 

maxima of small individu~ls in December and February. 

The main stock of Conchoecia spp. in Trondheimsfjorden was 

found below 100 rn, but significant numbers migrated above that layer 

although they were never found above the thermocline. Conchoecia spp. 

seem to have their main distribution below 50-100 m (Wiborg 1940, 1954, 

1955 and 0stvedt 1955). The Ostracods, however, are excellent swimmers 

and McHardy & Bary (1965) report that C. elegans is distributed through

out the water colum except near the surface and undertakes extensive 

diurnal migrations. 

Amphipoda 

Temisto abyssorurn (Boeck) 

T. abyssorum was frequently taken below 100 m, mainly at the 

outer stations 18 and 15. Peaks of abundance occurred in summer and 

autumn, and more than 100 specimens were caught in July and October 1964 
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Scina borea1is G.D. Sars 

S. borealis occurred several times in 1964, mainly at the 

outer stations 18 and 15 in July-September. It was always taken in 

the deepest hauls. 

Mysidacea 

The Mycidacea caught by the net showed a peculiar distri 

bution in the fjord. At st. 6 they occurred in nearly every haul 

below 100 m in small numbers, from 1 to 25 specimens, while at the 

outer stations only stragglers occurred. The bottom sledge samples 

showed that mysids were much more common near the bottom. 

Euphausiacea 

Adult Euphausiacea easily escaped the net by swimming and 

occurred only occasionally in the samples. Nauplii, metanauplii, 

calyoptopis, and furcilia stages were found in small numbers during 

restricted periods. 

The variation in numbers in the main fjord during 1963-66 

is demonstrated in Fig. 77. 

Two maxima seemed to occur annually in spring and summer. 

In 100-0 m spring maxima occurred in April-May each year 

and probably at all stations. A summer-autumn maximum was found at 

St. 18 and 15 in August-September 1963 and August 1964. This maximum 

could be traced at St. 6. The spring maximum showed the largest num

bers. Both maxima seemed to be a little delayed inwards in the fjord, 

and the numbers were generally reduced in the inner part. 

In the layer below 100 m a similar distribution in time and 

space was indicated. The spring maximum below 100 m seemed to occur 

in April, generally a little earlier than in the layer above, while 

the autumn maximum was nearly absent. In June-July a small peak was 

observed at St. 15 and 6. 
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Fig. 77. Euphausiacea, total number below 100 m and in 100-0 m at all 

stations during 1963-66. (Before March 1964 mesh size 440 p) . 

The general pattern of this distribution indicates that young 

stages of Euphausiacea migrate above 100 m in spring. The delay of 

maxima inwards the fjord in spring is not combined with a parallel re

duction in numbers. The autumn maximum is significantly delayed inwards, 

and the parallel reduction of the number indicates that immigration is 

probably of importance. 

According to P. Myklebust (pers. comm.) adults of Meganyctipha

nes nOTvegica~ Nematocelis megalops~ Thysanoessa ineTmis~ T. paschii~ and 

T. longicaudata occurred in samples taken with an Isaac Kidd Midwater 

Trawl in Trondheimsfjorden in 1968 and 1969. The most important species 

in the fjord is Meganyctiphanes nopvegica and according to P. Myklebust 

larvae of this species were responsible for the main bulk of all maxima 

during 1963-66. 
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oecapoda 

Decapod larvae occurred during all seasons except winter, and 

at all stations although they were less frequent at the innermost sta

tion. Munida larvae dominated. A few Pasiphaea ta~da were caught in 

the deepest hauls. Other types of Decapoda larvae were not determined 

Copelata 

Three genera are reported from Norwegian coastal water by 

Wiborg (1954), Oikopleu~aJ Fritilla~ia, and Appendicula~ia. The latter 

has only occasionally been recorded, while the two former genera were 

rather abundant. The routine handling of the zooplankton samples easily 

damages these fragile animals and it was found to be difficult to sepa

rate the genus Oikopleu~a into species with certainty in all samples. 

In Trondheimsfjorden O. dioica J O. lab~ado~iensis, and F. bo~e

alis f. acuta were identified, while Appendicula~ia sp. did not occur or 

escaped notice. 

In Fig. 78, showing the variation during 1964-66, the two ge

nera are taken together as Copelata. Two main maxima occurred annually, 

in April-May and August-October. The greatest abundance was found in 

spring and autumn 1964. At St. 1 the stock was very small. 
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Fig. 78. Copelata, total number in 100-0 m at all stations during 1964-66. 
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Thaliacea 

SaLpa fusiformis Cuvier was caught in the net only once, in 

September 1964 at St. 15, but large numbers were observed at the sur

face in August-September 1963. This species is considered to be an 

indicator of Atlantic water (Brattstr~m 1972). 

Larvae and eggs of fishes 

A few fish larvae and a number of fish eggs occurred mainly 

between April and June at all stations, but were not identified to 

species. 

Larvae and eggs of bottom invertebrates 

Larvae of bottom invertebrates often occurred in large num

bers, mainly in spring and summer. In winter very few larvae were 

found. 

Cirriped larvae 

BaLanus spp. dominated, mainly as nauplii, but cypris stages 
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Fig. 79. Cirriped larvae, total number in 100-0 n at all stations 

during 1964-66. 
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occurred frequently. Two main peaks occurred, in March-April and May

June (Fiq. 79) in all parts of the fjord. All the cirriped larvae kept 

in the upper 100 m. 

polychaet larvae 

Polychaet larvae (Fig. 80) (Tomopteris helgolandica excluded) 

were taken in spring and summer, nearly always in the upper 100 m. 

Maximal abundance was found in spring. 
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Fig. 80. Polychaet larvae (Tomopteris helgolandica excluded), total 

number in 100-0 m at all stations during 1964-66. 

Cyphonautes 

May-June 

stations 

Cyphonautes larvae had 

and in August-October. 

was found. A preference 

larvae 

two peaks of abundance (Fig. 81) in 

No significant difference between the 

to the upper 100 ID is obvious, with 

the uppermost layers most preferred. 
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Fig. 81.	 Cyphonautes larvae, total nUMber in 100-0 m at all stations 

during 1964-66. 

Bivalvia larvae 

Bivalvia larvae had two maxima a year (Fig. 82), in May-June 

and in August-September. During both maxima a high percentage of the 
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Fig. 82. Bivalvia larvae, total number in 100-0 m at all stations 

during 1964-66. 
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larvae resembled MytiLus eduLis. This bivalve has two main spawnings 

during the year in Trondheimsfjorden (E. Lande pers. comm.), correspon

dinq to the observed maxima. No significant differences between the 

stations were found, and nearly all speciemsn were caught in the upper 

100 r:l. 

Echinoderm larvae 

Echinoderm larvae were found fror:l f.1arch to September at all 

stations (Fig. 83), mainly in the uppermost layers. Maxima occurred in 

March-April, May-June, and August-September. Many species are probably 

represented. 
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Fig. 83.	 Echinoderm larvae, total number in 100-0 m at all stations 

during 1964-66. 

Other invertebrate larvae and eggs 

Phoronid larvae were found singly in August and September 1969 

at St. lB and 6. 

Unidentified eggs and larvae of invertebrates occurred frequent

ly in all parts of the fjord with peaks of abundance in April-July, and 

were distributed at all depths. 
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TYPES OF COMPONENTS IN THE ZOOPLANKTON 

In the zooplankton in Trondheimsfjorden both autochthonous 

and allochthonous species occur. Some of the autochthonous species 

are found during all seasons, but the peaks of abundance may be found 

during different months. Other species, both autochthonous and alloch

thonous, have a more restricted temporal occurrence, and a succession 

of species may be found. 

In Fig. 84 the most important species in the zooplankton in 

terms of total number are arranged according to their occurrence at 

St. 15 during 1963-65. The ordinate is calculated by the formula 

, ! 
Y _ \ f __N_

VN max 

where N max is the maximal number of individuals of each species found 

during the whole period, and N is the actual number. 

1. The autochthonous species C. finmapchiaus~ M. longa~ P. nop

vegica~ Ch. aPmatus~ S. minop~ M. pusillus~ O. bopealis~ O. spinipostpi8~ 

Conchoecia spp.~ S. elegans~ and T. helgolandicus seem to be relatively 

abundant most of the year, but normally with maxima in spring. H. nop

vegicus, which has a more irregular distribution, should also be added 

to this group together with C. hypepbopeus and P. minutus. 

2. A second main group of autochthonous species represented by 

P. elongatus) O. similis) C. hamatus) T. longicornis~ A. longipemis~ 

A. clausi~ E. nopdmanni~ P. polyphemoides~ and L. petpovepsa, shows 

greater seasonal variation, with prominent maxima in summer-autumn when 
f 

local propagation probably is combined with immigration. 

The first six of these species are arranged in a matrix of 

product-moment correlation coefficients, shown in Fig. 85, calculated 

for the whole sampling period 1963-66. 

Three of the species, P. elonpatus~ O. similis~ and T. longi

cornis, show a highly significant correlation at all stations, while 

the others, C. hamatus~ L. petpovepsa~ and A. longipemis, give more 

variable correlation coefficients both mutually and to P. elongatus~ 

O. similis~ and T. lonpicornis. At St. 18, however, most species are 

significantly correlated. 
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Fig. 84. Types of components in the zooplankton. Left scale indicates 

1.0, 0.5, and 0.1 of maxi~um of Y at St. 15 (see text). 
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Pi~. 85.	 Correlation matrix for a number of autochthonous species with 

main maxima in autumn. Critical values for the correlation 

coefficients at the 0.01 level are n = 45, r 0.430 and 

n = 24, r 0,5:-,5. 

The remaining three species in this group, E. nordmanni~ 

A. clausi~ and P. polyphemoides, show no significant correlation to the 

species mentioned above. E. nordmanni has an earlier occurrence than 

A. clausi and P. polyphemoides. 

At St. 18 E. nordmanni and P. polyphemoides show a correlation 

coefficient of 1.0, while no significant correlation is found in the 

fjord proper. 

3. The allochthonous species M. lucens~ C. armata~ P. parvus~ and 

C. typicus, have a very restricted occurrence mainly in autumn. These 

species are found only or mainly in the outer fjord and are not peren

nial. The matrix of single time-number correlation coefficient for 

these species for the period 1963-66 is given in Fig. 86. C. typicus~ 

C. armata~ and M. lucens show a highly significant correlation at st. 6. 

A. patersoni~ R. nasutus~ and S. fusiformis are also alloch

thonous forms. 

M. lucens keeps to deeper water than the other species, and 

may persist in these layers throughout autumn and winter. 

ST18 ST15 ST6 ST1 
Centropages typicus .......... 

to ......... 
r--

7 
...... 4 2 

10 2 4	 

.----
Candacia arma 5 
Metridia lucens 1 0

1 
Paracalanus 012 6 8parvus .........
 

.----
-

- -

1- - -

0 
8 8 
0 0 

n=24 n=44 n=44 n=25 

Fig. 86. Correlation matrix for a number of allochthonous species. 

Critical values of correlation coeffisient see Fig. 85. 
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R. nasutus shows a distribution similar to M. lucens, 

while A. patersoni and S. fusiformis are surface species with an occur

rence similar to P. parvus, C. typicus, and C. armata. Some of these 

species may also occasionally spawn in the fjord, but local populations 

are not established. 

This grouping of autochthonous and allochthonous species in 

Trondheimsfjorden agrees well with that given by Wiborg (1954) for the 

West Coast of Norway. 

4. Certain phytoplankton and zooplankton species show a similar 

seasonal distribution. Product-moment correlation coefficients for a 

number of species are shown in Fig. 87. 

Autochthonous species which are relatively numerous in the 

zooplankton at all seasons, Calanus finmarchicus, Microcalanus pusillus, 

SI. 1 

c. rinmarchicu8 6 9 8 
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Critical values of correlation coefficient r see Fig. 85. 
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Scolecithricella m~nor, Oithona spinirostris, and Oncaea borealis often 

shown fairly significant correlation to the phytoplankton species 

Skeletonema costatum, Thalassionema nitzschioides, Gonyaulax tamarensis, 

and Peridinium trochoideum at St. 1 and 15. T. nitzschioides seems to 

accompany these copepods particularly at St. 1. 

Of the next ~ain group of autochthonous copepods, which have 

their main maximum in autumn, Pseudocalanus elongatus and Acartia longi

remis seem also correlated to Thalassionema nitzschioides. The bulk of 

this group, however, Temora longicornis, Centropapes hamatus, Oithona 

similis, and Limacina retroversa show a seasonal distribution similar 

to another group of phytoplankton species, Ceratium lineatum, Ceratium 

fusus, and Coccolithus huxleyi. The species Acartia clausi, Podon poly

phemoides, and Evadne nordmanni seem to have an occurrence similar to 

Coccolithus huxleyi, Nitzschia delicatissima, and Thalassiosipa decipiens. 

At the outermost station 18, Podon polyphemoides, Evadne nordmanni, and 

Peridinium trochoideum have identical seasonal variations with correla

tion coefficient 1.0. 

SUMMARY 

1. Zooplankton samples were collected every month or every fort

night from February 1963 to July 1966 at permanent stations in Trond

heimsfjorden on the West Coast of Norway. The samples were taken in 
2

single hauls with a 0.1 m Juday net. Simultaneously, data on tempe

rature, salinity, oxygen, and phytoplankton were collected. 

2. Topographically, Trondheimsfjorden consists of four main 

basins, separated by thresholds. The hydrographic data indicate an 

estuarine circulation in the upper layers of Trondheimsfjorden. Inflows 

at deep and intermediate levels occur several times a year, but both the 

numbers and the strength of the inflows are reduced succesively when the 

thresholds are passed inwards in the fjord. 

3. The copepods dominated the zooplankton during all seasons. In 

the upper 100 m the variations were mainly due to succession of diffe

rent species, while in the deeper layers the variations were due to 

fluctuations of permanent members of the community. Calanus finmarchicU8 
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was the dominating copepod at all seasons and in all layers. In autumn, 

however, a number of small zooplankton were important. (PseudocaLanus 

eLongatus J Temo~a Lonpicornis J Centropapes hamatus, Acartia longi~emisJ 

Oithona similis J Limacina retroversaJ Podon polyphemoides J Evadne nord

manni. ) 

4. The volume of the zooplankton was measured by the displace

ment method. The variations in the upper 100 m in the main fjord indi

cated that in the outer fjord, two or three maxima occurred annually, 

while in the inner part the number of peaks was reduced. Below 100 m 

the volume maximum occurred in summer and autumn. In both layers the 

volume varied from year to year as well as from the outer to the inner 

fjord. The fluctuations seemed to some extent to be correlated to 

hydrographic events, indicating a relation between zooplankton abun

dance and water exchange with areas outside the fjord. 

5. The different copepods and non-copepods were analysed in terms 

of variation of number, stage distribution, propagation, and vertical 

distribution. For a number of specimens, length distribution was also 

measured. For each species its relation to environmental conditions 

is discussed. 
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