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The vertical and horizontal distribution patterns of Zooplankton and micronekton were mapped dur­
ing three research cruises in summers 1 9 9 3 ,  1 9 9 4  and 1 9 9 5  by pelagic trawl and MOCNESS plank­
ton net sampling. The distribution patterns have been related to the distribution of water masses and 
the distribution of planktivorous fish such as herring, Clupea harengus. Zooplankton biomass typi­
cally revealed a bimodal vertical distribution with high values in the surface layer and at 2 0 0 - 6 0 0  m 
depth. This subsurface maximum contained, among others, several species of macrozooplankton 
and micronekton such as krill, pelagic shrimps and mesopelagic fish. The dominant krill species 
Thysanoessa inermis, T. longicaudata and Meganyctiphanes norvegica are widely distributed in 
the Nordic Seas, extending from the coastal areas of southern Norway in the south to the subarctic 
and Arctic water masses in the northwest. Though widespread, highest abundances of AT. norvegica 
were restricted to the warmer Atlantic waters. The pelagic shrimps Sergestes and Pasiphaea spp., 
the squid Gonatus fabricii and jellyfish Periphylla periphylla were distributed throughout the study 
area. Of the mesopelagic fishes only the lantemfish Benthosema glaciale showed a wide distribu­
tion whereas Maurolicus muelleri and Notolepis rissoi were restricted to the warm Atlantic water 
masses. Themisto libellula was the dominant amphipod in the subarctic and Arctic waters of the 
Nordic Seas. Based on trawl catches in 1 9 9 4  the total biomass of krill and amphipods was estimated 
at 5 0  and 1 1 0  million tons wet weight respectively. Biomass estimates of other groups varied from 
0 .2 5  to 11 million tons wet weight.
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INTRODUCTION

Water masses of the Nordic Seas (Norwegian, Green­
land, Iceland and western-most portion of the Barents 
Seas) are of Coastal, Atlantic, Arctic, or Polar origin. 
The circulation and the distribution of these water 
masses are strongly affected by the bottom topography 
(Johannessen  1986; B lindheim  1989).

The dominant components of the zooplankton- 
m icronekton com m unity are k rill, am phipods, 
mesopelagic fish and squids, forming major prey items 
of many commercially and ecologically important fish 
species in the Nordic Seas. These include herring 
(Clupea harengus L.), mackerel (Scomber scombrus^.), 
blue whiting (Micromesistius poutassou (Risso)), cod 
(Gadus morhua  L .), haddock (M elanogrammus 
aeglefinus (L.)), redfish (Sebastes spp.), and salmon 
(Salmo salar L.) ( T im o k h in a  1974; Z ila no v  1982; 
M agnusson  &  P alsson  1988; H olst & al. 1993; M elle 
& al. 1993a; D a lpa d a d o  & al. 1996; B jella n d  &  
M o n s t a d  1997). S tudies o f the d istribu tion  of

Zooplankton and micronekton are therefore important 
in understanding their role in the ecosystem.

Previous investigations have shown that the domi­
nant krill species Thysanoessa inermis (K royer , 1846), 
T. longicaudata (K royer , 1 846) and Meganyctiphanes 
norvegica (M . Sa r s , 1 8 5 7 ) are widespread, occurring 
in Coastal, Atlantic and Arctic water masses in the Nor­
dic Seas, with the latter species being most abundant in 
Atlantic waters (E inarsson 1945; D unbar 1964). Of the 
pelagic amphipods, Themisto spp. dominate with T. 
abyssorum (M andt , 1 822) and T. compressa being pre­
dominantly subarctic and T. libellula (B oeck , 1 870) 
predominantly Arctic (D u n b a r  1 9 6 4 ). Among the 
micronekton, jellyfish Periphylla periphylla (P éron &  
L esueur , 1809), squid Gonatus fabricii (Lichtenstein, 
1818), and lantemfish Benthosema glaciale (R ein h a r d i, 
1 8 3 7 )  are distributed throughout the Nordic Seas 
(G ju sæ ter  &  K a w ag u ch i 1 9 8 0 ; FossÂ & al. 1 99 4 ; 
B jc r k e  1 9 9 5 ). The pearlside M aurolicus muelleri 
( G m e l in , 1 7 8 8 )  appears to be the most abundant 
mesopelagic fish in the Norwegian deep, forming dis-
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Fig. 1. Schematic presentation of water masses in the Nordic 
Seas. A-C = Atlantic/Coastal; A-A = Atlantic/Arctic.

tinct scattering layers at 100-200 m (G jq sæ t e r  1981; 
G o o d so n  &  a l. 1995; K a a r tv e d t  &  a l. 1996; T o r g er se n  
&  a l. 1997). Though the zoogeographical distribution 
of these organisms is known, there is limited informa­
tion on the vertical distribution patterns as well as abun­
dance or biomass estimates within the Nordic Seas.

The primary aim of this study was to describe the 
horizontal and vertical distribution patterns of the ma­
jor macrozooplankton and micronekton during summer 
in the Nordic Seas. Investigations were carried out dur­
ing the summers of 1993, 1994 and 1995. The distribu­
tion patterns of krill, amphipods, pelagic shrimps, 
squids, jellyfish and mesopelagic fish, are discussed in 
relation to water mass distribution (Coastal, mixed 
Coastal/Atlantic, Atlantic, mixed Atlantic/Arctic, Arc­
tic, and East Arctic). In addition, attempts were made 
to estimate the biomass of these organisms in the study 
area. Finally the distribution of Zooplankton in relation 
to the distribution of planktivorous herring, which has 
its main feeding grounds in the Nordic Seas is also dis­
cussed.

Table 1. Surveys in the Nordic Seas in summers 1993-1995.

Research
vessel 1993 1994 1995

Johan Hjort 29Jul-15Aug 5M -22M 7Jul-2Aug
G.O. Sars 24Jul-16Aug 30May-30Jun 25May-22Jun
Michael Sars 9M -31M 16Jul-15Aug

MATERIAL AND METHODS

Surveys in the Nordic Seas were undertaken on board R/Ys 
G.O. Sars, Johan Hjort and Michael Sars (Table 1). The dis­
tribution patterns were determined by sampling with a pelagic 
trawl. We have also used krill data from the MOCNESS plank­
ton sampler ( W ie b e  & al. 1976, 1985) as the trawl mostly 
catches the larger sized krill. MOCNESS data for amphipods 
were not available. No trawl catch data were available for the 
jellyfish in 1993.

A pelagic trawl (Ákra trawl, see V a l d e m a r s e n  &  M is u n d  

1995) with a 30 X 30 m mouth opening was used to sample 
the macroplankton and micronekton. The cod end mesh size 
was 10 mm (stretched). The mesh size in the front of the cod 
end was 38 mm. Inside the 38 mm mesh net was a 20 m long 
inner-net with 16 mm mesh size. The trawl was fitted with a 
Scanmar depth sensor. The towing speed of the vessel was 
3-4 knots. In 1993 trawl hauls were taken only at the surface 
(0-30 m), whereas in 1995 most hauls were taken between 
0-3 0m with only few hauls covering 500-0 m. In 1994 the 
hauls were usually taken at three depth intervals, 30-0,200-30, 
and 600/bottom to 200 m. The present data are based upon 
92, 232 and 181 trawl hauls in 1993, 1994 and 1995 respec­
tively (Table 2). The distribution patterns of macroplankton 
and micronekton presented in this study are mainly based on 
trawl catches obtained in 1994 because of the higher frequency 
of catches covering 600-0 m depth range in that year com­
pared to 1993 and 1995. Data on the distribution of krill were 
supplemented with catches from the MOCNESS in 1994. 
MOCNESS samples were taken at most trawl stations. Tern-

Table 2. Number of trawl stations in different water masses 
and depth intervals 0-30, 30-200 and 200-600 m; -  = no data.

1993 1994 1995

Coastal
0-30 m 2 9 13

Coastal/Atlantic
0-30 m 30 27 35
30-200 m - 5 3
200-600 m - 4 3

Atlantic
0-30 m 39 35 94
30-200 m - 9 4
200-600 m - 8 4

Atlantic/Arctic
0-30 m 6 43 10
30-200 m - 11 1
200-600 m - 9 1

Arctic
0-30 m 12 37 11
30-200 m - 13 1
200-600 m - 12 1

Arctic East
0-30 m 3 6 -

30-200 m - 2 -

200-600 m - 2 -
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Fig. 2. Salinity at depths 10 m (A) and 100 m (B) in 1994. Locations of trawl stations are indicated by triangles.

perature and salinity data were obtained using a CTD drop 
sonde at all trawl and MOCNESS stations.

The biomass estimates are based only on trawl catches in 
1994 (0-600m). For each trawl haul the wet weight per square 
meter was calculated based on catch and trawl data (depth 
interval, effective opening, distance trawled). The total 
biomass of organisms in the study area was estimated by a 
computer program using Map-Library developed by W e s t g ä r d  

& al. (1988). Map-Library uses the subroutine package GPGS- 
F (Anon. 1984) which contains all basic functions for geo­
graphical presentation of curves and alphanumeric data. The 
program integrates a variable over an area to estimate the to­
tal amount present.

For krill and amphipods the herding effect of the large 
meshes in front of the trawl is presumably negligible, and the 
effective mouth opening of the trawl was set to 10m2, identi­
cal to the mouth opening of the 16 mm mesh inner-net. In a 
similarly constructed trawl, G o d o  & al. (1994) found insig­
nificant herding effect on juvenile cod smaller than 65 mm, 
and Yaldemarsen (Institute of Marine Research, Norway, pers. 
commn) estimates an effective catch opening of 30 m2 ± 10 m2 
on the trawl to sample young cod. This 30 m2 effective open­
ing is used in estimating the biomass of larger organisms such 
as squid, mesopelagic fish and shrimps.

On the basis of temperature and salinity data obtained at 
different depths (10, 100, 500 m) from all three years and 
using the description of water masses given by J o h a n n e s s e n  

1986 and B l in d h e i m  1989, the Nordic Seas were divided into 
the following six hydrographic regions: 1) Coastal water, 
2) Mixed Coastal/Atlantic water 3) Atlantic water, 4) Mixed 
Atlantic/Arctic water, 5) Arctic water and 6) East Arctic. A 
schematic presentation of the water masses in the Nordic Seas

is presented in Fig. 1. Salinity and temperature data at indi­
vidual stations were used to c lassify  into d ifferen t 
hydrographic regimes. We have only presented salinity data 
from 10 and 100 m from 1994 (Fig. 2A, B).

STATISTICAL ANALYSES

Statistical analyses were only performed on biomass data 
from trawl catches in 1994 as trawl samples from be­
low 30 m depth were few in 1995 and lacking in 1993. 
The aim of these analyses was to describe the distribu­
tion of biomasses in relation to major water masses. 
The favoured method of analysing the distribution data 
would have been a multivariate direct gradient analysis 
(ter B raak  &  P rentice 1988), relating biomass of the 
taxa to parameters reflecting links to other trophic lev­
els and advection. The only environmental variables 
available to us, however, were salinity and temperature. 
We used salinity and temperature to classify sampling 
stations according to water masses. Assuming that 
advection and trophic relationships determining popu­
lation size vary between water masses, we performed 
an indirect gradient analysis relating water mass classi­
fications (see description above) to the ordination of 
trawl stations using detrended correspondence analy­
sis, DCA (ter B raak &  P rentice 1988).

Among the indirect methods we preferred ordination 
techniques (e.g. DCA) over classification by cluster 
analysis as we believed changes in biomass to occur
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Fig. 3. Horizontal distribution of krill in the Nordic Seas in 
summer 1994, based on pelagic trawl catches from 600-0 m.

gradually between water masses. If environmental gra­
dients are long the taxa are inclined to show a unimodal 
rather than a linear response curve (ter B raak  1988, 
1990; ter  B raak  &  P rentice 1988). For example, over 
a long temperature gradient (wide temperature range) 
biomass of a species does not increase continuously but 
reaches a local maximum at the optimal temperature, 
showing a unimodal response curve. The length of the 
major gradient of the ordination can be used to decide 
whether response curves are linear or unimodal (ter

B raak &  P rentice 1988). In DCA the axes are in stand­
ard deviation (SD) units and if gradients are longer than 
2 SD units then response curves are probably unimodal 
and ordination methods using weighted averaging (such 
as DCA) are preferred to linear least-squares methods 
such as principal component analysis (ter  B raak  &  
P rentice 1988). In our data the length of the major gra­
dient plotted along the first axis was 3 SD and we chose 
the DCA.

The DCA was run in CANOCO 3.11 (ter  B raak  
1988, 1990). Prior to the analysis biomasses were log- 
transformed and within CANOCO rare species were 
down-weighted (ter B raak  1988) to reduce the influ­
ence of extreme values on the ordination results. The 
results were displayed using CanoDraw 3.0 (S milauer  
1992).

RESULTS

Krill distribution based on trawl data
Krill were widely distributed in the Nordic Seas in 1994 
(Fig. 3) covering the entire sampling area ranging from 
64°N to 79°N and from 20°W to 20°E. In the Coastal 
and mixed Coastal/Atlantic waters the biomass of krill 
was generally low with the highest values of 1.4 and 
1.6 g m-2, respectively, in depths of 200-600 m in 1994 
and 1995 (Figs 8 & 9). Krill were present in 6 out of 
the 8 stations taken in Atlantic waters in 1994 between 
200-600 m. The highest mean biomass of 8.3 g m-2 in 
1994 was recorded between 200-600 m (Fig. 10B). In

No. m-2
•  > 20.1
•  15.1 - 20.0
•  10.1 - 15.0
•  5.1 - 10.0
•  0.1 - 5.0
o 0.0
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80(
700/bottom - 0 m

• •
•o

10° 10°

Fig. 4. Horizontal distribution of T. longicaudata in the Nordic Seas in summer 1994, based on MOCNESS profiles from 
200-0 m (A) and 700m/bottom - 0 m (B).
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Fig. 5. Horizontal distribution of amphipods in the Nordic Seas 
in summer 1994, based on pelagic trawl catches from 600-0 m.

the mixed Atlantic/Arctic waters the highest biomass 
was also recorded from 200-600 m (mean 4.3 g m-2; 
SD = 7.1) (Fig. 1 IB). Compared to other water masses, 
the biomass of krill recorded in the cold Arctic waters 
was high (mean 31.0 g m-2; SD = 41.8) with the great­
est biomass values found again between 200 and 600 m 
(Fig. 12B). In 1994 large krill biomass (210.7 g m-2) 
was recorded in one out of the two stations between 
30-200 m in the East Arctic waters (Fig. 13).

Krill were found sporadically in the 0-30 m trawl 
hauls in 5.4, 10.2 and 1.2 % of the stations in 1993, 
1994 and 1995 respectively. The data give no indica­
tion of a day and night variation of their presence in the 
surface layer.

Krill distribution based on MOCNESS samples from 
1994
Though the largest size-fraction of Meganyctiphanes 
norvegica (total length (TL) up to 42 mm) are not caught 
by the MOCNESS due to net avoidance, the data still 
indicate that this species is widespread with the highest 
abundances (above 20 ind. n r2) restricted to the warmer 
Atlantic and Coastal water masses of the Nordic Seas 
(not shown). The average abundance of this species re­
corded from 0-700 m was 4.3 ind. n r 2 (SD = 1E7). In 
the 0-200 meter depth range M. norvegica was only ob­
served in the southeastern part of the study region in 
June 1994.

Thysanoessa inermis (TL up to 35 mm) was recorded 
at fewer stations than T. longicaudata and M. norvegica 
(not shown). In the upper 200 m this species was found 
in the colder water masses between Iceland and Jan
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Fig. 6. Horizontal distribution of Maurolicus muelleri in the 
Nordic Seas in summer 1994, based on pelagic trawl catches 
from 600-0 m.

Mayen and near the coastal areas of southern Norway. 
The abundance of this species was lower than those of 
M. norvegica (mean 1.2 ind. n r 2; SD = 3.0). In the 
MOCNESS hauls from 700 m/bottom - 0 m this spe­
cies was found in areas surrounding Jan Mayen - Green­
land and in the central Norwegian Sea.

The smaller krill, T. longicaudata (TL up to 19 mm) 
were found throughout the study area but to a lesser 
extent in the north-east part of the Atlantic, mixed At­
lantic/Coastal and Coastal region (Fig. 4). Abundances 
of 10 ind. n r 2 were quite common with abundances as 
high as 80 ind. n r 2 observed in the upper 200 m.

Amphipods
The distribution of amphipods collected by the trawl in 
the upper 600 m in 1994 showed that the highest 
biomasses were present in the cold Arctic waters 
(Fig. 5). The larger hyperid amphipod Themisto libellula 
(TL up to 40 mm) dominated (more than 90 %) the trawl 
catches. In the Arctic waters amphipods were recorded 
in 41 %, 70 % and 60 % of the stations sampled in 
1993, 1994 and 1995 respectively. In these waters they 
were present at all depths in 1994 and 1995 with the 
greatest biom ass recorded betw een 30-200 m 
(Fig. 12B, C). The highest mean biomass of 110 g m-2 
(SD =265.4) was recorded in 1994 at a depth of 
30-200 m.

In the mixed Atlantic/Arctic waters amphipods were 
observed only in 1994 and 1995. They were found at 
all depths from 0-600 m, with the largest biomass (mean 
= 6.7; SD = 9.7) at 200-600 m in 1994 (Figs 11B, C).

Amphipods were not found in Coastal waters in 1993,
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Fig. 7. Horizontal distribution of Notolepis rissoi in the Nor­
dic Seas in summer 1994, based on pelagic trawl catches from 
600-0 m.

1994 and 1995 (Fig. 8). In the Atlantic and mixed 
Coastal/Atlantic waters, amphipods were found at only 
a few stations with mean biomass varying from 0.08- 
0.50 g m“2 (Figs 9 & 10).

Shrimps
Pelagic shrimps, Sergestes and Pasiphaea spp. (TL up 
to 55 and 127 mm respectively) were widely distrib­
uted in the Norwegian, Iceland and Greenland Seas with 
the highest biomasses in deeper waters, 200-600 m (Figs 
8-13). In the Atlantic waters these organisms were ob­
served at more than 95 % of the stations. The mean 
biomasses in 1994 and 1995 were similar (1.3 g m-2) 
and were recorded at 200-600 m depths only. In the 
mixed Coastal/Atlantic waters the highest biomasses 
were also observed below 200 m, being 0.8 and 2.2 
g n r 2, respectively for 1994 and 1995 (Fig. 9). In the 
Atlantic/Arctic waters the biomass of shrimps was low, 
with the highest mean biomass (1.3 g m-2) recorded at 
200-600 m (Fig. 11). Very low biomasses were also 
recorded from Arctic waters (Fig. 12).

Shrimps were rarely present in the upper 30 m. Only 
in 10 of the 505 stations were shrimps recorded with a 
mean biomass of 0.027 g m-2.

Jellyfish Periphylla periphylla
The jellyfish P. periphylla showed a wide distribution 
(Figs 8-13). In the Coastal waters it was recorded only 
in 1995 at 0-30 m depths at very low abundances (Fig. 
8). In the mixed Coastal/Atlantic waters this species was 
found at all depths with the highest mean biomass of

1.5 g n r2(SD = 1.6) from 200-600 m in 1994 and 1.0 
g n r 2 ( SD = 0.9) between 30-200 m in 1995. In the 
Atlantic and mixed Atlantic/Arctic waters the biomass 
of this species was usually higher than in the Coastal 
and mixed Coastal/Atlantic waters, being highest be­
low 200 m. The mean biomass in the Atlantic and mixed 
Atlantic/Arctic waters was usually around 6.0 g m-2. 
The largest biomass of 7.4 g m-2 (SD = 4.4) recorded 
for the jellyfish P. periphylla in this study was also be­
tween 200 and 600 m in the Arctic waters indicating 
this species to be deep oceanic (Fig. 12B).

Squid Gonatus fabricii
This species is widely distributed, with lowest biomass 
in the Coastal, Coastal/Atlantic and Atlantic mixed wa­
ters (Figs 8-13). In these water masses the mean biomass 
varied between 0.16 and 3.5 g m-2.

In the mixed Atlantic/Arctic waters G. fabricii was 
found at more than 70 % of the stations sampled. In 
these waters the largest biomasses were recorded in the 
surface waters (0-30 m), 2.5 and 0.2 g m-2respectively 
in 1994 and 1995 (Fig. 11). Also in the Arctic waters 
this species was present in more than 70 % of the sta­
tions with the highest biomasses in the surface layer. 
The highest mean biomass (5.5 g m-2; SD= 10.6) re­
corded for G. fabricii in this study was from Arctic 
waters in 1994.

Mesopelagic fish
B e n t h o s e m a  g l a c i a l e .  Data from 1994 showthat 
lantemfish B. glaciale (TL up to 15 cm) was widely 
distributed, with the highest mean biomass (2.9 g m-2; 
SD = 1.2 ) being observed in the warmer Atlantic wa­
ters (Figs 8-13). In 1995 this species was present at all 
9 stations covering 200-600 m in different water masses, 
confirming its wide distribution (Figs 8-12). The larg­
est mean biomass in 1995 was 4.4 g m-2 in the Atlantic 
waters; the second largest was 3.4 g m-2 in the mixed 
Coastal/Atlantic waters (Figs 9 & 10). The biomasses 
in the colder waters were comparatively lower (0.8 and 
0.08 g m-2 for 1994 and 1995 respectively). The species 
was recorded only below 200 m. B. glaciale was not 
recorded between 0-30 m in 1993.

M a u ro  l ie  us m u e l l e r i .  In the present study M. 
muelleri (TL up to 6 cm) was largely restricted to the 
mixed Coastal/Atlantic waters indicating that it is a typi­
cal warm water species (Figs 6, 8-13). In 1993 (0-30 
m) M. muelleri was recorded only at 3 of 30 stations in 
mixed Coastal/Atlantic waters. This species was present 
at most stations taken between 30-600 m in the mixed 
Coastal/Atlantic waters in 1994 with the highest biomass
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being restricted to 30-200 m (Fig. 9B). In the surface 
layer this species was present in 1 of 30 stations. In the 
A tlantic and m ixed A tlantic/A rctic w aters, low 
biomasses (< 0.001 g n r 2) ofM  muelleri were observed 
at only a few stations. In 1995 the pearlside was re­
corded also in Coastal/Atlantic waters in 1 of 35 sta­
tions (0-30 m) and 1 of 3 stations between 200-600 m.

N o t o l e p i s  r i s s o i  (B onaparte, 1840). The horizon­
tal distribution of this species for 1994 is shown in Fig 
7. This species was restricted to the warmer Atlantic 
and mixed Coastal/Atlantic and Atlantic/Arctic waters 
of the Nordic Seas. N. rissoi (TL up to 2 8  cm) was only 
recorded at one station with small biomass (0 .5  g n r 2 ) 
in the Arctic waters both in 1994 and 1995. This spe­
cies was only recorded below 30 m depth with highest 
biomasses restricted to the deepest waters (2 0 0 -6 0 0  m). 
In the mixed Coastal/Atlantic waters the mean biomasses 
recorded for 1994  and 1995 were 1.0 and 0 .5  g n r 2, 
respectively. The highest mean biomass of A. rissoi was 
recorded in Atlantic waters in 1994 (1 .2  g n r2, SD = 1 .0 ) 
at 2 0 0 -6 0 0  m (Figs 9 & 10). In the mixed Atlantic/Arc- 
tic waters the mean biomass was 0.9 g n r2 between 200- 
6 0 0  m in 1994 , and 0 .0 4  g n r 2 at 2 0 0 -3 0  m and 0 .6  g n r  
2 from 6 0 0 -2 0 0  m in 1995 (Fig. 11).

The total biomasses in the study area o f krill, 
amphipods, shrimps, squid G. fabricii, jellyfish P. 
periphylla, mesopelagic fish AT. muelleri, N. rissoi and 
B. glaciale are summarized in Table 3.

STATISTICAL ANALYSIS

DCA of the biomasses from all depth layers was domi­
nated by the high biomasses of squid G. fabric ii, 
amphipods, and euphausiids caught in the upper 30 m 
(Fig. 14). The DCA also indicated that the highest 
biomasses in the upper 30  m of these three taxa were 
mostly found in Arctic waters. The other taxa included 
in the analysis were generally not abundant in the up­

per 30 m catches. The two first axes explained 44.5 % 
of the total variation in the data. To emphasise the vari­
ation among the deeper trawl hauls the samples from 
the upper 30 m were excluded from the data before the 
DCA was run again.

The result of the DCA after exclusion of the 0-30 m 
hauls from the data is shown in Fig. 15. The two first 
axes explained 49.3 % of the total variation in the data. 
Symbols used in the ordination diagram are from the 
non-numerical classification of water masses and the 
depth of sampling. With some variation, the first axis 
represents a gradient from Arctic to Atlantic water 
masses, and the second axis a depth gradient (Fig. 15). 
Sample score on an ordination axis is the value of the 
eigenvector in a sample and in DCA a weighted aver­
age of species scores (e.g. ter B raak  1988). Sample 
scores of Atlantic stations on the first axis range from 0 
to 1.75 and Arctic stations from 1.5 to 3.25. Mixed At­
lantic/Arctic stations were generally found between 
these extremes. The mixed Coast/Atlantic and Eastern 
Arctic stations did not cluster in separate groups but 
rather mix with the Atlantic stations (Fig. 15). This was 
probably related to the vertical distribution of water 
masses at these stations, with Coastal or Arctic water 
on top of Atlantic water masses. Thus, samples from 0- 
200 and especially 200-600 depth should resemble the 
Atlantic stations in the ordination output.

Species (taxa) score is the eigenvector coefficient and 
the centre of the unimodal species curve in DCA (e.g. 
ter B raak  1988). In an ordination plot it shows the 
positions of the biomass maximum on the axes, and the 
taxa have highest biomass at the stations in the vicinity 
of the maximum (ter B raak  1988). Amphipods and 
euphausiids were the taxa most closely associated with 
the Arctic water masses (Fig. 15). In the mixed Atlan­
tic/A rctic w aters and tow ards A tlantic w ater P. 
periphylla, G. fabricii, shrimps and .B. glaciale displayed 
maxima in biomass. The most typical Atlantic species 
were A. rissoi andAT. muelleri (fig.  15). Taxa far out at

Table 3. Distribution and total biomass of macrozooplakton and micronekton in the Nordic Seas based 
on trawl catches in summer, 1994.

Group/species Horizontal
distribution

Vertical
distribution

Total biomass 
(Million tons 
wet weight)

Krill wide* mostly < 200 m 50.00
Amphipods Atlantic/Arctic 600-0 m 110.00
Shrimps wide* mostly < 200 m 1.60
Gonatus fabricii wide* mostly > 30 m 4.10
Periphylla periphylla wide* mostly < 200 m 11.00
Maurolicus muelleri Atlantic/coastal 30-200 m 0.25
Notolepis rissoi Atlantic/coastal mostly < 200 m 1.30
Benthosema glaciale wide* mostly < 200 m 2.30

*wide = covering Coastal, Atlantic and Arctic water masses.
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Fig. 11. Vertical distribu­
tion of macrozooplankton 
and micronekton in mixed 
A tlantic/A rctic  waters 
based on pelagic trawl 
catches from 1993 (A), 
1994 (B) and 1995 (C). In 
1993 traw l hauls were 
taken only at the surface 
(0-30 m).
+ = low biomass values 
not evident on scale. 
Hatching code as in Fig. 9.
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Notolepis A B
„ +

Maurolicus

Benthosema +

Periphylla i
il :

Gonatus + 1 
. +

Shrimps + ■

Am phipods
] Jjj

Krill
+

g m
3 0 50 100 150

g m'2
10 15 20 25

g m'2

East Arctic waters 
1993 1994

Fig. 13. Vertical distribu­
tion of macrozooplankton 
and micronekton in East 
Arctic waters based on 
pelagic trawl catches from 
1993 (A), 1994 (B). In 
1993 traw l hauls were 
taken only at the surface 
(0-30 m).
+ = low biomass values 
not evident on scale. 
Hatching code as in Fig. 9.

Notolepis

Maurolicus

Benthosema

Periphylla

Gonatus

Shrimps

Am phipods

Krill

0 0.05 0.1 0.15

zæszzzzzszæza

g m ‘ g m



112 Sarsia 83 : 103- 116 -  1998

Site classes
ARCTIC 0-30 n1 V
Other 0-30 m A
Below 30 m O

Species •

MAUROLICUS

a EUPHAUSIIDS

V

o o
O  O  O  O A 7 AMPHJPODS

•  °4 °o  N
0  O V* v

O O VA
O  O O  g o n a t u s

0 O o° O

0 f l ^ 0?>CP 0Q  Q  PERIPHYLLA

o 03
► BENTHOSEMA

 i o  Q  i__________ i__________ i__________ i__________ iu •.......... ITT

NOTOLEPIS

Fig. 14. Ordination of trawl sampling stations in 1994 by Detrended Correspondence Analysis. In the legend ‘Species’ are taxa in 
the catches, ‘Site classes’ are trawl stations classified according to hydrography and sampling depth, ‘Other’ are hauls from water 
masses other than the Arctic and ‘Below 30 m’ are all hauls from below 30 m. Eigenvalues of first and second axis are 0.63 and 
0.31, respectively. Length of first axis is 3.4 SD. Note that number of stations shown was reduced, for the sake of clarity, by 
automated routines in CanoDraw 3.0 ( S m i l a u e r  1992).

the ends of the axes should be interpreted with some 
care, however, since they contribute less to the ordina­
tion (ter B raak  1988).

The second axis distinguishes between the shallow 
hauls 30-200 m at the positive end of the axis and the 
deeper hauls 200-600 m at the negative end. The mixed 
Coastal/Atlantic and Eastern Arctic stations showed the 
greatest discrepancy from this trend, indicating catch 
of ‘deep’ taxa in the shallower hauls. The species most 
associated with the shallow hauls was G. fabricii. P. 
periphylla, amphipods and shrimps were in an inter­
mediate position, and the species associated with the 
deeper hauls were euphausiids, B. glaciale, N. rissoi, 
and M  muelleri (fig. 15).

DISCUSSION

Data from both trawl and MOCNESS profiles show that 
krill (Thysanoessa inermis, T. longicaudata  and 
Meganyctiphanes norvegica) is widely distributed in 
the Nordic Seas. M. norvegica though widespread, is 
most abundant in the warmer Atlantic and Coastal wa­
ters. In the 0-200 meter depth range M. norvegica was

only observed in the southeastern part of the study re­
gion in June 1994. This is the main spawning season of 
krill (E inarsson  1945; D alpadado  &  Skjoldal 1996) 
and it is likely that M. norvegica came to upper waters 
to spawn. The distribution of T. inermis indicates that 
it is more of a cold water species. The low abundances 
observed in the Nordic Seas are in contrast to the Barents 
Sea, where T. inermis was the dominant krill species 
w ith abundances up to 200 individuals per m 2 
(D a lpadado  &  S k joldal  1996). In the Barents Sea 
T. inermis was largely confined to the boreal and sub 
arctic. The smallest of the dominant krill species, 
T. longicaudata, was widespread in the Nordic Seas 
with large abundances in the Arctic waters. Though 
T. longicaudata is regarded as more closely associated 
with the Atlantic waters than T. inermis (E inarsson  
1945; D unbar  1964; D robysheva  1979; D alpadado  &  
Skjoldal 1996) it has been recorded in the Arctic wa­
ters in the Barents, Kara and Laptev Seas (Z enkevitch  
1963; T imoleev 1995; D alpadado  &  S kjoldal 1996).

The biomass of krill based on pelagic trawl catches 
was estimated at 50 million tons wet weight in the up­
per 600 m. In the trawl catches, the larger M. norvegica
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(TL up to 42 mm) dominated while especially smaller 
krill as T. longicaudata (TL up to 17 mm) were prob­
ably underestimated. To our knowledge estimates of krill 
stocks in the whole Nordic Seas, based on large sam­
pling gears as trawl, are not available in literature. From 
Hensen and Juday net samples, P avshtiks &  T imokhina  
(1972) estimated the annual production of juvenile krill 
in the Nordic Seas to vary from 3.3 to 13.0 million tons 
in wet weight. With the gears used they probably did 
not sample the larger krill. Given a total area investi­
gated of ca. 1.7 million km2, we estimated a mean 
biomass of 29 g m-2 or 48 mg n r 3 in the upper 600m. In 
the upper layer of the Barents Sea, Zelikman (1958) 
estimated a krill biomass between 70 and 114 mg n r3. 
In the Weddell Sea M arr  (1962) estimated a Euphausia 
superba biomass of 29.3 g m-2 in the upper 5 m.

The large biomass of amphipods in the subarctic and 
Arctic waters is due to the larger species T. libellula 
(up to 40 mm) which is reported to be a typical cold 
water species (D alpadado  & al. 1994; D u nbar  1964). 
The smaller amphipods, T. abyssorum and T. compressa 
(< 20 mm) are most probably not efficiently collected 
by the trawl and therefore underestimated in this study.

These figures o f biom ass o f euphausiids and 
amphipods are tentative. The values should be inter­
preted with caution, as a change in assumed effective

trawl opening would have profound effects on the 
biomass estimates. The annual production of Calanus 
finmarchicus (G u n n er u s , 1770), the most dominant 
copepod in the Norwegian Sea, was estimated to be 50 
million tons (T im okhina  1964). Biomass estimates of 
krill and amphipods in this study show that these or­
ganisms constitute a major fraction of the total biomass 
of the Zooplankton, and thus are important in the eco­
system. From estimations of the biomass of euphausiids 
in many areas, studies of their food, and the array of 
predators dependent upon them for nourishm ent 
(P avshtiks &  T imokhina  1972; M agnusson  &  P alsson  
1988; D alpadado  & al. 1996; B jelland  &  M onstad  
1997) it is apparent that euphausiids form a most im­
portant link between the primary producers and higher 
trophic levels in the marine food chain. In the western 
Norwegian Sea amphipods may be of similar impor­
tance.

Herring stocks have increased due to strong year 
classes in 1983 and in the recent years (1990-1993), 
and the feeding grounds at present have extended to the 
western part of the Nordic Seas (R o ttin g en  1989; 
D ragesund  & al. 1997). Herring feeds in different wa­
ter masses through its feeding migrations in the Nor­
wegian and Iceland Seas. D a lpad a d o  & al. (1996) 
showed that herring fed almost exclusively on krill in
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February-March, in their main spawning period. These 
authors also showed that krill was important in the diet 
during the peak feeding period in May and June, espe­
cially in the Coastal and mixed Atlantic/Arctic waters, 
regions of high krill abundance.

Investigations carried out in 1995 and 1996 showed 
that the herring did not cross the Arctic Front into the 
deep Arctic waters of the Nordic Seas despite larger 
Zooplankton biomass and thus better feeding conditions 
in that region (D alpadado  & al. 1996; M isund & al. 
1997). This is presumably due to a preference by her­
ring for water warmer than 2 °C (M isund  & al. 1997). 
Thus Themisto libellula, the Arctic amphipod species, 
is probably not preyed upon by herring. In contrast, 
D alpadado  & al. ( 1996) showed that T. abyssorum was 
a dominant prey of herring in the warmer central Nor­
wegian Sea in the late summer after the peak feeding 
period. In addition to being important food of adult 
herring, krill and amphipods may also have a direct 
predatory impact on herring larvae (B a il ey  1984; 
H unter  1984).

The jellyfish Periphylla periphylla, squid Gonatus 
fabricii and pelagic shrimps, Sergestes and Pasiphaea 
spp. are widely distributed in the Norwegian, Iceland 
and Greenland Seas. The distribution pattern of 
P. periphylla recorded in this study is similar to that 
described by R ussell (1970) and FossA (1992) in that 
it is a deep oceanic species. The pelagic shrimps had 
quite a low biomass compared to G. fabric ii and 
P. periphylla. Pelagic shrimps, Sergestes and Pasiphaea 
spp., are food for many commercially and ecologically 
important fish species in the Nordic Seas such as cod, 
salmon, and redfish, but seldom for herring (M agnusson 
&  P alsson  1988; D alpadado & al. 1996; Jacobsen  &  
Ha n sen  1996; B jelland  &  M onstad 1997).

Studies by FossA & al. (1994) and B jorke (1995) 
show that G. fabricii is distributed throughout the Nor­
dic Seas, with highest densities, consisting of juveniles, 
in the upper 30 m, while the adults live below 300 m. 
B jorke (1995) reported a total biomass of 2.0 million 
tons wet weight in the upper 30 m, provided a 30 m2 
effective trawl opening. Using the same method of 
biomass calculation, we estimated a biomass of 4.1 mil­
lion tons for catches down to 600 m. Gonatus fabricii 
mainly feed upon amphipods, euphausiids and copepods 
(B jorke 1995). R odhouse &  N igmatullin (1996) as­
sumed a mean feeding rate of 3 % body mass per day in 
the ir estim ates o f global daily consum ption by 
cephalopods. Using the same mean feeding rate in G. 
fabricii the annual consumption in the Nordic Seas is 
approximately 45 million tons.

Am ong the m esopelagic fish the lan tem fish  
Benthosema glaciale was distributed throughout the

study area with the largest abundances in the warmer 
Atlantic waters. Other studies e.g. B ekker (1967) and 
G jo sæ ter  &  K a w a g u c h i (1980), have also shown 
B. glaciale to be a dominant species in the North At­
lantic. This study shows that the pearlside Maurolicus 
muelleri is a typical warm water species. M. muelleri, 
w hich is usually  found at in term ediate  depths 
(T orgersen  & al. 1997) is placed at the deeper end of 
axis 2 by the DCA (Fig. 15). This is related to the high 
biomass of this species in the trawl catches from below 
200 m in the mixed Coastal and Atlantic waters. This 
makes the distribution of the species more similar to 
the deep taxa and will tend to make all samples that the 
species occurred in more similar to the deep samples. 
Thus, a deep classification of the mixed Coast and At­
lantic samples from above 200 m.

Mesopelagic fish usually perform diurnal vertical mi­
gration, staying in deeper waters during daytime and 
coming up to the surface layers at night to feed on 
Zooplankton and micronekton (B ekker 1967; G josæter 
&  K aw aguchi 1980; G josæ ter  1973; D alpadado  &  
G josæter  1988). In the present study, the highest abun­
dances of the mesopelagic fish Benthosema glaciale and 
Notolepis rissoi were found below 200 m at stations 
sampled both during the day and at night indicating that 
these species remain in deeper waters in summer, form­
ing deep scattering layers. The differences in light 
intensities between day and night in summer in these 
high-latitude areas are rather small and they probably 
stay in the deeper waters to avoid visual predators. 
Benthosema glaciale, M. muelleri and N. rissoi mainly 
feed at depths below 100 m during summer (M elle  &  
al. 1993b). In this study large biomasses of krill, 
amphipods and shrimps, all of which are major prey of 
the mesopelagic fish (G josæter  1981; K aw aguchi &  
M au chline  1982; K aartvedt & al. 1996), were also 
found in deeper waters. Pelagic fish species as blue 
whiting and salmon are reported to be major predators 
of mesopelagic fish (Z ilanov  1982; Jacobsen  &  Hansen  
1996; B jelland  &  M onstad  1997) whereas herring is 
found to feed occasionally  on B. g lacia le  and 
M. muelleri (D alpadado  & al. 1996).
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