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northwestwards into the Norwegian Sea to feed in carly April. The hemmng enters areas with
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distinct oceanographic features both horizontally and vertically in the frontal zone between

northeastwards and further north- and northwestwards from the Faroe Islands as an unstable
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frontal jet.

To investigate the influence of sea temperature on the distribution and migration of herring,

we performed two synoptic transects with the research vessels R/V "G.O. Sars” and R/V

nrras =7

'Hakon Mosby" in April 1997. The R/V "G.0O. Sars” recorded the herring distribution by echo

integraiion, iracked selected schools by sonar and took samples by pelagic trawl, while R/V
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ar vehicie, undulating from sea surface to 30 depth
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cen sea temperature, herring distribuiton and mgrauons horizontaily and
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y combining the synoptic recordings from the two research vessels.
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Introduction

Arctic water is characterised

The polar front between warm Atlantic water and cold
decline in temperature together with high concentrations of zooplankton (Bli
We presume the front offers profitable foraging on zooplankton for actively feeding herring
that are highly motivated by hunger proceeding the non-feeding periods of overwintering and
spawning (Ngttestad et al. 1996, Fernd et al. 1998, Slotte 1999). The relationship between
herring distribution and temperature is Iikely to be indirect, possibly through effects on
biological production. There is generally higher concentrations of phyto- and zoopiankton in
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ironial areas (Wiborg 1955; Mann and Lazier 1991), and this will attract peiagic fish to such
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horizontal temperature range herring will experience during the feeding migration. Herring in
the Norwegian Sea are also known to perform substantial seasonal variations in vertical
distribution (Devold 1963; Ngttestad 1999), influencing the herring’s vertical temperature
range (Misund et al. 1997a).
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After spawning
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herring in recent years migrate out in the Norwegian Sea through a corridor between 67°N

and 68°N (Micund et al. 1992) ult herrine follow the nlankton bloom northwestwards in
angd ¢ (Masund et al,, [9Ys). Acduif hernng follow the plankion DIio0m Nornwesiwaras 1n
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ar front during the feeding migration after the sto

{Rgttingen 1989; 1992: Dragesund et al., 1997; Misund et al., 1997b; Vilhjalmsson et al,,
1997). In the sixties, on the other hand, herring were fonnd feeding along the cold front east

B
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Iceland, Norway and Russia (Anon 1997b).

The spring movements of the herring may be governed by the seasonal changes in the
production and distribution of their food (Ferns et al., 1998). Biological spring spreads north
and north-west across the Norwegian Sea along the line of the branches of the Atlantic
current. Pavshtiks (1959) suggested that the larger herring move from region to region feeding
heaviily on the pre-spawning concentrations of Calanus finmarchicus to reach the polar front

ai the titne of biologicai spring when Calanus hyperboreus is abundant in the cold water.
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Thus, temperature preferences connected to food concentration and distribution are believed
to give nseful information and knowledge on herring distribution (see also Maravelias and

Reed 1995). The problem is although complex and a simple interpretation does not seem
applicable, because the nature of the migratory mechanism is not fully understood (Harden

Jones 1968; Fernd et al., 1998).

The purpose of this cruise was primarily to study the relationship between the physical and
biological environment and the migration behaviour of herring schools in the Norwegian Sea.
This field work aimed to give a synoptic view of herring distribution and migration in relation
io temperature distribution using a SeaSoar undulating sensor. Two research vessels were
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V "Hakon Mosby”, and the spatio-temporal temperature profiles
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used, RV "G.0.Sars” and R/
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& spatio-teinporal scale (imicro- to meso-scale) (Levin, 1992;

fish and plankton were made onboard R/V ”G.0 Sars” from 6-22 April 1997 by a calibrated

the recordings and allocation of area backscattering strengths (s,) to species. The s, —
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300 m, pulse: FM auto, gain: 9, display gain: 9, TVG: 30 log R, AGC: weak, Normalization:
weak, Ping-to ping filter: weak. The sonar is connected to a HP 9000 work station with
software for detection and measurements of schools. This schooi detection system was
operated with the following settings; minimum range; 50 m, maximum range: 300 m, colour
detection threshold. 15, detection radius: 30 m, minimum gap: 5 m, minimum width: 5 m,

minimum interval: 3 m, minimum detection pings: 4 (Anon 19973).

during their feeding migration in the Norwegian Sea. A differential geographical posistioning
system (dGPS) was applied for precise positioning of the tracked schools. In addition to
depth, direction and speed of migration and the search path of schools in different areas, the
school dynamics was studied by recording intra- and interschool events obscrved on the sonar

o - -
Trawl stations by use of the Akra-trawl with a vertical opening of about 30 m were taken to
identifv the snecies. At each trawl ctation CTD and MOCNESS statinne wera alen takan tn
identify the species. At each trawl station CTD and MOCNESS stations were also taken to
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ASCTI-files with acoustic data from the echosounder (BEI) was imported to SAS system for
Windows, Release 6.12 for further analyses. Graphical output on acoustic herring

Version 5.0.1.

Herring survey

For mapping distribution, recording abundance and tracking selected herring schools, an area
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between was surveyed by a reguiar grid with 30 nautical
mile spacing north-south (Figure 1). In nine cases a proper herring sample was caught by the
pelagic trawl. The herring in the area averaged 31.3 cm and 0.203 kg. The herring catches
contained more than 50% females. The weather conditions were rather bad during the
surveys, and we had wind stronger than 25 ms™ (Baufort force 6) for 12 of the 15 days at sea.
In three occations when the wind was about 45 ms*® (storm) we had to turn the vessel up

againsi ihe waves and reduce the speed.
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7 there were considerable horizontal and veriical gradients in the sea iemperature
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/ distribuied between 1-5°C (Figures 3 & 4).
The herring made diurnal vertical migrations from between 300-400 m depth during the day

to above 50-100 m during the night. The temperature range between the surface area and 400

m depth was up to 4°C in some areas. Distribution of herring aiong the horizontal (east-west)

and 67°00° N showed that herring did not cross the 2°C isotherm.

transects at 66°30° N
However, tracked herring schools were sometimes observed in deep water masses below 2°C

for shorter periods (Figure 5). The temperature in the area surveyed was characteri

distinct front from east to west which had its direction north — south at abont 0°. At 50 m

o o . .
depth the temperature was about 4° C at about (°, decreasing westwards and increasing
eastwards. At 300 m depth the temperature was about 2° C at about 0°, and similarly
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in different positions within the study area (Figure 6). The schools were distributed all over
the survey area, and occured at depths from about 20 m to about 350 m. Generally, the
schools were swimming at depths from 150-350 m during davtime (08:00-18:00), ascended to

on the echosounder within a distance of 5 nm varied between 0 and 13 distinct schools along
the predetermined transects. After dawn the schools generally spread out close to surface to

form loose shoals with low relative density, while reorganized into tight schools in the
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the distribution area of the herring schools, nor were any fish predators caught during the
rather intensive trawling. Herring schools were observed to migrate vertically during the

reaction reflects antipredator behaviour, and the response variation may be caused by

differences in the state of the schools.

Inspections of stormach content showed C. finmarchicus, Euphausiids and Chaetognaths to be

important food items. At one station apparent feeding on larger food items. Chaetognaths and

C. hyperboreus at almost 400 m depth during day time was observed.

OFEY Nt ahidias arn hagronoe J= WAL VPSR B £ DU, SRR T, [ SR, SR | L. i
Gstvedt 19963. Most studies are, however, descriptive and liitle is published about the factors
that govern spatial distribution (see Femo et al., 1998). Our cruises attempied to combine
synoptically an acoustic exploration survey of hermring and an environment explotiaiion and
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in their blood than those taken from water warmer than 2 °C. T

cells proliferate in fish in cold water (Cushing, 1968). With decreasing temperature enzymatic
processes slow down and thereby also the chloride-secretion over the gills for marine fish, and

if the bodyfluids ionic concentrations becomes altered, it may bee lethal to the fish

periods (Misund et al., 1557a; 1998), the effect that temperature has on membrane transport

r the outer distribution of these marine fish species.
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(Misund et al., 1997h). The herring did not cross the cold front although feeding cond

s=

boundary areas, which are associated with high productivity ( Maraveliastand Reid, 1995).
Since there is a preference towards these areas one might suggest that he;ring_. to forage
optimally, stay in the warmer waters because of the benefits from higher swimming
capabilities with higher water temperatures. Swimming and foraging in areas with too low
temperature may cost more than its benefits, even though food concenr.raﬁon may be highest

in the coldesi area {see Melle et al., 1954). Clearly, exireme remperatures may have a direct
K

ffect on herming behaviour, distribution and migration.

We are grateful to the captain and crew of R/V G.0.Sars for good cooperauan during the
cruise
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Figure 1. Map over the geographica

L

along 66°30° ( - . -) and 67°00° N
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?(G.0.Sars” and R/V "Hikon Mos

Figure 2. A synoptic survey design which illustrates R/V "G.O.Sars” performing acoustic mappin

with sonar and echosounder as well as pelagic trawling, Mocness and CTD stations along predefined
transects, while R/V "Hakon Mosby™ applied the ondulating SeaSoar CTD sensor to continously

monitor the temperature profile from the surface down to 300 m depth along the same transects.

Figure 3. Horizontal and vertical distribution and consentration (s,-values) of herring in relation to
temperature profiles down to 300 m along 66°30° N (002° E to 004° W). Note day/night marking and

density differences in acoustic observations, and results from stationary CTD stations included down

to 500 m along the transect. A total distance of 165 nm were analysed.

Figure 5. Migration speed, direction and depth for 32 wacked heiting schools in relation io
sea temperature and geographical position along an cast-west axis (3°00° W - 2°00° E).
Increasing length of the arrows indicate increasing migrations speed, while a colour scaie is
included to distinguish the sea temperature related to each school
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