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Introductiom

Simce 1949, the migrations of herring in. the Norwegian Sea has
beem intensively studied. Devold (1951) has then shown that the time
amd place for the immigration of the Norwegian herring to the spawning
grounds along the west coast of Norway are closely related to hydro-
graphic condltlons, particularly temperature, During the feeding
migration in the summer the hydrographical coniditions are also im-
portant for tlhHe distribution and formation of the herring shoals
(Devold 1963, Jakobsson 1963),

Several authors have, however, shown that there is & commection:
Between the planktom conditions and the migration pattern of feeding
Herring. Review of works on. plankton herring relationship has been
given By Pavshtiks (1956) and by Jakobsson (1959, 1962).

The most extensive work on the migration of Norwegian herring in:
the Norwegian Sea im relation to plankton has been given By Pavshtiks
(1956), She found that the older age groups of the Norwegian herring
were aftfter spawning feeding mainly on the overwintering stock of
Calanus fimnmarchicus in the coastal or Atlantic waters continuing in
waters of the East Icelandic Arctic Current; they thus followed the
stift in spawning time of C, fimmarchicus. The cbservations showed
thHat the migration routes of the herrlng are related most closely to
tlie seasonal changes in the plankton.preductlon and its distribution.
Anmual fluctuations in time of the biological spring may; therefore,
cause a change in the feeding migration. of the herring.

The Norwegian investigations on herring migrétion in. the Norwe-—

- .igian Sea during May and June have been conducted since 1951 in colo--

Boration with Dammark (until 1961), Iceland, and USSR (from 1957).

In the years 1961-1964 the Norwegian part of the joint work has been
confined to the area from the Faroes along the east and north~east
coasts of Iceland to Jan Mayen. The observations made on herring,
temperature and zocplankton. during these years provide material for
this study which dem®nstrate the invasion of Norwegian herring to the
north-east coast cf Iceland in relation to these environmental
factors.

A summary of the work has been: given. ammual in. the joint reports
to the Herring Committee (Jakobsson & Ostvedt 1961, Anon 1962 1963
and 1964),

During the cruises of 1962, 1963 and 1964 the work was carried
out om a fixed number of sections with stations 20 or 40 miles apart
and at approximately the same time period (1n 1962: 26 May - 8 June,
1963: 22 May - 5 June and 1964: 27 May - 10 June) Additional ob-
servations were continued. each year until about 20 June when the
joint meeting was held, In 1961 the first survey on. the east and

north-east coasts of Iceland was undertaken during the period 7 -~ 17
June.
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Measurements on temperature and salinity have been taken. from
each station at standard depths to 500 meters. Zooplankton has been
collected by vertical hauls from 50-0 m, In 1961 and 1962 a Juday
net (diameter 80 cm, silk no. O) was used while in 1963 and 1964 a
standard Hensen net (diameter 73 cm, silk no. 3) was used instead.
The volume of each zooplankton sample was measured by the displace-
ment method and the development stages composition of C. fimmarchicus
was determined by counting 100 individuals of the species, The per-
centage occurrence of copepodites stages I-III are shown as 25%,

50%, and 75% isolines. According to a short cut method (Halgrimsson
1958), the percentage frequencis of other species or groups of species
in- the samples were also counted, but these are not considered in
detail in the present paper. For 1961 and 1962 (by Lie) only pre-
liminary data on zooplankton are available,

During these investigations herring shoals have been located
with sonar and echo-sounders and drift net was frequently used for
sampling these shoals,

Results
1961

The distribution. of herring and temperature at 20 m depth in the
period 7 - 17 June is shown in Figure 1, Herring shoals were recorded
60-70 n, miles north-east of Langanes on the 9th of June. During the
following week the herring apparantly moved further north west-ward
and dense concentrations were recorded north of Melrgkka in the se-
cond half of June. It was shown in the joint report (Jakobsson and
@stvedt 1961) that the temperature at 20 m depth on the north-east
coast was somewhat above average. In. the area where the herring
occurred the temperature at 20 m varied from 2° — 4°C (Fig. 1). The
zooplankton density off the north coast of Iceland was also higher
than in previous years, but off the east coast it was about normal.
Comparing the herring distribution with the percentage distribution
of C, fimmarchicus copepodite stages I-III (Fig. 2), it appars that
during June the herring shoals were generally encountered in the
areas with low zooplankton densities (c.f. Joint report) and with
less than 25% of C. finmarchicus in stages I-IIT, i.e. in areas where
tlie older stages of C. finmarchicus presumably the overwintering
stock, predominate”’,

According to Jakobsson (1962), 24 ,8% of the Icelandic catch in
1961 game from the area north of Melrakka during three weeks in
June~July, Later in summer the herring immigrated to the traditional
grounds on. the east coast of Iceland where young stages (I—III) of
C. finmarchicus predominated in the beginning of June. These stages -
eventually metamorphosed - forming more suitable food for the herring
in: July, '

1962

In 1962 the investigation started in the last week of May and
dense concentration of herring were observed on May 30th between
40 to 110 nautical miles north-east of Langanes (Fig. 3). The shoals
were madnly found in: waters of temperature below 3°C, extending into
watermasses of temperature below 2°C (Anon 1964 (l)). The herring
then moved quickly in a north westerly direction and on 5 June dense
concentrations were already recorded north-east of Kolbeinsegya.
Samples secured from drift net catches showed that mainly Norwegian.
spring spawners were present, but the Icelandic spring spawners had
also already immigrated the north coast. As stated in joint report
(Anon 1964 (1)), the herring concentrations were found much further
west during the first half of June in 1962 than in 1961.

The density of zooplankton off the north coast is shown in
Figure 4, In the cold waters with low densities the overwintering
stock of C, finmarchicus was predominant while in waters with maximum
densities the zooplankton consisted of Calanus in stages I-IV, In
accordance with the observation of 1961 it was found again that in
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1962 the Norwegian herring invaded the north coast, mainly keeping
to the cold water areas east and north-east of Langanes where zoo-
planktor densities were relatively low, but with a high proportion
of older stages of C. finmarchicus.

1963

The distribution of temperature and herring from 21 May to 5
Jume east and north-east of Iceland is illustrated in Fig. 5. Herring
were registrated in two regions., In the most southern region.(situa—
ted between latitudes 64°N and 65°N and about longitude 6°W) only
smaller shoals were found. Here the herring seems, however, to be
present nearly all the year round mostly scattered over a wide area.
Further north, dense concentrations were found about 150 n, miles
northi-east of Langanes in watermasses with temperature below 2°C, The
vertical distributions in relation to the temperature are illustrated
in Figures 7 and 8. The sections show that the shoals were found in
depths ranging from surface to 300 m, where the temperature varied
from> 5° to L0°C,

Thie temperature conditions in the 0-200 m layers in the area was
lower than the average for the last ten years and the 3° isotherm was
situated 120 n. miles more south-east than in 1962 (Anon,l963).

The zooplankton densities between 22 May and 5 June are shown im
Fig. 6. As pointed out in the Joint report, the density of zooplanktan.
off the north-east coast of Iceland was generally below the mean
value in comparison with previous years and considefably lower than.
im 1962. The areas with high densities (above 1.5 "7/ 3) were also
situated much further off the coast than in. 1962. In Botn yvears
C., fimmarchicus constituted the bulk of the population along the coas't
where the densities were low, In the cold waters, beside C. fin-
marchicus, C. hyperboreus, Pseudocalanus minutus, Themisto spp. and
Sagitta spp. were also numerous,

Comparing the herring distribution with the percentage distri-
bution. of copepodites of C. finmarchicus (Fig. 9) it appars that the
Herring, as in previous year, was found in watermasses predominated
by the older stages.

The herring shoals, observed north-~east of Langanes at the end
of May, seemed to move west-ward passing through the East Icelandic
current. When the observations were repeated, in the period 11 - 21
June, dense concentrations were found 19 June in the area north and
north-east of Langanes between 67°N and 68°N at 16°W (Fig. 10).

The percentage distribution of C. fimnmarchicus, stages I-IIT,
illustrated on the same figure, reveals that the invasion of herring
to the morth-east coast followed the transition area between the cold
water with a stock of adult C, fimmarchicus and the mixed coastal
watermasses with young Calanus (stages I-III). The westward migration
of the Norwegian herring in 1963 was delayed at least two weeks in
comparison to 1962 (Anon 1963).

1964
The investigation started 5 days later than in 1963. When the
area east of Langanes was surveyed on the 4-5th of June dense con-
centrations of herring were recorded 60 n. miles off Langanes (Fig.
11). The herring were mainly found in waters of 2° - 3°C on the
western: side of the East Icelandic Arctic current. The herring migra-
ted quickly further west and on 8 June dense concentrations were found
off Langanes from 67°30'N, 68°30'N and between 12°W. Drift net samples
cansisted exclusively of old Norwegian spring spawners with a mean
length of 37,5 cm.

In: the Joint report for 1964 (Anon 1964 (2)) it is shown that
the temperature off the north coast of Iceland in the uppermost
200 m was generally 1°C above normal and 2°C higher than in 1963.

The zooplankton densities in.thg same area were much lower than
in 1963, plankton volumes above 1,5 / 3 were only recorded in: a
few stations (Fig. 12). In all areas Wi%h high densdties., C. fin-
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marcliicus was the numlerous species.

The percentage distribution of C., fimmarchicus stages I-I1IT
sHown in Figure 13 reveals that the stock consisted of less than
25% young copepodites only north of latitude 66°30'N., The spawning
of C.. fimmarchicus had apparently occurred somewhat earlier this
yvear than' in 1963 when the older stages dominated over a much wider
area. This may be ascribed to the higher temperature in 1964 and an
early formation of a thermocline in the upper water layers off the
east and north-east coast of Iceland. This was followed by an. unusual
early  spring bloom of phytoplankton which thus initiated the spawning
of C. -finmarchicus (Anon 196% (2)).

Repeated observations from 11 June - 20 June showed that the
temperature quickly increased along the northeast coast followed by
an extension of the spawming area of C, finmarchicus (Fig. 14). The
herring observed north og Langanes on & June either moved further
morth or dispersed (Anon 1964). But during the first half of June
purse seéeine fishery both by Icelandic and Norwegian vessels, were
going om: further off the north coast of Iceland than in any previous.
years. However, dense concentration of herring were found on. the
1I0th of June close to the east coast of Iceland. Samples from this
area showed that also younger herring were present, constituting from.
5 - 35% of the samples.

As concluded im the Joint report the migration pattern of the
first inwvasion was similar to that in 1963, but such dense concen-
trations of herring detected also close to the east coast in the
first half of June have usually not been observed before the beginning
e July.

Discussion

_ Comparing the distribution of herring in May-June 1961-1964 it
appars that im each year the herring was first recorded east or north-
east of Langanes at the end of May and early June. During the first
or second week of June the herring shoals have migrated further west-
wards, and became mainly confined to the areas between 67°N and 68°N
and as far as about 18°V.

It should be pointed out that in 1961 and 1962 an early influx
of Iceland spring spawners from the west was observed on the north
coast, In June 1963 and 1964, however, there have only been insigni-
ficant or no immigration of Icelandic spring spawners to the north
coast,

Alttecughh the migration. pattern of the first invasion of herring
from east to the north-east coast of Iceland in the last four years
Have been rather similar, yet there seems to be variation in time
from year to year, Dense concentrations of herring were recorded at
18°W already om 5 June 1962, but the main invasion was still west of
14°¥, In 1964, herring were observed at 16°W on 8 June. In 1963, no
herring shoals were found west of 16°W until 17 June and the invasion
was delayed nearly two weeks as compared with 1962 and 1964,

When comparing these data with the temperature conditions in
June for the respective years, there is an apparent close relation-
ship. In the annual jeint reports the following tentative conclu-
sions regarding the temperature conditions off the north and east
coasts of Iceland in' early June were given: In 1961 the temperature
in the surface layers (at 20 m) on the north coast was a little above
normal on the north coast, and normal off the east coast; in 1962 the
temperature was near to the mean values for the period 1950-60, while
in 1963 below the mean values and in 1964 about 1°C above normal and
nearly 2°C higher than in 1963. It apﬁars therefore that the herring
immigrated during the "normal temperature" years of 1961 and 1962 to
the north coast in the lst or 2nd week of June, This invasion was
delayed in the cold year of 1963 and was early, especially on the
east coast, in the warm year 1964,
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When comparing the herring distribution and temperature in May~
June it will be seen that herring shoals have been recorded in waters
from about 6° to 0°C and even below 0°C (Figures 7 and 8). Allthough
dense herring concentrations are mainly found in waters above 1°C
there seems to be no clear evidence that the feeding migrations of
herring are directed by temperature conditions., In all the years
investigated herring have been recorded east or north-east of Langa-
nes migrating through the East Icelandic Arctic Current. Pavshtiks
(1956) also found that herring migrates into the cold waters (below
2°C) of the Polar current.

Jakobsson (1963) has shown that the changes in migration patfern
of herring in July-August on the north coast fishing grounds is
closely related to temperature and feeding conditions. As temperature
and planktom are closely connected, it cannot be doubted that the
plankton conditions (or rather certain species of the plankton, in
particular C. finmarchicus), are important for the migration pattern.
of feeding herring. BlakXter and Holliday (1963) have also emphasized
the importance of size and type of plankton when studying plankton
Herring relationship. Pavshtiks (1956) found that nauplii and young
copepodites of C. fimmarchicus probably are too small for the adult
hierring as food.

Although C. fimmarchicus usually constitute the bulk of the zoo-
plankton' population in the Norwegian Sea, also forms unacceptable as
herring food or young copepodites may be particularly abundant. In
thHe latter case a possibly existing positive correlation between
eatable zooplankton densities and herring may be confused. The present
data on herring plankton relationship show that during May-June herring
were mainly found in areas with relatively low zooplankton densities,
Lie (1961) also reported that herring were scarse during June 1958 in
the areas of the Norwegian Sea richest in zooplankton., Jakobsson
(1963) on the other hand demcnstrated a positive correlation between
Herring and the abundance of zooplankton in particular C, fimmarchicus
aff the north coast of Iceland in. July-August. ‘

T Mayr amd early June stages I-IIT of €., fimmarchicus are usually
predomimant along the east and north-east coasts of Iceland in areas
with high zooplankton: densities, The older stages, IV-VI are most
abundant im the cold waters further off the coast..In the years 1961~
1964 the migration routes of the Norwegian herring have been confiined
to areas with a high proportion of stages IV-VI of C.. finmarchicus.

The herrimg did not invade the more coastal waters north or east of
Iceland until the spring generation of C. fimmarchiems had further
developed, probably to stages ITI-IV and V, These results confirm the
observations by Passhtiks (1956) and Grusov (1961) that in spring and
early summer the older age groups of the Norwegian herring feed on the
overwintering stock of C, finmarchicus, the nauplii and young copepo-
dites probably being too small. The immigration of herring to the warme:
waters along the east and north coasts of Iceland depend on the further
development of the young Calanus population,.

In 1963 the temperature off the north east coast of Iceland was
about 2°C lower than in 1964, The percentage distribution of C. fin-
marchiicus stages I-1T1 (Figure 9) shows that they were less than
25% over a wide area in the Fast Icelandic Arctic Current. In the
warm year 1964 stages I-IIT were on the other hand predominant at
almost every station south of 66°N.,. Although the investigations in
1964 were carried ocut five days later than in 1963, This indicates
that the spawning of C. finmarchicus occurred somewhat later in 1963
than in 1964, A further evidence is provided from the continuous
transparency recordings. Berge (personal communication) reported that
the transparencymeter showed much lower concentration of particles in
1964 than in 1963, indicating a different situation in the phyto-
olankton. The initiating effect of phytoplankton conditions on the
spawming of C. fimmarchicus have been shown by several workers
particularly by Marshall and Orr (1952) in culture experiments.
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Conclusiom

The conclusions to be drawn from all these observations is that
the time of Norwegian herring invasion to the north-east coast of
Tceland as well as the migration routes are closely related to the
biclogical season. The association between the bioclogical season and
the hydrographical situation is evident and it explains the apparent
correlation between temperature and herring distribution. observed
several times,

From the above data it may also be permissible to postulate that
the first invasion of Norwegian. herring generally takes place in. the
first half of June. The herring migrate through the East Icelandic
Arctic Current east off Langanes mainly in waters below 3°C. The
slicals usually remain in cold waters feeding on the overwintering
stock of C. fimmarchicus and appreoach the coastal waters north and
east of Iceland when the spring generation of C. finmarchicus developes
into a suitable size.

It should be stresed, lhowever, that the age camposition of the
stock as well as shift in spawning time and place recently observed
cic the Norwegian. west coast spawning grounds may also have to be
taken into account.



Anorr, 1964,.(1)
Anom  1963.
Arrorr, 1964, (2)

Blaxter,

Devold, F. 1951,

1 4

1963.

JO H. S.

References

Report of the joint investigations on the distribu-
tion of herring in relation to hydrography and
plankton in the Norwegian Sea, June/July 1962,

Ann, biol., 19(1962): 193-198.

Joint report of the scientists attending the "Aca-
demic Knipovich" "Johan Hjort" -"Agir" meeting
held at Akureyri, June 23rd - 24th, L963.

ICES, Herring Committee. 1963,

Joint report of the scientists attending the "Aca-
demic Knipovich" "G.0. Sars" "Egir" meeting
held at Seydisfjordur, June 22th - 23rd 1964. ICES,
Herring Committee 1964,

and Hollyiday, F. G. T., 1963. The behaviour and
physiclogy of herring and other clupeids, In
Advances in Marine Biology, I, edit. by F. S. Russel,
Academic Press. New York and London 1963,

P& jakt etter storsilden i Norskehavet.
Fiskets Gang, 20 : 217-222,

The 1life history of the Atlanto-Scandian herring.
Rapp. Cons, Explor. Mer, 154: 98-108.

Grusov, L. N,, 1961, Influence of plankton upon the pattern of feeding

Hallgrimsson,

Jakobssomn, J.,

1" "

" "

- " - " and @stvedt,

Lie, U.,, 1961.

Marshall, S. M.

I.,

1958.

1962,

1963.

and Orr, A, P.,

migraticns of herring in the Norwegian Sea in 1959.
Trans. Balt NIRO 7.

1958, A short cut method for estimating zooplankton
composition while at Sea. Rit, Fiskideildar 2(6):
1-6,

A study of the plankton herring relationship off
the SN-coast of Iceland., Rit. Fiskideildar 2(5):
1-27.

On the migrations of the North coast herring
during the summer seascn in recent years with
special reference to the increased yield in 196I
and 1962, ICES,Herring Committee,Document no. 98,
1962.

Some remarks on the distribution and availavili-
ty- of the North ccast herring of Iceland. Rapp.
Cons. Explor. Mer. 154: 73-82,

0. J., 1961. Report of the joint meeting
of the Norwegian and Icelandic scientists working
cnboard "G. 0. Sars" and "Egir" the first half of
June in 1961. ICES, Herring Commottee, Document
no. 149, 1961.

Zooplankton in relation to herring in the Norwegian
Sea, June 1959. Rep. Norweg. Fish. Invest. 13(1):
1-14,

1952, On the biology of Calanus
fimmarchicus VII: Factors affecting egg production.
Jd. Mar, biol. Ass, U.K., 30 527 - 547,

Pawshtiks, E.A., 1956, Seasonal changes in plankton and feedings mi-

grations of herring. Trudy PINRO, 9:93-123 (dm russia



EGIR and "G 0. SARS’

917 3ume 1961 L

TEMPERATURE in 20m. ’ .
63+ 63
OBS. HERRING
ERY SCATTERED. w
- CATTERED: FARGE 1S 62"
" DENSE. 5
j AFINN VERY DENSE. %
ok N
30 28 * 24 22 20 18 1% *® 2 10 4 €

Fig. 1 Herring distribution and temperature at
20 m, 7 - 17 June 1961 (Prom Jakobsson

and Jstvedt 1961).

1 LR L ™) " - I [ [ ;
;;3 \\\\ﬁng san maving T
, GREENLAND
.
i P "
-
I ettt it ""—_"_"_--|
wl
o]
o
"
“
C EnRGIETS
ICHICUS ST
PERCENT OF TOTAL AGE 1o v
JUDAY NET 50~084
l BJUNE - 28 JUNE 19861
"Y>§
FEROE «
is {;
[ b 2 E - u: P - » . -
" v o

Fig. 2 Herring distribution and percentage
distribution of copepodites stages
I-III of . fimmsrchicus. B8 - 29 June.
1961




f ~ :
o TONGREENLAND
y

{ner, 7
_77: N

& "JOHAN HJORT™ HERRING
26, MAY ~ B JUNE 1862 VERY SCATTERED <=t
: TINZDM SCATTERED s
1 DENSE i I
- VERY DENSE e RSN
|62 : FERDE Y
i 15
‘ %
i NETg E- i EC Ll 4 i iR - [ &

Fig. 3 Herring distribution and
temperature a% 20 m, 1962

B ?X .

PO
o

N 4
ke

DANE

REENLAND

'

i
i

~
"
S
3
3
5
4
3
-
-

D

i
|

I

X

L

>4
i
i
1
i
51
rs“
| i “JOHAN HIORT"
HERRING
VERY SCATTERED ==
i SCATTERED s
DENSE W
i VERY DENSE pi-vain
!
i
L kS b pd w i i (i o ' F

Herring distribution and
temperature at 20 m, 1963

&

KGR and., JCRAN HIDRT * 7

/Y-l 1962

I

Zeoptarkion-volume
5 O el ded

" [ Y
L IAN ruyg\uf

Fig

Fig. 4 Zooplankton concentrations

1962 {(from Joint report)

TR -

%

/\@rsnunu
<

#

R

ol

T A

4

1CELAND

RUASE N

il
JOHAN HJORT® *

* Zooplankton, Hensen et 50-Om
22May - SJdune 1863

miim®

b py 6 et 3y f peee

AN MA\’E%
A
5 5

|

.

4

<
<F
FARIE Y
d Y.‘
iV
T TR

1963

. & Zooplanktor concentrstions




64" 20'H

84° 20N
om 11T 03W

500.]
36n.mil
) 66°55'N 68 10°N
0 Q7°50'W 23w
| I
106 T O
200_1
N 0‘ -
300.] : -
400
500.

30nmit
s}

Mg, 7 Tempersture sections and
herring distribution east

of Iceland 25 - 28 May 1963

Pig

om 1315w

FE20'H

S — 85720'N

O 12730 W ‘ , , - 051 3w
AR
160 eI TN =

200+

30 0.1

400+

5004 . . . . . . .
20mmit 0°
e}

66°02'N 66°55°N
Q7°50'W

. 3 Temperature sections and
herring distribution eest of
Iceland 24 - 29 May 1963

JAN MM’EN(,;’

S~ BREEKLAN
P ~GRE| KLaKD
o 7
o3
vl
o
. e
~
‘ ‘I)‘\?
o o
e
|
'gd.
' [N
BN
> .

Fig. 9 Herring éistribution and
percentage distribution of

copepodites stages I-IlI of

22 May -

C. fimmarchicus
5 June, 1963

&' )
| u
J} 1CELaND
L
-
o
'1 s «)‘t%‘
" P j2
i :
R OHAKN HIORT”
bl C.FINMARCHICUS STAGE I-1)
‘ ' PERCENT OF TOTAL .
3 HEMSEN NET 30<C M <y
15?3 22 MAY = 5, JUNE 1863 ot

t

“5 ki w AL [ 1% Et 1 § &
L.
5 Ny
. JAN MAYEN
e
{} 1\ i Jﬂ
- Lo
R S ,
. /:“"\DN‘E’;NLLLD
-
P
*\b
* g4 2
" Moy
b o, i
. T e =
Fd 7,,-2?2;; ITELAND ‘?‘}f
5 Py
it ﬂ.,\,ﬂ:% L
i Y
P .
oo “YOHAN HIORT
A C FIHMARGHICUS STAGE 1-11
- TEChes 21 008 e
U - 21 A
] L
! FEROS &
Rk IE] ?3
L) Tap =y il " T

Fig. 10 Herring distribution and

percentage distribution of
. fimmerchicus, 11 June -
21 June, 1963



+GOSARS”
Tin20m

i et 3
_ .4.-_45'5.{&’
>

27.May-10June 1964

Herring
verﬁescnttzred i, =
scofterad Ikt T
dense it LR
very dense E FAROE
i %‘
g T w @ Tt N K

/ : ! & g v N
e - 0 - - = e w w 1w . <
I e o, o w |y w > o o - - [ ... ® & 2 wo AW
. 2 ’ ] %
. a | L Th
N N F Y s ~
P \ h
™ ’":”\ \
! /"\@{snum /‘\gasinuw
f@ 5 3 e 7
| fgéb I i
Cay o i
.00 ori :
x” i e '
is&. ¢t : E
o . 1
J. ! 4 !
14 L : :
' :""“v' @
. P )
& o ) {‘i
@ RSt . o §%L\> o N :
H b\"q{() - \ i o " 1
- S (%) - . NS 1 @
. I; e 0mng 30 l 8% :( A
-‘ g - An
. [Pl ad] | "k E ICELAND “E}
A Rl j w}
E hed :
R ‘/""‘&&

Fig. 11

LG.O. SaRS”
Zooplonkton, Hensen net, 5C-0m
27May-10.dure 1954

ROE
ey w3
B_; Q519 I0-18 '5 1
l— Tf_,__f—-—».?«._y A AR

Herring distribution and
temperature at 20 m, 1964

"-‘:‘

[.
j

51

e W

/"\m“\l...ho
pss
I 4
_,A
N
i
55
5d.
=
4
o
tt ..
“ e
: e
i S S
) g\
e i"’r
: S
& G.OSARS”
C.finmorchicus stage (-
percent of total 98 -
Heasen net 50--Om
$ 27May-10June 1964
]
i .
| et e [

PRCTR:  SN.  A—

in

L1

JaN mvs%

Fig. 13

Herring distribution and
percentage distribution of
copepodites stages I-III of
C, finmarchicug, 27 May - 10
June, 1964

Fig. 12 Zooplankton concentrations,
1964

WML ., R B K Fe]
:"!‘ ~ ; AN uxve%
‘ ") \\M
! ';‘/\gsmmb
g v
: 1 f)
L
ool
A% -
‘ Jj®
of. ‘/\/‘"
»
- ™
. - et
"o
» ”p‘b« (
; ’ H
- it
o s,
i \
¥ 4 Y
P "“
' ot ?A}_
L Jj”/ﬂw
1671 6.0 SARS”
CFRMARCHICUS STAGE 1-1Uf
PERCENT OF TOTAL Y
10, JUNE - 20, JUNE 188¢ S
% RN
FRROE ®
1 v%
L4 w LA i i T T w =

Fig. 14 Herring distribution and

percentage distribution of
copepodites stages I-I1I of

C. finmarchicus, 11 June -
20 Jume, 1964



