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ABSTRACT

The available data on the density and composition of zooplankton obtained in spring surveys (late
May — early June) of Icelandic waters during 19611982 have been analysed. On 13 transits all
around Iceland and extending from coastal to offshore waters the long term average densities have
been calculated and inter-annual changes in the densities and of the most important species investi-

ated.

£ On the sections off the north coast of Iceland average densities ranged from 4—7 ml/21 m>. In the
whole northern area a marked decrease in the zooplankton was observed during the mid sixties.
During the early sixties the zooplankton densities were usually above 10 ml/21 m® while around 1965
they suddenly decreased to levels below 5 ml/21 m®. More recently some increase has again been
observed, but nevertheless, the high values frequently observed in the early sixties have not again been
recorded. These results are discussed in relation to the great environmental changes which are known
to have occurred north of Iceland during the same period.

In the other areas around Iceland data series are available for shorter periods (9—15 years) and thus
long term changes are more difficult to detect. Considerable year to year variations have, however,
been observed in the zooplankton densities at most of these sections but the long term averages (4—13
ml/21 m?) are similar to those recorded north of Iceland. On the spawning grounds off the southwest
coast greatest zooplankton densities were found during 1973 and 1976. Since 1976 a prominent peak in
the zooplankton has not been observed. These findings are considered in relation to downward trends
in abundance estimates of the 0-group stage of some commercially exploited fish stocks.

Calanus finmarchicus constituted usually about 50—80% of the animals in the zooplankton samples
and it is by far the most common species at most stations. Other species (groups) of considerable
importance in certain areas are C. Ayperboreus, Euphausiacea nauplii and Cirripedia larvae. There are
in the data some indications that north of Iceland the percentage frequency of C. finmarchicus has
decreased since the mid sixties while that of C. hyperboreus, Metridia longa and Euphausiacea nauplii
has increased. Furthermore, C. hyperboreus and M. longa have in recent years been found closer to
the shore than in the early sixties.

INTRODUCTION

For more than 20 vyears zooplankton
studies have been carried out in North Ice-
landic waters during late May and early
June. Initially the studies were undertaken
in connection with herring investigations in
spring and summer, but since the decline of
the herring fishery, during the late sixties,
they have been expanded to cover the

waters all around Iceland and continued as a
part of a general environmental survey
(hydrography, chemistry, phyto- and zoo-
plankton) in spring.

Stefansson (1962) reviewed the hydrogra-
phical conditions in North Icelandic waters
during 1947-1962. More recent investiga-
tions and comparison to Stefansson’s (1962)
detailed work has demonstrated that, during



the past two decades great environmental
changes have taken place both in the hydro-
graphic character of North Icelandic waters
(e. g. Malmberg 1969, 1979; Malmberg and
Svansson 1982) and also in the climate
around Iceland (Dickson et al. 1975). Simi-~
larly, changes in phytoplankton primary
production have been reported by Thordar-
dottir (1977, 1980). During the earlier part
of this century an extensive fishery was
based on herring migrating to feeding
grounds off the north coast of Iceland (Frid-
riksson 1944; Jakobsson 1978, 1980). Hall-
grimsson (1960) suggested that mixing pro-
cesses northwest of Iceland were an import-
ant factor in determining the growth condi-
tions for the rich zooplankton stocks in the
area. When discussing the decline which
took place in this North Icelandic herring
fishery during the sixties, Jakobsson (1978)
concluded that along with heavy exploita-
tion the deteriorating hydrographic condi-
tions and declining zooplankton densities
played an important role. Jakobsson (1978)
pointed out that the abundant stock of
Calanus finmarchicus, usually observed
north of Iceland in spring, almost comple-
tely disappeared from these waters during
the mid sixties. More recent observations on
the distribution and densities of the zoo-
plankton in Icelandic waters (Hallgrimsson,
unpublished data) have not been quantita-
tively evaluated in relation to the events in
the sixties. Such an analysis is, however, of
great interest as it may yield information on
the recovery of the zooplankton stocks and
the long term changes in the area. During
the past 30 years the data from the Continu-
ous Plankton Recorder Surveys (CPRS)
have demonstrated certain consistent trends
in the variation of both phyto- and zoo-
plankton from the northeastern North At-
lantic and the North Sea (e. g. Colebrook
1978a, b; Glower et al. 1972; Garrod and
Colebrook 1978).

Recently great changes have taken place
in the stock sizes of cod, haddock (Anon.
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1976a) and capelin (Vilhjalmsson et al.
1982; Vilhjalmsson 1983) around Iceland.
Some of the variations in these exploited
fish stocks are undoubtedly related to chan-
ges in fishing effort. However, they could to
some extent also be the result of changes in
the zooplankton biomass and composition,
and its influence on year class strength (cf.
Vilhjalmsson 1983).

The present paper describes the distribu-
tion of zooplankton biomass around Iceland
during 1961—1982. Variations in zooplank-
ton volumes on fixed sections and stations
have been analysed. Similarly, changes in
species composition have been investigated.
In an attempt to put the results into a wider
marine ecological and fisheries context they
are also discussed in relation to data on
hydrography, primary production and
0-group fish.

MATERIALS AND METHODS

Throughout the investigation period the
zooplankton has been sampled at fixed sta-
tions along sections extending from coastal
to offshore waters (Fig. 1). The longest time
series (22 years) are available for the sec-
tions off the northwest and north coasts, but
off the east and south coasts time series of
8—12 years have been collected. It has not
been possible to sample all the stations on a
particular section every year (Tables 1, 2),
while in some years additional stations were
occupied in certain areas (Figs. 2—23). For
calculation of zooplankton density on differ-
ent sections and for between year compari-
son only the density measurements made on
the fixed stations have been used.

During the early part of the investigation
period the surveys started off the west and
northwest coasts of Iceland and then pro-
ceeded clockwise to the waters off the
northeast coast. However, since 1971 the
surveys have started off the southwest coast
(Selvogsbanki section, Fig. 1), then pro-
ceeded clockwise, and the Selvogsbanki sec-
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Fig. 1. Sections and stations used in the analysis of the variations in zooplankton densities.

tion surveyed again at the end of the cruise.
For comparison of inter-annual zooplankton
densities on the Selvogsbanki section the
mean of the densities observed during the
beginning and the end of each year’s surveys
has been used.

The zooplankton was sampled with a
Hensen-net in vertical hauls from 50 m to 0
m {or from the bottom to the surface where
the depth was less than 50 m). The net had
an opening diameter of 73 cm and a mesh
size of approximately 0.20 mm. Thus the
calculated filtration in each 50 m haul was
approximately 21 m’. After collection the
zooplankton volumes were determined by
displacement. Large organisms such as salps
and medusae were, however, removed from
the samples before volume measurement.
Shipboard analyses of the species composi-
tion of the plankton were made according to

the shortcut method described by Einarsson
(1956) and Hallgrimsson (1958).

RESULTS

1. Distribution of zooplankton in
different years.

The quantitative distribution of the zoo-
plankton in the waters around Iceland dur-
ing the period 1961—1982 is shown in Figu-
res 2—23. The main features of most years
have previously been described in the Ann-
ales Biologiques of the relevant year and by
Jakobsson (1978). However, as an import-
ant background to the analyses of the inter-
annual variations during the whole period, a

~ brief description of the zooplankton distri-

bution characterizing each year is given be-
low. Throughout the summer changes are
continuously taking place in the biomass of
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Fig. 2. Zooplankton distribution during 7—16 June 1961 (ml/21 m*, Hensen net 50—0 m). The
isolines and the shading in Figs. 2—23 are drawn on the following density scale (indicating ml of
zooplankton per 21 m’ haul): <5 = 0—4,5 = 5-9, 10 = 1019, 20 = 20—39, 40 = 40 and greater.
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Fig. 3. Zooplankton distribution during 23 May — 22 June 1962 (ml/21 m?, Hensen net 500 m).
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Fig. 4. Zooplankton distribution during 22 May — 21 June 1963 (ml/21 m*, Hensen net 50—0 m).

the plankton and its distribution. Thus it
must be born in mind that maps such as
shown in Figures 2—23 only give the large
scale distribution of the plankton biomass
during the time of investigation, but provide
only limited information on the develop-
ment later in the year.

1961 (Fig. 2)

During 1961 zooplankton volumes from
10—20 ml/21 m® were measured over exten-
sive areas off the west and north coasts. The
highest concentrations (up to 60 ml/21 m?)
were found off the northeast coast between
66° and 67°N.

1962 (Fig. 3)

Densities up to 10 ml/21 m* were obser-
ved in the shelf area northwest of Iceland,
while the highest concentrations of the zoo-
plankton biomass occurred off the north

coast proper where 3 patches with volumes
greater than 20 ml/21 m’ extended over con-
siderable part of the area. In these patches
the maximum concentrations were about 80
ml/21 m®. Moderate densities of zooplank-
ton were also recorded off the southern part
of the Vestfirdir (Westfjord) peninsula
(Anon. 1964).

1963 (Fig. 4).

In general the zooplankton volumes west
and north of Iceland were found to be rather
Iow. The maximum concentrations were in a
relatively small area off the northeast coast
between 15° and 18°W and 60—120 miles
offshore (Anon. 1965).

1964 (Fig. 5).

The highest concentrations of zooplank-
ton (>10-20 ml/21 m?) were found far off
the northwest and north coasts. Low density

~
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Fig. 5. Zooplankton distribution during 27 May — 20 June 1964 (ml/21 m?®, Hensen net 50—0 m).

was observed closer to the shore except for a
relatively small area off the eastern part of
the north coast (Anon. 1966).

1965 (Fig. 6)

Compared to previous investigations con-
siderable environmental changes had occur-
red in the waters north of Iceland by the
spring of 1965. Temperatures off the west-
ern part of the north coast were influenced
by drift ice and at the surface they were
about 3°C below normal. There were also
indications that the East Icelandic Current
consisted of more Polar water than in pre-
vious years. Primary production in the area
was very limited and zooplankton volumes
were also low in the whole area. At only a
few stations west and northeast of Iceland
did the zooplankton volumes exceed 10 ml/
21 m® (Anon. 1967).

1966 (Fig. 7)

As in 1965 very low concentrations of
zooplankton were measured both in coastal
and offshore waters northwest and north of
Iceland. However, in a considerable area
northeast of Iceland along the northern
reaches of the East Icelandic Current con-
centrations greater than 10 ml/21 m® were
observed (Anon. 1968).

1967 (Fig. 8)

Within the whole study area northwest
and north of Iceland zooplankton concen-
trations were very low (1-5 ml/21 m?®) and
only at one station (67°00'N, 8°00'W) a
volume greater than 10 mi/21 m® was mea-
sured. Worth noting is the proximity of the
ice border off the western and the middle
part of the north coast (Anon. 1969a).
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Fig. 6. Zooplankton distribution during 25 May ~ 20 June 1965 (ml/21 m’, Hensen net 500 m).
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Fig. 7. Zooplankton distribution during 26 May — 12 June 1966 (ml/21 m*, Hensen net 50—0 m).
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Fig. 9. Zooplankton distribution during 28 June — 3 July 1968 (ml/21 m®, Hensen net 500 m).
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Fig. 10. Zooplankton distribution during 4-—9 June 1969 (ml/21 m*, Hensen net 50—0 m).

1968 (Fig. 9)

Over the shelf northwest, north and
northeast of Iceland the zooplankton den-
sity was very low (<5 ml/21 m®) at most
stations. Farther offshore the densities were
somewhat greater with the highest ones (20
ml/21 m®) recorded at the outermost sta-
tions northeast and east of Iceland (Anon.
1969b).

1969 (Fig. 10)

Again the ice conditions were unfavour-
able but not as severe as in 1968. Except for
a relatively small but dense (20—40 ml/21
m?) p’atch along the ice border in the off-
shore area northeast of Iceland zooplankton
concentrations north and east of Iceland
were low. At several stations off the north-
west and north coasts no zooplankton was
recorded at all (Anon. 1970).

1970 (Fig. 11)

The waters over the continental shelf
northwest, north and east of Iceland were
characterized by low densities of zooplank-
ton (<5 ml/21 m?). In the cold East Ice-
landic Current along the continental shelf
north and northeast of Iceland, zooplankton
densities between 10 and 30 mi/21 m® were
observed (Anon. 1972).

1971 (Fig. 12)

Over the shelf west and north of Iceland
zooplankton volumes were below 5 ml/21
m® at most stations. Farther off the north
coast, at the southern border of the cold
polar water, an area of moderate densities
was recorded (10—20 ml/21 m?).

During the spring of 1971 the survey was
extended to include stations on the main
spawning grounds of exploited fish stocks

2%
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Fig. 11. Zooplankton distribution during 6—22 June 1970 (ml/21 m’, Hensen net 50—0 m).

% u 27 20 8 16 12y 12 0

T v T T T T Ty P— ;

&

Fig. 12. Zooplankton distribution during 22—27 May 1971 (ml/21 m’, Hensen net 50—0 m).
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Fig. 13. Zooplankton distribution during 25 May — 9 June 1972 (ml/21 m*, Hensen net 500 m).

off the southwest coast. There the densities
were generally low except for the stations
closest to the shore on the Selvogsbanki sec-
tion (Anon. 1973).

1972 (Fig. 13)

Northwest and north of Iceland the zoo-
plankton distribution was very similar to
that of the previous year. Low densities (<5
ml/21 m?) were measured over the shelf
area, but in the colder water farther off-
shore, the densities were 10—20 ml/21 m®.
The highest densities, up to 60 ml/21 m?,
were measured far off the northeast coast.
Generally low zooplankton concentrations
(<5 ml/21 m’) were found off most of the
southwest and west coasts (Anon. 1974).

1973 (Fig. 14)

In the coastal waters off the southwest
coast and in the Breidafjorour area on the

west coast moderate (10-30 ml/21 m?)
densities of zooplankton were recorded.
Similarly, in the deep water off the west
coast continental shelf, there was an area of
zooplankton densities between 10 and 30
ml/21 m?. Off the norhtwest and north
coasts zooplankton densities were low (<5
ml/21 m?) at most stations. However, off the
northeast continental shelf, an extensive
area of moderate (10—30 ml/21 m*) concen-
trations was observed (Anon. 1975).

1974 (Fig. 15)

Except for a few small patches the zoo-
plankton concentrations south, west and
north of Iceland were very low (<5—10 ml/
21 m?). However, about 50—100 nautical
miles off the east coast an extensive area of
densities between 10 and 20 ml/21 m® was
observed (Anon. 1976).
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Fig. 14. Zooplankton distribution during 1—16 June 1973 (ml/21 m’, Hensen net 50—0 m).
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Fig. 15. Zooplankion distribution during 21 May — 8 June 1974 (ml/21 m*, Hensen net 50—0 m).
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Fig. 16. Zooplankton distribution during 22 May — 10 June 1975 (m}/21 m*, Hensen net 500 m).

1975 (Fig. 16)

In the coastal waters southwest and west
of Iceland and farther offshore west of the
country narrow bands of dense zooplankton
were observed (20—40 m1/21 m’). However,
except for two dense plankton patches in the
Fast Icelandic Current, the zooplankton
concentrations north of Iceland were low
(<5 ml/21 m?®). Off the southeast coast
moderate concentrations were found
{Anon. 1978a).

1976 (Fig. 17)

Except for the shallow waters of the
Breidafjordur area off the west coast and
the Hunafléi area off the north coast, low
concentrations of zooplankton were found
off the southwest, west and north coasts of
Iceland. In the oceanic area off the shelf
northeast of Iceland, high zooplankton con-
centrations (20—40 ml/21 m’) were record-

ed. In the coastal waters off the east coast
the zooplankton concentrations were low,
but farther offshore and along the southeast
coast an extensive area of concentrations
between 10 and 20 ml/21 m® was observed.
The Selvogsbanki section off the southwest
coast was again surveyed at the end of the
cruise. By that time concentrations had in-
creased considerably from the earlier survey
and now they ranged from 10 to 40 ml/21 m?
(Anon. 1978b).

1977 (Fig. 18)

During the spring of 1977 the distribution
of the zooplankton was in general similar to
that of 1976. Small patches were observed in
Breidafjordur on the west coast and over
the shelf off the northwest coast. Similar to
what was found in many of the previous
years high (10-20 ml/21 m*) zooplankton
densities were recorded in offshore areas
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Fig. 17. Zooplankton distribution during 26 May — 15 June 1976 (m/21 m*, Hensen net 50—0 m).

2 24 2 20 L} 3 " 12 0

20

g Fog
sk e - g\\;ﬁ%&’ \L% ‘5\\{ fli% < . \:;0‘
*:\ffm’” Vs \\l’).

=] N S Y

£ - . . . 2
)
\-
=
4

=
"’és"'ﬁ“fi . ;/44/.* .. . )

5 .

. v

5fpe  1g

L s : L 5 s L L . L i t ¢ L

Fig. 18. Zooplankton distribution during 21 May — 10 June 1977 (ml/21 m*, Hensen net 50~0 m).
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Fig. 19. Zooplankton distribution during 23 May — 14 June 1978 (ml/21 m*, Hensen net 50—0 m).

northeast of Iceland. East and south of Ice-
land the zooplankton densities were low (5
ml/21 m®) except for a small area east of
Vestmannaeyjar (Westman Islands) off the
south coast (Anon. 1979a).

1978 (Fig. 19)

Very low (<5 ml/21 m?) zooplankton den-
sities were observed in extensive areas off
the southwest, west and north coasts. How-
ever, there were some maxima in coastal
areas off Snzfellsnes and in the western part
of the waters north of Iceland (10—20 ml/21
m?). In the East Icelandic Current, 50100
miles east of Langanes, high (20—40 ml/21
m*) concentrations were recorded. Coastal
waters off the east and southeast coasts were
characterized by very low (<5 ml/21 m?)
zooplankton concentrations while higher
densities were recorded farther offshore
over the Iceland-Faroe Ridge (Anon.
1980a).

1979 (Fig. 20)

Throughout the whole survey very low
concentrations of zooplankton were obser-
ved this year and only at 3 stations in the
coastal waters of Breidafjérdur and at a
single station off the southwest coast were
densities greater than 20 ml/21 m® recorded.
Contrary to the findings of the 3 previous
years no particular zooplankton maxima
were observed in the waters northeast of
Iceland (Anon. 1981a).

1980 (Fig. 21)

Except for the area around Vestmanna-
eyjar off the southwest coast, the waters
south, west and north of Iceland were char-
acterized by very low concentrations of zoo-
plankton (<5 ml/21 m?) at most stations.
However, outside the shelf off the northeast
and east coasts extensive areas of high (20—
40 ml/21 m*) zooplankton densities were re-
corded (Anon. 1983a).
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Fig. 21. Zooplankton distribution during 23 May — 10 June 1980 (ml/21 m’, Hensen net 50—0 m).
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Fig. 23. Zooplankton distribution during 25 May — 14 June 1982 (ml/21 m?, Hensen net 50—0 m).
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1981 (Fig. 22)

The highest zooplankton densities were
found in the Selvogsbanki region off the
southwest coast (20—40 ml/21 m?). Farther
offshore, off the southwest and west coasts,
a narrow band of moderate (10—20 ml/21
m?®) densities was observed. Except for an
area about 100 miles off the east coast, zoo-
plankton concentrations in other areas were
very low (<5 ml/21 m’) at most stations
(Anon. 1981b).

1982 (Fig. 23)

Very low (<5 ml/21 m*) zooplankton
volumes characterized most of Icelandic
waters during the spring of 1982. Only in the
cold waters off the northeast continental
shelf and over the south coast shelf mode-
rate (10—30 ml/21 m®) concentrations were
recorded. The Selvogsbanki section (off the
southwest coast) was surveyed both at the
beginning (25/5) and at the end (14/6) of the
cruise. Between the two surveys the zoo-
plankton volumes had increased from an
average (of the five stations) of 4 ml/21 m’
to 17 ml/21 m* (Anon. 1982). This clearly

demonstrates that great changes can occur
in the zooplankton biomass within a relati-
vely short period of time.

2. Variations in zooplankton densities
on fixed sections

Using available volume measurements
from fixed stations (Tables 1, 2) the average
zooplankton densities during each year and
the grand means for the whole observation
period have been calculated for the different
sections (Table 3).

The values in Table 3 indicate that on the
sections north of Iceland (Kdgur, Hinafléi,
Siglunes and Slétta) there has been a drastic
decrease in the zooplankton volumes from
the year 1965 onwards (1964 onwards on the
Hiunafl6i section). During 19611964 mean
zooplankton volumes of 10—-30 ml/21 m?
were frequently observed on these sections.
However, since 1964 densities above 10 ml/
21 m’ have only been recorded three times.
This decrease in the zooplankton densities
north of Iceland is further demonstrated in
Figure 24, which for each year shows the
deviation in zooplankton volume from the
22 years grand mean. In general, the devia-

TABLE 1

The number of stations taken during different years on the various sections. Exactly which stations were taken each vear
can be seen from the distribution map for the relevant year (Figs. 2-23).

Year

Section 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 &0 8 &
Koégur ................. 5 3 3 2 3 3 1 4 3 5 3 4 4 5 2 5 4 5 5 5 5 35
Hanaflér .............. 121 3 0 3 2 1 1 1 5 5 4 4 3 6 5 6 6 6 6 6
Siglunes ............ ... § 8 8 8 7 8 4 7 4 8 7 8 7 8 5 8 8 8 8 8 8§ 8
Slétta ................. 5 25 5 3 3 4 5 4 5 4 4 4 5 4 5 5 5 5 5 45
Langanes—NA ......... - = - - - - - 5 5 4 6 8 8 7 8 8 8 8 8 8 8 7
Langanes—A .......... - - - - - - - 4 4 6 0 8 8 7 7 8 8 8 8 & 8 8
Krossanes ............. - = e e - s - - - - - = = 5 4 6 6 6 6 5 6 6
Stokksnes ............. - - - - - - - - - - - - - 4 5 5 3 4 5 3 5 5
Selvogsbanki ........... - - - - - - - - - - 5 5 55 5 5 5 5 5 5 5 5
Reykjanes ............. - = = = - = - = - = 7 7 7 7 4 8 8 8 8 8 8 8
Snefellsnes ............ -~ - - - - - - - - - 4 8§ 7 8 8 8 8 8 8 8 8 5
Latrabjarg ............. - - - - - - - - - - 3 6 7 8 2 8 8 8 8 9 9 9

e m e L 4 443 444 4 4 4 3

Djipall
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TABLE 2

Numbers of years during which observations have been made on a
particular fixed station (cf. Fig. 1).

] Station
Section 7 2 3 4 5 6 7 8 9
Kogur .. ....oooon 21 21 20 13 g - - - —
Huanaflél ..ol 17 13 15 14 11 7 - - —
Siglunes ........... 22 22 22 22 20 19 19 15 -
Slétta . . ........... 21 2t 1719 17 - - - o
Langanes—NA ..... 15 15 15 14 14 13 11 9 —
LanganeS*A ..... 14 14 14 14 11 12 12 9 -
Krossanes ......... 9 8 9 9 9 - 6 — -
Stokksnes ......... 8 9 8 7 T - = e
Selvogsbanki ....... 2 1»’ »’” 12 1”2 - - - -
Reykjanes ......... 11 12 11 11 10 g 12 12 -
Snafellsnes ........ 2 10 11 11 12 10 11 11 —
Latrabjarg ......... 10 12 10 10 10 10 11 7 5
Djapall . .......... 0w 1w i - - - = =

TABLE 3
Average zooplankton volumes (milj21 m*) on selected sections in Icelandic waters.
Section
Year Ko Hi si S LN LA Kr St Se Re Sn La Dj
1961 ......... .. 6 18 22 12 - - - = = = = .
1962 ... .. 0 35 24 10 - - - - = = - - -
1963 ........... m 6 7 13 - - - - ~- = = - -
1964 ... .. 9 3 15 9 - - - - .- S —
1965 ... ... 5 - 3 0 = - = = = = = - -
1966 ... ... 3 1 2 1 - - - = = = I
1967 ... 1 1 1 1 - - - - - - = - =
1968 ........... 5 6 5 6 5 4 - - - - - - -
1969 ........... i 1 2 3 16 2 - - - - — - -
1970 ........... 1 1 4 12 13 4 - - - - - - -
1971 ...l 1 4 9 7 6 - - - 14 4 4 g8 -
1972 oL 4 9 5 16 23 4 - - 8 3 9 6 4
1973 ... 4 4 4 9 15 6 - - 18 7 22 4 3
1974 ... 2 3 2 2 6 7 11 3 6 3 S 1 3
1975 ... 0O 3 4 4 23 7 16 9 8 10 11 11 4
1976 ........... 2 8 6 5 21 9 5 12 23 5 15 6 6
1977 ... 6 9 16 9 26 7 4 & 4 5 6 5 9
1978 ... 2 12 8 4 8 10 4 4 5 3 20 2 2
1979 ... 4 4 6 8 6 4 5 3 8 3 12 3 3
1980 ... ... .. 4 4 4 7 14 11 12 8 7 2 3 2 4
1981 ... ... 32 3 4 4 4 7 2 12 12 6 2 2
1982 ... 2 1 1 2 7 6 2 6 1t 2 3 1 1
Grand mean .... 4 6 7 7 13 7 7 6 10 5 10 4 4

Ko = Kdgur, Ht = Hunafl6i, Si = Siglunes, Sl = Slétta, LN = Langanes—NA, LA = Langanes— A,
Kr = Krossanes, St = Stokksnes, Se = Selvogsbanki, Re = Reykjanes, Sn = Snafellsnes, La =
Latrabjarg, Dj = Djipall.
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Fig. 24. Deviations of zooplankton volumes in May—June during 19611982 at K6gur, Hinafléi, Siglunes and Slétta

sections north of Iceland.

tions in particular years are very similar at
the four sections. At the beginning of the
observation period positive deviations were
observed, but negative deviations in most
years after 1965. The year 1977 is the only
one since the sharp decline around 1965
when positive deviations were observed at
all four sections. During 1971, 1972, 1973,

1978, 1979 and 1980 zooplankton densities
equal to or greater than the long term aver-
age were observed at two of the transits
north of Iceland (Fig. 24).

For the Langanes —NA section, northeast
of Iceland, data on zooplankton density are
available from 1968 onwards (Table 3). Al-
though information is lacking for the early




sixties, it is apparent that on this section, the
variation in zooplankton is somewhat differ-
ent from that observed on the sections north
of Iceland. The greatest densities were ob-
served during 1972, 1975 and 1977. Con-
siderable inter-annual variations are appa-
rent on the Langanes—NA section, and de-
viations having the same sign lasting for
more than three years have not occured dur-
ing the observation period (Fig. 25). At
most only two consecutive years were obser-
ved with negative deviations (1978—-1979
and 1981—1982). However, these two year
periods are separated only by one year
(1980), and thus four out of the past five
years show negative deviations (Fig. 25).
On the Langanes— A section, the inter-
annual variations in the zooplankton volu-
mes are less pronounced than on the Langa-
nes—NA section (Table 3, Fig. 25). The
three years from 1968—1970 constitute the
longest consecutive period of similar devia-
tions. The greatest density was observed
during 1972, while over the whole study per-
iod the deviations show only limited fluctua-
tions around the mean (Fig. 25).
Observations on the hydrographic condi-
tions north of Iceland during the period
under consideration (Malmberg 1969, 1979;
Malmberg and Svansson 1982) have demon-
strated that in the period 1965—1971 the in-
flow of Atlantic water to the area was much
reduced. This led to a greatly deteriorating
marine climate, with cold Polar water be-
coming more prominent north of Iceland
during those years. In the period 19721974
the Atlantic water did somewhat regain its
former distribution, but since 1974 the con-
ditions do, however, seem to alternate
rather regularly between years of weak and
strong inflow of Atlantic water to the north-
ern regions (Malmberg 1979; Malmberg and
Svansson 1982). On the basis of these chan-
ges in the hydrographic conditions, the past
20 years are often grouped into three dis-
tinct periods (Malmberg, personal com-
munication). The first period (1961—1964)
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Fig. 25. Deviations of zooplankton volumes in May—
June during 1968—1982 at Langanes—NA and Langa-
nes— A sections northeast of Iceland.

was prior to the reduced inflow of Atlantic
water to the areas north of Iceland, the se-
cond period (1965—1971) when Atlantic
water was much reduced, and finally (1972
until present) a period when conditions have
in some years been similar to those before
1965, while in other years they are more like
those of the cold period 1965—1971.

A similar grouping of the zooplankton
data into the three above periods further
demonstrates the great changes which did
take place in the zooplankton north of Ice-
land during the mid sixties. During 1961—
1964 (Fig. 26) the average concentrations at
all stations were above 5 ml/21 m®. Further-
more, over extensive areas the densities
were between 10 and 20 m1/21 m?® and in the

3
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Fig. 26. Average zooplankton distribution north of Iceland in May—June during the periods 1961—1964, 19651971
and 19721982 (ml/21 m’, Hensen net 50—0 m).

middle of the area average densities greater
than 20 ml/21 m* were recorded at several
stations. During 1965—1971 the very mark-
ed decrease in the zooplankton is apparent
and densities below 5 ml/21 m* were obser-

ved at most stations. Only within the tongue
of cold water, far off the northeast coast,
were the densities comparable to those ob-
served prior to 1965. The distribution during
1972—1982 indicates that the densities were
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Fig. 27. Deviations of zooplankton volumes in May—
June during 1976—1982 at Krossanes and Stokksnes
sectionts east of Iceland.

somewhat greater than during 1965—-1971
but still they were not comparable to those
observed during the early sixties. It is, how-
ever, worth noting that at the stations far-
thest offshore the densities are almost the
same throughout the 20 year period. At
these stations arctic species usually make up
a greater fraction of the samples than closer
to land. The adverse hydrographic condi-
tions seem to have had less effect on the
arctic species than the more temperate ones,
and thus their density is more consistent
through the years (see also below).

The shortest time series included in Table
3 are for the Krossanes and Stokksnes sec-
tions, off the east and southeast coasts, re-
spectively. On the Krossanes section the
greatest density was observed during 1975
(16 ml/21 m?) while the lowest density oc-
curred in 1982 (2 ml/21 m?). Since 1975 posi-
tive deviation has only occurred once (1980)
on the Krossanes section (Fig. 27). On the
Stokksnes section the highest volume was
recorded during 1976 (12 ml/21 m*) whereas
the lowest density (2 ml/21 m*) occurred
during 1981 (Table 3, Fig. 27).

At the sections south and southwest of
Iceland twelve years series (1971-1982) of
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data are available (Table 3). On the Sel-
vogsbanki section the greatest densities
were observed in 1973 and 1976, 18 and 23
ml/21 m® respectively. The lowest densities
were, however, recorded in 1977 and 1978,
4 and 5 ml/21 m’ respectively. The longest
consecutive period of similar deviations on
the Selvogsbanki transit are the four years
of negative deviations between 1977 and
1980 (Fig. 28).

Maximum densities on the Reykjanes sec-
tion were observed in 1975 (10 ml/21 m?)
and in 1981 (12 ml/21 m?), while the lowest
densities were recorded in 1980 and in 1982
(2 ml/21 m® in both years, Table 3). The
changes in zooplankton densities on the
Reykjanes section are less pronounced than
those on the other sections southwest and
west of Iceland and only in two years was
the deviation greater than 4 ml (Fig. 28).
The longest consecutive period with similar
deviations are the three years 1978-1980
which all were found to be below the
average.

On the Snafellsnes section the zooplank-
ton densities ranged from a minimum of 3
mi/21 m? in 1980 to a maximum of 22 ml/21
m?® in 1973 (Table 3). Considerable changes
were observed from year to year, but during
the past three years densities have always
been found to be below the average (Table
3, Fig. 28). A comparison of the three sec-
tions (south and southwest of Iceland) indi-
cates that during only four years (1972,
1973, 1974 and 1980) out of the twelve for
which data are available, similar deviations
were observed. In two additional years
(1976, 1977) similar deviations were obser-
ved on the Selvogsbanki and Snazfellsnes
sections, while average densities were ob-
served on the Reykjanes section. If, how-
ever, only two adjacent sections are con-
sidered, i. e. Selvogsbanki/Reykjanes and
Reykjanes/Snzfellsnes, the deviations were,
in both cases, similar in seven out of the
twelve years (Fig. 28). Thus during some
years, changes in the zooplankton are simi-
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Fig. 28. Deviations of zooplankton volumes in May—
June during 1971-1982 at Selvogsbanki, Reykjanes
and Snzfellsnes sections southwest and west of Iceland.

lar in the whole southwestern area, whereas
in other years the zooplankton distribution
is more patchy and different deviations ob-
served in the different areas.

On the Latrabjarg and Djipall sections
off the Vestfirdir peninsula the zooplankton
densities are usually rather low (Table 3).
On both sections the long term average is 4
ml/21 m* and deviations in different years
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Fig. 29. Deviations of zooplankton volumes in May—
June during 19711982 and 19721982 respectively at
Latrabjarg and Djipall sections west of Iceland.

are generally small (Fig. 29). Worth noting
is the fact that on neither section have posi-
tive deviations been observed since 1977 (cf.
Fig. 29).

Comparison of the long term average zoo-
plankton densities observed at the different
sections (Table 3) shows that the highest
values have been observed on the Langa-
nes —NA section (13 ml/21 m?®). At the Sel-
vogsbanki and Snzfellsnes sections the long
term densities are also rather high (10 ml/21
m?). On the other hand the lowest densities
(4 ml/21 m*) occur on the three sections
(Latrabjarg, Djapall, Kogur) off the west
and northwest coasts.

3. Composition of the zooplankton

Analysis of the zooplankton composition
has revealed that Calanus finmarchicus of
different development stages usually domin-
ated in the samples. Earlier plankton studies
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Fig. 30. Average percentage frequency of Calanus finmarchicus at stations around Iceland in May—June 19621982,

around Iceland (Paulsen 1906, 1909; Jesper-
sen 1940a, b) have also demonstrated this
and the same is true for extensive areas of
the North Atlantic (Marshall and Orr 1952).
To demonstrate this the average percentage
frequency of C. finmarchicus at the different
stations throughout the study period has
been calculated (Fig. 30). The percentage
frequency of C. finmarchicus is lowest (11—
30%) at stations closest to land off the
southeast and west coasts. Farther off the
shore the percentage of C. finmarchicus in
the samples increases and it becomes high-
est off the south coast where at some sta-
tions 80—90% of the animals are C. finmar-
chicus. In the cold Arctic or Polar water, far
off the northeast coast, the dominance of C.
finmarchicus decreases somewhat. On the
average 31-60% of the animals in these
waters are C. finmarchicus, compared to the

60—80% observed off most of the north
coast. This decrease in the percentage fre-
quency of C. finmarchicus is mainly due to
the occurrence of C. hyperboreus and Metri-
dia longa which are almost entirely confined
to the cold water northeast of Iceland (Figs.
31 and 32).

The percentage frequency of Cirripedia
larvae in the samples is shown in Figure 33.
The Cirripedia larvae were most common in
the shallow coastal waters off the southeast,
west and northwest coasts (Fig. 33); at the
offshore stations they were seldom obser-
ved. Comparison of the distribution of Cirri-
pedia larvae to that of Calanus finmarchicus
(Figs. 30 and 33) indicates that the increas-
ing numbers of the Cirripedia larvae in the
coastal waters is the main reason for the de-
creased relative importance of C. finmarchi-
cus in these same waters.
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At the time of sampling in May—June,
the nauplii of Euphausiacea constituted a
considerable percentage of the planktonic
animals at most stations. Their percentage
frequency was greatest, ranging from 11—
30%, off the north and east coasts, whereas
off the south and west coasts it was 1-10%
(Fig. 34). The Euphausiacea nauplii were
not identified to species. However, accord-
ing to Einarsson (1945) the Euphausiacea

nauplii observed north of Iceland in early
June are almost exclusively due to the
spawning of Thysanoéssa inermis, while off
the south coast they are partly due to 7.
inermis, but mainly Meganyctiphanes rnor-
vegica.

At some stations off the south coast the
Cladocera Evadne nordmanni was on the
average up to 10% of the animals in the
samples, whereas in other areas it has not
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Fig. 33. Average percentage frequency of Ciripedia larvae at stations around Iceland in May—June 19611982,

been observed (Fig. 35). Similarly, Podon
leuckarti has during spring only been record-
ed off the south coast. Jespersen’s (1940b)
observations on the distribution of Evadne
and Podon around Iceland indicated that it
varied throughout the summer. Agreeing
with the present investigation they were
during May—June confined to the south
coast and the southern part of the west
coast. In early July they were first observed
off the north coast and during the latter part
of July and August they were abundant all
around Iceland. By September they had re-
ceded again with Evadne being confined to
the south and west coasts, while Podon was
only found off the west coast.

Species or taxonomic categories other
than those mentioned above were of much
less importance in the plankton samples.
However, it should also be emphasized that

the shortcut method, used in the analysis of
the samples, only traces their main compo-
nents, i. e. the most important species or
groups. In his description of the shortcut
method Hallgrimsson (1958) pointed out
that due to the relatively few animals count-
ed, the percentage of species which only oc-
cur in small numbers cannot be estimated
with great accuracy. Nevertheless, the in-
formation presented in Figures 30-—35
should illustrate the main features of the dis-
tribution during spring of the most common
zooplanktonic animals around Iceland.

It was demonstrated above that during
the study period marked changes have oc-
curred in the zooplankton density north of

Iceland. -Significant decrease in the zoo-

plankton was observed around 1965 and
since then only limited recovery has taken
place. It is of interest to investigate if in the
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same period, any apparent changes did oc-
cur in the zooplankton composition north of
Iceland. For the different stations the per-
centage frequency of Calanus finmarchicus,
C. hyperboreus, Metridia longa and Euph-
ausiacea nauplii in the samples during the
periods 1961—-1964, 1965—1972 and 1972—
1982 was calculated (Figs. 36—39). In most
part of the area off the north coast C. fin-
marchicus usually accounts for about 60—
70% of the animals in the samples (Fig. 36).
However, during the first part of the investi-
gation period (1961—1964) there were seve-
ral stations off the northeast coast where C.
finmarchicus exceeded 80% or even 90% of
the animals in the samples. During the cold
period 1965—1971 the dominance of C. fin-
marchicus at these stations appeared to be
somewhat less and only at a single station
did this species on the average account for

more than 80% of the animals. Although
there was a predominance of C. finmarchi-
cus in the samples during the most recent
period (1971-1982, Fig. 36) it was, how-
ever, never over 80% of the animals at any
station. At the stations farthest offshore, off
the northeast coast, there also appeared to
be a decrease in the percentage frequency of
C. finmarchicus. During 1961—1964 it was
60—80% of the animals at those stations,
but during 1972—1982 in the range of 30—
60% (Fig. 36).

Calculation of the percentage frequency
of the different development stages of Cala-
nus finmarchicus on the sections north of
Iceland revealed that it was as a rule similar.
The Siglunes section has been selected as an
example and the results are presented in
Figure 40. At the time of sampling in May—
June copepodite stages I1, 111 and IV consti-
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tuted each usually about 15-20% of the ani-
mals in the samples. The low percentage fre-
quency and considerable inter-annual varia-
tions of copepodite stage I are probably re-
lated to inefficient sampling of that stage by
the 0.20 mm Hensen net (cf. Cushing and
Tungate 1963; Matthews 1968). Each year
mature females usually accounted for
around 10% of the animals while mature
males have only seldom been observed. Jes-
persen (1940a) believes that north of Ice-
land there is only one generation of C. fin-
marchicus each year, and that the copepo-
dite stages observed in May—June are the
descendants of the overwintering popula-
tion which lived through the winter.

It is not possible to say whether a delay or
retardation in the development of Calanus
finmarchicus occurred north of Iceland dur-
ing the adverse environmental conditions
between 1965 and 1971. However, it is strik-
ing that during the spring of 1969 the per-
centage of females on the Siglunes section
(Fig. 40) was far greater than in any other
year. During 1969 the water temperatures
north of Iceland were exceptionally low. No
Atlantic water was observed on the Siglunes
section and cold water reached closer to the
shore than recorded at any time previously
(Anon. 1970). Possibly the unusually high
percentage frequency of females (Fig. 40)

was related to a particularly late breeding
during that year. Definite answers to ques-
tions such as these would, however, require
more detailed seasonal study on the life
cycle of C. finmarchicus, but unfortunately
such a work has not yet been carried out in
Icelandic waters.

The percentage frequency of Calanus
hyperboreus at the different stations during
the three periods is shown in Figure 37.
During 1961—1964 C. hyperboreus was very
seldom observed. Only at two stations, far-
thest offshore, on the Siglunes and Slétta
sections it reached on the average 2% of the
animals present. On the other hand, there
appeared to be a marked increase in the fre-
quency and an extension of the distribution
area of C. hyperboreus during the cold pe-
riod 1965—1971. At the station where C.
hyperboreus was most frequently recorded it
was between 20 and 30% of the animals in
the samples. In recent years the distribution
area of C. hyperboreus still is closer to the
shore and it is more frequently found in the
samples than prior to the cold period be-
tween 1965 and 1971. It is of interest to note
that during some years C. hyperboreus was
recorded at fjord stations much closer in-
shore than the ones shown in Figure 37. This
was particularly noticeable in 1975 and in
1977 when it was even observed in the inner-

4
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Fig. 36. Average percentage frequency of Calanus finmarchicus at stations north of Iceland in May—June during the

periods 1961—1964, 1965~1971 and 1972 1982.

most reaches of Eyjafjordur (65°45'N,
18°10'W).

North of Iceland the distribution of Metri-
dia longa has also shown changes similar to
those observed for Calanus hyperboreus

(Figs. 37, 38). Between 1961 and 1964 M.
longa was only recorded at the two outer-
most stations on the Slétta section. During
1965—-1971 the occurrence of M. longa
north of Iceland was also sporadic, but it
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was recorded closer to the shore than in the
earlier period. In the most recent period
(1972—-1982) M. longa has been observed at
stations more to the west than previously
and the distribution northeast of Iceland

seemed more continuous than earlier. Both
C. hyperboreus and M. longa are cold water
species (Smidt 1979) and north of Iceland
their distribution area appears to be mainly
confined to the cold East Icelandic Current.
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It has been demonstrated (Malmberg 1969, than prior to 1965. Most likely this is also
1983; Malmberg and Stefinsson 1972) that  the reason why C. hyperboreus and M.
since 1965 the tongue of cold water associa- longa were in recent years observed closer
ted with the East Icelandic Current has dur- to the shore than before 1965. Around Ice-
ing most years extended farther southwards land there are records of C. hyperboreus
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and M. longa farther to the south than indi- in the distribution and the percentage fre-
cated in Figures 37 and 38, but these are quency of the Euphausiacea nauplii north of
usually confined to the waters below 50 m Iceland during the past twenty years (Fig.
depth (Jespersen 1940a). 39). At the time of sampling in May—June

Some changes also seem to have occurred some nauplii are usually found at most sta-
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samples from station Siglunes 3 north of Iceland.

tions off the north coast. However, during
the most recent period (1972—1982) their
percentage frequency was greater than dur-
ing the earlier periods.

Comparison of the distribution and the
percentage frequency of Calanus finmarchi-
cus (Fig. 36), C. hyperboreus (Fig. 37), Met-
ridia longa (Fig. 38) and the Euphausiacea
nauplii (Fig. 39) demonstrates the relation
between their percentage abundance at dif-
ferent stations. The decrease in the percent-
age frequency of C. finmarchicus at the off-
shore stations northeast of Iceland was
mainly compensated for by the increase in
C. hyperboreus and M. longa. Similarly, the
decrease in the percentage frequency of C.
finmarchicus, closer to the north coast, ap-
pears related to an increase in the percent-
age of the Euphausiacea nauplii. The above
mentioned species and the nauplii of the
order Euphausiacea were the most frequent
animals in the samples. From the present
investigation methods, however, it is impos-

sible to evaluate, if any of the other less
abundant species or groups have undergone
marked changes in abundance or distribu-
tion.

The limitations of the shortcut method
have been mentioned above. Similarly, the
fact that the sampling is limited to 2-3
weeks during each year, makes it difficult to
definitely evaluate observed changes in both
the distribution and the percentage fre-
quency of a particular zooplankton species.
Furthermore, due to changes in water mass-
es the distribution of individual species may
vary both throughout the year and between
years. Nevertheless, we feel that our observ-
ations allow us to conclude that, both with
respect to zooplankton volume and to a
lesser extent to the percentage frequency of
the most common species (groups), marked
changes have occurred north of Iceland dur-
ing the past two decades.




DISCUSSION

The great seasonal changes which are
known to occur in the abundance of zoo-
plankton in temperate and arctic waters as
well as the patchiness in its distribution (cf.
Cushing 1975) may cause difficulties in the
analysis and interpretation of data such as
presented here. However, by taking the
same stations on a particular section at ap-
proximately the same time each year and
calculating the average density for that sec-
tion (Table 3) one should get a measure of
each year’s ¢onditions and the most marked
changes taking place.

It has been pointed out (Thérdardéttir
1977, 1980) that the influx of Atlantic water
to the areas north of Iceland is an important
factor in maintaining mixing and renewal of
nutrients in the surface layers and thus
creating conditions for high and long lasting
spring primary production in the western
part of the area. In this way dense zooplank-
ton stocks were supported (Hallgrimsson
1960) and they constituted an important
source of food for migrating herring
(Jakobsson 1978). During the mid sixties
this pattern was, however, severly disrup-
ted, and several authors (e. g. Stefinsson
1969; Dickson et al. 1975; Jakobsson 1978;
Malmberg 1979; Malmberg and Svansson
1982) have discussed the marked changes
which then occurred in the marine climate
north of Iceland. Between 1965 and 1971
the influx of Atlantic water to the area north
of Iceland decreased (Malmberg 1979, 1983)
and the East Icelandic Current changed
from an ice-free arctic current to a polar cur-
rent (Malmberg 1969; Malmberg and Stef-
ansson 1972). The changes in the hydrogra-
phic conditions led to a strong stratification
and prevented the renewal of nutrients in
the surface layers, which in turn led to a
greatly reduced primary production in the
area north of Iceland (Thordardéttir 1977).
The primary production measurements
which were carried out at the same stations
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and at the same time as the zooplankton
investigations reported in the present study,
indicate that on the Siglunes section at 10 m
depth it was on the average 2.6 mg C/m>/hr
during 19581964, while during 1965-1971
it was 0.7 mg C/m*/hr. On the other sections
north of Iceland similar decrease has also
been observed (Thoérdardéttir 1977, 1980,
and personal communication).

Due to the close relationship which usu-
ally exists between phyto- and zooplankton,
it is not surprising that the adverse environ-
mental conditions have also had a marked
impact on the zooplankton biomass which
decreased from an average level of 10—15
ml/21 m? in 1961—-1964 to less than 5 ml/21
m’ in 1965—1971 (cf. Table 3, Figs. 24 and
26). It is possible that, during the years of
adverse hydrographic conditions, the onset
of the spring primary production and thus
also the increase in zooplankton may just
have been delayed, rather than reduced
when the whole summer growth period is
considered. However, available data from
the sections north of Iceland later in the
year, both on the primary production
(Thérdardéttir 1980) and on the zooplank-
ton densities (Jakobsson 1978, 1980; Hall-
grimsson unpublished data) suggest that in
addition to a possible delay the observed
spring decrease in zooplankton reflected an
actual reduction in the zooplankton density
of the area.

Since 1971 the influx of Atlantic water to
the areas north of Iceland and the character-
istics of the East Icelandic Current have in
some years resembled the conditions prior
to 1964, while in other years they have been
more similar to what they were in the cold
period 19641971 (Malmberg and Svansson
1982). These changing hydrographic condi-
tions have again resulted in considerable
year to year differences in the primary pro-
duction north of Iceland. During 19721979
the primary production on fixed stations on
the Siglunes section has alternated regularly
between years of low (2—5 mg C/m?/hr at 10



m depth in 1973, 1975, 1977, 1979) and high
(610 mg C/m?*/hr at 10 m depth in 1972,
1974, 1976, 1978) primary production
(Thoérdardéttir 1980). The present data indi-
cated that since the cold period 1965—1971
zooplankton densities north of Iceland have
not regained their earlier high levels (Figs.
24, 26). It seems possible that the marked
variability in the primary production may
have led to a general reduction in the food
available for the zooplankton and thus also
in their standing stock. Possibly several con-
secutive years of high primary production
are necessary for the zooplankton stocks to
regain their former levels. A possible partial
recovery of the zooplankton stocks, during a
particular year with favourable conditions,
may be prevented and the stock brought
back to a former low level, if the subsequent
year is of low primary production. Gud-
finnsson (1977) reported an increase in the
numbers of the algae Phaeocystis pouchetii
north of Iceland during the period 1961—
1974, Marshall and Orr (1952) quote Savage
as observing that herring shoals may avoid
rich concentration of Phaeocystis, while
other reports suggest that it may be an im-
portant food source for both copepods
(Weisse 1983) and fish larvae (Jones and
Haq 1963; Wyatt 1976). Changes in the
composition of the phytoplankton could
possibly play a part in the low densities of
zooplankton observed in recent years. This
is, however, a mere speculation and much
further work is necessary before one can
fully explain why a recovery of the zoo-
plankton stock has not taken place.

Glover et al. (1972) reported that around
the British Isles the CPRS data demonstrat-
ed a decrease in the abundance of several
species of zooplankton (Calanus finmarchi-
cus, Metridia lucens, Candacia armata, Cen-
tropages typicus, Spiratella retroversa, Pseu-
docalanus and Paracalanus). Similarly they
observed a decrease in the total abundance
of copepods and the zooplankton biomass.
Lindley (1979), also working on material
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from the CPRS, reported that in the eastern
North Sea the abundance of euphausiids
had increased during 1973—1977 compared
to that observed between 1948 and 1971.
Different sampling and analytical methods
make it difficult to compare directly the re-
sults from the present Hensen samples to
those from the CPRS. Nevertheless, it is in-
teresting that to a certain extent similar
changes have been observed both north of
Iceland and in the Northeast Atlantic and
the North Sea (Colebrook 1978a; Glover et
al. 1972).

The calculation of the average zooplank-
ton densities on the sections around Iceland
(Table 3) indicated that at the time of ob-
servation in May—June the highest densities
are on the Langanes—NA section (13 ml/21
m’) off the northeast coast, the Selvogs-
banki section (10 ml/21 m®) off the south
coast and the Snafellsnes section (10 ml/21
m’) off the west coast. However, the lowest
densitites were recorded off the Vestfirdir
peninsula on Létrabjarg, Djipall and Kégur
sections (4 ml/21 m’ on the average). Thus
the values in Table 3 may give the impres-
sion that in general there are much greater
densities of zooplankton off the northeast,
south and west coasts than off the north-
west, north and east coasts of Iceland. How-
ever, to a great extent this difference is like-
ly to be related to differences in the produc-
tion cycle of the zooplankton in the various
areas around Iceland. In the Atlantic water
off the south and west coasts the reproduc-
tion of Calanus begins in March (Paulsen
1906) and a spring increase in zooplankton
is observed in April or before the middle of
May (Jespersen 1940b). In the colder arctic
or polar waters off the north and east coasts
the planktonic fauna in May is, however,
generally poorer and only a limited spring
increase has occurred. Off the north coast
the maximum densities are usually observed
during the latter part of June or early July
(Fridriksson 1944) while off the south and
west coast they occur about a month earlier.
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During the spring survey we are thus ob-
serving the plankton demnsities off the south
and west coasts when they are close to their
maximum, whereas in other areas a further
increase is still to take place. However, the
high zooplankton densities usually observed
in the cold water off the northeast coast,
even before marked spring increase has
taken place, suggest high productivity in
that area. The East Icelandic Current ap-
pears to bring with it arctic zooplankton to
the waters over the edge of the northeastern
shelf and also at times create physical condi-
tions which can maintain those high densi-
ties.

The main spawning grounds of the fish
stocks commercially exploited around Ice-
land are located off the southwest coast (Sz-
mundsson 1926). The spawning of most
stocks takes place in March—April and after
the hatching the larvae drift with the clock-
wise coastal current towards the main feed-
ing grounds off the northwest, north and
northeast coasts. Since 1970 the abundance
and distribution of O-group fish around Ice-
land has been estimated in August each year
(Vilhjalmsson and Fridgeirsson 1976; Anon.
1979b, 1980b, 1983b; Vilhjalmsson and
Magnusson 1981, 1982). Both larvae and the
0-group fish feed mainly on zooplankton
(Bainbridge and McKay 1968; Pélsson 1974,
1980) and thus it is of interest to consider
the observed changes in the zooplankton
densities off the southwest coast of Iceland
in relation to the results of the 0-group sur-
veys.

Relative changes in the 0-group indices of
cod, haddock and capelin (calculated from
the 0-group survey references cited above)
during 1972—1982 were compared (Fig. 41)
to the relative changes in the zooplankton
off southwest Iceland (Selvogsbanki,
Reykjanes and Snafellsnes sections). In
general it is indicated that there has been a
slight downward trend in the percentage in-
dex of zooplankton southwest of Iceland
and since 1976 no prominent peak has been

109

100
cod #—
zooplankton e—e
o, 60
Z
20
2 W % B 8 82
100
capelin s
zooplankton e—e
60
%o
20
2 % % 78 80 82
100
haddock #—x*
zooplankton e—e
o, 60
Yo
20

76
YEAR

Fig. 41. Relative changes in the abundance of 0-group
cod, capelin and haddock around Iceland along with
relative changes in zooplankton density off the south-
west and west coasts (Selvogsbanki, Reykjanes and
Snafellsnes sections).

observed. It is interesting to note that the
0-group indices have also shown a general
downward trend since 1976. The relative
changes in the abundance of 0-group cod
have the closest similarity to that of the zoo-
plankton. During 1973 and 1976 the greatest
abundance of 0-group cod was observed,
these years being the same as those during
which the zooplankton densities off the
southwest coast were greatest (Fig. 41).
Haddock was also observed in greatest
abundance during 1976, which corresponds
to the high densities of zooplankton obser-
ved in that year. However, in 1973 when the
greatest zooplankton densities were record-
ed, the abundance of O-group haddock was




relatively low. The second greatest abund-
ance of capelin was observed during the
year of the greatest zooplankton abundance
(1973), while capelin was observed in great-
est abundance during a year of relatively
low zooplankton density (1974) when the
cod and the haddock densities were also
low.

We are aware that it is an over-simplica-
tion of the complex processes taking place in
the sea to expect a direct relationship be-
tween the zooplankton densities and the 0-
group fish species. Viborg (1978) consider-
ing the relation between zooplankton and
cod larvae off the Norwegian coast pointed
out that the quality of the zooplanktonic
food and the size of the food was probably
more important than its actual quantity.
Furthermore, the O-group fish considered
above have been found to feed on almost
the same prey (Calanus finmarchicus, other
copepods and euphausiids being most im-
portant) and it has been suggested (Palsson
1974, 1977) that O-group capelin may not be
able to compete for food with cod, haddock
and redfish. The findings (Fig. 41) that O-
group capelin was observed in greatest
abundance in 1974, a year when both cod
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and haddock were in low numbers, may
lend some support to this. An additional
support is provided by the results that dur-
ing the years of the greatest zooplankton
densities only two of the O-group species
(1973: cod, capelin; 1976: cod, haddock)
were registered in great abundance.

More detailed studies and in limited areas
around Iceland of all aspects of interactions
between phyto- and zooplankton, larvae
and O-group fish are, however, necessary for
further understanding of the processes de-
termining the year class strength of the dif-
ferent fish stocks.
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