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ABSTRACT 

FOOTE, K.G. 1978. Theoretical estimation of the n~ean echo intensity - fish number 
density relation for encaged saithe in the dorsal aspect. FirkDi~.Skr.Ser.HnuU~zders., 16 : 
457-464. 

The forlnulation of an earlier theoretical study on the scattering of sound by encaged 
aggregations of fish (FOOTE 1978) is applied to the problem of the scattering of sound 
by an encaged aggregation of saithe when ensonified dorsally. The relationship of the 
mean time-integrated echo intensity E and fish number density v is computed for narrow- 
band pulsed sinusoidal signals of center frequency 38 kHz and 120 kHz for the same 
constant geometric and corresponding physical quantities as in the earlier study, but 
with use of the pertinent dorsal aspect target strength data in place of ventral aspect 
data. The co~nputed E-v relationships are compared with the corresponding ventral 
aspect results as obtained experimentally by R~TTINGEN (1976) and lnodelled theoreti- 
cally in FOOTE (1978). 

INTRODUCTION 

I n  a recent paper (FOOTE 1978) some experimental results on the 
scattering of ultrasonic sound by encaged aggregations of fish were ana- 
lyzed. The subject of the analysis, the empirical results of R~TTINGEN 
(1976), was expressed in the form of relationships of the normalized, 
mean time-integrated echo illtensity 2 to fish number density v. These 
relationships had bee11 obtained for a range of co~lditions of ensonifica- 
tion by a pulsed sinusoidal signal for two different ltinds of fish, Pollachius 
virens (L.) or saithe, and Sprattus sprattus (L.) or sprat. The insensitivity 
in the forms of the empirical:-v relationship to both the pulse duration 
and center frequency of tlie ensonifying signal for each species of fish was 
explained qualitatively by purely geometric considerations. A theory was 
then constructed and applied to the case of the saithe, for which more 
pertinent scattering data were available than for the case of the sprat. 
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Fig. 1. Dorsal aspect target strength of saithe of mean length 35.1 f 0.6 cm at 38 kHz 
when averaged with respect to 16 specimens, and at 120 kHz when averaged with 

respect to 17 specimens. 

The fish in R~ttingen's experiments were ensonfied ventrally in each 
case, as the transducers were located in a fixed position below the net 
cage. The corresponding ventral aspect target strength data were used 
in the quantitative analysis. Because of interest in at-sea applications of 
this work in fisheries research, where fish are generally ensonified dor- 
sally, a n  evaluation of the theoretical - v  relationship for saithe in the 
dorsal aspect is presented here for the same conditions of ensonification 
that obtained during the experiments. 

METHOD 

The evaluation of the theoretical expression for acoustic scattering by 
an aggregation of fish, as developed and applied in FOOTE (1978) to the 
particular circumstallces of R~ttingen's experiment, proceeds similarly to 



Fig. 2. Mean backscattering cross section of saithe in dorsal aspect at 38 kHz as a 
b 

function of the spread o in tilt angle distribution with mean tilt angle 3 as a parameter. 
0 

that of the quoted study. The only difference is that the pertinent dorsal 
aspect target strength data are used in place of the ventral aspect target 
strength data. 

The new dorsal aspect target strength data for saithe of mean length 
35.1 $, 0.6 cm are shown in Fig. 1. The corresponding ensemble-averaged 
backscattering cross sections are presented in Fig. 2 and 3 for the respec- 
tive cases of 38 kHz and 120 kHz. These latter quantities were conlputed 
with respect to the identical parameters of the orientation distribution of 
the earlier study. 

RESULTS 

The results of the evaluation of the model are shown in Fig. 4 and 5 for 
the respective cases of 38 kHz and 120 kHz signals. In both figures the 
same geometric conditions that obtained in FOOTE (1977) apply. In 
particular, it was assumed that the mean tilt angle 8 of the orientation 
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Fig. 3. Mean backscattering cross section of saithe in dorsal aspect at 120 kHz as a 
b 

function of the spread u in tilt angle distribution with mean tilt angle t, as a parameter. 
6 

distribution was 0 degrees and that the mean spread og in tilt angle distri- 
bution has the following form: 

where og,,,,, which is the free-space spread in tilt angle distribution, is 18 
degrees, and 'IJ~-, or critical fislz number density, is either 100 or 125 
fish/m3. The same extinctiolz cross sections that were used earlier were 
used here; namely, ere,,= 60 cm2 for the 38 kHz signal and oe,, = 100 
cn12 for the 120 kHz signal. 

DISCUSSION 

The predicted normalized ii-v relationships for saithe in the dorsal 
aspect, cf. Fig. 4 and 5, are rather different from the corresponding 
relatiollships for the ventral aspect as observed by R~TTINGEN (1976) and 
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Fig. 4. Theoretical normalized mean time-integrated echo intensity . as a function of 
density v for saithe (in the dorsal aspect) at 38 kHz for the followillg model parameters: - 
6 = 0 degrees; o = 60 cm2; cs = 18 degrees; v = 100 and 125 fish/m3. 
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reproduced theoretically by FOOTE (1977). The source of these dif- 
ferences in the case that the corresponding ventral and dorsal aspect 
extinction cross sections are identical and all geometric quantities remain 
unchanged, according to theory, lies entirely in differences in tlie tilt 
angle dependences of corresponding ventral and dorsal aspect target 
strength data, thence to differences in the v-dependences of the corre- 
sponding ensemble-averaged backscattering cross sections. These differ- 
ences are illustrated in Fig. 6 and 7, which show the dependence of;, on 
the spread og in tilt angle distribution for a mean inclination of 0 degrees 
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Fig. 5. l'heoretical liormalized mean time-integrated echo intensity F as a function of 
density v for saithe (in the dorsal aspect) at 120 kHz for the following model parameters: - 
0 = 0 degrees; o = 100 cmz; o = 18 degrees; v = 100 and 125 fish/m3. 
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Fig. 6. Mean backscattering cross sections of saithe in dorsal and ventral aspects at 38 
kHz as a function of the spread a in tilt angle distribution for mean tilt angle of 0 

B 
degreses. 

for signals with respective center frequencies of 38 kHz and 120 kHz. The 
dorsal aspect curves shown here were extracted from Fig. 2 and 3, while 
the ventral aspect curves were taken from Fig. 5 and 6 of FOOTE (1978). 

In the case of the 38 kHz signal the difference in behaviour of 5 b  for oB 
less than 5.5 degrees, cf. Fig. 6, is significant. For these values of o,, which 
correspond to values of v greater than about 125 fish/m3, Cb decreases 
with decreasing ot, or, equivalently, with increasing v for the ventral 
aspect, while remaining nearly constant for the dorsal aspect. The cor- 
responding E-v relationships show a definite peaking for v approxi- 
mately equal to 160 fish/m3 in the ventral aspect, and a steady mono- 
tonic increase to the maximum computed density, 350 fish/m3, in the 
dorsal aspect. 

The dependences of iFb on o, for the case of a 120 kHz signal are very 
similar at all values of og in excess of about 2 degrees. Because the irreduci- 
ble perspectival contribution to og exceeds 2 degrees for the particular 
conditions of R~ttingen's experiment, the dependences of 7, on P over 
the entire range of values of v can be considered similar for both aspects. 
Thus the 2-v relationships, after appropriate normalization, are seen to 
be nearly identical at 120 kHz. 

An assumption which has been applied consistently in the computations 
of this paper is that the dorsal and ventral aspect extinction cross sections 
are identical. Thus the dorsal aspect extinction cross section has been 
equated to 60 cm2 and 100 cm2 for the respective cases of 38 kHz and 
120 kHz signals. I t  is noted that there is no a priori reason why the dorsal 
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Fig. 7. Means backscattering cross sections of saithe in dorsal and ventral aspects at 120 
kHz as a function of the spread in tilt angle distribution for mean tilt angle of 0 

0 
degreses. 

and ventral aspect cross sections should be equal, except in the limit of 
sufficiently high frequencies. In this limit the pheomenon of scattering 
is said to become geometric, and the total scattering cross section, thence 
extinction cross section in the case that absorption within the fish is neg- 
ligible, is equal to twice the net projected area of the fish. Thus the total 
scattering cross sections of the fish in ventral and dorsal aspects, and, 
presumably, the ventral and dorsal aspect extinction cross sections, 
would be equal. 

With respect to the specimens of saithe and signal frequencies of Rat- 
tingen's experiment it was found that the characteristic scattering size- 
to-wavelength ratio was generally much greater than unity, i.e., that the 
ensonifying frequencies were high. However, the high frequency asymp- 
totic limit evidently did not obtain, for the extinction cross section was 
observed to depend on frequency. In this case, in which scattering is non- 
geometric, or frequency dependent, the dorsal and ventral aspect extinc- 
tion cross sections, like their backscattering cross sections, may be dif- 
ferent. The effect of a change in the extinction cross section on the nor- 
malized2-v relationships of Fig. 4 and 5 will be similar to that shown in 
Fig. 10 of FOOTE (1977) by virtue of the mathematical equivalence of the 
quantitative descrtptions of ventral and dorsal aspect scattering. 
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ABSTRACT 

M~IBORG, K.F. 1978. Variations in zooplankton volunies at  the permanent oceanographic 
stations along the Norwegian coast and a t  weathership station M(ike) in the Norwegian 
Sea during the years 1949- 1972. FiskDir. Skr. Ser. HnvUndel.~., 16:465 -487. 

During the years 1949- 1972 zooplankton was sampled in vertical hauls a t  permanent 
oceanographic stations along the coast of Norway and at  the weathership station ctMn 
in the Norwegian Sea. During 1949- 1962 (station R4:- 1965) Nansen net c(8/72~ was 
used, later the Juday net, J.36. The  Juday net was found to catch more plankton in 
relation to the opening of the net. 

During May - A~rgust average plankton volrrmes were larger off northwestern Norway 
than farther south. 

Deviations from the long term averages in plankton volulnes were compared with 
observations froin adjacent areas of the North Sea, Norwegian Sea and Barents Sea. 
Some siniilarities vilere Eo~~nd,  but local variations seein to be the major cause of observed 
differences. 

hTo clear relationship was established between zooplankton biomass and sea tempera- 
ture. 

Rich year classes of cod seem to be born more frequently in years when zooplankton 
bionlass is above average, while niediuln and poor year classes are possibly more frequent 
in years with lower abundance of plankton, but the data are not sufficient for a con- 
clusion. 

No correlation was found between abundance of plankton and of cod larvae. 

INTRODUCTION 

Since 1949 the composition and quantities of zooplankton along the 
coast of Norway and in the Norwegian Sea have been described in a num- 
ber of Teports (LIE 1961, 1966, 1968, WIBORG 1954, 1955, 1958, 1960 a 
and b, 1976). This paper deals with variations in zooplankton volumes at  
the permanent oceanographic stations and at station M during the 
years 1949-1972. 



Fig. 1. Permanent zooplankton stations 1949- 1972. 

MATERIALS AND METHODS 

Zooplankton has been sampled in vertical hauls from the bottom to 
0 m and from 50 to 0 m at permanent oceanographic stations along the 
coast of Norway (Fig. 1) a t  intervals from one week to one month since 
1949. At weathership station M in the Norwegian Sea (lat. 66'00' N, 
long. 02'00' E) samples have been taken weekly from 100 to 0 m and 
during some years also from 25 to 0 m. Here, a 600-100 m haul was also 
taken once a month and since September 1959, once a week. 

During 1949-1965 a Nansen net (opening diameter 70 cm, mesh size 



approx. 180 p, Dufour bolting silk No, 8) was used, to be replaced by 
the Juday net, (diameter 36 cm, mesh size 180 14, Nytex nylon gauze). 
The net was not changed simultaneously at all stations and was shifted 
last at  station M. 

Plankton volumes were measured after removal of large organisms 
such as salps and medusae, until 1970 by draining (WIBORG 1954) and 
later by displacement (ROBERTSON 1970). A comparison indicated 
slightly higher figures for draining, and a correction factor of 0.75 was 
calculated and used for the earlier figures from draining. 

According to BOGOROV (1 959) the Juday net catches up to twice as many 
organisms per 1 m3 as the Nansen net. In  the present investigation the 
displacement volumes in relation to the net opening werc also larger in 
theJuday net hauls. TRANTER and SMITH (1968) assumed that the trop- 
ical Juday net, which is a scaled up version of the ordinary Juday net, 
might have an initial efficiency of more than 100% because of its non- 
porous reduction cone, and that the probability of clogging could be high 
in tows longer than 50 m in water rich in plankton. In order to test the 
effect of the reduction cone a Juday net similar to those used in the present 
investigation was equipped with a Tsurumi-Seiki flowmeter placed half- 
way between the sentre and the rim (ANON. 1968 p. 156) and suspended 
from a bar, one end of which extended well outside the rim of the net. 
Another flowmeter was fastened at this end. The unit was twice towed 
round a circular tank for a distance of approximately 180 m at a speed of 
1.0 m/sec. and 0.8 m/scc. The reading of the flowmeter indicated a fil- 
tration of 83.2 % of the water offered. Vertical hauls were taken in Septem- 
ber 1977 in the sea near Bergen at a speed of 0.5 mlsec. In five 20-0 m 
hauls the percentages of filtration were, 73.8, 88.3, 88.3, 88.3, and 90.2; 
average 85.8%. In four 200-0 hauls, 62.8,67.0,68.7, 71.0, average 67.4%. 
In two 300-0 hauls, 65.1, 67.7, average 66.4%. Thus it is evident that the 
initial filtration of the Juday net is below 100% and that the percentage 
of filtration may decrease further with increasing length of the haul 
if plankton is abundant. No flowmeter tests are available for the 
Nansen net. 

In the present investigation no correction factor lzas been used for 
filtration. Accordingly, volumes of plankton per unit of sea surface are 
minimum figures. 



RESULTS 

AVERAGE MONTHLY ZOOPLANKTON VOLUMES DURING 1949- 1972 

The monthly average plankton volumes during 1949-1972 are shown 
in Fig. 2 and Table I, p. 484. The Juday net figures are generally higher, 
and are considered to give a more reliable picture of the plankton cluanti- 
ties. 
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Fig. 2. Average annual variations in displacement volumes of zooplaliktoil a t  permanent 
stations along the coast of Norway and at station M 1949- 1972. Left) Nanscn net 
hauls, right) Juday net hauls. Monthly mean figures per m%f sea surface. Dashed) 

50-0 m, solid) bottom to 0 m (station M 100-0 m and 600-0 m). 



Utsira 
Sampling started in 1965 though samples were not regular until 1967. 

Tbe spring increase starts at the end of March with maximum volumes 
occurring in June-July. These were of about 30 ml/m2 in the total hauls 
and 20 n1l/m2 in the upper 50 m. Small increases have been observed in 
September-October. 

Sognesjuen 

Plankton volumes were small when compared to those of the other 
stations. The bottom is at 300 m, bu.t hauls were only taken from 200 m, 
and some plankton may not have been sampled due to it staying below 
this depth, especially from autumn to spring. The spring increase starts in 
March-April though during 1949-1 962 the average volume did not 
change very much from April to July. There was a second increase in 
August-September. 

During 1963-1972 the peak in May wa.s more pronouilced with a 
lnaximum of 25 ml/m2, 

Onn 

Complete data are only available from 1949 to 1953. Tlze spring in- 
crease started in March-April, the main maximum in the upper 50 m 
occurring in May and in the total water column, in July. 

Skrova 

The spring increase started in April-May. During 1949-1 962 the 
plankton of the upper 50 nl was most abundant from May to June and 
in the total hauls from May to August. A second peak was indicated in 
September-Octolser. During 1963-1972 the total volume had a nuin 
peak of 50 mI/m2 in July while the 50-0 volur~ie was at a maximum of 34 

Table 1. Average biomass of zooplankton from 0 to 50 m in the eastern Norwegian sea 
(Norwegian Ch~rrent) in June 1958 (mg/m"). From G ~ u z o v  and PAVSHTIKS (1961), 

TIMOKHINA (1 963, 1972). 

Section ~ 1 9 5 8 / 1 9 5 9 ~ 1 9 6 0 ) 1 9 6 1 / 1 9 6 2 ) 1 9 6 5 ~  1966 11967 11968 11969 11970 



ml/m2 in June. During winter the plankton was relatively abundant, 
15-22 ml/ni2, probalsly a n  accunirrlation effect due to the topograplly of 
the Vest fjord. 

E g g  um 
The variations have been characterized by small volumes during late 

autumn and winter and distinct pealts in May- July. Volumes have be- 
en larger than a t  Skrova, maxima in 1963 were 60-67 1111/m2 for tlze 
total hauls and 42 ml/m2 in the .upper 50 m. 

Skarsvdg-Ingqi 

The spring increase starts ill April-May, the main maximum occur- 
ring in July and a second peak in September. I n  1963-1966 the average 
maximum volumes were 37-45 nll/m2. After three years without plank- 
ton sampling at  the Skarsv5g station, it was replaced by I n g ~ y  in 1969 
with complete sampling fronlJuly 1969 to August 1972. The high peak in 
July (Fig. 2) was caused by one sample of 165 ml/m2 in Jrtly 1970. 

Station &I 

The spring increase starts in February-Marcl~. For the 1949-1965 
period the peak for the 100-0 rn hauls reached iiz May, for 600-0 m in July, 
and during 1966-1972 the maxima for both intervals were reached in 
April. Plankton was relatively abundant in the upper 100 m untilJuly and 
in the upper 600 m until October. 

AVERAGE ZOOPLANKTON VOLUMES DURIATG iVfAY-AUGUST 

Averages have been worked out per month for the period May- 
August when the plankton generally is most abundant (Fig. 3). 

The larger figures calculated for the Juday net hauls are immediately 
apparent, but the ranging in biomass a t  the stations is more or less tlze 
same, viz. Eggum, station M, Skrova, Skarsv%g and Sognesj~en. During 
the period 1949-1962 Oila ranged before Sog~zesj~en as did Utsira during 
1963-1972. 

The 50-0 m volunles were about half the total volume or below, except 
a t  Sognesj~en where the deeper layers may have been sampled insufficient- 
ly. At station M the 100-0 m volunlcs where of nearly the same size as the 
50-0 m volume a t  Eggum. 

It is assumed that the 1963-1972 figures give a relatively correct pic- 
ture of the average quantities of plankto11 during May-August a t  Eggum 
and station M, i.e. 50--60 ml/m2, a t  Skrova and SkarsvAg 30-40 ml/m2, 
at Sogizesj~en and a t  Utsira 15-25 ml/m2. 
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Fig. 3. Average nlonthly zooplankton volunles during May-A~~gust. Left) Sognesjaen 
(S), Skrova (Sk) and Eggum (E) 1949- 1962, Ona (0) 1949- 1954 Skarsvgg (Sv) 
1955- 1962, station M 1949- 1963. Right) Utsira (U) 1967- 1972, Sognesj~en, Skrova 
and Eggum 1963 - 1972, Ingoy (I) 1969- 1972, Skarsvig 1963 - 1966, station M 1966 
- 1972. Total column) bottom to surface, black col~nnn) 50-0 (station M 600-0 m and 

100-0 n ~ ) .  

DEVIA T I 0  NS FROM THE &IEA N A40 NTHL Y A TmRAGES D URIIVG THE YEARS 
1949- 1972 

Fig. 4--10 show deviations from tlie mean plailkton volunzes for each 
month and for tlie period April-August during the years 1949-1972 
(Table I ) .  I n  some years data are inconzplete, lacking for one to several 
months or eve11 years. For this reason the period April-June 11as been 
used for station M instead of April-August. The figures have therefore 
to be considered with reservation. 

The deviations in a particular year are seldom similar at two or more 
stations. During 1950 positive deviatiolzs occurred in June at Eggum and 
station M, and in August at  Ona, Skrova, Eggum and station M. I n  

J F M  A M J 

1967 

Fig. 4. Utsira. Deviations from the nlean zooplankton volumes for each month of the 
year and of the period April- August 1967- 1972. x) No observations. 



Fig. 5. Sognesjoen. Deviatiolis from the mean zooplalikto~i volulnes for each month of 
the year and of the period April-August during 1949- 1972. x) No observations. 

1965 there were positive deviations in June, July and August at SkarsvAg 
and station M. I11 1966 deviations were c o n ~ ~ n o n  in June a t  Sognesj~en, 
Skrova and Eggum., and in July a t  Sognesj~len and Skrova. 

DISCUSSION 

COMPARISON OF ZOOPLANKTON IN ADJACENT AREAS 

During April 1962 and April-May 1963 zooplankton was very abun- 
dant on the coastal banks off Stad-Fr~ya on the west coast of Norway 
(WIBORG 1976), but scarce a t  the permanent station a t  Sognesj~en. At 
Eggum the biomass was below average during April-May 1962, but 
above average in May 1963. During April-May 1964 zooplankton was 
abundant over all coastal banks between Stad and R ~ s t  (M~IBORG 1976) 
and a t  Sognesjmn and Eggurn. 

LONGHUR~T et al. (1972) reported on annual fluctuations in abundance 
of various planliton organisms west of the British Isles and in the North 



Fig. 6. Ona. Deviations from the mean zooplankton volumes for each month of the year 
and of the period April-August 1949- 1953. x) No observations. 

Fig. 7. Skrova. Deviations from the meall zooplankton volumes for each month of the 
year and of the period April-August 1949- 1972. x) No observations. 
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Fig. 8. Eggum. Deviations from the mean zooplankton volumes for each month of the 
year and of the period April- August 1949- 1972. x) No observations. 
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Fig. 9. Skarsvzg and Ingay. Deviations from the mean zooplankton volumes for each 
month of the year and of the period April--August 1949- 1972. x) No observations. 



Fig. 10. Station NI. Deviations froill the ~llean zooplankton volumes for each nlonth of 
the year and of the period April-June 1949-1972. x) No observations. 

Sea during the years 1949-1970. I11 tlle Noi-th Sea the number of Calanus 
sp. fluctuated in very nzucl-1. tlie same way as in the figures for April- 
August at Sognesj~en, with peaks in 1952 and 1964 and large reductions 
in 1958, 1962 and 1965 (Fig. 11). 

The biom-ass and conlposition of the zooplanktoll in the Norwegian 
Sea have been studied for a number of years by Soviet scientists. Most of 
the samples were collected in June in the eastern part of the area in sec- 
tions along the parallels between 60°N and 74"N. Biolnass was calculated 
as mg/m3 of zooplankton in 50-Om. Data from G ~ u z o v  and PAVSHTIKS 
(1961), and TIMOKHINA (1963, 1972) are compiled in Table 1. The two 
northern sections may be colnpared with Skarsv%g and I n g ~ y ,  tlie median 
ones with Skrova and Eggum and the two southern sections with Sogne- 
sjsen. Tliere does not seen1 to be any colnlnon trend in the variatioils of 
abundance among the sections, neither do they correspond with any of 
the coastal stations in their \rariations. 

TIMOKHINA (1968) calculated the average annual biomass of Calanus 



Fig. 11. Deviations from the mean monthly zooplankton volumes for the period April 
-August at  Sognesjmen 1949- 1970 compared with variations in relative abundance of 

Calanus sp. in the same years, redrawn from LONGHURST et al.  (1972). 

Jfinmnrchicus in coastal waters off western and norther11 Norway during 
1959-1963. The figures were as follows (tons per km2) : 1959, 19.5; 1960, 
14.4; 1961, 2.8; 1962, 12.4; 1963, 22.0. 

A zooplaiikton biomass above average was recorded at  station M and 
Skrova during April-August 1960 and at  station &/I, Skrova and Eggum 
during the same period in 1963. At SkarsvAg the biomass was above 
average in 1959, but below duriiig 1960-1963. 

CORLETT (1965) studied zooplankton in the western Barents Sea during 
the swnm.ers of 1949-1959. The bionzass was relatively high in 1949, 
1950, 1954 and 1957-1959, but low in other years (see Table 4, p. 00). 
Similarities to the Eggurn and Sliarsviig results thus occurred in 1950, 
1952, 1953, 1958 and 1959. 

During the years 195 1-1958 ZELIKMAN and KAMSHILOV (1960) obser- 
ved a sn?.all bionzass i11 the southern Barents Sea in 1952, maxima in 1951 
and 1954, and also high figures in 1955-1957. At Eggum and Skarsviig 
the April-August figures were similar in 195 1, 1952, 1955 and 1956. 

ANTIPOVA, DEGTYAREVA and TIMOKHINA (1974) observed peaks in 
abundance of zooplanktoil biomass in the soutlzern Barelzts Sea in May 
1950, 1959, 1960, 1961 and 1967, and in July 1950, 1953, 1962 and 1964. 

Zooplanktoil thus seems to have been commonly very abundant both 
off the northwestern coast of Norway and iii the western, or southern, or 
in botli areas of the Barents Sea during the spring and summer nlonths of 
1950, 1951, 1955, 1956 and also ill July 1953. A biomass below average 
was common in 1952. 



ZOOPLANKTON AND SEA TEMPERATURE 

ZELIKMAN and KAMSH~LOV (1960) did not find any clear relationship 
between the abundance of zooplankton and sea temperature. 

ANTIPOVA, DEGTYAREVA and TIMOKHINA (1974) observed a positive 
correlation between the temperature of the sea in April and May and the 
biomass of zooplankton along the Kola section in the southern Barents 
Sea. They concluded that the warming of the upper water layers stimu- 
lated the growth of phytoplankton which in turn influenced the develop- 
ment of the zooplankton. Furthermore, the heat content of the upper 
water layers might also stimulate the development of the gonads of 
Calanus finmarchicus. For June, July and Septenlber there was no positive 
correlation, probably because Calanus then descended to deeper layers to 
hibernate. 

MIDTTUN (1969, 1975) studied the annual variations in the sea tem- 
perature at  the permanent oceanographic stations along the Norwegian 
coast during 1945-1965 and also surface temperatures at other coast- 
al stations during 1936-1970. At Eggum maxima in temperatures 
were observed in 1950, 1961, and 1964 while surface maxima occur- 
red in 1967 and 1970. Plankton biomass above average was observed 
in 1950 and 1964, but also in 1963 and 1966 when the temperature was 
low. Near Skarsviig there were temperature maxima in 1959-1961 and 
minor peaks in 1964, 1967 and 1969-1970. Zooplankton biomass was 
slightly above average in 1959 and 1970 whereas the other peaks coin- 
cided with low sea temperatures. 

The simultaneous occurrence of high sea temperatures and above aver- 
age plankton biomass seems therefore to be rather accidental. I t  should, 
however, be noted that in 1950 there was a more general abundance of 
plankton at several localities, both at station M, Eggum, and partly at 
Ona and Skrova. 

ZOOPLANKTON BIOMASS, ABUNDANCE OF COD LARVAE OFF THE NORTH- 

WESTERN COAST OF NOR WAY,  AND THE SIZE OF THE YEAR CLASSES OF 

ARCTO-NOR WEGIAN COD 

Deviations from the mean of the zooplankton biomass at Skrova,Eggum 
and Skarsviig during April-August are compared in Table 2 with the 
relative abundance of cod larvae during May-July 1949-1 972 and 
with the strength of the same year classes of cod at an age of 2 $ years. 
Data on cod larvae have been taken from BARANENKOVA (1974), DRAGE- 
SUND and HOGNESTAD (1967), HOGNESTAD (1969 a, b, and c, 1971, 1972, 
1973), SMESTAD and OYESTAD (1974) WIBORG (1957, 1960) and on year 
classes of cod from PONOMARENKO (1976) and ANON. (1976). 



Table  2. Occurrence o f  cod larvae o f f  northern Norway, number of  cod of  2 + yearsihour 
of  trawling in the Barents Sea, and abundance of  zooplallkton at Skrova ( S ) ,  Egguln (Ej 
and SkarsvBg-Ingoy ( S k )  during April-August 1949- 1972. +) at or above average, 
f ) below average, x ) no observation. R-rich, M-medium, P-poor. See text, p. 477-478 

The abundance of cod larvae has been classified very roughly as high 
( f )  or low (-). Year classes of cod with 30-79 specimens per hour of 
trawling are characterized as rich, those with 10-29 per hour as medium 
and those below 10 per hour as poor. The year classes of 1954 and 1962 
have been adjusted to medium according to ANON. (1976). 

The figures do not lend themselves to detailed statistical analysis, but 
in order to get a rough idea of the relationships, the data have been ar- 
ranged as sliowlz in Tables 3-6. 

Ricli year classes of cod seem to be born more frequently in years when 
zooplankton biomass is above average while medium and poor year clas- 
ses are possibly more frequent in years wit11 low abundance of plankton, 
but as data are laclting for a number of years, the conclusion is uncertain. 

Zooplankton abuildance 

S E I S k  

I 

Cod,  2 + years 
No./hr o f  
trawling 

Year  
Cod larvae 

Apr. -June / June- July 



Table 3. Number of instances where zooplankton biomass was at  or above average (+) 
or below average (f) at  Skrova, Eggum and Skarsvgg-Ingay during April-August and 
year classes of cod aged 2 f years in the Barents Sea for the years 1949- 1972. x ) no 

observation. Data from Table 2. 

Cod 
Year-class 

CORLETT (1965) found a high positive correlation between the summer 
biomass of zooplankton in the western Barents Sea and the relative strength 
of the corresponding year classes of cod. His data have been used in Table 
4 together with the figures from Eggum and Skarsv%g for the same period. 
Only 6 of the 11 observations of zooplankton above or below average 
correspond with the figures of relative strength of the cod year classes. 
This may indicate that the size of the year classes is partly determined 
after the cod fry have left the coastal areas of northern Norway. 

SYSOEVA (1973) studied the feeding and survival of the Barents Sea cod 
larvae. She concluded that the number of cod larvae in June-July did 
not depend on the number of eggs and larvae in April-May, but was 
determined by the survival from April-May to June-July. This sur- 

Zooplankton 

Skrova I Eggum I Skarsvgg-Ingey I Total 

Rich 
Medium 
Poor 

Table 4. Year-classes of cod and zooplankton biomass in the western Barents Sea during 
summer (CORLETT 1965), and at  Eggum-Skarsvgg in 1949 - 1959. Data and synlbols 

as in Table 2. 

Year Year-class Zooplankton Zooplankton 
cod 1ng/m3 Eggunl-Skarsvgg 

4 2 3 2 1 3 2 1 1 0 6 2  
3 6 0 5 4 4 3 2 7 1 4 6  
4 5 2 6 1 2 2 5 8 1 3 6  



Table 5. Number of cases where abundance of zooplanliton was above (+) or below (+) 
average, and abundance of cod larvae above (4-) og below (+) average in April- 
June and June-July at Skrova, Eggum and Skarsvig. x ) no observation. Data from 

Table 2. 

June- July 
+ 3 1 1 3 0 1 3 0 5 7 0  
- 3 5 2 5 1 3 3 2 8 1 3 3  

Cod larvae Skrova Egg um 

April-June /7TI + I + 1 x 

viva1 was determined by the feeding conditions and by the condition of 
the larvae. The feeding conditions were influenced by the number of 
nauplii of Calanus finmnwlzicus in May, but this dependency was not 
expressed very clearly. In June-July she found a negative correlation 
between the biomass of plankton, and survival and number of cod larvae, 
therefore she concluded that the plankton had been consumed by the cod 
larvae. 

The relationship between cod larvae and plankton biomass at  Skrova, 
Eggum and Skarsv%g-Ing~y in 1949-1972 is shown in Table 5. As ob- 
servations on zooplankton are missing for a number of years no con- 
clusions may be drawn with certainty. As mentioned by SYSOEVA (1973) 
eggs and larvae of copepods (Calanus finmarchicus) which are important as 
food for cod larvae, may be abundant in April-May, even if the bio- 
mass of zooplankton is small. I t  may therefore be concluded that it is the 
quality and particle size rather than the quantity of zooplankton which 
is the critical factor for the survival of the cod larvae. 

The relationship between the size of the year classes and the abundance 
of cod larvae is shown in Table 6. For the poor year classes a positive 
correlation seems to exist with a low abundance of cod larvae both in 

Skarsvig 

+ 1 + 1 x 

Table 6. Number of cases with high (-/-) or low (-) abundance of cod larvae along 
the coast of northern Norway in April-June and June-July and the same year- 

classes 2 -t years old. Data from Table 2. 

I Abundance of cod larvae 

Total 

+ It 1 x 

Rich ........................... 3 3 2 1 
Medium . . . . . . . . . . . . . . . . . . . . . . . . 2 I 2 
Poor ............................ 8 1 5 



April-June and J~tne-July, for the rich and medium year classes com- 
bined, a positive correlation in April -June. The observations are, how- 
ever, too few to be reliable. WIBORG (1957) found no correlation between 
abundance of cod eggs and larvae in the Lofoten area and the size of the 
corresponding year classes. 

CONCLUSION 

I t  may be concluded that plankton observations from single stations 
close to the Norwegian coast mainly reflect the local conditions. When 
plankton hauls are taken at long time intervals, occasional patchiness may 
obscure the variations. This is especially felt for the quantitative obser- 
vations. 

Continuous observations during a series of years may nevertheless 
yield valuable information on the general trends in the development and 
quantity of the plankton, especially when combined with information 
from other sources on physical, chemical and biological parameters. 
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Table I. Plankton displacenient volumes per ni2 of sea surface at the permanent oceanographical stations along the coast of Norway and at St. 
M in the Norwegian Sea during the years 1949- 1972. Mean of the moilthly averages and mean of the montiis April-August of the different 
years. K)mean, s) standard deviation, n) number of years. As the period April-August during some years is incomplete, the corresponding n 

may be larger than E of the individual months, see text, p 468. 

J F M A M J J A S O N 
U April - 

August 

Utsira 200-0 m (1976- 1972) 
17.6 28.1 29.4 33.2 14.8 
8.56 18.45 15.59 25.47 4.52 

6 5 5 6 5 

Utsira 50-0 m (1967 - 1972) 
12.9 18.5 20.3 15.0 5.8 
7.16 16.65 12.70 12.21 1.80 
6 6 5 6 5 

Sognesjoen 200-0 m (1963- 1972) 
17.8 26.1 12.3 8.8 12.0 
10.78 14.20 6.46 5.24 3.85 

10 1 o 7 9 10 

Sognesjøen 50-0 m 1949- 1962) 
6.2 5.4 7.3 3.6 3.5 
3.58 5.48 3.90 1.58 3.55 
10 10 10 8 7 



Sognesjøen 50-0 m (1963- 1972) 
14.4 26.6 9.0 7.4 10.5 
15.30 15.79 8.24 4.42 6.86 

10 10 6 9 10 

Ona 200-0 m (1949- 1953) 
12.3 12.2 15.7 31.3 5.2 
6.37 7.37 8.54 20.17 3.42 

5 5 3 5 5 

Ona 50-0 m (1949- 1953) 
5.3 8.6 7.0 1.9 0.8 
3.51 8.80 4.60 2.02 0.29 
4 4 3 3 3 

Skrova 300-0 m (1949- 1962 ) 
12.3 24.5 25.7 22.1 23.7 
4.35 8.87 8.35 9.52 19.75 
11 13 13 14 14 

Skrova 300-0 m (1963- 1972) 
17.2 30.8 43.1 50.4 33.0 
4.78 11.00 17.38 22.83 15.61 
1 o 10 10 10 10 

Eggum 200-0 in (1949- 1962) 
8.9 52.5 41.7 47.9 15.3 
6.74 40.37 28.12 40.62 9.04 
9 7 10 8 9 

Eggum 200-0 m (1963- 1972) 
22.0 61.8 58.8 67.0 44.9 
12.49 56.44 25.02 22.17 25.67 

3 9 8 8 7 



J F M A M J J A S O N 
D April . 

August 

Eggum 50-0 m (1949- 1962) 
0.6 0.9 3.1 33.5 14.0 6.8 4.9 2.3 3.1 1.6 0.8 11.9 
0.76 0.94 2.63 41.30 11.43 8.68 4.76 1.55 2.40 1.91 0.76 9.38 
6 5 7 7 10 9 7 9 7 5 6 9 

Eggum 50-0 m (1963- 1970) 
3.0 5.6 12.5 42.6 42.7 35.8 13.9 16.0 11.9 2.3 3.2 30.8 

O 2.40 6.45 39.79 26.32 18.29 7.39 21.50 16.10 1.94 2.14 13.61 
2 3 4 8 7 8 8 8 8 7 4 8 

Skarsvåg 260-0 m (1955- 1962) 
2.1 2.7 3.1 11.5 26.6 31.3 19.0 18.1 7.5 6.7 8.0 19.5 
1.00 1.37 1.46 6.99 20.61 28.79 13.95 9.65 1.98 4.18 4.19 13.14 
3 4 6 7 7 8 8 8 6 8 4 8 

Skarsvåg 260-0 m (1963- 1966) 
4.0 5.4 4.5 22.5 39.5 45.5 22.5 24.0 28.0 7.5 1.8 30.7 
2.11 4.82 2.12 19.08 15.86 42.00 19.36 13.08 15.10 2.12 O 16.10 

3 4 2 4 4 4 4 3 3 2 1 5 

Skarsvåg 50-0 m (1955- 1962) 
10.0 10.0 2.4 5.7 11.1 14.9 6.2 3.9 2.7 2.0 2.2 9.6 

O O 0.78 3.79 7.11 12.83 3.76 2.45 2.15 1.41 1.42 6.0 
1 1 2 5 6 8 8 5 5 2 4 8 

Skarsvåg 50-0 m (1963- 1966) 
3.0 3.0 7.5 9.0 14.7 16.5 9.8 11.7 5.6 3.0 3.0 12.1 

O O 6.36 4.24 5.29 7.14 2.87 10.92 2.42 O O 2.66 
4 4 2 4 4 4 4 4 3 1 1 4 
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ABSTRACT 

BRAARUD, T.  and NYGAARD, I. 1978. Phytoplankton observations in offshore 
Norwegian coastal waters between 62' N and 69" N. I. Variation in time of the spring 
diatom maximum 1968-71. FiskDir. Sh-r. Ser. HavUnde~s., 16: 489-505. 

An attenlpt was made to trace yearly fluctuations in the timing of the spring 
diatom maximum along the Norwegian west coast, 62" N-69" N. Quantitative data 
on the diatonl population at 281 stations with 0 m samples and 120 stations with addi- 
tional san~ples from the 10, 20 and 30 m levels, collected in March-April during the 
four years 1968-71, were used. A delay of about three weeks from the southern to 
the northern part of the area, as previously observed, was again established. The years 
1970 and 1971 were years with an early ~l~aximum while 1969 was a definitely late year 
within the whole area. The time variatiorl in 1968-71 recorded in the Tr~ndelag and 
Helgeland subareas, showed trends different from those of the neighbour areas. The 
phytoplankton data were not adequate for a detailed analysis of the factors responsible 
for the timing of the maximum each year in the respective parts of the investigated area. 

PREFACE 

A study of the plankton in offshore coastal waters along the Norwegian 
coast from &fore to VesterAleri was adopted as part of the Norwegian 
contribution to the International Biological Programme (TBP), section 
Marine Prod~zctivity (PM). The plankton work formed an integrated 
part of a marine biological survey, "The recruitment mechanism for 
herrilig and cod", undertaken by the Institute of Marine Research, 
Fisheries Directorate, Bergen, in I\darcl-r-April 1968-7 1. 

The present report on the plzytoplanktoll material deals with the vari- 
ation in time of the spring diatom maximum of the near-coastal and 
intermediate coastal waters off Msre, Trsndelag, Helgeland and Vest- 
fjorden-Vesteriilen in 1968 -7 1. 



Cand. real. Ingrid Nygaard carried out the microscopical examination 
by means of the Utermohl teclinique (UTERMOHL 1931) of the water 
samples from 400 stations. The fillancia1 support tlirougli IBP sources was, 
however, inadequate for her continued engagement at  the project until 
the results could be presented for publication. The senior author is, 
therefore, mainly responsible for the editing of the report. 

I n  subsequent reports, accounts will be given of the seasonal and 
regional occurrence of the more important diatom species and of groups 
playing a subordinate role in the phytoplanktoil during March-April. 

INTRODUCTION 

In  Norwegian coastal waters the spring diatom maximum is the most 
spectacular event in tlze annual phytoplankton cycle as indicated by 
popular clesignations as "bloom" or "outburst". TiVithiii a period of few 
weeks a huge production of organic matter takes place, doubtless being 
of major importance for the secondary producers and the subsequent 
links in the production chain. Success of tlie reproduction of tliese later 
stages may depend upon a satisfactory coordination in time of spawning 
and availability of food for the fish larvae. In this connection variation in 
time of the season of high. productivity by phytoplankton in spring may 
play a role. 

IVitli this reasoning in mind, a program for tlie study of phytoplank- 
ton in water samples collected during a S L I ~ V ~ Y  organized by tlie Institute 
of Marine Research, Fisheries Directorate, Bergen, was set up. The 
purpose was to bring out information on variation from year to year and 
from one part of the area of investigation to the other in the time of the 
diatom maximum. 

SUBAREAS AND M'ATERMASSES 

For the present purpose, the area of investigation was divided in four 
subareas (fig 1) : 

More - from 62" N to 63" 30" N 
Trondelag - from 63" 30" N to 65" N 
Helgeland - from 65" N to 67" N 
Vestfjorden-Vesterilen - from 67" N to 69' N 

The topography and hydrography of tlie offshore coastal areas 
which the survey covers, are so diverse that the environmental situation 
for phytoplankton and zooplankton, even witliin one of the subareas, 
exhibits a rather broad range. In  order to obtain a meallillgful basis for 



Fig. 1. A. The investigated area for the phytoplankton survey 1968 - 7 1 of the Norwe- 
gian IBP-PM project. 

B. Number in circles: Reference to previous quantitative phytoplankton studies in 
spring in Norwegian offshore coastal waters north of 62" IV. 1) Lopphavet, HEIMDAL 
1974. 2) Malangen, GAARDER 1938. 3) Lofoten, FOYN 1929; GRAN 1930. 4) VesterBlen, 
GRAN 1930 ; BRAARUD e t  al. 1958. 5) Vestfjorden, NORDLI 1949; BRAARUD et  al. 1958. 

6) Mare, GRAN 1929,1930; BRAARUD and KLEM 1931. 

comparison of the time sequence of the spring diatom development along 
the coast, a division of the watermasses encountered in a section from a 
fjord area out to the atlantic drift has been adopted for the upper 50 m. 
In addition to the old distinction between coastal and atlantic water 
based on salinities (HELLAND-HANSEN and NANSEN 1909), the term 
"semi-atlantic waters" for stratified waters with coastal water overlying 
Atlantic water within tlie upper 0-50 m layer is introduced. This situ- 
ation may be expected to involve a certain admixture of atlantic water to 
the overlying water within the euphotic zone. Trophic conditions for 
phytoplankton growth may in the semi-atlantic waters differ essentially 



Fig. 2. Bathymetric map of the investigated area. Depths in hectometer. The figure 
represents an extension of Fig. 1 in NAKKEN and LJBEN (1969) and was 

supplied by L J ~ E N .  

from those in the coastal waters, and the same may pertain to other 
el~vi~onmental co~lditions as well. I n  Fig. 3 a diagram is shown, indicating 
tlie five categories of watermasses encountered in the section. While tlie 
border lines between the atlantic and semi-atlantic waters and between 
the latter category and the intermediate coastal waters are based upon 



Fig. 3. A hydro-topographical division of the watermasses 0 -50 In on the Norwegian 
west coast. Salinities within the 0-50 m layer: Category 1, 2 and 3) lower than 35%,, 
category 4) lower than 35 %, in the uppermost strata, higher than 35%, beneath, 

category 5) higher than 35%,, even a t  the surface. > 35%,, : i  <35%, 

hydrographical criteria, the topographical delineation of the intermediate 
coastal and the near-coastal waters is more arbitrary. The extention of 
the various categories differs with locality and season, and may show 
yearly variation within any of the subareas investigated. 

QUANTITATIVE PHYTOPLANKTON DATA 1968-71 

At most of the stations surface samples only were examined while in 
some cases samples from the 10, 20 and 30 m levels were also studied. I n  
Table 1 the number of stations of the two categories are given for the four 
subareas and for each year. Only 2 ml samples were examined, using the 
Utermohl technique. Original tables for each station as well as excerpt 
tables for the various cruises are deposited at the University of Oslo, 
Department of Marine Biology and Limnology. Hydrographical data 
are available from the Norwegian Oceanographic Data Centre, Rergen. 

The situation in semi-atlantic and atlantic waters will be considered 
in  a subsequent report. 



Table 1. Stations for which quantitative phytoplankton data were obtained. Italized 
figures indicate numbers of stations with data for more than the 0 nl sample. 
Otlierw~ise only the 0 nl sanlple has been examined. The number of stations of each 
category as well as their total number are given for each subarea and each year. 

Sum for each 
subarea. 113 

Area 

Vestfjorden 
M ~ r e  Trendelag Helgeland -Vester51ell 

129 Total 401 

Sum for 
each 

METHOD FOR ESTIMATING THE TIME OF THE SPRING 
DIATOM MAXIMUM 

I n  handling the observatiollal data, which are scattered in time as 
well as geograpl~ically, it was found lieccessary to refer the situation at  
each station to a common scale, indicating various stages of the spring 
diatom increase. I t  is obvious that the adoption of such a procedure for 
the whole area of investigation requires that it is not based upon too strict 
a gradation. Conditions in the A40re area in the south and in the Vest- 
fjorden-Vester%len area in the north are so different hydrographically 
(BRAARUD, GAARDER and NORDLI 1958) that it might have been prefer- 
able to treat them separately. However, the inclusion of the two sub- 
areas in the middle of the coastal region investigated, makes it infeasible 
to draw any rational divisioli line between a souther11 and a northern 
situation. We shall, therefore, deal with each of the four subareas shown 
in Fig. 1. 

The following stages of the spring diatom increase were distinguished : 

Stage 0 - No sign of ally increase of the diatom population 
after the winter minimum. 

I - A definite increase is noticeable. 
- I1 - The diatom population has reached about 50/ml. 
- I11 - The diatom population lzas increased further, 

apparently approaching maximum. 
- I V  - The population has reached 1 000/ml or more. 
- V - Post-maximum situations are given this desig- 

nation, regardless of the size of the diatom popu- 
lation. 



This coarse scale is subjective, and other criteria than the llumerical size 
of the diatom population have been employed as well. A sample with a 
diatom population of lOO1ml might either be referred to stage I11 or to 
V. The additional criteria w l ~ i c l ~  then have been considered are: 1) The 
composition of the diatom comm~lnity, 2) the occurrence of resting stages 
and, in some cases, the general compositioil of the other components of 
the phytoplankton. 

When the composition of the diatom population is ~ ~ s e d ,  our know- 
ledge from previous investigations of the spring diatom increase has been 
employed, such as the early appearance of Clzaetoceros socialis and C.  

furcellatus. The percentage of resting spores in these species. is also taken 
as an  indicative detail. 

During the collation of the phytoplankton data from this survey, ob- 
servations were made on the relative abundance of the artificial group 
"monads and unidentified flagellates" (MF) at  various stages of the dia- 
tom spring growth. In  the south a definite increase took place after the 
diatom maximum had passed. A detailed discussio~l of the quantitative 
distribution pattern of this group relative to the diatom population is 
planned to be published separately. For the More area in 1968, when the 
observatio~ial material was relatively adequate, a condensed table is 
presented (Table 2) .  I t  indicates that post-maximum stages are apt to 
have acquired much larger populatioizs of MF than those occurring in 
pre-maximum stages with similar diatom abundance or whell the diatom 
maximum is reached. In  the northernmost area, the picture is not as 
consistent in this respect, possibly because density stratification at  this 
time of the year is far less pro~iounced in the ilorthern than in the southern 
area (BRAARUD et al. 1958). 

Table 2. Changes in the component "Monads and unidentified flagellates" (MI?) 
during the phytoplankton development in the offshore coastal waters after the winter 
minimum. Examples from the Mere area in 1968. Populations as cells/ml. For definition 
of development stages 0 -V, see p. 494. 

Stages 0 I I1 I11 I V V 

Cruise 2a 
7 - 12 March 
Number of 
stations . . . . . . .  9 - - - - - 
Diatoms, 
cells/ml . . . . . . .  <8 
ME, cells/ml 
Range. .  . . . . . .  3-23 
Mean . . . . . . . . .  10 
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Tabie 2 cont. 

Stages 0 I I1 I11 I V V 

Cruise 2b 
25-27 March 
Number of 
stations . . . . . . .  - - 3 2 7 - 
Diatoms, 
cellslml . . . . . . .  - - <250 <800 2300-5800 - 
MF, cells/ml 
Range . . . . . . . .  7-14 1-22 1-21 - 
Mean . . . . . . . . .  10 11 9 

Cruise 3a 
7-8 April 
Number of 
stations . . . . . . .  2 3 1 5 4 5 
Diatoms, 
cells/ml . . . . . . .  <7 130 530 1400-1700 2600-3200 150-1100 
MF, cells/n~l 
Range . . . . . . . .  6-16 0-8 5 8-36 4-11 9-40 

. . . . . . . . .  Mean 11 3 18 7 2 1 
- - 

Cruise 3b 
18-23 Ajril 
Number of 
stations - - 1 2 9 - . . . . . . .  
Diatoms, 
cells/mI . . . . . . .  3800 <1 -557 
MF, cells/ml 
Range . . . . . . . .  11 78-3300 
Mean. . . . . . . . .  734 

Cruise 4 
17-29 April 
Number of 
stations - - - - 2 . . . . . . .  2 3 
Diatoms, 
cells/ml . . . . . . .  1000-2500 2 -481 
A4F, cells/ml 
Range . . . . . . . .  9-39 21-1735 
Mean. . . . . . . . .  24 5 74 
-- - 

Stage V is even less well-defined than the earlier stages. I n  some cases 
the decline of the population after the diatom maximum may be very 
rapid, as shown by the observations by GRAN (1927) in Fig. 4. However, 
dependent upon the hydrographic situation and the grazing intensity, a 
slower decrease may occur. This may particularly bc expected in the 
northern coastal area where wind-generated turbulence is apt to be 
especially effective in supplying nutrients from deeper layers to the 
euphotic zone due to the small density gradients encountered there at  
the season in question (HEIMDAL 1974). 



M A R C H  

Fig. 4. Changes in the diatom population (1 -2 n ~ )  at  KBrtveit, south of l3erge11, 3-28 
March 1922. Recordsfroin GRAN (1927). 

The size of the M F  populations recorded may to some extent be in- 
fluenced by the amount of larger forms in the sample. When diatoms are 
very abundant, tlie accuracy of the counting of the very small forms of 
MF is apt to be considerably reduced. For this reason the records of M F  
populations for stages 111 and IV may be too small. This inaccuracy 
would, however, hardly illvalidate the use of the present criterioli for 
distinguishing between stage V and stages I and I1 in cases when the 
diatom population of the former is of a similar, fairly modest size as in I 
and 11. 

VARIATION I N  TIME OF THE SPRING DIATOM MAXIMUIVI 1968-71 

The present survey can only give fragmentary information on varia- 
tion in tlie time schedule of tlie spring diatom increase within the coastal 
area 62"-69" N. Irregularities in tlie cruise program of tlie co-operative 
project, curtailmelit of the microscopical work for financial reasons and 
the preselection of samples lor t l ~ e  phytoplankton studies have made the 
observations less suited for a description of the time scliedule in the four 
subareas in each of the four years of investigation. 

I n  Talsle 1 the number of stations for whicl~ ghytoplankton data were 
obtained, is given for tlie various years and subareas. A fusthcr docu- 
mentation of the observational material on whicli tllc estimation of 
the time of the diatom maximum has been based, is given i11 Table 3 for 
the M ~ r e ,  Tr~nde lag  and Helgeland sulsareas and in Table 4 for Vest- 



fjorden-Vester%len. For each of the subareas the tables give information 
on which stages have been observed in each week and, for each stage, the 
number of stations at which it was represented is noted in parenthesis. 

Fig. 5 gives a diagrammatic summary of the results. I t  should be 
accepted with due reserve since ill many cases the observations are too 
scanty for a more accurate estimate. This is especially the case for 
Helgeland. 

A comparison between the results for the More and Vestfjorden- 
Vesterzlen subareas shows that in all years a delay in the north of 3-4 

Table 3. Subareas Merre, Trnndelag and Helgeland. Summary for each year of 
recordings of she stages 0-V (see p. 494) observed in March-April and the first week 
of May. For each stage, the number of stations at which it was obqerved in the week 
and year in question is given in parenthesis. 

Month March April 
Week I 1 2 3 4 / 1 2 3 4  I - 
1968 
Cruise 2a, 2b, 
3a, 3b, 4 . .  . . .  

1969 
Cruise 6a, 6b, 
6d . . . . . . . . . . .  

1970 
Cruise 8a, 8b, 
8c, 9a, 9b . . .  

1971 

-- 

. . . .  Cruise 10 

1968 
I 

TRONDELAG 
I 

Cruise Za, 3a, 
3b, 4 . . . . . . . . .  0 111 V V 

(1) (2) (3) (13)  

MBRE 

0 I11 
(7) ( 1 )  

IV 
(7) 

V 
(1) 

I I V 
(1) (13) 
I11 
(2 
IV 
(3) 
v 

(6) 

I1 V 
(4) (6) 
IT1 
(2) 
IV 
(2) 

V V V V  
(3) (11) (5) (4) 
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Table 3 cont. 

weeks was registered. This is in accordance with previous investigations 
in these areas (see p. 491). An earlier spring maximum in Vestfjorden 
than in near-coastal waters off Vesterglen, which was indicated in 1968- 
71, has also been observed before. The early stages of the diatom in- 
crease in these areas were, however, rather synchronous 

The two subareas between Msre and Vestfjorden do not seem to show 
any consistent agreement with the trend of the yearly variation of any 
of their neighbour areas during the four year period. For Msre and 
Tr~ndelag,  there was in 1968 and 1969 a considerable time difference 

Month March April May 
Week 1 2 3 4  1 1  2 3 4 1  

V 
(1) 

V 
( 5 )  

1969 
Cruise 6a, 6c, 
6e . . . . . . . . . .  

1970 
Cruise (8a, 8b) 
9a, 9b . . . . . .  

I1 V 
(5) (2 

V V V 
(5) (8) (10) 

1971 
. . . .  Cruise 10 

1968 HELGELAND 
I ;1 

Cruise 3a, 3b, 
4 . . . . . . . . . . .  

1969 
Cruise 6b, 6c, 
6d, 6e . . . . . .  

1970 
Cruise 8a, 8b, 
9a, 9b . . . . . .  

1971 

0 v v 
(1) (5) (3) 
I 

(2) 

0 I1 V 

(1) (6) (3) 
I 

(1) 

0 0 V 
(2) (2) (4) 
I I 

(2) (1) 
I1 I1 
(1) (2) 

Cruise 10 . . . .  



Table 4. Vestfjordell-Vester5len. The various stages of the spring diatom develop- 
ment late March to early May, 1968 - 197 1. Scale 0 -V, see p. 494. For each reference 
to stage the nuniber of stations is given in parenthesis. See also legend to Table 3. 

1969 Central 

Vestfjordell, outer and central I Offshore 

Month March April May March April May 
Week 4 1 2 3 4  4 1 2 3 4  1 

Cruise 
5a, 5b 

Central 1 -IS V 
1968 (4) (5) 
Cruise 
la, l b  Outer 1-11 I V  

(4) (5) 
0 

Outer 

Near I1 V 
the coast(1) (8) 

Farther I IV 
offshore (8) (3) 

(2) (8) coast (2) (5) 
I I 

V Farther 

( 7 )  (3) 1 offshore (5) (2) 
Near IV 1 Ncarthe I1 - 

1970 land (1) 
Cruise 
7a, 7b Outer I I V 

coast 111 V 

(6) (3) 
Farther 0--I V 

(3) (5) 1 offshore (3) (3) 
Central I1 I T  I Nearthe 0- IV- 

1971 (5) (3) 
Cruise 
1 la, Outer I1 IV - 
1 lb  (3) V 

(1) 

coast I I V 

(2 (2) 
Farther 0 IV- 
offshorc (4) V 

(5) 

while in the ccearly years)) 1970 and 1971 the maxima appcared to be 
synchroiious. With to the time variatioii from year to year, the 
situation in the four subareas cannot be expected to have the same trend 
colisideriiig the large geographical distance ~rhicli they cover. However, 
an earlier maximum in Vestfjorden in 1970 and 1971 tllali in the other 
years is in accordance with what was observed in M0re and Trandelag. 

COMPARISON WITH RESULTS FROM PREVIOUS SURVEYS 

For thc Vestfjordcii-Vester51en area observations are available for 
a number of years. O n  the basis of these, wc have tried to give a cliarac- 
terization of the various years by reference to the scale which has been 



VESTFJORDEN 

H E L G E L A N D  

Fig. 5. Estimated cccurrence of the spring diatom maxiinuin in four subarcas of the 
Norwegian coast bctwcen 62" N aiid 69" N in 1968, 1969, 1970 and 1971. ' ihe diagram 
is based upon observations ill the ncar-coastal watcrs, and the time is indicated by weeks, 
from the lourtli weck o1 March to the iourth week of April. For data and inethods, 

see the text. 



Table 5. For the period 3rd week of March to 2nd week of May, available quantitative 
phytoplankton data have been used for a characterization of the spring diatqm develop- 
ment with the use of a 0-V scale (see p. 494) and reference to the nearest week. The 
origin of the data is given in the text. 'The Malangen locality is not strictly offshore, but 
a t  the mouth of a fjord system, while the station on the shelf off Ullsfjord is comparable 
to the near-coastal stations in Vesterblen. 

A 1 Vestfjorden I Offshore on the shelf 

Month March April April 

1922 0 1-11 I1 I1 I 
1923 0 0 0-11 I1 II-  

I11 v 
1924 0 0 11 -11  
1925 V 
1926 0-1 I I I1 V V 
1927 V 
1929 0 0 0 I 0-11 V 
1945 I1 I11 V 
1946 I 
19491) 

Malangen 1930 -31 The shelf off Ullsfjord (U 3) 1 1963-64 

I I I V V l V  I 0 1 1  I 

Observation from a single station by NORDLI (1949). 

used for 1968-71, defined on p.494. The results are presented in Table 
5 A, based on observations in 1922-27 by FGYN (1 929), in 1929 by GRAN 
(1930) and in 1945-46 by BRAARUD et al. (1958). As a supplement, 
corresponding information is given in Table 5 B for Malangen and the 
shelf outside Ullsfjord, based on the observations by GAARDER (1938) 
and HEIMDAL (1974). 

The following conclusions may be suggested with regard to the 
timing of the spring diatom development in the different years as indi- 
cated by these surveys. 

In Vestfjorden - A very late maximum in 1922. 
A remarkably late start of the increase in 1929. 

Offshore - Somewhat early development in 1923, 1926, 
1949. Late maximum in 1929. 

Malangen - The situation in 1930-31 was comparable to 
what 11ad been recorded in some years in Vest- 
fjorden, perhaps with a slightly earlier maximum. 

Off Ullsfjord - 1962-63, 1964. Maximum even later than in 
Vesteriilen. 



The general impression gained from these observations is that in the 
Vestfjorden-VesterAlen area and still further north, considerable 
variation may be expected from one year to another as to the time when 
diatom growtli starts after the winter minimum and the further increase 
towards maximum. Ordinarily tlze increase appears to start in the first 
week of April, and the maximum may, witlz few exceptions, be observed 
in the third to fourth week of April. However, deviations from this time 
schedule seem well documented in the publications mentioned above. 

From the other subareas the only observations whiclz may be used 
for comparison with the results from the present survey, are those by 
GRAN (1929, 1930) from Mare. 

O n  the basis of his quantitative investigations in 1926 and 1927 and 
older qualitative phytoplankton data, GRAN (1929, p. 49) stated: "We 
found the maximum number in the Skagerrak from February-March, 
off Bergen during tlze later half of March, at Romsdalen at the end of 
March and during the early half of April, and at  the Lofoten Islands 
during the first half of April." Observations from 1929 iiz the same 
section from Romsdalsfjorden to Storegga (GRAN 1930) indicated that 
maximum had been reached in the last week of March at  the stations 
nearest land, in agreement witlz his general statement quoted above. 

A combinatiolz of the results from the older surveys with those from 
the 1968-71 survey seems to justify the following broad conclusions. 

1. There is a delay of about three weeks in the occurrence of the spring 
diatom maximum when going from Mare (62" N) to Vestfjorden-. 
VesterAlen (69" N).  This is in accordance with the general statement 
by GRAN (1929) quoted above as well as with observations in 
1945-46 by BRAARUD et al. (1958) at  Eggum and Skrova in the 
north and Soglzesjaen and Utsira in tlze south. 

2. I n  tlze Mare subarea, the years 1970 and 1971 had earlier maxima 
than 1968 and 1969 which showed a delay also compared witlz 
GRAN'S observations in 1929. 

3. Also for the other subareas tlzere was in 1970 a relatively early maxi- 
mum, as in the More area, while in 1969 the maximum was relatively 
late in all subareas. North of M ~ r e  the variation in tlie time schedule 
in 1968 and 2971 did not show any common trend for tlze three 
subareas. 

4. In the Vestfjorden-Vesterilen subarea tlzere is generally an earlier 
maximum in Vestfjorden than in Vesterilen, in accordance with 
observations in previous surveys. 



CONCLUDING REMARKS 

From quantitative phytoplankton data for Egguni and Skrova in 
the Vestfjorden-Vesterglen area and Sognesj~en and Utsira in the 
soutliern part of the Norwegian west coast, BRAARUD et nl. (1958) docu- 
mented a delay in 1946 of about three weeks in the spring diatom develop- 
ment in tlie north compared with the south. In  their summary (p. 41) 
they commented on the background for this delay: "Factors of general 
nature: the different light supply due to geograpllical position and the 
delayed vernal stabilization at the northern stations, conditioned by a 
smaller fresh-water supply, were pointed out as main factors causing the 
delay in spring phytoplankton growth in the ~iortli. Extelisive winter 
mixing, inducing a more pl-onounced dilution of the winter populatio~i 
in the north, may also result in smaller plrytoplankton stocks in early 
spring". 

Tlie observations from tlie present survey demonstrate that within 
the coastal area from 62" N to 69O N yearly fluctuations in tlie timing of 
the spring diatom maximuni occur. They are well within the time range 
indicated by the general statements of GRAN (1929) and BRAARUD et al. 
(1958). In  actual situations, liowever, the variation from year to year 
may be large enough to be taken into consideratioli in the search of 
causes for unsuccessful reproduction in commercial fishes. The present 
pliytoplankton material is, unfortunately, inadequate for an analysis 
of the background for tlze yearly variations observed in tlze four year 
period 1968-71. For this purpose a concentrated study of the situation 
within a rnuch smaller area would have been preferable. Tlze hydro- 
graphy of the offsliore coastal waters is so complex that a very dense 
station net is needed for an adequate alialysis of the elirrironmental 
situatioii for diatom growth. 

I n  a subsequent report, tlie variations in the composition of the 
diatom vegetation within the area of investigation will be discussed, also 
in view of the hydrograpliical heteroge~ieity of tlie Norwegian coastal 
waters (BRAARUD and NYGAARD, in prep.). 
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