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ABSTRACT

Strémgren, Tor. 1973. Vertical distribution and numerical variation
of zooplankton in the upper 50 m at one station in Trondheimsfjorden.

K. norske Vidensk. Selsk. Mus. Miscellanea 14:

At a permanent hydrographic station (Stn 15 R&berg) in
Trondheimsfjorden, Western Norway, zooplankton was collected at short
intervals during the periods March-June 1970-1972 and August-October
1970. The samples were taken during daylight hours, by pump, at 0, 2,
5, 10, 20, 30, and 50 m depths.

There was a highly significant linear correlation between
Simpson's index of diversity (A ) and the Shannon Weaver index (H).
Simpson's index for copepods and that for holoplankton also showed a
highly significant correlation. This indicates that in this material
the diversity of one systematic unit, the copepods, is representative
for the whole holoplanktonic community. Index of diversity increased
on average with depth, while the largest variations were found in the
upper 5 m.

In unstable and cold waters in March, the zooplankton con-
centration was low and its vertical distribution scattered. 1In May
and June large stocks of several species, including Calanus finmar-
chicus, were confined to the upper 10 m. This distribution coincided
with the formation of steep thermo- and haloclines. In June, species
which normally inhabited the uppermost layers, tended to disappear
from the 0 and 2 m levels. In general, both vertical distribution
and abundance of the various species seemed closely related to both

horizontal and vertical water displacements.

Tor Str¥mgren, University of Trondheim, The Royal Norwegian Soctiety
of Seiences and Letters, Zoological Department, N-7000
Trondheim.
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INTRODUCTION

Earlier records of the vertical distribution of holoplankton
in Norwegian waters are based on vertical hauls (Wiborg 1940, 1944, 1954,
Hansen 1951, Gundersen 1953, and others), and show the distribution in
water columns of variable height. However, information 1is required about
plankton concentration at discrete depths, where the environment is well
defined. Schram (1968) has sampled meroplankton in Oslofjorden with a
plankton pump.

During 1963-1966 an extensive sampling of zooplankton was
carried out at several stations in Trondheimsfjorden (Strdmgren 1973 a),
and one representative station in the outer fjord, Stn 15 R&berg, was
chosen for a more detailed investigation of the daytime vertical distri-

bution.

MATERIAL AND METHODS

The material was collected from seven depths: 0, 2, 5, 10,
20, 30, and 50 m, at a permarent hydrographic station, Stn 15 Rdéberq,
in the outer basin of Trondheimsfjorden proper (Fig. 1). A Mono pump
with a two inch suction hose was used. The pump was adjusted to deli-
ver approximately 200 litres per minute (see Barnes 1949), and 0.5-1.0 m3
of water was pumped from each depth. At this low rate, both larval
plankton and imore mobile organisms such as copepods and cladocerans.
are probably adequately sampled (Banse 1955, Schram 1968).

Samples were taken at short interxrvals during the springs
of 1970, 1971, and 1972, and during the autumn in 1970. All samples
were taken during the daytime. The sampling dates are shown in Table 1.

The water was filtered through a nyion net with mesh size
180 u, and the zooplankton fixed in 5% neutralized formalin. Large
samples were sub-sampled in a Wiborg Lea plankton divider (Wiborg 1951)
before counting.

Hydrographic data from the same sampling depths were
obtained with Nansen reversing water bottles, each equipped with two

reversing thermometers; salinity was determined by the standard
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Fig. 1. Trondheimsfjorden, sampling station indicated.

Knudsen titration method. Water transparency was measured with a
Secchi disk.

From the values obtained at discrete depths, the total
number of the zooplankton in the 50-0 m water column was calculated
by linear integration.

Length measurements of carapaces were mede with a stereo-

microscope with a built-in micrometer.




HYDROGRAPHY

Isopleths for temperature and salinity during the sampling
period are shown in Figs. 2 and 3. The temperature and salinity data

for each sampling depth are reproduced in Tables 1 and 2.
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Fig. 2. Temperature isopleths, March 1970 to May 1972 at Stn 15

Réberg.
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Fig. 3. sSalinity isopleths, March 1970 to May 1972 at Stn 15 Rébergqg.



Table 1. Temperature readings, March 1970 to May 1972 at Stn 15 R3berg

in Trondheimsfjorden.

1970
e March Anr nay June Auguse Septesber Outobac
2 12 ) \ ) d 1 30 8 19 27 ‘ n 2 " 20 3 3 16 3 10 9 14 n
a7 ) 'R 5000 6.1 6,40 6,80 8.40  6.30 10.30 12.40 15.03 16.90 14.24 14,30 13.45 12,90 11.60 12,18 11.21 10.4% 10.04 10,40 h.&0
i (] 1 PV | " 6.28 655 7,79 6.1 10.02 10.92 14,81 15.77 14.27 13,54 13.37 12,93 11.31 12,08 11.28 10.60 10,06 20,68 514
. o, N1 44 7.76 6.44 819 8.8Z  9.51 13.69 14.30 17,49 13.38 12,77 11.66 12.03 11.23 10.%9 10,00 10.7% 4.6l
T T P S 1] 581 B9 7.6 642 7.8 7.5 7.26 9,17 13.09 13,41 12,89 12.60 11.89 12.00 11.30 10.%6 10,59 19.42
PR W 0 5.0 8,39 894 843 60 - 6.42 £.21 6.80 7.06 7.1l 10.57 11.56 10.08 17.560 11.80 12.00 11.50 1}.44 11.0% 20.90
(I TS G0 b4 578 5.92 6.36 6,32 - 642 644 6.46 8.56 9,53 6.8 11.96 1L.54 11.70 11.20 11.40 10,43 1i.0%
S tnd o fLMG 6.6 6,80 6,27 5,80 6.31  6.21  6.21 6.21  6.13 6.3l 7.5 7.26  7.46 11.03 10.23  9.87 10.6%  9.82 10,44 11.02
1971 1972
o s April May June March April Hay
thoa ] N i n . 14 n 29 5 12 19 26 1 3 Y] 21 10 17 19 17 1 13 0]
o e.00 3,60 1,80 3,82 4,72 5,60 5,80 5,85 4,32 8,60 9,00 9,45 11,20 9,62 13,38 12,53 $.6%  #£.11 6,90 &, 1
2 000 36k 3,90 3,95 4,75 5,58 5,60 5,82 6,89 7,47 8,85 9,47 1,10 9,53 12,40 12,43 s.53 3,90 7,06 4,32
5 4,00 3,65 3,92 3,94 4,76 573 5,74 5,75 6,39 7,03 8,35 9,48 8,80 9,50 11,26 10,98 5.90 6,42 6,41 LA
10 (81 443 4,18 4,02 4,34 5,03 5,80 5.€8 5,76 6,26 6,53 6,99 7,06 7,30 8,30 9,24 7,95 ’ 5,80 6,06 4,70 '
20 4,97 3,20 5,0% 5,24 5,10 5,44 €,00 5,80 3,89 6,17 630 647 6,70 6,70 6,70 7,30 7,20 6,26 6,21 .04 &6 4 ¢
30 .07 5,80 5,76 5,93 6,00 S,6) 6,12 5,84 5,75 6,20 €30 6,28 6,54 €.50 6,5 7,12 7,10 6,37 6,50 6,25 &.791 4.4
50 4,58 6,08 6,00 6,21 6,15 6,14 6,40 584 6,00 6,43 6,5 6,40 6,17 6,44 6,60 6,70 7,02 6.40 6,70 6,52 6.7% 6.9 =

Table 2. Salinity readings, March 1970 to May 1972 at Stn 15 Rd&berg

in Trondheimsfjorden.

1970
oot Maren Apcil May Juna August Beptember Octobsr
12 1 17 2l 30 L] 19 ki 4 il 23 14 20 2. 3 : 16 3 a0 9 14 23
J3.80 34,07 33 w4 20.75 32.75 32.68 12.20 29.8% 15.2) 12.67 - 2.4 27.317 28.91 29.40 29.67 u4.90 11.06 27.74 29.61 10.10 27.11
i 3086 34,09 3106 3300 3360 33.04 L - 24.%2 21.6¢ 21.58 33,28 27.54 29.40 29.2% 29.60 128.59 31.9¢ 28.86 29.6) 30.42 27,81
b 2 33.8% 34,11 31,95 33,80 3).62 13.42 132.65 30.16 28.64 29.29 18.71 35.64 27.52 29,65 39.2% 29.81 2%.14 J1.08 28.91 29.61 30.81 10,44
] 1193 34,01 33,96 33.84 24,1 31,69 3).42 32.%6 3z.00 - J1.%8 10.17 30,37 29.96 10.%0 30.2) 10.28 31.24 23.04 29.96 30.90 10.48
i 31035 3411 34004 34016 34027 33.9) 31.87 11.58 33.21 132.95 11.08 132.9% 32.45 31.36 32.48 30.97 11.62 31.62 30.66 31.04 11.20 130.90
FLl 13,95 3410 34.3Y 34.36 3431 J4L11 34021 34,02 340106 3173 12,39 3NS5y 13,01 32,90 12,81 32,97 232,00 31.97 J1.87 11.08 3%,29 31.44 11,51
TY.06 3.2 3408 D447 J4LSL 34038 D408 34,09 434 11,96 31,80 33.95 13,62 33,30 13,53 33,58 32.10 12.56 32.20 32.%7 12.38 11.64 12.00
1972
March Aprll May June March April way
11 18 it n 6 14 1 29 5 12 19 26 1 3 14 22 30 17 10 17 M 12 8
31,81 12,40 32,08 32,23 MN1,.92 31,89 12,25 12,86° 31,75 78,71 19,90 231,60 10,85 23,00 24,00 22,15 24,2% .37 32,13 19,53
i 31,40 32,50 32,20 12,18 )2,09 31,95 32,40 32,88 11,78 32,18 21,95 23,65 20,50 25,00 28,60 24,15 24,35 RS T] 12,40 u.n
s 3,88 32,50 33,1l 32,25 31,90 32,03 12,90 33,50 31,70 32,43 28,50 21,85 29,9 29,85 29,15 2%,90 37,15 13,39 32,88 2784
e 12,02 12,6% 137,60 32,40 12,6% 12,%0 33,60 32,98 32,25 R > o ¢ ] 12,00 32,40 33,20 31,50 31,20 31,50 212,00 31,83 31.2¢ J0.he
" 12,74 33,06 13,10 33,11 13,08 33,18 11,23 33,37 337 12,93 33,20 33,10 13,15 33,20 33,00 33,00 31,00 11,91 1,7 31,5%
1w 33,27 33,10 13,40 31,48 33,48 13,34 3),86 13,54 13,38 13,28 33,20 31,15 13,35 133,40 33,50 33,25 1), 80 33,97 13,90 31,9%
e 13,55 3345 13,83 33,60 33,70 11,72 13,99 31,25 33,85 13,70 33,45 33,60 33,65 133,65 34,08 34,12 14,08
March to the middle of April
=2 ERE SoUPoT P apsto

During this period the conditions seem to be relatively

similar in all years.

tures in the upper 10 m, and reduced salinity in the upper 50 m, while

1971, however, was characterized by low tempera-



in 1970 and 1972, both temperature and salinity were markedly higher.

At the end of March 1970 a small upwelling was indicated.

The last half of April

—— e T

On the 17th of April 1970, salinity and temperature data
indicate an upwelling of slightly warmer and more saline water up to
the 10 m level. 1In 1971 the temperature and salinity data for April
14th indicate a similar trend, up to at least the 5 m level. For 1972
the salinity data are incomplete, but a temporary temperature
increase on April lOth,. up to the 10 m level, may indicate upwel-
ling as in 1970 and 1971. Upwelling seems to be followed by mixing.
From April 2lst onwards, in 1970 and 1971, slightly colder and less
saline water was found at the 50 m level. Simultaneously, several
species normally confined to the uppermost layers showed a deeper dis-
tribution than usual., This may indicate that near-surface water had
been mixed to at least 50 m depth.

During April, the surface temperature increased gradually.

The increase was least marked in 1971,

May-June

This period is characterized by a large supply of melt
water, _

In 1970 reduced salinity on May 8th indicates that the
formation of a brackish top layer has started; but before May 19th,
strong winds seem to have driven away this layer and an upwelling of
deep water has taken place. The temperature and salinity of the surface
layer were then equivalent to those of the 10-20 m level on the prece-
ding date. Towards the end of May and the beginning of June, the
influence of river discharge reached its maximum. The steepest gradients
in salinity were found between 2 and 5 m depth, and this may indicate the

thickness of the brackish layer.



Table 1. Temperature readings, March 1970 to May 1972 at Stn 15 Rdéberg

in Trondheimsfjorden.

1670
) gy Hay June Auguat September Ootober
- 12 2 1 8 19 27 ‘ n 23 1 20 28 3 9 16 1 30 ) I 2
g4 a3 to €.46  £.60  B.40  6.90 10.30 12.40 15.01 16.50 14,24 14.30 1345 12.50 11.60 12.18 11.23 10.49 10.04 10.44  5.42
P Y s 6.28  £.55  7.79  6.41 10,02 10.02 14.83 15.77 14,37 13,54 13,37 12.93 11.31 12.16 11.25 10.60 19.06 10.62 9.14
- s 5.7 544 776 644 819 887 9.53 11.69 14,30 13.49 13,38 12,77 11.60 12.03 11.21 10,59 10.1d 10.7%
Ve i S8l 8.39 7.06  6.42  7.08 7.5)  7.26 9.7 13.09 13.41 12.89 12.60 11.89 12.00 11.30 10.56 10.5% 10.82
40d s 5.6 8.10 - 6.42 6,23 6.80 7,06 7.4 10.57 11.56 10.64 12,60 11.80 12.00 11.51 11.34 11.0% 14.34
W sy 8 592 4.6 6.2 - 642 644 6.46 8.5 9.5) B8.63 11.96 I1.34 11.70 11.20 11.40 10.63 11.06
" 6.27  5.86 431 6.21 6.21 6,21 6.5 6.21 7.75  7.26  7.46 11.01 10.23  $.87 10.69 9.81 10.06 11.0%
1971 1972
gt Harch April Hay June Harch Agril ey
T 5 " " s 1 ‘ 14 31 25 s 12 19 26 1 3 14 22 10 17 1o 17 e 1 Yl
) $90 T.60 L% 382 4,72 5,60 5,80 5,85 8,32 8,60 9,00 .43 11,20 9,62 15,38 12,53 5,69 611 6,90 6,27 340 1o,
] 4,00 3,64 3,91 3,95 4,75 5,58 5,60 5,82 6,69 7,47 8,85 9,47 11,10 9,53 12,40 12,43 5,51 3,90 T.06 4,32 640 4,
5 4,00 565 1,92 L% 4,96 5,73 5,78 4,75 6,39 7,13 8,35 9,48 8,80 9,50 11,26 10,98 5,56 5,90 6,42 6,53
16 1 4.8 4,02 4,34 5,01 5,80 5,68 5,76 6,26 6,83 6,99 7.06 7,30 8,0 9. 24 7,95 5,54 3,80 6,06 6,70 .
0 497 8,27 L3 5,24 5,00 544 6,00 5,80 5,89 617 630 6,47 6,70 6,70 6,70 7,30 7,20 6,26 6,23 6,04 6,61 8
3¢ 8,07 %86 5,70 5,97 6,00 563 6,12 5,84 5,75 630 630 6,28 6,54 6,50 6,5 7,12 7,10 6,12 6,50 4,28 4,72
S0 6,58 .04 6,10 £,22 6,15 6,14 6,40 584 6,10 6,43 6,50 6,40 6,37 6,44 6,60 6,70 7,02 6,40 6,70 4,81 6,7 i

Table 2. Salinity readings, March 1970 to May 1972 at Stn 15 Rdéberg

in Trondheimsfjorden.

1970

- Nareh april nay June August Baprember October

= 2 20 i 17 k1Y 10 ) 19 n ‘. 1 2 1 20 ) 3 3 6 R 10 9 I 23
5398 307 330 33.75 3175 32,68 12.70 29.88 12.41 15,21 12.67 - 2294 27.37 28.93 29.40 29.67 24.30 30.10 27.11
3 3Lee 3400 15.86 §3.80 3d.60 31.04 - - 3349 24,52 21.64 21.38 23.38  27.54 29.40 29.25 29.60 28.59 J0.62 27.83
S 138 3411 33es 32.65 10.06 11.85 26.64 29,39 20,71 25.66  27.51 29.65 29.75 29.81 39.14 30.81 0.66
109 M. 3396 13 i .69 11.42 32.86 13.73 32.00 -  31.58 10.37  10.37 29.%6 30,50 30.21 30.28 30.90 30,44

FLE TR T TH R TR Y 33.87 1258 34.07 3321 22,95 13,08 32.9% 3245 31,36 12.48 30.57 Il.62 31.20 30.50
LI R L VIS TR VIS 3 3401 3402 34016 3173 33.39 351 331 12,90 32.8) 12,97 12.00 31.92 .44 3151
G 4096 34.2) 3.0 M.47 34051 3438 34018 3409 3434 33.96 33.80 33,95 13,62 1130 3).5) 33,55 32.10 3z2.56 31.64 32.00

1971 1972

Deytr March April May Juns March April Ray
ine 5 1 Rl n s 14 n i) s 12 19 6 1 ] 18 22 30 17 10 17 24 12 18
o 31,82 32,50 32,08 32,23 31,91 11,85 32,25 32,86 11,75 28,73 19,90 23,60 10,85 23,00 24,00 22,15 24,28 313,07 12,13 13,59
2 31,96 32,59 32,20 32,3% 12,08 31,95 32,40 32,88 31,70 3218 23,95 23,45 20,50 125,00 28,60 24,15 34,35 BRI 12,40 22,39
5 3,85 32,50 32,11 22,28 31,90 12,00 12,90 22,90 31,70 32,Q 20,50 23,85 29,9 129,85 29,15 25,90 27,13 1,33 12,86 17.64
10 12,02 32,65 12,60 32,40 32,65 32,50 13,60 12,98 32,25 12,77 32,00 37,40 131,20 31,50 21,20 31,50 32,00 1.6 33.26 j0.84
a0 32,74 13,06 33,10 33,11 31,05 31,18 33,22 11,37 2317 32,93 13,20 33,10 215 33,20 33,00 33,00 33,00 EEPEY 31,75 1,88
30 33,27 13,30 13,40 33,45 31,48 31,34 131,86 31,5 23,38 33,28 33,20 33,15 33,35 33,40 32,50 11,35 31,60 11,97 11,90 1,95
Y0 33,45 33,45 33,81 31,80 13,70 33,72 13,99 33,15 13,85 13,70 13,43 23,60 33,65 33,65 14,06 s 34,05

March to the miggig of April

During this period the conditions seem to be relatively
similar in all years. 1971, however, was characterized by low tempera-

tures in the upper 10 m, and reduced salinity in the upper 50 m, while



in 1970 and 1972, both temperature and salinity were markedly higher.

At the end of March 1970 a small upwelling was indicated.

The last half of April

e e o Y Y

On the 17th of April 1970, salinity and temperature data
indicate an upwelling of slightly warmer and more saline water up to
the 10 m level. 1In 1971 the temperature and salinity data for April
1l4th indicate a similar trend, up to at least the 5 m level. For 1972
the salinity data are incomplete, but a temporary temperature
increase on April 10th,. up to the 10 m level, may indicate upwel-
ling as in 1970 and 1971. Upwelling seems to be followed by mixing.
From April 2lst onwards, in 1970 and 1971, slightly colder and less
saline water was found at the 50 m level. Simultaneously, several
species normally confined to the uppermost layers showed a deeper dis-
tribution than usual. This may indicate that near-surface water had
been mixed to at least 50 m depth.

During April, the surface temperature increased gradually.

The increase was least marked in 1971,

May-June

This period is characterized by a large supply of melt
water. »

In 1970 reduced salinity on May 8th indicates that the
formation of a brackish top layer has started; but before May 19th,
strong winds seem to have driven away this layer and an upwelling of
deep water has taken place. The temperature and salinity of ﬁhe surface
layer were then equivalent to those of the 10-20 m level on the prece-
ding date. Towards the end of May and the beginning of June, the
influence of river discharge reached its maximum. The steepest gradients
in salinity were found between 2 and 5 m depth, and this may indicate the

thickness of the brackish layer.



In 1971 the salinity decrease at the surface was recorded
on May 5th, and apart from a temporary increase at the end of May, an
absolute minimum, of only 10.850/00, was recorded on the first day of
June (Table 2). As in 1970, the thickness of the brackish top layer
seems to be in the order of 5 m, increasing towards the end of June.

In 1972 a salinity of 19.590/00 was recorded on May 18th,
and a development similar to 1971 is indicated.

During May and June, the vernal warming is evident all
years. In 1970, the temperature of the upper layers in June was parti-
cularly high, compared to 1971.

Due to freshwater supply, a surface outflow would be ex-
pected. Wendelbo (1970) assumed the velocity of this current to be of
the order of 50 cm/sec. Accordingly, a strong counter current would be
expected below the halocline. Simultaneously vertical transport of

water was occasioned by entrainment (E. Sakshaug pers. comm.) .

In the middle of August temperature and salinity gradients
were less steep and the surface salinity was markedly increased. From
the August 28th to the September 3rd 1970, the temperature increased
by 2.52°C, and the salinity decreased by l.SlO/oo at 30 m depth. This
may indicate that mixing has taken place. On the other hand, the sali-
nity data show a net loss of salt in the upper 50 m, while there is a net
gain of heat. This would indicate an introduction of warm and less saline
water. Similar influxes of warm water into Trondheimsfjorden in autumn
in previous years are described by Wendelbo (1970) and Stromgren (1974).
The influx seems to continue throughout September.

On September 23rd 1970, a sudden increase in salinity in
the upper 10-20 m may be related to strong winds, which may have driven
the surface water away.

In the middle of October net increases in temperature and

salinity were recorded, abviously due to an influx.



The average temperature and salinity gradients in the upper
10 m during periods of significant stratification are shown in Table 3.
The steepest temperature gradients were found between 2 and 5 m at the
end of May 1970, and in the upper 5 m at the beginning of June the same
year. Throughout June the steepest gradients were found successively
deeper down. At the beginning of May 1971, steep gradients occurred in
the 0-2 m layer, while in June 1971 the situation was similar to that in

June 1970.

Table 3. Temperature and salinity gradients,
March 1970 to May 1972 at Stn 15 Rd&berg

in Trondheimsfjorden.

_ 1870 1971 1972

ot nay Juna August Moy June Moy
' o9 27 4 11 1 20 28 s 12 19 % 1 31 18 22 30 12 16

© 2 000 0.2% 014 0.74 0.10 0.77  0.82 0.43 0.04 0,72 0,57 0,08 0,01 0,05 0,05 0,49 0,04 0,25 0,13
7.01 0.0l 0.61 0,70 1.77 0.6% 0.0l 0.02 0.00 0,17 0,11 0,17 0,00 0,77 0,01 0,38 0,49 0,28 0,22
0.12 G.01 0.22 0.26 0.4%5 0.98 0.23 0.02 0.10 0,03 H,12 0,27 0,48 0,30 0,24 0,40 0,66 0,37 0,12
10=20 - 0.00 0.0% 0.07 0.07 0.30 0.25 0.1% 0.28 0,01 0,02 0,05 0,04 0,06 0,18 0,19 0,08 0,06 0,17

_. 1870 1971 1972

Depen May June August May June M
inm a 1 a7 ¢ o 22 28 s 12 19 26 1 3 18 22 30 118

o-2 - 0.04 4.65 4.50 - 0.17 0.08 0.24 0.08 1,73 2,03 0,03 4,83 1,00 2,30 1,00 0,05 1,40
-3 - 0.02 1.37 2.5% 2.18 0.79 0.0l 0.08 0.00 0,08 1,52 0,07 1,13 1,62 0,18 0,58 0,93 1,7%
5-10  0.48 0.04 0.67 - 0.57 0.94 0.57 0.06 0.25 0,07 0,70 1,71 0,26 0,33 0,41 0,72 0,37 0,64
10-28  4.14 0.0) 0.12 ~0.30 0.26 0.7i 0.14 0.20 0,02 6,12 0,07 0,30 0,17 0,18 0,35 9,10 0.27

The salinity gradients were steepest in the 0-2 m layer at
the end of May 1970 and in the upper 5 m at the beginning of June 1970,
while in the middle of June the maximum gradient occurred in the 5-10 m
layer. 1In 1971 significant gradients occurred in the upper 5 m from the

beginning of May, while in June the trend was similar to that in 1971.

LIGHT CONDITIONS

Secchi disc measurements (Table 4) in 1970 indicated redu-
ced light penetration from the end of April to the first week of June.

Similar conditions were also recorded on September 9th and 30th, and on
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Table 4. Cloud cover and Secchi disc depths,
March 1970 to May 1972 at Stn 15 Réberg

in Trondheimsfjorden.

1970
March Apell Hay June August Septemper Oetaber
Date 12 28 1 3 '1y 31 36 8 15 27 4 11 i3 14 29 38 3 s 316 - I3
Clewdeower G & O ® ®© © © O ©¢ @ O © O ® 0 @ O 0 0 © O o o o
4017 8 s & & 4 3 303 6 “ 6 6 2 6 7 s 8 8
= % * x x X X x
1971 1972
Maroh " April May June Magch April May
bate % 18 18 36 31 & 14 31 39 5 12 1% 3¢ 1 3 18 37 30 17 16 17 34 42 1
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October 23rd. 1In 1971 low Secchi disc readings were recorded on
April 31st, May 19th, and in the middle of June. 1In March 1972 an
exceptionally low value was recorded.

The cloud cover at Trondheim on the sampling dates is
shown in the same table. The Trondheim meteorological station values

are probably quite representative for the cloud cover at Stn 15.

COMPOSITION OF THE ZOOPLANKTON

Copepoda dominate the zooplankton at all depths, both
numerically and in respect of biomass. Six copepod species (Calanus
finmarchicus, Pseudocalanus elongatus, Temora longicornis, Microcala—
nus pustllus, Oncaea borealis, and Oithona similis) contributed on
average the bulk of the total number of organisms. This is in agree-
ment with earlier observations in Trondheimsfjorden (Strdmgren 1973
a, b). The number of species differed slightly with depth (Table 5).
The number of specimens, however, was largest in the 2-20 m samples,
and within this zone, the depth of maximum concentration varied with
season.

In March-April, temperature and salinity in the upper
50 m were relatively homogenous, and a scattered vertical distribution
was the norm. In May-June, when the water becomes stratified, the

upper 2-10 m showed the highest concentrations.



Table 5. Cumulated occurrence of the species at different depths

at Stn 15 Rdberg in Trondheimsfjorden.

0 2 5 10 20 30 50
Calanus finmarchicus x x x x x x x
Paracalanus parvus x x x x x x x
Pseudocalanus elongatus x x x X X x x
Microcalanus pustllus x x x x x x
Chiridius armatus 0 0 0 0 x 2
Pareuchaeta norvegica x x x x X x x
Seolectthricella minor 0 0 ¢} x x x x
Temora longicornis x X x x X X x
Metridia longa 0 0 4] 0 x x x
Metridia spp. x x x x x x x
Centropages hamatus x x x X X x x
Centropages spp. X X % x X x x
Acartia longiremis x X x x x %
Acartia claust x X x X 0 X x
Acartia spp. x x x x X x x
Oithona similis x x x X X x X
Oithona spinirostris x 0 x x X x x
Oncaea borealis x x x x x x x
Oncaea borealis, male x x X 0 x x x
Oncaea similis 0 x
Microcetella norvegica with eqgs x x x X X x x
Microcetella norvegica without eggs x x x x x x b
Unidentified harpacticoids X X X X X X X
Unidentified nauplii x X X X X X X
Tomopteris helgolandicus 0 0 x x x x x
Limacina retroversa x x x x x X X
Sagitta elegans x x x x X X x
Podon polyphemoides x x x x x x x
Evadne nordmanni x X X x x X X
Ostracoda X X x X X X X
Euphauciacea X X 5 b3 X X X
Fritillaria borealis x x x x x x X
Otkopleura dioica x X x x X
Salpa fusiformis 0 x ¢] 0 0 x x
Fish eggs X X X X X 0 0
Fish larvae X X X X 6] X 0
Cirriped larvae X % X X X X x
Polychaet larvae X X X X X X X
Bivalv larvae X X X X X
Echinoderm larvae X X X X X
Cyphonautes larvae X X X X X X X
Decapod larvae 0 X X
Ascidiacea eggs X 0
Ascidiacea larvae 0 0 x 0 x X X
Total number of copepod species 14 13 14 15 16 17 17

Total number of holoplanktonic species 23 23 24 25 26 28 27

X = present

0 = absent



DIVERSITY

The diversity of the copepods and of the total holoplankton
was calculated by three different formulae: Simpson's index A=1 -Ep.2
i

(Simpson 1949), the Shannon Weaver index H::-—Ejﬁ_ln P, (McArthur and
S -

McArthur 1961, Patten 1962), and Margalef's index 4 = T a

(Margalef

1958) . For Simpson's formula, the unbiased estimator

L. &n (n-1
N (N - 1)

- é(Ni/N In (Ni/N))' All three holoplankton indexes have been calcula-

was used, for the Shannon Weaver the approximation

ted for all dates at all depths, a total of 350 samples. 1In Figs. 4-5 the
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Fig. 4. Correlation between Simpson's index (,K) and Margalef's
index (d). Correlation coefficient, 95% confidence limits,

and regression line indicated.
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Fig. 5. Correlation between Simpson's index (XA) and the Shannon
Weaver function (H). Correlation coefficient, 95% confi-

dence limits, and regression line indicated.
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Simpson index is compared with the Margalef index and the Shannon
Weaver index. A highly significant linear correlation between the
Simpson and the Shannon Weaver indexes is very obvious (r = 0.952,
23410_6), while it is less significant between the Simpson and the
Margalef indexes (r = 0.578, P <lO—2). A similar linear correlation
between Simpson's and Shannon Weaver's indexes was found also in a
littoral community in the same area, but the slope of the regression
line differed (Stromgren et al. 1973). The Shannon Weaver index is
taken from information theory and indicates the amount of information
per individual. Its application to biology is assumed to be of great
interest (Margalef 1958). However, from a statistical point of view,
the Shannon Weaver index is difficult to handle. Great mathematical
problems are involved in its estimation, and tedious approximation
methods have to be applied to calculate the standard error (Good 1953,
Bowman et al. 1971). For Simpson's index these calculations are simple
(Simpson 1949), and it may be calculated without bias for all sample
sizes greater than unity. In this case, therefore, when it is evident
that both the Shannon Weaver and the Simpson indexes yield the same in-
formation, the latter is to be preferred.

Many workers have discussed the possibility of using a smal-
ler and more easily identified part, a systematic or an ecological unit,
as an indicator of the diversity of the whole system (Margalef 1967,

Sanders 1968, Lie 1968). 1In Fig. 6, Simpson's index of the holoplankton
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Fig. 6. Correlation between Simpson's index for copepods (;XC) and
that for holoplankton ()HQ. Correlation coefficient, 95%

confidence limits, and regression line indicated..



is compared to a smaller systematic sub-unit, the copepods. The total
number of data, 350 samples, have been included. There is a highly
significant linear correlation between the two units (r = 0.844, P<(lO_6).
This indicates that the copepods alone provide a sufficient description,

in term of diversity, for the entire holoplanktonic community. The devia-—
tion from linearity is greatest when the index value is small. Below /\\ & is used.

The average value of the Simpson index and the 95% confidence

limits for each depth during the whole sampling period is shown in Fig. 7.
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Fig. 7. Average Simpson's index value at the sampling depths. 95%

confidence limits indicated.

The lowest average index value was found at 2 m of depth and this value
differs significantly from the 20 m index value at the 0.02 level (two-
tailed t-test), from the values for the 30 and 50 m samples at the 0.01
level. This trend may indicate that the upper 10 m to some extent have
a community different from that in the layer below. The number of species
is smaller in the upper'lO m, and the species compcosition is generally
more homogenous. The deepest samples may represent a layer of interchange
between surface and deep water. Margalef (1958) states that zones of
mixing yield higher diversity indexes for the phytoplankton.
The average values of the Simpson index for each month for
the 2 and 50 m samples are shown in Fig. 8, with the 95% confidence
limits indicated. For the 2 m samples, June showed a significantly
higher value than all other months (P 0.00l1). For the 50 m samples,
March was significantly different from April, May, and June (P 0.001).
The difference between the 2 and 50 m samples was signifi-

cantly only in March (P ¢ 0.001) and in September (P < 0.001).
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A more detailed impression of the variation in time of
Simpson's index for the 2 and 50 m samples is given in Fig. 9. The
2 m samples showed considerable variation over short periods, as well
as large annual differences, while the 50 m samples have higher values
and a greater stability. This pattern indicates a less diverse holo-
planktonic community, influenced by rapid environmental changes, at 2
than at 50 m. The variation in diversity showed no significant rela-

tionship to temperature or salinity, or to gradients of these factors.
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VERTICAL DISTRIBUTION AND NUMERICAL VARIATION

Calanus finmarchicus Gunnerus

e e e e e T e —— e ———

In Trondheimsfjorden the nauplii and copepodite stages
III-I of C. fiwmarchicus normally keep to the upper 50 m, while older
stages tend to stay below 100 m, except during spring (Strdmgren 1973
a, b).

During March and the beginning of Aprii, before the main
spring spawning, relatively few nauplii and copepodite stages of
C. fimmarchicus occurred (Figs. 10-13), with a scattered vertical dis-
tribution.

The main spawning in April produced very large numbers of
nauplii, especially in 1971 and 1972. The number of nauplii seems to
be correlated with the number of females (Table 6). 1In 1972 spawning
started slightly earlier than in the other years, and the main spawning
appeared to be spread over a longer period.

Both in 1970 and 1971 the nauplii showed a scattered verti-
cal distribution, particularly during maximum abundance, while in 1972

nearly the whole stock was recorded in the 2 m and 5 m samples.
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Fig. 10. Calanus fimmarchicus, nauplii, percentage vertical distri-
pution (left scale) and calculated number below 1 m2 in

0-50 m (right scale).
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cal distribution (left scale) and calculated number below

1 m2 in 0-50 m (right scale).

In 1970, the nauplii developed into a moderate stock of
copepodite stages III-I, while in 1971 the rich spawning was followed
by large numbers of all copepodite stages. In 1372, however, there was
a significant decrease in numbers from nauplii to copepodite stages
IIT-I, and minima of these stages occurred in the middle of April. This
may indicate that the nauplii, which were produced earlier in April, did
not develop further at this locality. The later April brood, however,
had some success, and copepodite stages V-IV were quite numerous in the
beginning of May (Table 6).

Both the vertical distribution and the trend of development
indicate that special conditions prevailed in 1972. The anomalous develop-
ment during April 1972 may be related to the restricted vertical distribu-
tion of the nauplii that year, as compared to 1970 and 1971.

In May rather small numbers of nauplii and young copepodite
stages of (. fimmarchicus were recorded. Copepodite stages V-IV, how-
ever, showed maxima in the beginning of the month.

A second main spawning appeared to take place in June in
1970 and 1971 followed by maxima of copepodite stages III-I. The June
maxima were significantly smaller than the spring maxima, and nearly all

specimens were recorded in the upper 5-10 m in both years. The April and
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Table 6. Calanus finmarchicus, males, females, and copepodite

stages V-1V, calculated number below 1 m2 in 0-50 m.

Date \Y v

12.03.70 0 400 0 200
20.03.70 0 0 0 0
01.04.70 0 400 0 0
09.04.70 0 0 0 0
17.04.70 0 0 0 0
21.04.70 0 0 0 0
30.04.70 0 0 0 14000
08.05.70 0 0 0 3000
27.05.70 0 200 2400 2000
04.06.70 0 0 0 8500
11.06.70 0 0 0 5000
23.06.70 0 1500 1000 1400
14.08.70 0 0 2400 0
20.08.70 0 0 3500 0
28.08.70 0 0 300 0
03.09.70 0 0 0 3000
09.09.70 0 2000 0 10000
16.09.70 0 0 0 2000
23.09.70 0 0 0 0
30.09.70 0 0 0 2000
14.10.70 0 0 0 0
05.03.71 360 21840 9790 80
11.03.71 1800 12980 6800 500
18.03.71 460 3880 2200 450
26.03.71 0 1330 0 400
31.03.71 1100 4500 300 0
06,04.71 0 1800 0 0
14.04.71 0 1700 1200 4100
21.04.71 0 0 0 Q
28.04.71 0 0 52500 777900
05.05.71 7500 3200 156000 995800
12.05.71 1200 200 112800 141900
19.05,71 800 1600 140700 196750
26,05.71 500 13420 171560 56300
03.06.71 200 1900 9300 1400
09.06.71 4150 22000 33650 2450
18.06.71 600 14000 26000 24400
22.06.71 2300 6600 13700 40900
30.06.71 0 2000 27600 36400
17.03.72 0 0 800 400
10.04.72 400 3400 4200 16400
17.04.72 0 0 11000 24000
24.04.72 0 3000 36140 193680
12.05.72 750 300 48200 72350
18.05.72 0 9500 300520 24540




June maxima thus seem to differ both in size and vertical distribution.
Thié change in vertical distribution seems to take place early in May,
and may be related to hydrography. On the other hand, Marshall et al.
(1934) have shown that different generations of C. fimmarchicus may
have different vertical distributions, and even different populations
may behave in the same way (Russell 1934).

During the period April-June, very few specimens were
taken in the 0 m samples in 1970 and 1972, while in 1971 all stages
were frequent in the surface layer during the same period, especially
copepodite stages III and IV in the first week of May.

Small numbers occurred in autumn 1970, with a small peak at
the beginning of September. Normally, the bulk of the younger stages
remained in the upper 10 m, but during this peak they were found signifi-
cantly deeper than they were on the preceding and subsequent sampling.

The spring spawning seems to have started simultaneously
in 1970 and 1971, with maximum of nauplii the 20th and 21st of April,
with a successively delay until maximum of copepodite stage III in the
first week of May. During spring, this development thus requires app-
roximately two weeks. The June spawning occurred significantly earlier
in 1970 than in 1971, but in both cases, the development into copepodite
stage III needed significantly shorter time than during spring. The
more rapid development in June is obviously due to increased temperature.

Normally the greatest maxima of C. fimmarchicus coincided
with low temperature and high salinity, but significant numbers also
occurred during more extreme conditions. In June 1970 a moderate stock
of nauplii and copepodite stages III-I were found in water with a
salinity of 21.58 - 21.64 /oo, but when the salinity fell below 20 "/co
very few, if any, young C. fimmarchicus occurred. 1In late May 1971,
females and copepodite stages V-IV were taken in significant numbers at
a salinity of 23.85 O/oo. Males, however, were not observed at salini-
ties below 31.50 O/oo. Young stages were frequent at temperatures

above 14OC.



Paracalanus parvus (Claus)

The allochthonous copepod P. parvus was found in the pump
samples in September 1970, when a significant maximum occurred in the
beginning of the month (Fig. 14). Smaller numbers were found throughout

the autumn and a slight increase was indicated in the middle of October.
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Fig. 14, Paracalanus parvus, percentage vertical distribution
(left scale) and calculated number below 1 m2 in

0-50 m (right scale).

The bulk of individuals occurred in the upper 5 m. A single specimen

was found in the 2 m sample on the 9th of June 1971.

Pseudocalanus elongatus Boeck

e p———— g g g g e e e

In Trondheimsfjorden small spring stocks of P. elongatus
normally occur both above and below 100 m, while in summer and autumn
large maxima are found mainly above 100 m depth, probably in the upper
50 m (Strébmgren 1973 a, b).

The spring stock of P. elongatus, copepodite stages III-I
and V-IV, was rather small in all years, especially in 1972 (Figs. 15-16).
A significant summer stock was recorded only in 1970, with a maximum in
the first week of June. During this maximum, copepodite stages III-I
were recorded only in the 10 and 5 m samples, while the older copepodite
stages were distributed at deeper levels.

As for C. fimmarchicus, the vertical distribution was gene-
rally shallower from the beginning of May onwards. This trend was most

pronounced in 1971.
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In autumn 1970, relatively large numbers of copepodites
were present, with a more scattered vertical distribution than in spring,
although the bulk of them were normally found in the 5 and 10 m samples.
A pronounced minimum at the end of September 1970 was followed by a large
maximum at the September-October transition.

Adults were scarce until May. More females occurred in
May-June 1971 than during the same period in 1970, and while the 1970
females were taken exclusively at the 20 m level and below, they were
found higher up in 1971. This trend parallels that found for C. fin-
marchicus. In summer and autumn 1970 both females and males were more

abundant, with the bulk of them distributed below 10-20 m depth (Fig. 17).

1970 197

at OCTOBER ml AuGUST SEPTEMBER | OCTOBER |
% = P f e
ar 5000 3 |
- 1 |
o 1w H J——
—14000 | | | 800
[
i Haooo 1" - s00
Bl L =& \ -
! —2000 % 0 ‘ 400 W
g4 | @
1| 3
” 1000 % i 200 ¥
-~ ‘ | ‘ |
S0 = ) 30 — —be - o
FELONGATUS ¢ 10%, % SOM, - () e P ELONGATUS & 10% SO%emmm 100, S

Fig. 17. Pseudocalanus elongatus, males and females, percentage
vertical distribution (left scale) and calculated

2
number below 1 m in 0-50 m (right scale),

In 1970 a change in size distribution of females is indicated from the
end of June to the middle of August (Fig. 18). The smaller females in
August may represent a summer generation.

At all seasons there was a general tendency for the younger
stages to keep nearer to the surface, although very few specimens were
recorded in the 0 m samples in May and June. The largest numbers were
generally found in the 5 and 10 m samples, and P. elongatus seems to
keep below the discontinuity layer. This accords with observations from the
Baltic (Ackefors 1969) and from Oslofjorden (Hansen 1951).

Normally the adults and copepodite stages V-IV kept to
salinities above 31 o/oo, but during May-June 1971, relatively many
males, females and copepodite stages V-IV were taken at salinities of

29.15 o/oo, 28.50 O/oo, and 19.15 o/oo, respectively. Copepodite stages
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Fig. 18. Size distribution of female Pseudocalanus elongatus

during June-October 1970.

ITII-I were encountered at a salinity close to 19.90 O/oo. During
May-June only stray specimens were taken at temperatures above lOoC,
but the autumn generation of copepodite stages III-I was very abundant

in 1970 at a temperature of 13.490C.

Very few copepodite stages III-I of M. pustllus were
recorded, due to the mesh size used, but the older stages were satis-
factorily retained by the net.

Both copepodite stages V-IV and females were scarce
during March-April 1970, while they were slightly more numerous during
the same period in 1971, and in 1972 a small maximum was recorded in
the middle of April (Figs. 19-20). Large numbers were recorded at the
end of May and the end of June in all years. Prominent minima occurred
on the 4th of June 1970, the 3rd and 30th of January 1971, and on the
24th of April 1970. As a rule, M. pusillus was found in the samples
from 20 m and deeper, and very often the largest numbers occurred in the
deepest samples. M. pustllus, however, has its main distribution below

50 m depth (Strémgren 1973 a), and those taken by the pump are obviously
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invaders from the layer below. On several occasions, they have been
indicators of upwelling or other hydrographic events bringing deep water
nearer to the surface. This may explain the fact that the finds of

M. pustllus seemed to vary inversely to those of the young stages of

C. fimmarchicus and of other species or stages which normally live in

the surface layer.

Females generally tended to remain deeper than the copepo-
dite stages. Males were very scarce and probably have a deeper distri-

bution than other stages (Strdémgren 1973 a).

Females and copepodite stages V-IV of M. pusillus were

normally found at salinities above 32 o/oo.

Temora longicornis Miller
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In Trondheimsfjorden T. longicornis keeps to the upper

50 m (Strémgren 1973 a, b).
lLarge numbers of copepodite stages of T. longicornis

occurred in June and August 1970, and significant numbers were present
from the beginning of May that year (Figs. 21-24). The adult stages
were also numerous in June, and were also recorded in significant num-

bers from mid-April. 1In 1971 and 1972, however, very few T. longicor-—

nis occurred at all.
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Fig. 21. Temora Longicornis, copepodite stages III-I, percentage

vertical distribution (left scale) and calculated number

below 1 m2 in 0-50 m (right scale).
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All copepodite stages showed a distinctly higher vertical

distribution from the beginning of May in all years, independent of the

stock size, and with maximal abundance in the 2-10 m samples. The
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adults showed a similar change in vertical position from the beginning
of May, although generally a deeper distribution was indicated. In the
middle of April 1970 an unexpectedly deep distribution of all stages was
observed.

At the end of May 1970 all stages occurred in the surface
samples. During the large maximum in June the same year, however, few
copepodites occurred in the 0 m samples, and at the end of this month
the 2 m samples, too, were poor in T. longZcornis. A simultaneous re-
duction in size may indicate the presence of a new generation of smaller
females. A tendency to keep away from the surface layers seems to coin-—
cide with low surface salinities.

The rich stock of adults and copepodite stages V-IV found
during May-June 1970 can scarcely be related to the very small spring
stock. It may be assumed that a fresh supply of a stock of mature or
premature stages has given rise to the prominent maximum of the younger
stages found throughout June. The increase in size of females from the
8th to the 27th of May (Fig. 25) also indicates that a new population has
been introduced.

During August-October 1970 the bulk of all copepodite
stages were taken in the upper 10 m, especially in the 10 and 5 m samp-
les. The large numbers found on the first sampling date in August
indicate the presence of a large summer stock. On the 23rd of Septem-
ber T. longicornis was absent in all samples, and the small females
which were found at the end of that month may indicate the presence of
a new population.

The vertical distribution in June 1970, with large concen-
trations in the upper 10 m, may be related to the prevailing high tem-
peratures or to the steep temperature and salinity gradients in the
layer immediately below. Both in Oslofjorden (Hansen 1951) and in the
Baltic (Ackefors 1969), T. longicornis was shown to thrive near or at
the thermocline.

All stages of T. longicornis were found at the surface on
the 27th of May 1970, but on the 4th and the 1lth of June they were
absent from this layer. On the 23rd of June all copepodite stages were
found at 5 m or below, while the adults still occupied the 2 m layer.
This distribution was evidently not determined by temperature or sali-

nity. A tolerance of a salinity as low as 15.21 o/oo was demonstrated
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on the 27th of May 1970 for all stages, while on the 11 th and 23rd
of June the surface salinities were significantly higher. Their
absence from the surface in June may have been due to dispersion by

surface currents.
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Metridia longa (Lubbock)

Both M. longa and M. Lucens Boeck may sometimes occur in the
fjord, the latter as immigrants during autumn (Strémgren 1973 a). No
specimens of M. lucens were identified in the pump samples during 1970-
1972. Nauplii and copepodite stages of Metridia occurred only during
the period March-May, and undoubtedly belonged to M. longa.

Maxima of nauplii and copepodite stage I (Fig. 26) were
found at the transition April/May in 1970, but a small peak was also
found at the beginning of April. Copepodite stage II showed a similar
occurrence but was less abundant. Both nauplii and copepodite stage I
seemed to have an irregular depth distribution during the middle of April,
paralleling that of C. fimmarchicus and other species. In 1971 and 1972

very few M. longa were observed.
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Fig. 26. Metridia longa, nauplii and copepodite stage I, percentage

vertical distribution (left scale) and calculated number

below 1 m2 in 0-50 m (right scale).

Older copepodite stages occurred singly and a few adults
were also recorded in the deepest samples in June 1971. During 1963-
1966 all stages of M. longa were normally absent from the upper layers
(Strémgren 1973 a), and the pump samples hardly provide a true picture

of the variation of the stock.

NUMBE R
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Centropages hamatus Lilljeborg
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In 1970 all copepodite stages of C. hamatus showed a
similar numerical variation, with peaks in the middle of April, at the

end of May, in June, in September, and at the September/October tran-

sition (Figs. 27-28). 1In 1971 and 1972 only a few (. hamatus were

recorded, in the upper 5 m exclusively.
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Fig. 27. Centropages hamatus, copepodite stages III-I, percentage

vertical distribution (left scale) and calculated number

below 1 m2 in 0-50 m (right scalej.
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Fig. 28. C(entropages hamatus, copepodite stages V-IV, percentage

vertical distribution (left scale) and calculated number

below 1 m2 in 0-50 m (right scale).

All copepodite stages were normally found in the upper 20 m,

with maximal concentrations in the upper 10 m. In June 1970 a maximum

occurred at 5 m depth. A slightly deeper distribution was found in the

middle of April 1970.
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Females were rather scarce, while males occurred in signi-

ficant numbers during April-June 1970 (Fig. 29).
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Fig. 29. Centropages hamatus, males, percentage vertical distribu-
tion (left scale) and calculated number below 1 m2 in

0-50 m (right scale).

Except in the middle of April 1970, the adults kept nearer
to the surface than the copepodites. A similar distribution of adults
was also recorded in Oslofjorden by Hansen (1951).

The bulk of the (. hamatus population tended to stay in or
above the discontinuity layer, and in Trondheimsfjorden all stages were
found regularly at the surface. Hansen (1951) listed (. hamatus as a
species which mainly occurred in the warm surface water. Significant
numbers occurred at a salinity of 15.21 O/oo at the end of May 1970,

while no specimens occurred at a salinity of 12.67 o/oo at the beginning

of June the same year.

Acartia clausi Giesbrecht and Acartia longiremis Lilljeborg
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Both A. claus?i and A. longiremis occur in the fjord proper
(Strémgren 1973 a). The youngest stages of these species are difficult
to separate. Adults of A. claus? suddenly appeared on the 9th of Septem-
ber 1970, but two weeks later no specimens remained. A second occur-
rence was observed on the 14th of October the same year. In both these
cases A. claus? occurred together with P. parvus and indicated an influx

of warm water. In 1971 and 1972 no A. clausi were recorded, except for

a single male in May 1972.
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A. longiremis occurred at all seasons in all 3 years, and
nearly all the copepodite stages III-I belong undoubtedly to this species.

Small peaks of Acartia spp. (Fig. 30) and A. longiremis
(Figs. 31-33) were recorded in the middle of April 1970. 1In June 1970 a
very pronounced maximum of all stages occurred and because the large
number of adults and copepodite stages can scarcely have been derived

from such a small local stock, a supplv from other areas is indicated.
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Fig. 30. Acartia spp., copepodite stages III-I, percentage vertical
distribution (left scale) and calculated number below 1 m2

in 0-50 m (right scale).
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Fig. 33, /cartia longiremis, males, percentage vertical distribu-
tion (left scale) and calculated number below 1 m2 in

0-50 m (right scale).

Small numbers occurred in the middle of September 1970
and a peak of copepodite stages III-I was found at the transition
September/October. On the 3rd, 9th, and 23rd of September 1970, all
stages of Acartia were virtually absent. In 1971 and 1972 all stages
occurred, but in very small numbers.

The highest concentration was observed in the upper 20 m,
but the older the stage, the more scattered the distribution. Signi-
ficant numbers of young copepodites were found at the surface, but the
bulk of Acartia tended to stay near the discontinuity layer. During
1971 and 1972 nearly all specimens were taken in the 0-5 m samples. A
deeper vertical distribution than normal was found in the middle of
April 1970. 1In Norddsvannet, Wiborg (1944) found that A. longiremis
kept mainly within the upper 15 m.

Copepodite stages V-IV and adults of A. longiremis seemed
to prefer water with a salinity above 21 O/oo, while copepodite stages
III-I of Acartia spp. were found at significantly lower salinities
(15.21 and 12.67 °/oo) in 1970.

A scarcity of A. longiremis in 1971 and 1972 coincided
with large numbers of C. fimmarchicus. A similar inverse relation
between these two species is recorded earlier in Trondheimsfjorden

(Stromgren 1973 a, b).
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Oithona similis Claus

In Trondheimsfjorden 0. similis was found mainly in the
upper 100 m during May-September, while during the rest of the year a
significant part of the stock was recorded below 100 m as well (Strdm-
gren 1973 a, b).

0. stmilis occurred in almost all pump samples (Fig. 34).
During March-April the stock was small in all years, except for a peak
at the end of April 1971. During March, 1970 and 1971, 0. similis
was rather evenly distributed at all depths, whereas in April the
0-5 m samples contained only small numbers and maximum abundance was
found in the 10-30 m samples.

At the end of May 1970 a very large maximum occurred,
with nearly all the specimens (180,000 ind./m3) concentrated in the
10 m sample. 1In general a higher vertical distribution was recorded
in May and this situation prevailed also for the large stocks found in
June 1970 and 1971, with the bulk in the 10 and 5 m samples. Very few
specimens were taken in the 0 m samples. 0. 8imilis tended to keep

below the discontinuity layer during the March-June period.
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scale) and calculated number below 1 m2 in 0-50 m (right

scale) .
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In autumn a large stock was found mainly in the upper 10 m
and significant numbers were recorded in the 0 m samples.

Practically no specimens were recorded at a salinity of
15.21 o/oo, or less, and large stocks were normally found at signifi-
cantly higher salinities. In the Baltic, 0. similis is reported at
salinities below 10 o/oo, although it seems to require 12-13 o/oo for
spawning (Ackefors 1969). Mankowski & Ciszewski (1962) found that in the
Baltic, 0. similis was the only copepod whose distribution was at all

closely correlated with salinity.

Oncaea borealis G. 0. Sars

In Trondheimsfjorden the main stock of 0. borealis keeps
below 100 m, but indications of upward migration have been found during
March-May and at shallow localities very large stocks may occur in the
0-30 m layer (Strémgren 1973 a, b).

0. borealis did not occur in significant numbers in the
pump samples until the end of aApril (Fig. 35). Prominent maxima were
found at the end of May 1970 and at the end of April 1971, while in 1972
no maximum was recorded. This trend shows a striking similarity to that

for 0. simZli8. In autumn 1970, however, the stock was small.
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Fig. 35. Oncaea borealis, percentage vertical distribution (left
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0. borealis showed a scattered vertical distribution during
the whole observation period and no significant change in the vertical
position was observed during May. The O and 2 m samples were generally
poor in 0. borealis, and this species was usually abundant only in water
with salinity above 28-30 o/oo.

A few males of 0. borealis were caught during spring in

1970 and 1972.

Microsetella norvegica Boeck

M. norvegica (Fig. 36) proved to be a variable species,
showing rapid changes in abundance, especially during the autumn of
1970. During March-April in all years, the bulk of the population was
found in the 20 and 30 m samples. InMay and June, however, the 10 m
samples, below the discontinuity layer, were generally richest. 1In the
0, 2, and 5 m samples, only a few specimens occurred during the March-
June period. The largest numbers of M. norvegica were found in autumn

1970,
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Fig. 36. Microsetella norvegica, percentage vertical distribution
(left scale) and calculated number below 1 m2 in 0-50 m
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Females of M. norvegica with eggs were frequent at all
seasons, with a peak of abundance in August 1970. Nearly all specimens

of M. norvegica were taken at salinities above 30 o/oo.

Limacina retroversa Fleming
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L. retroversa is an inhabitant of the surface layers in
Trondheimsfjorden and practically the whole stock can be expected to be
encountered within the upper 50 m (Strémgren 1973 a, b).

The largest stocks of L. Petroversavwere recorded during
June and August 1970 (Fig. 37), seemingly coincident with a high sea
temperature. In 1971 L. retroversa was less abundant and was very
scarce during April-May 1972.

In May nearly the whole stock was found in the upper 10 m,
while during August-October a slightly deeper distribution was indicated,
probably related to temperature conditions.

L. retroversa was recorded at a salinity of 15.21 O/oo at
the end of May 1970, but was absent from water with a salinity of
12.67 o/oo at the beginning of June the same year, although it was very

abundant in the layers immediately below.
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Fig. 37. Limacina retroversa, percentage vertical distribution (left
scale) and calculated number below 1 m2 in 0-50 m (right

scale) .
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Evadne nordmanni Lovén

Maxima of E. nordmanni were recorded in the middle of June
and in August 1970 (Fig. 38). Smaller numbers occurred during 1971 and
in 1972 the stock was very small. E. nordmanni thus showed a numerical
variation very similar to that of L. retroversa, with maxima correlated
with high sea temperatures. The bulk of the stock was normally found in
the upper 5 m at all seasons. In Oslofjorden Hansen (1951) found that
E. nordmanni kept close to the surface.

The largest numbers of E. nordmanni were found at salinities
above 21.50 O/oo, while below this level only small stocks were recorded.
E. nordmanni is known to be very euryhaline, and in the Baltic the opti-

mal salinity lies within the range 4-35 o/oo (Ackefors 1969) .
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Fig. 38. Evadne nordmanni, percentage vertical distribution (left
scale) and calculated number below 1 m2 in 0-50 m (right

scale).

Podon polyphemoides (Leuckart)
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The largest numbers of P. polyphemoides were observed
during June and in the middle of August 1970 (Fig. 39). Large stocks
may also be assumed to have been present during the July of that year.

A second peak occurred in the middle of September 1970. At the beginning
and end of that month, P. polyphemoides was almost absent. In June 1971

only small numbers occurred.
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Fig. 39. Podon polyphemoides, percentage vertical distribution

(left scale) and calculated number below 1 m2 in 0-50 m

(right scale).

Practically the whole stock was encountered in the upper
10 m and at the end of June a very high concentration was found in the
10 m samples. 1In Oslofjorden the bulk of the P. polyphemoides popula-
tion was found in the warm surface water (Hansen 1951), and in Drams-
fjorden above the 5 m depth (Beyer 1954). Both in numerical variation
and in vertical distribution, P. polyphemoides resembled L. retroversa
and E. nordmanni, but appeared to be more or less absent from the upper-
most layers during its maximal abundance in June 1970.

P. polyphemoides is very euryhaline (Ackefors 1969) and the
observed surface salinties were well within the range for the species.
The temperature conditions seemed to be very favourable during June 1970.

The peak in the middle of September that year coincided with

a small temperature increase in the upper 10-20 m.

Fritillaria borealis Lohmann

F. borealis is a typical spring species, showing a maxi-
mum in April in all 3 years (Fig. 40). Practically the whole stock was
found in the upper 20 m, when abundant in the upper 10 m. It was fre-

quently observed at the surface.
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Fig. 40. Fritillaria borealis, percentage vertical distribution

(left scale) and calculated number below 1 m2 in 0-50 m

(right scale).

The maximal concentrations of F. borealis coincided with
sea temperatures below 7°C and salinities above 32 O[oo in the upper
10 m. The numerical variation of F. borealis in 1970 paralleled that
of M. longa.

1963-1966

A similar trend was also observed in the same area during

(Strébmgren 1973 a).

Oikopleura spp.

During 1963-1966 two species of OrTkopleura were identified
from the fjord: 0. dZoieca Fol and 0. labradoriensis Iohmann (Strémgren
1973 a).

In the middle of August 1970 large numbers of Oizkopleura spp.
were observed, indicative of a summer maximum, while no specimens were
recorded earlier in the year.

During the years 1967-1969, 0Oikopleura spp.

reached its maximum during the August-September period.



Other organisms

Juvenile stages of Pareuchaeta norvegica (Boeck), mainly
nauplii, were relatively frequent during April-June.

Scolecithricella minor Brady, females and copepodite stages,
occurred in small numbers at all seasons, mainly in the deepest hauls.

Oithona spinirostris Claus was most frequent during May-
June in all years.

Eggs, nauplii, and metanauplii of euphausids were relatively
numerous during March-April in all years. The highest concentrations were
found in April 1971.

In the deepest samples a few ostracods cccurred during
March-April in all years, as well as in the autumn in 1970.

The larvae of chaetognaths were most frequent during May-
June.

A few Salpa fusiformis Cuvier, 59 specimens in all, were
recorded on the 15th of October 1970, mainly at 2 m depth. S. fusiformis
is regarded as an indicator of Atlantic water (Wiborg 1954, Brattstrdém
1972). 4

Cirriped larvae were abundant from April to June, while smal-
ler numbers occurred during August-October 1970. They occurred mainly in
the upper 20 m.

Polychaeta larvae also showed a maximum abundance during the
period April-June, with peaks at the April/May and May/June transitions.
Later in the year they were insignificant. Maximal concentrations were
generally found at 10 m depth. Very few specimens occurred near the sur-
face.

Cyphonautes larvae were unimportant during the spring, but
in September large concentrations were recorded. They had a rather
scattered vertical distribution.

Echinoderm larvae showed significant peaks in June and
from the end of August to the beginning of September, mostly in the
samples from the 5 and 10 m depths.

Bivalve larvae were most abundant during May-June, being
then mostly present in the upper 10 m. In autumn their vertical distri-

bution was more scattered.
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DiSCUSSION

A diurnal migration has been shown to occur in most species,
but in stratified neritic waters the movements are commonly depressed
{Banse 1964, and others). As all samples during 1970-1972 were taken
during daylight hours, these consequently indicate maximal depths. How-
ever, controversial patterns are known to occur in several specles, for
example the occasional daytime aggregations of C. fimmarchicus at the
surface (Marshall & Orr 1955, and others). Hydrographic and biotic fac-
tors, as well as the physiclogical state of the animal, may modify the
custbmary vertical distribution.

During March in all years, the concentration of zooplankton
was very low, expecially in the upper 20 m. Below this level only
M. pusillus, 0. similis, and harpacticoids, mainly Microsetella norve-
gica, occurred in any numbers. During this period the water was cold,
less than 6.SOC, no stratification occurred, and phytoplankton was
scarce. M. pusillus has been shown, however, to be rather independent
of phytoplankton blooms ({(Marshall 1949}, and M. norvegica and 0, similis
may exhibit a similar relationship.

The number of C. fImmarchicus nauplii reached a maximum
at the end of April in all years. The diatom maximum-in Trondheims-
fjorden is generally found during the first hailf df'Apfil'(Sakshaug 1972),
and the spawning of C. fimmarchicus is obviously related to that (cfr.
Marshall 1949, and others). ~In 1970 and 1971 the number of copepodites
corresponded to the number of nauplii, but in 1972 the nauplii maxima
occurred simultaneoﬁsly with minima of the older copepodite stages.

This trend coincided with the different vertical distribution of the
nauplii in 1972 and a simultaneous maximum for the deeper-living cope-
pod M. pusillus. A reduction of the temperature in the uppermost layer
may indicate that the surface water had been swept away by strong

winds and, in that case, the young copepodite stages of C. fimmarchicus
may have been transported away from the area.

Many species showed a deeper vertical distribution than
normal on April 21st 1970. For most of them, this shift in distribution
coincided with an increase in numbers. On the other hand, species
which normally have a deep distribution {(e.g. M. pusillus) showed a

significant minimum at the same date. A similar trend was indicated in
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the middle of April 197! and perhaps also at the end of April 1972.

The distribution pattera indicates that surface water had been intro-
duced down to at least 50 m depth. The hydrographic development during
1970 and 1971 supports this assumption. Salinity data are lacking for
this period in 1972. The small maxima, or small numerical increases,
which were recorded for several species, may have been due to their
adoption of a greater depth range rather than to higher concentrations
at given depths. For species which mainly spawn in spring f{e.g.

C. fimmarchicus), however, large maxima occurred.

At the beginning of May in all years, the younger stages
of C. fimmarchicus reached a minimum, procbably due to their develop-
ment into older copepodite stages followed Ly migration to deeper layers.
A simultaneous change in vertical distribution, however, may indicate
a horizontal displacement of subsurface water, which would likewise
have led to a loss of (. fimmarchicus., A number of species which had
produced small stocks in April alsc generally showed minima at the
beginning of May (P. elongatus, T. longicornis, C. hamatus, A. longi-—
remis, F, borealis, L. retroversa). In several cases these minima also
coincided with a higher vertical distributicn.

Both the decreases in numbers and the changes in vertical
distribution may be related to the counter-current to the brackish-
water runoff, which may have brought in water of different gquality.

The preference for the uppermost layers became more signi-
ficant throughout May and June, but large populations were not produ-
ced in the upper 10 m during 1970. 1In 1971 and 1972 most species were
much less numerous. This difference is obviocusly related to the very
high surface temperature recorded in 1970, which improved the perfor-
mances of the temperate species.

During May-June in all years, a pronounced stratification
was established, with a brackish top layer. Two types of vertical dis-
tribution may be noted during this period. The first type is repre-
sented by a group of species 80-95% of whose stock was found in the
upper 10 m. This group consists of all stages of T. longicornig,

C. hamatus, A. longiremis, all copepodite stages of P. elongatus,
nauplii and copepodite stages II-I of (. fimmarchicus. E. nordmannt,
P. polyphemoides, L. retroversa, and 0. 8imilils showed similar distri-

butions. The bulk of these organisms had their maximal abundance in
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2-5 m depth, although some of the older stages showed maxima at 10 m.

The second group is smaller and less homogenous. O. borea—
178 showed a scattered distribution in June, while more than 90% of
M. pusillus was found in the 30-50 m samples. - The number of surface
species seemed to vary inversely to the number of M. puszllus.

' The vertical distribution of the first group corresponds
to. the stratification in the upper layers, and the preference of many
species for the 2 and 5 m depths seems related to the steep gradients
for temperature and salinity (Table 3). Their vertical distributions
might thus be explained by aggregation near to a barrier or sharp
gradient. Discontinuity layers, especially sharp haloclines, are gene-
rally'considered to stop or reduce vertical migration (Hansen 1951,
1960, Petipa et al. 1960, Banse 1964, and others) and layering itself
is suggested to lead to accumulations of zooplankton (Harder 1952).

It seems evident that the increased temperature in the upper 10 m
improVes development, but most of the species were able, earlier in the
year, to produce significant stocks during conditions similar to those
now found below 10 m. Thus temperature alone may not explain a success
restricted to the uppermost layers.

On the other hand, brackish-water runoff in May and June
must have generated a counter-current flowing into the fjord. At the
beginning of the period this inflowing water may have been poor in zoo-
plankton and also unfavourable for growth of the actual species con-
cerned. Production would thus have been confined to a narrow water
layer and only few individuals migratéd to the layer below. At the
beginning of June a rapid increase of adults and copepodite stages
V-IV of T. longicornis coincided with increasing numbers of P. poly-—
phemoides, E. nordmannt, and L. retroversa, and a slightly deeper
distribution was indicated for some other species. Simultaneously,

M. pusillus showed a minimum. This may indicate that in this case the
counter-current had brought in immigrants which, under the favourable
temperature conditions at the sample station, produced the large num-
bers recorded later in the month.

The observed biological differences between the upper
5-10 m and the layers below may be due to their belonging to different
water bodies. It is a well known fact that apparently identical water
masses may'have different biological properties (Fraser 1952, and

others) and evidently may retain their identity for some time (Bowen &
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Sugihara 1957, Banse 1959). The phytoplankton did not show gradients
similar to the zooplankton during May and June (E. Sakshaug, pers.
comm.) and thus the zooplankton distribution can hardly be explained
by food relations.

Several numerically important species (P. polyphemoides,
E. nordmannt, C. hamatus, T. longicornis, A. longivemis, L. retro—
versa) were observed in significant numbers at the surface in late
May 1970, but in early June the same year only P. polyphemoides and
a few E. nordmanni remained in this layer, although the salinity re-
cords were well within the known range for most of the species and
the high temperatures might have been expected to provide favourable
conditions. On the other hand, a reduced salinity implies a strong
supply of freshwater and probably indicate surface runoff into the
fjords derived from the rivers (Strdmgren 1974). In that case in-
creased surface runoff may explain the apparent submergence of most
species in early June 1970, because reproduction was unable to keep
pace with loss except for species with a high fecundity, such as
P. polyphemoides, which may have been further favoured by the optimal
temperature conditions. Species which normally tend to occupy the
uppermost layers are most severely exposed to runoff. The small stock
of 4. longiremis copepodites and the decreasing number of females and
copepodites of (. hamatus in June 1970 may be explained in that way.
Hansen (1951) showed that (. hamatus kept above the discontinuity layer
in summer. The sensitivity of (. hamatus to surface runoff is also
indicated by its apparent absence from Hardangerfjorden (Gundersen
1953, Lie 1967), discussed by Strdomgren elsewhere 1574} . Young
stages of (. fimmarchicus were evidently able to occupy the near-
surface layers in spite of salinities below 25 o/oo, so this important
species, too, may be influenced by surface runoff. T. longicornis,

L. retroversa, and E. nordmarni also showed small maxima during June
1970. They were probably favoured by the high temperature, but be-
cause they had a slightly deeper distribution than C. hamatus they were
perhaps less exposed to runoff.

An irregular depth distribution of surface species was
again observed between the 3rd and 9th of September 1970, and as in
April the most important species simultaneously showed a peak in num-
bers. This depth distribution once again coincided with a minimum of

M. pusillus. Simultaneously a very prominent temperature increase
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occurred in the surfice layer, together with a decrease in salinity.

It seems‘probable that near-surface water had penetrated to depths
below 10-20 m. The situation at the beginning of September thus showed
a parallel to that found in the middle of April, and the peaks which
were observed for some of the species might have been due to a fresh
supply, which added to the original stock.

At the end of August a number of species were preferen-
tially found in the 10 m samples (P. elongatus, T. longicornis, C. ha-
‘matus, A. longirvemis, M. norvegica, E. wnordmanni, P.. polyphemoides,
Oikopleura spp.) .

In the middle of September these same species tended to
occur preferentially in the 5 m samples. This distribution showed no
direct relationship to temperature or salinity Qradients, but may have
been related to the hydrographic changes which took place during the
first week of September, as indicated by the irregular vertical distri-
bution of the zooplankton.

On the 23rd of September very pronounced minima were re-
corded for some species (C. finmaréhicus, P. elongatus, and L. retro-
versa), while several others were nearly absent {T. longicornis, C. ha-
matus, A. longiremis, 0. borealis, E. nordmanni, P. polyphemotides,

F. borealis, and Otkopleura spp.). Simultaneously, M. pusillus showed

a maximum. The temperature and salinity development indicate that the
upper 20 m of the water column had been carried away. The inhabitants
of this layer were thus reduced in numbers, while deeper living species,
like Mo pusillus, were introduced. This exclusion of several species
explain the reduction in the speciés diversity index (see Fig. 9).

At no season was a significant correlation cbserved be-
tween the vertical distribution of the various species, the Secchi disc
measurements or the cloud cover.

The variations in vertical distribution seemed to be very
dependent on water movements, The distributions were evidently more
related to different water bodies than to the tendency of the species
to seek optimal conditions. Discontinuity layers are usually regarded
as forming boundaries for vertical movement and thus leed to a vertical
stratification of the zooplankton, but a given distribution may just
as well be due to the superposition of different water masses posses-
sing different biological properties and different contents of zoo-

plankton. This is in line with the view of Banse (1959, 1964) and
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others, that the distribution of the zooplankton in neritic areas may
be regarded as reflecting the distribution of different water types.
Banse (1959) based his interpretation on the T-5 relationship, but at
Stn 15 in Trondheimsfjorden the water types of the upper 50 m could
not be identified by this method. Petipa et al. (1960} found that
various zones of different quality might be superposed, but that dis-
tribution within any zone depended on the ecological characteristics
of the species.

When and where rapid displacement of the water masses
may occur, as at Stn 15, the mixing or superposition of different
stocks of the zooplankton thus complicates any analysis of species

dynamics.

SUMMARY

At a permanent hydrographic station (Stn 15 Rdéberg) in
Trondheimsfjorden, Western Norway, zooplankton was collected at short
intervals during the periods March-June 1970-1972, and August-October
1970. The samples were taken during daylight hours, by pump, at O,

2, 5, 10, 20, 30, and 50 m depths.

During March and April, the salinity was above 31 O/oo
at all levels. During May and June river discharge increased greatly,
due to melt water, and a pronounced stratification was established with
a brackish top-layer in the upper 5-10 m. Simultaneously the vernal
warming took place. During August-October 1970 the temperature and
salinity gradients were less steep and at the end of this period sta-
bility was low.

The hydrographic development was to a great extent ruled
by surface runoff, wind-driven displacement of surface water, upwel-
lings, and influxes to different layers. These events were often of
short duration, but affected the plankton very much.

Copepoda dominated in the zooplankton., Six copepod
species (Calanus fimmarchicus, Pseudocalarus elongatus, Temora longi-—
cornis, Microcalanus pustillus, Oncaea borealis, and Oilthona similis)

formed the bulk of the total number of organisms.
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A highly significant linear correlation was found between
Simpson's diversity index and the Shannon Weaver diversity index. A
highly significant linear corxrelation was also found between Simpson's
index for copepods and the same index for holoplankton, indicating that
the copepods alone may provide a sufficient description, in terms of
diversity, for the holoplankton as a whole. The lowest average diver-—
sity for the whole sampling period was found at 2 m depth. The diver-
sity index values fluctuated widely within this layer, while they were
more stable for the deepest samples.

Vertical distribution and numerical variation are discus-
sed for all species which were relatively abundant. In March the con-
centration of zooplankton was low and its vertical distribution scat-
tered. 1In April the spring burst of (. fimmarchicus dominated, with
maximal abundance in the upper 30 m. In May several species changed
their vertical position and throughout May and June the largest con-
centrations were normally found in the upper 10 m. This change in
vertical distribution seemed to be related to transport of water masses
and the introduction of water bodies of different origin.

When surface salinity was at its minimum several species
disappeared from the surface layer, although they were abundant
immediately below. This is assumed to have been due to horizontal
transport by the brackish-water runoff, rather than to active migration.
In general, both vertical distribution and abundance of most species

seemed closely related to both horizontal and vertical water movements.

ACKNOWLEDGEMENTS

Thanks are due to Mr. E. Sakshaug and Mr. E. Lande, who
sampled the material, and to Mrs, I. Harder for technical assistance.
Thanks are also due to the Biological station, Trondheim, and the
Royal Norwegian Navy for sampling assistance. Mr. P.A. Tallantire

has kindly revised the English.



- 51 -

REFERENCES

Ackefors, H. 1969. Ecological Zooplankton Investigations in the
Baltic Proper 1963-1965. Inst. Mar. Res. Lysekil, Ser.
Biol. Rep. (18): 1-137.

Banse, K. 1955. Gber das Verhalten von meroplanktonischen Larven
in geschichtetem Wasser. Kieler Meeresforsch. 11:
188-200.

- 1959. Die Vertikalverteilung planktonischer Copepoden
in der Kieler Bucht. Ber. dt. wiss. Kommn Meeresforsch.
N.F. 15 (4): 357-390.

- 1964. On the vertical distribution of zooplankton in
the sea. pp. 53-152 in Progress in oceanography 2.
M. Sears (ed.), Pergamon Press, Oxford.

Barnes, H. 1949. On the volume measurements of water filtered by a
plankton pump, with some observations on the distribution
of planktonic animals. J. mar. btol. Ass. U.K. 28:
651-662.

Beyer, F. 1954. Studies of a threshold fjord, Dramsfjord, in Southern
Norway. II. Zooplankton. Unpubl. degree thesis, Dept.
mar. zool., Univ. Oslo. 59 pp. + 9 figs.

Bowen, V.T. & T.T. Sugihara. 1957. Strontium 90 in North Atlantic
surface water. Proc. natn. Acad. Set. U.S.A. 43 (7):
576-580.

Bowman, K.O., K. Hutcheson, E.P. Odum & L.R. Shenton. 1971. Comment
on the distribution of indices of diversity. pp. 315-
366 in Statistical Ecology 3. G.P. Patil, E.C. Pielou &
W.E. Waters (eds.), Penn.

Brattstrdm, H. 1972. On Salpa fusiformis Cuvier (Thaliacea) in Nor-
wegian coastal and offshore waters. Sarsza 48: 71-90.

Fraser, J.H. 1952, ‘The chaetognatha and other zooplanktéon of the
Scottish area and their value as biological indicators
of hydrographic conditions. Mar. Res. (2): 1-52.

Good, I.J. 1953. The population frequencies of species and the
estimation of population parameters. Biometrica 40:
237-264.

Gundersen, K,R. 1953. Zooplankton investigations in some fjords in
western Norway during 1950-51. Rep. Norw. Fishery mar.

Invest. 10 (6): 1-54.



Hansen,

Harder,

Lie, U.

V.K.

W.

= 82 =

1951. On the diurnal migration of zooplankton in rela-
tion to the discontinuity layer. . Cons. perm. int.
Explor. Mer. 17 (3): 231-241.

1960. Investigations on the quantitative and qualitative
distribution of zooplankton in the southern part of the
Norwegian Sea. Meddr Danm. Fisk.- og Havunders. N.S. 2

(23) : 1-53.

1952. Uber das Verhalten von Zooplankton in geschichtetem

Wasser. Kurze Mitt. fischbiol. Abt. Max—Planck-Inst.
Meeresbiol. Wilhelmsh. 1: 28-34.

1967. The natural history of the Hardangerfjord. 8. Quantity

MacArthur, R

Mankowski,

Margalef, R.

W.

and composition of the zooplankton, September 1955 -
September 1956. Sarsia 30: 49-74.

1968. A quantitative study of benthic infauna in Puget
Souna. FiskDir. Skr. Ser., HavUnders. 14 (5): 229-556.

.H. & J.W. MacArthur. 196l1l. On bird species diversity.

Ecology 42: 594-598.

& P, Cizewski. 1962. The vertical migration of the
Baltic zooplankton in a 24-hour cycle in the various
seasons of the year. Rapp. P.-v. Réun. Cons. perm. int.
Explor. Mer  153: 220-221.

1958. Temporal succession and spatial heterogenity in
phytoplankton. pp. 323-349 in Perspectives in Marine
Biology. A.A. Buzzati-Traverso (ed.), Univ. California
Press.

1967. Some concepts relative to the organization of

plankton. A. Rei. Oceanogr. Mar. Biol. 5: 257-289.

Marshall, S.M. 1949. On the Biology of the Small Copepods in Loch

Patten,

B.C.

Striven. J. mar. biol. Ass. U.K. 28 (l): 45-122.
& A.P, Orr. 1955. The Biology of a Marine (opepod,
Calanus fimmarchicus (Gunnerus). Oliver & Boyd, Edin-
burgh. 188 pp.

+ A.G. Nicholls & A.P. Orr. 1934. On the Biology of
Calanus fimmarchicus. V. Seasonal Distribution, Size,
Weight, and Chemical Composition in Loch Striven in 1933,
and their Relation to the Phytoplankton. J. mar. biol.
dss. U.K. 19 (2): 793-827.

1962, Species diversity in net phytoplankton of Raritan
Bay. J. mar. Res. 20 {(1): 57-75.



- 53 -

Petipa, T.S., L.S. Sazhina & E.P. Delalo. 1960. Vertical distribu-

tion of zooplankton in the Black Sea in relation to

hydrographic conditions. (In Russian). Dokl. Akad.
Nauk SSSR 133 (4): 946-967. Transl.: AIBS 133:
576-578.

Russell, F.S. 1934. The Vertical Distribution of Marine Macro-
plankton. XII. Some Observations in the Vertical
Distribution of Calanus fimmarchicus in Relation to
Light Intensity. J. mar. biol. Ass. U.K. 19 (2):
569-584.

Sakshaug, E. 1972. Phytoplankton investigations in Trondheimsfjor-
den, 1963-1966. K. norske Vidensk. Selsk. Skr. 1:
1-56.

Sanders, H. 1968. Marine benthic diversity: A comparative study.
Am. Natur. 102: 243-282.

Schram, T.A. 1968. Studies on the meroplankton in the inner Oslo-
fjord. I. Composition of the plankton at Nakkholmen
during a whole year. Ophelia §&: 221-243.

Simpson, E.H. 1949. Measurement of diversity. WNature (Lond.) 163:
688.

Strdmgren, T. 1973 a. Zooplankton investigations in Trondheimsfjor-
den 1963-1966. K. norske Vidensk. Selsk. Mus. Miscel-
lanea (13): 1-149. |

- 1973 b. Zooplankton investigations in Borgenfjorden

1967-1969. K. norske Vidensk. Selsk. Mus. Miscellanea

(9): 1-37.

- 1974. Zooplankton and hydrography in Trondheimsfjorden
on the west coast of Norway. (In prep.)

- , S. Engen & R. Lande. 1973. 1Intertidal distribution of

the fauna on muddy beaches in the Borgenfjord area.
Sarsta 53: 49-70.

Wendelbo, P.S. 1970. Hydrografiske forhold i Trondheimsfjorden 1963—
1966. Unpubl. degree thesis, Dept. of Geophysics, Univ.
Oslo.

Wiborg, Kr. Fr. 1940. The Production of Zooplankton in the Oslo
Fjord in 1933-1934. With Special References to the Cope-
pods. Hvalrad. Skr. (21): 1-85.

- 1944, The Production of Zooplankton in a Landlocked

Fjord, The Nordasvatn near Bergen, in 1941-42. Rep. Norw.
Fishery mar. Invest. 7 (7): 1-83.



— 54 -

Wiborg, Kr. Fr. 1951. The whirling vessel, an apparatus for the frac-
tioning of plankton samples. KRep. Norw. Fishery mar.
Invest. 9 (13): l-1le6.
= 1954. Investigation on Zooplankton in Coastal and Off-
shore Waters of Western and Northwestern Norway. FRep.

Norw. Fishery mar. Invest. 11 (l): 1-246.



