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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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Fig. 8. Seasonal variation in Simpson's index at 2 and 5C m,
given as the average for the same months during the

whole period, with 95% confidence limits indicated.

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
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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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Fig. 11. Calanus finmmarchicus, copepodite stage I, percentage verti-
cal distribution (left scale) and calculated number below
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Fig. 13. Calanus finmarchicus, copepodite stage III, percentage verti-
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
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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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percentage vertical distribution (left scale) and

calculated number below 1 m2 in 0-50 m (right scale).
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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).
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2
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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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