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ABSTRACT: Estimates were made of copepod production, based on estimates of recruitment, mortality,
development times and individual weight data, and the methodological approach given earlier by
Sonntag & Parslow is further developed. In addition to estimates of cohort production, the present
approach includes estimation of daily production in depth and time. The estimation method is applied to
abundance data of the copepodids of Pseudocalanus elongatus, Paracalanus parvus, Temora longicornis
and Centropages hamatus obtained in Lindaspollene in 1981. Production during June was estimated as
446, 252, 231 and 63 mg ash-free dry weight m~? respectively. Production of P. parvus and C. hamatus
was primarily concentrated in the upper 5 m, while that of T. longicornis and P. elongatus was located
below 5 m depth. The cohort P/B ratios were estimated in the range 2.5 to 6.8. The daily P/B ratios
(including data for Calanus finmarchicus) were strongly dependent on the stage of development within
the populations, but did not seem to differ much between species.

INTRODUCTION

A population dynamics approach to the estimation of
copepod production was recommended by Sonntag &
Parslow (1981). This approach consists essentially of
estimating mortality, recruitment, development times
and stage-specific weights. Production is then calcu-
lated from these estimates. Several methods for
estimating recruitment, mortality and development
times of copepods have been proposed (Fager 1973,
Rigler & Cooley 1974, Parslow et al. 1979, Lynch 1983,
Hairston & Twombly 1985). Similar methods, applic-
able to species that have recognizable developmental
stages, have been developed in entomology (Richards
et al. 1960, Ashford et al. 1970, Manly 1974a, b, 1976,
1977, Birley 1977, Kempton 1979, Straalen 1982). Such
methods may be separated into 2 groups: those where
the estimates of population parameters are based upon
fitting models to time series of stage frequency obser-
vations, and those where the estimates are calculated
from certain statistics of the observed stage frequency
distributions. Four methods of the first category,
termed systems identification techniques, were tested
by Parslow et al. (1979) on simulated and observed
copepod data, but all 4 methods were found to produce
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unreliable estimates of mortality. Despite this, Sonntag
& Parslow (1981) found that 2 of these methods, which
were based on a method originally given by Manly
(1974a), gave reliable estimates of secondary produc-
tion. In the present paper we use a more recent method
(Manly 1977), which belongs to the second category
mentioned above. For discussion of this method in
comparison to other methods used in cohort analysis
see Hairston & Twombly (1985), Aksnes & Hoiseeter
(1987) and Hairston et al. (1987). We have included 2
additional parameters in the estimation model that
enables time/depth computation of production. The
estimation model is applied to stage frequency data of
Paracalanus parvus, Pseudocalanus elongatus, Temora
Iongicornis and Centropages hamatus sampled in Lin-
daspollene, a landlocked fjord in western Norway.

MATERIAL AND METHODS

Sampling. Zooplankton sampling was carried out
during daytime (between 10:00 and 15:00 h)on 7, 10, 11,
16,22 and 29 June 1981 in the central part of Spjeldneso-
sen, one of the basinsin Lindaspollene (Fig. 1). During 10
and 11 June sampling was performed at 10:00, 14:00,
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Fig. 1. Sampling location in Lindaspollene, Nor-
way. A-B indicates the cruise track used in the
sampling

18:00, 22:00, 00:00, 02:00, 04:00 and 08:00 h. Samples
were collected with Clarke-Bumpus plankton samplers
equipped with 75 um mesh size nets. The samplers were
hauled overa 1 km distance (Fig. 1) at0.5, 2,5, 10, 15and
20 m depths. The sampling was carried out from M/B
‘Knurr’, a 9 m motorboat with a 20 hp engine and a
hydraulic winch. In the present study only the average
abundances (and variances) of the diel sampling on 10
and 11 June are used, while the detailed results of the diel
sampling are given by Magnesen et al. (unpubl.). All

samples werepreservedin4 % formalin and subsampled
with a modified Folsom splitter (Motoda 1959). Usually,
Y52 or Y% (range Y% to Yse) of the initial sample was
examined and the various organisms identified and
counted. The calanoid copepods were identified and
enumerated according to the 6 copepodid stages.
Copepodid Stages I, II and III were combined into one
group, Stages IV and V into a second group, and adult
males and females into a third group before the popula-
tion parameters were estimated.

Fig. 2. Paracalanus parvus, Cen-
tropages  hamatus, Pseudo-
calanus elongatus and Temora
longicornis. Median copepodid
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Population model. The population model of Manly
(1977) is applicable to cohorts with unimodal recruit-
ment:

t
Ni(t) = M, [ fi(x) e~ % Ydx (1)
t—a;

where N;(t) = number of individuals in Stage i at Day ¢
M, a; and ©; = no. of recruits, development time (in d),
and mortality (daily instantaneous) for the stage under
consideration; f;(x) = the normal probability function
which is assumed to give the probability of an indi-
vidual entering the stage at time x=t. The mean of f;(x)
is denoted u;, and the standard deviation of fi(x) is
denoted a..

We have extended Eq. (1) to include the depth di-
mension: .

Ni(t,z) = Ni(h(z), hi(z) = gi(2) + gi(—=2)  (2)
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Fig. 3. Paracalanus parvus. Surface-integrated abundances of
copepodids

where h;(z) = the distribution that describes the recruit-
ment in depth (2); gi(z) is the normal frequency dis-
tribution with mean «; (mean recruitment depth) and
standard deviation f; (the spread of recruitment in
depth). When the recruitment distribution is located far
away from the surface, h;(z) and g;(z) will, from a
practical view, be identical. This is not the case when
the distribution is located close to the surface. That part
of g;(z) which distributes above the sea surface (z<0) is
retained below the surface by setting h;(z) = g;(z) +
gi(—2).

Estimation of population parameters and produc-
tion. The population parameters M;, O, a; i and o
were estimated by the use of the equations given by
Manly (1977). This approach is an improvement of the
graphical estimation technique presented by Manly
(1976). The essential equations for estimation are
(Manly 1977):

wi = Ajp1/A;

8 =By — B

© = —In(w;)/a;

M, = AO (3a)
W =B —1/0

o =G - 1/67

where w; = stage-specific survival for Stage i; A; = the
estimated area under the combined frequency curve
for Stage i, i+1, . ., g (where q is the final adult stage);
B; and C; are the estimated temporal mean and var-
iance of this combined frequency curve. Manly (1977)
gives alternative estimation procedures when the data
are insufficent (i.e. when the entire life-span is inade-
quately sampled).

Mortality (O, which represents an average mortality
for all stages) may be estimated from the decrease in
total numbers (Nit(f)) after recruitment to copepodid
Stage I has ceased (after the disappearance of this
stage from the samples):

_ In[Niot(t1)] — In[Niot(f2)]

3b
— (3b)

(0]

where t; and f, represent 2 subsequent dates. This
estimate of @ may replace the mortality estimate given
in Eq. (3a). Additionally, estimates of the development
times (q;) may be obtained from other sources (i.e.
laboratory experiments). These parameters may then
be eliminated as unknowns in Eqgs. (3a).

The mean recruitment depth «; and the standard
deviation f; were estimated as the mean depth and the
standard deviation of the vertical distribution of the
stage (or combined stage) under consideration.

Calculated time/depth series of the stage frequencies
were obtained by inserting the estimated population
parameters into Eq. (2). These calculated time series
were compared to the observations. Unlike the
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methods of Manly (1974a) and Parslow et al. (1979), our
calculated time series are not fitted to the observations
with a curve-fitting procedure. The variance between
the abundances obtained at equal depths during the
intensive sampling on 10 and 11 June was calculated,
and is referred to as ‘within observations' variance
(Table 2).

The copepodid production of a cohort was estimated
by the equation:

qg—1

Pcoh:2

= (M; = Miyq)w; + Mgy (4)

where w; = ash-free dry weight of an individual of
Stage I; g denotes the adult stage. Weights of the
different copepodid stages were obtained from mea-
surements on late copepodids and adults collected in
Lindéspollene (Yen unpubl.) and from measurements
published by Harris et al. (1982) and Klein Breteler et
al. (1982). The weights of the individual stages were in
the range 1 to 21 ug ash-free dry weight for the differ-
ent species. The average deviation between the meas-
urements made on animals collected in Lindaspollene
and those of Klein Breteler et al. (1982) was 13 %.

The daily production in time and depth was calcu-
lated as:

g-1
Pt,z) = X . [Ni(t, z) + Ni(t+1,2)] (@541 —

i=

w;)/2a; (5)

where N{t, z) is given by Eq. (2). The production ex-
pressed by Eqgs. (4) and (5) represents the production
due to the weight increase between stages only. Pro-
duction associated with molting and egg production is
not considered in this paper.

RESULTS

The median stage values (Fig. 2) increased for
Pseudocalanus elongatus, Temora longicornis and
Centropages hamatus during the investigation, indicat-
ing that these populations developed as single cohorts.
This was not the case for Paracalanus parvus. The low
median stage value on 29 June is explained by the
increase in Stages I and Il on this date (Fig. 3). This
increase in young copepodid stages is interpreted as
the appearance of a new cohort.

Population parameters

Estimates of the population parameters for the com-
bined copepodid Stages I to III, IV to V and VI are
shown in Table 1. Estimated development times for the
combined copepodid stages were 6.4, 7.4, 9.2 and 16 d
for Paracalanus parvus, Temora longicornis, Pseudo-
calanus elongatus and Centropages hamatus respec-
tively. Estimated death rates were in the range 7 to
26 % per day. The lowest mortalities were found for C.
hamatus and P. elongatus which also had the longest
development times. Out of a total of 199 000 ind. m™2
calanoids that entered the copepodid Stage I, 49 000
ind. m~2 were estimated to enter the adult stage.

Abundances: observations and model calculations

The variances between observations and model cal-
culations, and the variances between the 8 ‘replicate’

Table 1. Estimates of population parameters; the number of recruits (M) to the 1 m? water column, stage specific survival (w),
development time (a) in days, and instantaneous mortality © for the combined copepodid stages

Species Stage M w a 2] 1-e™©

Paracalanus parvus Cohort 1 I-1I1 63 000 0.57
v-v 35 700 0.26 6.4 0.30 0.26
VI 9 300

P. parvus Cohort 2 before 29 June I-II1 22 000 Estimates for Cohort 1 were used
v-v 3 000
Vi 1300

Centropages hamatus I-I1 6 300 0.55
vV-v 3500 0.57 16.0 0.07 0.07
VI 2 000

Pseudocalanus elongatus I-II 59 800 0.58
v-v 34 700 0.63 9.2 0.11 0.10
VI 21 800

Temora longicornis I 48 000 0.57
v-v 27 300 0.56 7.4 0.15 0.14
VI 15 200
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Table 2. Variance within observations obtained from samples taken on 10 and 11 June, compared with variance between
observed and model-calculated abundances during 7 to 29 June. Abundances are aggregated into the 3 groups: copepodid Stage
I-I1I, IV=V, and IV. All numbers are multiplied by 1074

Combined Paracalanus parvus Centropages hamatus  Pseudocalanus elongatus Temora longicornis
copepodid stage Within Between Within Between Within Between Within Between
It 54 30 9 3 43 80 169 40
v-v 2 10 1 1 65 152 41 11
VI 6 26 2 1 7 34 53 30

samples taken on 10 and 11 June, are given in Table 2.
Among the 12 groups (4 species and 3 combined
stages) the variance between model calculations and
observations was less than the sampling variance on 5
occasions, equal on 1, and higher on the remaining 6.

Paracalanus parvus was almost exclusively found at
0.5, 2 and 5 m depth (Fig. 4). The highest observed
abundances for the juveniles of the first cohort were
found at 5 m depth, while adults and the juveniles of
the second cohort were found in highest number at 0.5
and 2 m depth. The model calculations are in fairly
good agreement with the observations. The variance
between model calculations and observations was
almost identical with the variance within observations

OBSERVED

on 1 occasion, while it was higher on the other 2 (Table
2).

Centropages hamatus was, as Paracalanus parvus,
almost exclusively found at 0.5, 2 and 5 m depth (Fig.
5), but with highest abundances at 5 m depth. Rela-
tively low densities were found for this species
throughout the investigation period (less than 800 ind.
m ™). The model calculations correspond well with the
observations (Fig. 5). This is also demonstrated by the
lower variance found between model calculations and
observations compared to the within-observations var-
iance (Table 2).

Pseudocalanus elongatus juveniles (Fig. 6) were
mainly found at 10 m depth. The older copepodid
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stages of P. elongatus (IV, V and VI) occurred in
increasing numbers at 15 and 20 m depth. This pattern
may be interpreted as a result of a downward migration
of the older copepodids. In the calculated time series a
downward migration rate of 0.5m d~! was used for
Stages IV, V and VI in the period from 11 to 22 June.
The high numbers of juveniles found on 10 and 11 June
were expressed by the model, but the model calcula-
tions did not correspond with the decrease in observed
number of juveniles on 16 June. On this date a large
part of the population may have been located between
10 and 15 m depth, where no samples were taken. This
is consistent with the presumed downward migration of
the older copepodid stages. The median stage value for
the population corresponded to Copepodid V on 16
June (Fig. 2). At this time, the observed mean depth of
the population was 12.7 m, and a peak in numbers may
have been located between the sampling depths. The
variance between model calculations and observations
was higher than the variance within observations for all
3 developmental groups (Table 2).

Temora longicornis. The maximum number of
adults was found only 4 d after the maximum number
of juveniles. High numbers of T. longicornis were,
however, found only at 10 m depth during the investi-
gation (Fig. 7), and as with Pseudocalanus elongatus

more sampling depths close to 10 m would have given
a more accurate picture of the time/depth distribution.
Inadequate sampling is also reflected by the high var-
iance found within observations during the daytime
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Fig. 8. Observed (o} and model-calculated (—) surface-inte-

grated biomass for the 4 calanoids

samples on 10 and 11 June. The variance between the
model calculations and observations was in fact lower
than the variance within observations for all 3 groups
(Table 2).
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Fig. 10. Surface-integrated production for each of the 4
calanoids

weight values) on 7, 16, 22 and 29 June (Fig. 8). The
calculated curve, however, does not express the high
values observed on 10 and 11 June. These values are
explained by the high abundances observed at 10 m
depth on these dates (Fig. 9a)}. A fairly close agreement
is found between model and observations above and
below this depth (Fig. 9).

Production (Table 3) was calculated by assuming
equal stage-specific survival (w) within copepodid
Stages I, II and III, and within Stages IV and V. Adults
contributed more than 50 % to the total production for
each of the 4 species. Of the total calanoid copepod
production of 992 mg ash-free dry weight m~2, Pseu-
docalanus elongatus, Paracalanus parvus, Temora
Iongicornis and Centropages hamatus contributes 45,
26, 23 and 6 %, respectively. Another calanoid, Acartia
longiremis, was also represented in the samples (in the
upper 5 m), but due to low numbers and high variance,
no estimates of population parameters are presented.
Production, however, was estimated to be of the same
order as for C. hamatus.

Estimated daily production was highest for the

Table 3. Cohort production (P; mg ash-free dry weight m™2 per cohort), as calculated by Eq. (4), and average biomass (B, mg ash-
free dry weight m~?) during 7 to 29 June

Copepodid Paracalanus parvus Pseudocalanus Temora Centropages Total
stage Cohort elongatus longicornis hamatus

I I
I 3 3 16 13 4 39
I 5 3 22 12 5 47
I 12 5 33 15 6 71
I\Y% 31 4 44 16 6 101
v 45 5 63 26 9 148
VI 127 9 268 149 33 586
P 223 29 446 231 63 992
B 33 179 77 19 308
P/B 6.8 2.5 3.0 3.3 3.2
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Fig. 11. Daily P/B ratio of the 4 calanoids during the investiga-
tion

Pseudocalanus elongatus population in the first 20 d
and successively lower for the Temora longicornis,
Paracalanus parvus and Centropages hamatus popula-
tions (Fig. 10). As a result of the introduction of the
second P. parvus cohort, the production of this popula-
tion increased during the investigation. The ratio
between estimated daily production and biomass for
the 4 species was higher than 0.3 at the start of the
investigation (Fig. 11). On average the daily P/B ratio
was highest in the upper 5m, and it decreased at all
depths until about 25 June. The increase found near
the surface at this time is explained by the introduction
of the second P. parvus cohort. The cohort P/B ratios
(the ratio between the cohort production and the aver-
age biomass of the cohort) were in the range 2.5 to 6.8
(Table 3).

DISCUSSION

In a critique of current methods for the analysis of
zooplankton cohort data, Hairston & Twombly (1985}
presented an argument for why widely used methods
are incorrect under realistic field conditions, and
thereby pointed out a need for new methods of cohort
analysis. Our approach is an alternative computational
procedure, relying on other assumptions (Aksnes &
Hpisaeter 1987) than those treated by Hairston &
Twombly (1985). We think that the present approach,
which is essentially the same as that of Sonntag &
Parslow (1981), has potential in the analysis of second-
ary production dynamics. Our results show that the
dynamics of the 4 species may be fairly well rep-
resented by the model given in Eq. (2) and the esti-
mated parameters.

The methods used by Parslow et al. (1979) and Sonn-
tag & Parslow (1981) estimate the population parame-

ters by means of curve-fitting (least square minimiza-
tion) between model-calculated and observed abun-
dances. Due to the high number of parameters incorpo-
rated in copepod population dynamics models, a much
closer fit may be obtained between model calculations
and observations than between ‘replicate’ observa-
tions. If a relatively large decrease is made in the
mortality parameter (@), the fit between the model and
the observations may remain unaltered (compared to
the within-observation variance), if a simultaneous
increase is made in the recruitment parameter (M)
together with adjustments in development time (a),
mean time of entry to the stage (i), and the temporal
variance (o) of the recruitment function. Therefore, a
close fit between model calculations and observations
does not imply that the parameters are accurately esti-
mated. Another pitfall with non-linear optimization
algorithms is that they can fail to converge to a global
minimum, either because they become trapped in some
local minimum or because the convergence becomes
too slow and expensive (Parslow et al. 1979).

Manly (1974Db) found that a method relying on the
estimated areas of the stage frequency curves (Kiritani &
Nakasuji 1967}, rather than on curve-fitting between
model predictions and observations (Manly 19744, also
used by Parslow et al. 1979), gave the most reliable
estimates of stage-specific survival. Manly (1976, 1977)
further developed this method. The estimates of recruit-
ment, stage duration, and mortality obtained with the
method of Manly (1977) are calculated from the stage
frequency distributional statistics: the area and the
temporal mean of the stage frequency curves. The
model output obtained with this method (Figs. 4 to 9) is
not a result of least square minimization between model
calculations and observaiions, and the deviations
between these (Table 2) are now a more satisfactory
criterion of the estimation success. Several other estima-
tion methods (Comita 1972, Rigler & Cooley 1974, Gehrs
& Robertson 1975, Hairston & Twombly 1985) are based
on the same principle as the method of Manly (1977).
The preferability of Manly's approach over the others is
discussed by Aksnes & Hgisseter (1987).

The mortalities estimated in the present study
(Table 1) are based upon a limited amount of data. As
the accuracy of the estimated time series of abundan-
ces deteriorates, the use of 'known’ development times
in the estimation procedure may be preferable, and it
may be questioned whether results from laboratory
rearings should have been used in the present study.
The other population parameters (including mortality)
could then be estimated on the basis of these known’
development times. In the following, however, we
make a comparison between our estimates of develop-
ment times and those obtained by others in laboratory
rearing experiments.
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Development times

Development times obtained from laboratory experi-
ments are likely to be precise, but they may be biased
when extrapolated to natural populations. As pointed
out by Davis (1983) there have been methodological
problems associated with laboratory rearing experi-
ments. The main objection is that, in addition to tem-
perature, both quantity and quality of food may affect
the development. Usually a monoculture or a few
selected species of algae are chosen as food source for
the presumably herbivorous species. Klein Breteler et
al. (1982) suggested that quality of food was the most
reasonable explanation for the difference between
growth results from their own rearing experiments on
Temora longicornis and Pseudocalanus elongatus and
those of Paffenhéfer & Harris (1976).

In the present study, the Paracalanus parvus and
Centropages hamatus populations were exposed to
temperatures of 12 to 14°C (unpubl,). Bartram et al.
(1976) observed a generation time for P. parvus of
about 18 d at 18°C (in the laboratory). Close to this
estimate, Landry (1983) obtained a generation time of
P. parvus of 18.6 d at 15°C in his rearing experiments,
and the development time from CopepodidI to VI
amounted to about 9.5 d. In natural populations, how-
ever, shorter development times have been obtained.
Sonntag & Parslow (1981) estimated the generation
time of P. parvus as 12 d for 2 different cohorts develop-
ing in enclosures with a temperature range of 10.2 to
17.2°C (Harris et al. 1982). The development times for
the combined Stages I to V were estimated as 6.80 and
6.82 d for the 2 cohorts, which are close to our estimate
of 6.4 d (Table 1). Klein Breteler (1980) estimated the
generation time of Centropages hamatus as 19.7 d in a
laboratory experiment (15 °C), while our estimate of the
combined development time of the StagesI to VI was
16 d (Table 1). There are discrepancies among the sev-
eral estimates obtained from rearing experiments on
Pseudocalanus elongatus and Temora longicornis
(Katona & Moodie 1969, Harris & Paffenhofer 1976,
Paffenhofer & Harris 1976, Klein Breteler 1980, Vidal
1980, Thompson 1982, Davis 1983, Landry 1983). Our
estimates (Table 1) are in best agreement with the
experiments giving the shortest development times
(Klein Breteler 1980, Landry 1983). Landry (1983) esti-
mated a generation time of 18.6 d (15°C) and a com-
bined development time for StagesI to V of 9.8 d for
Pseudocalanus sp., while our estimate was 9.2d
(Table 1). Klein Breteler (1980) gave no estimate for the
development times of the copepodids, but he estimated
the generation time of T. longicornis to be about 21 d
(15°C).

From the above discussion, one may conclude that
our estimates of development times are in fairly good

agreement with the shorter development times
obtained in laboratory experiments. A choice of using
‘known’' values of development times (instead of
estimating them, as we did), would therefore have led
to estimates of the other population parameters not
very different from those presented in Table 1.

Production and biomass

The estimated P/B ratios were in the range 2.5 tc 6.8
per cohort (Table 3). The ratio for Paracalanus parvus
was 2.1 to 2.7 times higher than the rate for the other
species. Within species, it has been shown that
copepod growth rates decrease with increasing stage
and weight (Harris & Paffenhofer 1976, Paffenhofer &
Harris 1976, Vidal 1980). According to this, the produc-
tivity potential of a population is highest for the popula-
tion composed of the youngest individuals. Due to
higher mortality and higher recruitment (Table 1) the
median stage value of P. parvus was, on average, lower
than for the other species (Fig. 2), and this may explain
the high productivity of P. parvus. Furthermore, P.
parvus was exposed to a higher temperature than the
other species, and was located at the primary produc-
tion maximum (see below). These conditions may also
have increased the productivity.

There has been a controversy whether the P/B ratio
of copepods is mass-specific or not (Banse 1984, McLa-
ren & Corkett 1984, Roff & Tremblay 1984). McLaren &
Corkett (1984) claimed that the P/B ratio among
copepods is not mass-specific, and criticized the way
Tremblay & Roff (1983) estimated copepod production.
The estimated daily P/B ratio (obtained by a combina-
tion of Eq. [5] and biomass data) against the observed
median stage of the populations is plotted in Fig. 12.
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Fig. 12. Daily P/B ratios plotted against observed median

stage. Pa: Paracalanus parvus; C: Centropages hamatus; P:

Pseudocalanus elongatus; T: Temora longicornis; Ca: Calanus

finmarchicus. Data for C.finmarchicus obtained from an

investigation in Lindaspollene in 1979 (Aksnes & Magnesen
1983)
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Fig. 13. Model-calculated production for the 4 calanoids as a
function of depth. Production is represented as an average for
the period 7 to 29 June

There seems to be a relationship between the size of
the animal and the daily P/B ratio within a species, but
not between the 5 species. The daily P/B ratios for the
large copepod, Calanus finmarchicus (values calcu-
lated from Aksnes & Magnesen 1983), are comparable
to those found for the small P. parvus. These limited
data seem to support the conclusion of McLaren &
Corkett (1984) that P/B ratios among copepods are not
mass-specific. An examination of annual P/B ratios,
however, would probably led to the opposite conclu-
sion since C. finmarchicus had only one cohort during
the year (Aksnes & Magnesen 1983), while several
cohorts are reported for the other calanoids (Ellingsen
1973, Hassel 1980). As pointed out by Banse (1984) the
time period underlying the P/B estimates is therefore of
vital importance when comparing turnover times
among different species.

From 'C incubations (performed every second or
third day during the investigation) it was found that
70 % of the primary production was confined to the
upper 5m of the water column (H. R. Skjoldal pers.
comm.). The highest daily productivity of the 4
calanoids was also found in this part of the water
column (Fig. 11), while the total calanoid production
was highest at 10 m depth (Fig. 13). From a mesocosm
experiment in Lindaspollene during June 1979, Skjol-
dal et al. (1983) suggested that the mesozooplankton
could apparently not explain the high mineralization
rate in the uppermost 5 m where most of the photo-
synthetic activities took place (in that study 70 % of
14 C-fixation took place in the top 4.5 m). The mesozoo-
plankton was mainly distributed below this photosyn-

thetically important surface layer. Temora longicornis
was the dominant herbivore copepod in their study and
this species was, as in the present study, virtually
absent from the surface layer. Calculations of the sup-
ply of 'new nutrients’ into the surface layer from the
nutricline due to turbulent diffusion showed that less
than 20 % of the carbon fixation could be explained by
this input (Skjoldal et al. 1983). They concluded that
other organisms (e.g. bacteria, heterotrophic flagellates
and ciliates) than those included in their study had to
be responsible for the high mineralization and photo-
synthetic activity in the surface layer. During the pre-
sent investigation the highest calanoid biomass was
also found at 10 m depth (Fig. 9a) and the small vertical
migrations detected among the mesozooplankton (Lie
et al. 1983) reinforce the impression of small direct
interactions between the most active photosynthetic
layer and the layer with the highest mesozooplankton
production. Furthermore, the presumed downward
movement of late copepodids and adults of Pseudo-
calanus elongatus (Fig. 6), resulted in an export of
organic matter from the photic zone (Fig. 9). Para-
calanus parvus and Centropages hamatus, however,
must have been part of an active consumption-
remineralization relationship within the main phyto-
plankton productive layer.
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