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Equatorial Area, at 0°11'N, 0°02’S, and 2°36°S for stations 1, 2, and 3 respectively,
on the 4°20"W meridian.

MATERIAL AND METHODS

For each of the three series of experiments, the durations of incubation were 3, 6,
9,12,21, and 24 h. Animals of the same series were caught together and transferred
atincreasing concentratlons to 2-1 flasks while incubation period decreased (Table I).

TABLE I

Zooplankton concentrations (mg dry wt/l) in the experimental vessels and incubation time (h) (the
same flask was used for two consecutive periods, a volume correction being made for the second).

Series 1 Series 2 Series 3 -
Duration of Zooplankton’ Duration of Zooplankton Duration of Zooplankton
incubation concentration incubation concentration incubation concentration
141 7 C 15.1 21.9
3and 6 20.1 3and 6 13.7 3and 6 16.2
78 10.5 12.6 -
12 | 0.6 9and 12 © gn 9and 12 111
. 21and 24 27 dand24 65 land24 8.7

8.0 7.0 9.6

Sea water taken by a 30-1 Niskin bottle was filtered through a 200~ um bolting silk
and poured into 2-1 flasks. Zooplankton caught with a- WP-2 net (UNESCO, 1968)
towed vertically from: 200 to 0 m was poured into beakers as soon as it was cap-
tuted. It-was then introduced into some of the 2-1 flasks randomly by aspiration. The
rest.of the flasks had no animals: they were the controls. No antibiotics were added
as they interfere with the U.V. method of total nitrogen analysis. No specific identi-
fication of the zooplankton was made. There were no apparent carnivores, such as
medusae, siphonophores, ctenophores or chaetognaths because they were elimina-

"ted before introduction.into the flasks. Le Borgne (1977) showed previously that
in the same area and period, small individuals dominated in the WP-2 net catches:

60%; of the 2007000 um-mesozooplankton was made of the 200-500 um fraction. -

In each series of experiments there were two flasks with animals and one as con-
trol: All experiments were performed in total darkness in a constant temperature
bath (20°C for Series 1 and 2 and 23°C for Series 3).

At the end ofl an experiment, the sea water was siphoned off through a 200-um
silk (to aj id escape of animals) into a 125-ml bottle for the oxygen determina-
tions by tiqe Winkler method, a 120-ml flask for total nitrogen and phosphorus

analysis by, U.V. irradiation (Armstrong & Tibbitts, 1968), and several ml for am-
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EXCRETION AND RESPIRATION RATES

The effect of the time of incubation is the same for all three series (Fig. 1).
¢ There is no significant influence on rates of respiration and ammonium excretion.
o The null-hypothesis of the Kruskal-Wallis test is not rejected when considering the
six periods of incubation at the 5% confidence level, and the Spearman correlation
coefficient is not significant. The excretion of total nitrogen and total and inorganic
phosphorus decreases, however, from 3 to 21'h, the values not being significantly dif-
ferent between 21 and 24 h.

O/N, O/P, N/P RATIOS AND PERCENTAGE INORGANIC EXCRETION

The results are again similar for the three series (Figs 2, 3). From what has been
LAY ) ottt 1SN IR e (MNH i, i lonaindlzad 0t e
length of incubation (Fig. 2): Spearman correlation coefficient is not significant and
Kruskal-Wallis test is not rejected when applied to the six periods. The same conclu-
sion may be drawn for N /P, and PO, /P, ratios (Fig. 3), although the null hypothesis
isrejected when considering all periods (3 to 24 h). These ratios are, however, constant
from 6 to 24 h. Ratios with respiration (O/P;, O/PO,, and O/N,) at first increase
with duration of incubation (Fig. 2), but become steady after 9 h (null hypothesis is
notrejected for 9-, 12-, 21-, and 24-h series). The ratio of ammonium to total nitrogen
(NH,/N,) increases, steady values being seen from 21 to 24 h. NH,/PO, ratio in-
creases up to 9 h, then remains steady (Fig. 3).

e

DiscussioN

The decrease in rate of excretion with time of incubation is a commonly found
result, and there are two possible explanations. First, the stress effect due to the
sampling procedures and which increases the animals activity during the following
hours. Secondly, the effect of starvation on metabolism. Skjoldal & Bamstedt (1977)
measured the energy charge, i.e. (ATP +1/2 ADP): (ATP + ADP + AMP), and
found that it was much lower after capture. It takes about 24 h to recover a normal
energy charge. This is the consequence of more active metabolism after capture and
the subsequent ATP degradation. Many authors leave the animals for several hours
before measuring respiration and excretion because of this stress. Nevertheless,
after leaving their animals overnight, Nival er al. (1974) still found that ammonium
excretion was reduced during the first hours of incubation. Satomi & Pomeroy
(1965) were aware of the effect of starvation and thought the exact rate was the one
observed for the first hours after capture. Actually, the distinction should be made
between short-term starvation (for several hours) which animals generally meet in
the natural medium and the consequence of which is a rather low decrease in meta-
bolicactivity, and long-term starvation (for several days) during which the physiology
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of the animals is more or less altered as it was studied by Conover (1964), Ikeda (1971),
and Mayzaud (1976). Although our results make it impossible to be in favour of the
first (stress) or second (starvation) hypothesis, Roger’s (1978) very recent work on
ammonium and inorganic phosphorus excretion by Meganyctiphanes norvegica
(euphausiid) is worth mentioning. The excretion rate he observed at the beginning of
the experiments was the same as that of animals experimentally fed under natural
prey concentrations.

The observed diminution does not, however, concern respiration or ammonium
excretion rates. One could conclude, therefore, that there is no starvation effect
during 24-h incubations. But, why is this not the case for rates of excretion of total
phosphorus and nitrogen ? Probably, the answer is the influence of bacterial activity,
the consequence of which is an increase in respiration and the mineralization of ex-
creted organic nitrogen into ammonium as shown by Mayzaud (1973). In that
case, the reduction of respiration and ammonium excretion rate would be masked
by bacterial respiration and ammonium formation. This mineralization of organic
nitrogen could be shown by the increase of the percentage of inorganic' nitrogen in
total nitrogen excretion from 30-40% initially to 70-80% after 21-24 h (Fig. 3). In-
deed, heterotrophic activity measurements made at each incubation period, show a
spectacular increase after 3-6 h and higher values in flasks containing animals than
in controls (for Series 1 and 3, Fig. 4). The explanation by bacterial activity is,
however, not entirely satisfactory, for two reasons. First, the increase in the percen-
tage of ammonium excreted in total nitrogen (NH,/N; ratio) is greater during the
first 9 h than later on (Fig. 3), while one would have thought of an increase of this
percentage, because of a cumulative effect. It is not impossible that part of the excre-
ted organic nitrogen takes a longer time to be mineralized and that it is the same
fraction which is transformed into ammonium, the result being the installment of
a plateau. Secondly, bacterial activity only affects nitrogen excretion. As we noticed
previously, the percentage of inorganic phosphorus excretion is steady from 6- to
24-h incubation. Still, one generally regards phosphorus as being more quickly
mineralized than nitrogen. The explanation by bacterial activity is, therefore, not
entirely satisfactory.

Two conclusions may be drawn from what has just been said. First, there probably
has not been any noticeable ammonium uptake by autotrophic particles (experi-
ments were made in the dark). Secondly, the controversy about the importance of

the excreted organic nitrogen is met again, and according to our results, would

depend on the duration of incubation. During short incubations Johannes & Webb
(1965), Webb & Johannes (1967), and Eppley et al. (1973) found a rather high
organic nitrogen excretion, whereas Corner et al. (1965) and Corner & Newell (1967)
found it to be low during 24-h incubations. For Johannes & Webb there would be a
bacterial activity during long experiments; Corner suggested, on the contrary, that
there would be a crowding effect in short-term experiments. It is worth noticing that
Corner et al. (1976) still found the same result but with 4-h incubations and, on the
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Fig. 4. Evolution of heterotrophic activity in experimental flasks and controls with duration of incubation.
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contrary, Le Borgne (1973) found a high organic excretion (50%) in 24-h experiments
in the Mauritanian upwelling. According to Corner ef al. (1976), such differences
could be due to different types of metabolism, and perhaps to temperature influence.
An interesting explanation is put forward by McCarthy (in Eppley et al., 1973):










