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The die! migration of zooplankton is an extensively studied phenomerwn. Other 
zooplankton activities such as ingestion of food (DAGG & GRILL i 9801 and the 
activity of digestive enzymes (BOUCHER & SAMAIN, 19741 ma: also ,how a die! 
variation, In this study ( l) the coupling between the diel variations of nutrition and 
migration of the zooplankton (2) the possible effect of the zooplankton migration on 
planktonic microorganisms (pico and nanoplankton i.e .. bacteria and nanoflagellates) 
were examined. For this purpose a diel cycle of sampling was undertaken on a fixed 
oceanic station (43° 02 N. 05° 12 E, 1000 m depth) in June 1993. 
The biological parameters measured included chlorophyll a, concentration of bacteria. 
phototrophic and heterotrophic nanoflagel1ates, ciliates and mesozooplankton. Water 
samples were collected at three hour intervals over a 24 h period from 5 and 40 m depths. 
).!esozooplankton samples were collected by vertical hauls (50-0 m, WP2 net). Triplicate 
zooplankton samples (mainly copepods, 81%) were incubated during 2-l h. in filtered 
seawater (0.2 µm). Dissolved oxygen (polarographic electrodel and ammonia 
(colorimetric method) were measured at the end of the experiment 2nd the atomic ratio 
O:N (oxygen consumption through respiration. relative to nitrogen excretion) \\'JS 

calculated (OMORl & IKEDA, 1984). The gut fluorescence (from acetone extracts of 
zooplankton), digestive enzymes. amylase (STREET & CLOSE. I 9561 and trypsin 
(ERLANGER er al., 1961) were measured from subsamples of zoopl2nkton stored in 
liquid nitrogen within a week of sampling. Bacterial production was mea:-ured by the 
[3H]thymidine method. Copepods numerically dominated Cl re) the zoopiankton 
population. Four copepod genera -C/ausoca/anus spp., Paracalanus spp .. Oithona spp. 
and Centropages sp. prevailed in the copepod cormnunity. Appendicularians (12%) and 
Cladocerans ( 13o/c) were also recorded. The abundance of zooplankton was higher in the 
~urface layer (50-0 m) during the night hours than during the day (min. 454 ind.m-3 at 
15h00, max 1490 ind.m-3 at 24h00, (Fig. I). The effect of zooplankton migration on 
.:hlorohyll concentration and on organims that could potentially be used as prey (e.g. 
nanoflagellates) was not clear. In fact no significant differences (Mann-Whitney test) 
were found between day and night samples. Microscopic examination showed that, 
organisms Jess than 7 µm prevailed in the nanoflagellate population: moreover 
chlorophyll size fractionation revealed that about 70% of phytoplankton was < 10 .um. 
These observations could suggest that copepods preferred to gr2ze bigger 
organisms (large flagellates, phytoplankton and ciliates). Significant u!l1ercn,,," m 
bacterial numbers were found between night and day samples (~Jann-\\ l1itney tes1 t=:2, 
p= 0.005). Bacteria can adapt quickly to nutritional resources control I, 
especially in oligotrophic conditions (PEDUZZI & HERNDL., 199:CJ. The of 
bacteria production in evening hours (Fig. 2) suggests a response to extmcellular releases 
by the phytoplankton during daylight hours (FUHRMAN et al .. 1985 J. The second 
increase observed in the early morning is possibly relateJ with the intensified 
zooplankton activity (excretion, sloppy feeding) during the night (HERNDL & 
'.\1A.LACIC. 1987). The O:N ratio is used as a clue to the type of substrate (carbohydrates 
vs proteins) being oxidized through respiration (GAUDY & BOUCHER 1983). The 
atomic ratio O:N calculated for zooplankton suggests by its low value (9.4), the ingestion 
of a food containing a high proportion of nitrogen i.e., microzooplankton or detritus, 
possibly harbouring attached bacteria and their protozoan predators (OMORI & IKEDA, 
1984}. According to LANDRY (1981). copepods can switch from herbivory to carnivory 
depending upon the availability and concentration of plant or animal prey. During the die! 
cycle analyzed here, the heterotrophic biomass (bacteria + heterotrophic flagellate + 
ciliates + mesozooplankton) dominated the autotrophic biomass, the ratio of chlorophyll 
biomass/heterotrophic biomass being 0.33. This situation is not uncommon in 
oligotrophic waters (FUHRMAN et al., 1989). The night increase of zooplankton 
biomass (max. at 24 in surface water) was correlated to an increase of the specific cctiYity 
of digestive enzymes (amylase and trypsin. max. at 3 h, Fig. 3 L the<se obserY~Hions 
suggest a coupling between migration and feeding of zooplankton I BOL'CHER & 
SAMAIN 1974). When one specific species of the zooplankton popul::nion \\'as 
considered (Centropages typicus) the nutritional activity (max. c,t :2-l h. Fig. -!) 
corresponded to a parallel increase of the utilisation of autotrophic material (max. at 24 h, 
Fig. 4) as have already showed (DAGG & GRILL, 1980) for this species. 
The results of this study, must be considered as a preliminary approach to the study of 
complex interactions between planktonic organisms which may vary between seasons. 
>levertheless, they illustrate the interest to consider simultaneously the distribution and 
physiology of planktonic organisms in order to study their possible interactions. 

2.0~----------­
Oothcrs 
D..:::0pepod;, 

Fig.1 4~-----------~.10 

--; 3 ~--+-~: • . Fig.2 

i2 
I 

12 15 18 21 24 3 6 9 12 12 15 18 21 24 ~ 6 9 
TIME of day 

Figure 1, Diel eye!~ of the abundance of mesozooplanktoo.H~avy lines on x-ax:s :.-::i1cates ho:.;rs 
dar:<ness.Figure 2. Die! evolution of [methy!3H]-thymidine (Tdr) incorporation rates. The right-hand scale 

indicates the bacterial production (µg C 1-1 h-1) 
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Figure 3.Dlel variation of specific act_ivity of digestive enzymes (units mg wet 
zooplankton biomass(wet weight m·3). Figure 4. Diel evolution of amylase activity 

fluorescence (µg chi a mg C-1) for the copepod Centropages :yp1cr.;s. 
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