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Abstract. Herbivory by copepods was studied from the coast towards the ocean, during a bloom in
May 1994 off NW Spain, Ingestion rates were estimated by the gut chlorophyll content method in
three size fractions. The chlorophyll content displayed significant daily cycles. Three different water
bodies were described: coastal, shelf break and oceanic; the latter two zones separated by a thermo-
haline frontal structure. Marked differences in plankton species composition, vertical distribution and
biological rates were found between zones. The highest phytoplankton biomass, dominated by chain-
forming diatoms, occurred in the oceanic zone associated with low primary productien rates. Copepod
feeding had a low effect on oceanic phytoplankton; up to 0.2% of carbon stock and <3% of carbon
production was consumed daily In contrast, medium-sized and large copepods removed 3% of carbon
stock and 12% of primary production daily near the coast, where phyioplankton were dominated by
small flagellates in active growth. The highest variability in both plankton composition and ingestion
rates was found n the shelf-break zone, probably due to displacements of the front. Copepods exerted
a moderate predation pressure on phytoplankton in coastal waters. Meanwhile, the impact of
copepods on the offshore bloom was negligible and the fate of the accumulated particulate carbon
would be mostly determined by sedimentation and water dynamics.

Introduction

Copepod feeding generally has a relatively low impact on phytoplankton spring
blooms (Bautista and Harris, 1992, Dagg, 1993; Dam ef al., 1993). This could be
mainly attributed to the time lag in the growth of overwintering copepod popu-
lations, when compared to the faster growth of phytoplankton. However, cope-
pods may sometimes consume high absolute amounts of carbon in shelf areas
(e.g. Landry et al., 1994a). The effect of foraging strongly depends on the size
structure of copepod populations, as feeding rates are related to body mass (Head
et al., 1996).

In this paper, we study ingestion rates of three s1ze fractions of planktonic cope-
pods during a phytoplankton spring bloom near the continental slope off Galicia
(NW Spain), which extended from coastal to oceanic waters across a thermo-
haline front, during May 1994 (Bode et al, 1994b). Fronts or transition structures
between different water masses are common during winter and early spring over
the NW Spanish shelf. Their causative mechanisms have been related to the pole-
ward currents that flow parallel to the shelf break along the NW European shelf
(Frouin et al., 1990; Haynes and Barton, 1990). Chemical and physical character-
istics of the water zones related to fronts, along with the associated water dynam-
ics, are known to affect the distribution and composition of planktonic organisms
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strongly. These interactions are particularly important i early spring, when the
highest concentrations of phytoplankton and primary production rates occur in
this region (Bode et al , 1990, 1997, Ferndndez e al., 1991, 1993; Casas et al., 1997).
However, the effect of consumers on those front-associated phytoplankton
blooms has not yet been investigated. Previous studies off the Galician coast esti-
mated that zooplankton grazing would be able to remove a considerable fraction
of the phytoplankton stock and production (Braun et al, 1990; Tenore ef ai.,
1995). In contrast, other studies indicate that the bulk of phytoplankton biomass
after blooms either sinks, with the help of local hydrographic phenomena {Varela
et al , 1991, Bode ef al, 1994b, 1998), or is consumed ‘in sir’ by entering into
nucrobial food webs (Bode and Varela, 1994},

Method

Water column observations and plankton samples were taken during the
AMBAR-594 cruise carried out on board RV ‘Cornide de Saavedra’ off the Gal-
ician coast (NW Spain) in May 1994 In six stations out of a transect of 15 (Figure
1), plankton variables were sampled intensively through cycles of 24 h, and two
swift runs were made for environmental measurements along the whole transect
[a description of the chemical, physical and biological conditions during the cruise
is available in Bode et al. (1994b)]. Vertical profiles of temperature and salinity
were recorded along the transect using a CTD SBE-25. Samples for the deter-
mination of chlorophyll a concentration, phytoplankton species composition,
carbon concentration of seston and #C incubations to estimate primary produc-
tion were obtained by vertical casts with Niskin and Go-Flo bottles. At least six
sampling depths were chosen within the euphotic layer. Water samples were
filtered onto Whatman GF/F filters to analyse chlorophyll a concentration by the
fluorimetric method described by Yentsch and Menzel (1963). Chlorophyll a
measurements were made before each zooplankton sampling. Particulate carbon
of seston was determined in material collected by Whatman GF/F filters using a
Perkin Elmer 2400 CNH elemental analyser, Phytoplankton composition and
protozoan (ciliates) abundance were determined on samples preserved with
Lugol’s solution using an inverted microscope. Only species or groups of diatoms,
dmoflagellates and phytoflagellates >10 pm in diameter were counted. Primary
production was measured in samples from five depths between the surface and
50 m (photic layer) using the #C method, during onboard short-term (2-3 h) incu-
bations simulating ‘/n situ’ light conditions. Daily production was computed
assuming a daylight period of 14.5 h.

Zooplankton sampling

Zooplankton were sampled with a triple WP, net (40 em mouth diameter, 200 um
mesh size). Each of the six zooplankton stations was visited at least twice: in
daylight and in the dark. In addition, two diel cycles were performed at stations
Cand T, at intervals of 4 h. Zooplankton nets were hauled at 1 m s from 100 m
depth to the surface. The three replicates from each haul were used to determine
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Fig. 1. Map of the transect of stations sampled durnng the cruise AMBAR-594, only the stations where
zocplankton samples were collected have been labelled.

zooplankton biomass, species composition and gut chlorophyll a content of cope-
pods (GC), respectively. All zooplankton samples were previously sieved into
four size classes: 0.2-0.5 mm (small mesozooplankton), 0.5-1 mm (medium meso-
zooplankton), 1-2 mm (large mesozooplankton} and >2 mm (macrozoo-
plankton). '

Biomass samples were filtered on pre-weighed Whatman GF/F filters and kept
frozen. Samples for zooplankton composition were preserved in buffered
formaldehyde (4% final concentration). Finally, samples for GC were taken from
the three mesozooplankton fractions (small, medium and large), gently filtered
on paper filters, rinsed and kept frozen. At the laboratory, zooplankton biomass
was measured as dry weight (55°C for 24 h). The specific compositions of cope-
pods and other general groups were determined using a stereoscopic microscope.
As far as possible, omnivorous, herbivorous and carnivorous copepods were
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distinguished. We used the sum of abundances of herbivores plus omnivores for
calculations of copepod ingestion rates, so, from now on, the term ‘herbivores’
will includes both groups of potential foragers.

Copepod gut chlorophyll content

GC values were determined for small, medium and large copepods using the gut
fluorescence method of Mackas and Bohrer (1976), as modified by Morales er al.
(1990} and Morales and Harris (1990}, At the laboratory, copepods were counted
under a binocular dissecting microscope and gently picked up with forceps, reject-
ing damaged individuals and carnivorous species. The whole handling was quickly
carried out in dim light and low temperatures. Pigment extraction was at 4°C in
the dark for 12-17 h. After centrifugation, fluorescence was measured in a Turner
Designs 10-005R fluorimeter. Calculations were made as in Dagg and Wyman
(1983), and the resultant GC reported in chlorophyll a equivalents per copepod,
and corrected for background fluorescence.

Copepod gut evacuation experiments

A series of experiments was performed at stations C and T 1n order fo estimate
the evacuation rate of the gut content when copepods are deprived of food (k).
Living animals were collected from hauls (30 m depth to the surface} carried out
in daylight (between 8:30 a.m. and 17:00 p.m. local time). They were immediately
gently rinsed with filtered sea water to wash away coarse phytoplankton cells,
placed in an 1sothermal incubator flled with 20 | of filtered (Whatman GF/F)
surface water collected “w site’, and kept dark. The temperature of the incubation
bath was kept within +2.4°C of the surface seawater temperature. Five experi-
ments were performed with the small fraction, and four with each of the medium
and large fractions. Subsamples were taken sequentially between 0 and 90 min to
measure the decrease of individual GC with time (GC,). The procedure of
measuring GC, was the same as for copepod gut content. The evacuation rate (k)
was calculated by adjusting the exponential equation (Dagg and Wyman, 1983):

GC,=GCy- e ™

where G is the initial gut content per copepod, GC, is the gut content at time
t and k is the instantaneous gut evacuation constant rate (expressed in umts of
time1). Finally, the ingestion rate (I) for each size fraction was estimated as in

the expression:
I=GC-k-A

using the herbivorous copepod abundances (A) averaged from dark and daylight
samples, but considering the mean GC values obtained separately during the dark

(9.5 h) and daylight (14.5 ).
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Results

Hydrographic conditions

There were important changes 1 temperature and salinity distribution progress-
ing from the coast towards the ocean along the transect of stations. Firstly,
thermal stratification intensified towards the outer stations (Figure 2A).
Secondly, relatively high-saline waters were detected near the shelf break which
seemingly contributed to intensify stratification and vertical stability (Figure 2B).
Three hydrographic zones could be differentiated: an oceanic zone with a well-
developed vertical stratification, represented by stations 25 and 16: a shelf-break
zone affected by highly saline waters, involving stations 17, 18 and T; and a coastal
zone, represented by station C, where a relative vertical stability was possible due
to the influence of surface, low-salinity waters of continental origin. In addition,
a thermal front formed between the oceanic and the shelf-break waters, This
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Fig, 2. Contour plots of temperature (°C) (A}, salmity (%) (B) and chiorophyll a (mg chlorophyll «
m3) (C) along the transect. The location of zooplankton stations is noted.
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pattern of relatively confined water bodies was proved approprnate to explain
plankton distribution and production rates in the studied region (Bode et al.,
1994b).

Phytoplankton

Phytoplankton biomass, here estimated as chlorophyll a concentration, had
maximal values offshore (Figure 2C). In the stratified oceanic waters, chlorophyll
a concentration almost reached 7 mg m~? in the subsurface maximurmn, while near
the coast values remained below 3 mg m=. As a result, the highest integrated
chlorophyll biomass appeared in the oceanic zone, and the lowest in the shelf-
break waters (Table I). In the shelf-break zone, the depth of the subsurface
chiorophyll maximum shifted with the displacement of the thermohaline front on
consecutive sampling dates (Bode er al., 1994b). Carbon to chlorophyll ratios
reached very high values at stations T, 17 and 16, suggesting relatively large
amounts of suspended detritus. However, ratios close to 50 were found at both
ends of the transect (stations C and 25), indicating that living phytoplankton was
a substantial part of seston at these stations. Primary production rates were
maximal near the coast (up to 2600 mg C m= day!) (Table I).

Phytoplankton specific composition differed markedly between the three water
zones. Near the coast, phytoplankton commumnities were basically formed by rela-
tively small, mostly motile species (Table ). In shelf-break waters, high amounts
of chain-forming diatoms appeared (e.g. Nitzschia cf. pungens, Leptocylindrus
danicus, Rhizosolenia sp.), along with a noticeable abundance of dinoflagellates
and Cryptophyceae. Finally, chain-forming diatoms were causing the oceanic
bloom, basically composed of the same species as in the shelf-break zone.

Ciliates

Abundances of large (>30 pm) ciliates varied from 6 to 13 cells ml between
stations C and 17, but they mcreased abruptly in oceanic waters up to 36 cells mi-!
(Table II). Small (<30 pm) ciliates varied within 19-37 cells ml! with no clear

pattern.

Table I Stock and primary production rates of phytoplankton. Phytoplankion stock (integrated
0100 m depth) is expressed as chlorophyl 2 (ng chlorophyll 2 m2) and as carbon (mg C m2) using
the measured C:Chl (catbon to chiorophyll 4) ratios. Primary production (mg C m day') was
integrated from 0 to 50 m depth (photic layer). Values were pooled from several measurements made

at each station

Chlorophyll 2 C:Chl Primary proeduction
Oceanic zone Stn 25 301 45,55 1722
Stn 16 282 98.37 996
Shelf-break zone St 17 197 70.16 1924
Stn 18 120 66.15 1836
Stn T 125 7843 1442
Coastal zone SinC 182 55.02 2599
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Fig. 3. Mean values of size-fractionated zooplankton dry weight (mg m2). The vertical bars repre-
sent the SEM (station 23, n = 3; stations 16, 17 and 18, » = 2; station T, n = 6; station C, n = 8)

Zooplankton

At station C, the medium size fraction accounted for almost 50% of total
zooplankton dry weight, followed in importance by the large fraction (Figure 3).
This coastal station exhibited the highest biomass of mesozooplankton fractions.
In shelf-break and oceanic waters, large mesozooplankton had the lowest mean
values. Macro filterers like salps and other gelatinous organisms accounted for
most of the biomass in outer waters.

The most abundant groups of macrozooplankton were Cnidana, appendicu-
larians and large crustaceans (e.g. euphausiids), whereas copepods ranged from
2 to 6 individuals m~ and never exceeded 58% of total macrozooplankton abun-
dance. However, copepods were the most important taxon in mesozooplankton,
globally accounting for up to 99% of abundance. At station C, medium-sized
copepods were the most abundant (>660 X 10% individuals m-2), closely followed
by the small copepods. Offshore, small copepods dominated abundance values at
all stations (range 72-268 % 107 individuals m2), followed by medium and large
copepods. Most species of herbivorous copepods were widespread, sharing dom-
inance throughout all the stations: Qithona spp. (thainly Oithona helgolandica),
Paracalanus parvus and Clausocalanus sp. (Table IIT). In general, herbivorous
species peaked at station C, except for two calanoids (Calocalanus styliremis and
Calanus tenuicornis, small and medium sized, respectively) which had their
maxima in the shelf-break zone.

Gut content and evacuation rates of copepods

The three copepod fractions displayed nycthemeral feeding patterns (Figure 4).
Mean GC values measured in the dark were significantly higher than during the
daylight period (Mann-Whitney U-test: P < (0.005 for small, P < 0.0005 for both
medium and large fractions). Ranges of the mean GC (ng chlorophyll a
copepod!) during the dark phase were 0.07-0.15 in small, 0.33-0.86 in medium
and 1.62-5.02 in large copepods; and during the daylight were 0.04-0.10 in small,
0.08-0.19 in medium and 0.22-0.76 in large copepods. Medium- and large-sized
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Fig. 4. Values of GC (ng chlorophyll ¢ copepod™') at each station at different times for the three size
fractions of copepods. The horizontal bar at the bottom shows the duration of dark and daylight

periods.

copepods had the highest GC within 2-5 h before dawn, whereas GC of the small
fraction peaked, in general, at dusk. In all cases, the Jowest GC were found
around neoon.

Exponential regression estimated gut clearance curves from the gut evacuation
experiments performed with each size fraction of copepods (Figure 5). The result-
ing k rates were 0.012 (small copepods), 0.023 (medium copepods) and 0.320

min~! (large copepods).

Ingeston rates

The vanability of herbivorous ingestion by the copepod community in the studied
area roughly resembled that of the abundance pattern (Figure 6, see also Table
111). The total ingestion rate was maximal at station C, principally due to feeding
activity of the very abundant medium and large copepods (131 and 163 mg Cm2
day!, respectively). Offshore, no clear differences between total rates were
found, still it scemed that small and medium-sized copepods were more impor-
tant at stations 17 and 16 (frontal waters), whereas large copepods dominated
herbivory at the other stations. Otherwise, considering per copepod ingestion
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rates (Figure 6), maximal rates of the three size. fractions were associated with
frontal stations (0.2 and 0.7 ug C copepod-! day™ at station 16 for small and
medium copepods; 3.5 pig C copepod-! day! at station 17 for large copepods).
In coastal waters, daily ingestion by the copepod community relative to phyto-
plankon biomass stock was <3%, and almost 12% in terms of primary production
(Table IV). Offshore, the ingestion pressure on phytoplanktoh stock and produc-
tion was less important and decreased progressively towards the oceanic, phyto-
plankton-rich zone (<1% of carbon stock and <5% of carbon production).

Relationships with ciliates ..~ - _

The possible relationsh_i];;s between copepod abundance and ciliate abundance,
and between individual copepod ingestion and ciliate abundance, were explored
to find indications of a possible complement of copepod diets with ciliates. During
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TableIIL. Abundances {x 10°individuals m2) of the maimn herbivorous species of copepods, and totals
by size classes, integrated from 0 to 100 m depth. Values were pooled from several samples from each
transect station. (I sum of the three size classes)

Qceanic zone Shelf-break zone Coastal zone

Stn 23 Stn 16 Stn 17 Stn 18 SmT StmC

Paracalanus parvus 355 14.1 68.9 90.5 255 447.0
QOithona spp 49.6 290 94.7 3.9 831 2539
Clausocalanus sp. 401 13.0 658 64.9 438 152.6
Acartia clausi 89 81 258 282 1.3 1958
Calanus helgolandicus 93 12.0 6.5 72 18.2 1581
Pseudocalanus elongatus 11 39 110 117 75 1430
Centropages typicus 13 12 28 21 03 371
Calanoides carinatus 07 10 0.5 0.5 02 351
Calocalanus styliremis 27 13 57 21 22 14
Calanus tenuicornis 21 2.5 2.6 15 13 0.0
Temora longicornis 0.0 0.1 0.0 0.0 0.0 31
Oncaea media 0.0 0.0 02 02 6.2 21
By size classes
Small 123.8 63.6 252.9 2656 1399 591.3
Medium 202 20.9 290 26.8 416 648.8
Large 82 21 35 10.6 13.0 190.8
3 1522 86.6 2853 303.0 1945 1430.8

our study, no definite relationships were found between ciliates and copepods. At
first sight, the abundance of some size classes (e.g. small copepods) seemed to be
inversely related to cifiate abundance, whereas no tendency at all was observed
when considering all sizes and the relationships between individual herbivorous
activity of copepods and ciliate abundance (Figure 7). Overall, there was no
significant correlation to validate those relationships

Discussion

During this study, copepods exhibited a consistent diel rhythm in their GC values
in daylight and dark phases, with mean values within the published ranges (Dagg.
et al., 1989; Bautista and Harris, 1992; Checkley et ol , 1992; Landry et al., 1994b;
Irigoien and Castel, 1995; Satour et al., 1996). Nevertheless, it was noticeable that
GC of small copepods was quite low throughout the study. In the coastal zone,
the total feeding rate by small copepods was even lower, despite their peak of
abundance (>500 X 10 individuals m2), than it was in the shelf-break zone
(maximal rate at station 17). As we will discuss later, it could be that those small
copepods were actually behaving as omnivores, so as to meet their nutritional
requirements,

Evacuation rates (k) clearly increased with copepod size, meamng higher inges-
tion rates per copepod for the largest size class. This direct, body size dependence
of k is coincident with the findings of Bautista and Harris (1992) and Head et al.
(1996), among others. In this study, the k rates derived empirically for each size
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Table V. Ratios of the phytoplanktonic carbon mgested by copepods and phytoplankton carbon
stock (daily% ) and phytoplankton carbon production (daily% ), by each copepod size fraction and by
the total copepod community (%)

Ingestion/carbon stock Ingestion/primary production
Small Medium Large Z Small Medium FEarge X
Oceanic zone  Stn 25 01 <01 01 02 07 0.2 08 17
Stn16 <01 01 <0.1 0.1 11 1.4 03 29
Shelf-break Stn 17 0.2 01 a1 0.4 15 0.8 0.6 29
zone Stn 18 02 01 03 0.6 1.0 0.4 11 26
Stn'T 0.2 0.2 0.3 0.7 14 1.0 2.3 4.8
Coastalzone  Stn C 0.3 i3 16 32 10 5.0 6.3 12.3
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Fig. 7. Relattonships between copepod abundance (log individuals m-2) and per copepod feeding
rates (log pg C copepod-! day™), and ciliate abundance (log cells m~) along the transect of stations,

fraction were used in ingestion calculations as the best approach to the field situ-
ation. Because copepods for evacuation experiments were collected during
daylight (low-GC period), the evacuation curves might be somewhat biased in
therr initial slopes and it might be that the & rates were underestimated. However,
the evacuation rate is considered a conservative property of copepod feeding in
the sea [see Small and Ellis {1992) and references therein]

The characterization of the three water zones (oceanic, shelf break and coastal)
was based on the seasonal hydrography of NW Spanish waters (Frouin eraf., 1990;
Haynes and Barton, 1990), and the description of the distribution of plankton
communities related to hydrographic features during the cruise (Bode et af.,
1994b). In the coastal zone, the phytoplankton bloom was dominated by small-
sized cells growing actively. In this zone, copepod populations displayed charac-
teristics of a spring peak, with predominating species of small and medium size.
Specific diversity agreed with the published data for this region (Braun et al.,
1990; Valdés ef af., 1990, Fernandez de Puelles et al, 1996), although abundances
ranked notably high in our case. During spring, coastal waters in this Atlantic
region are steady enough to allow copepod populations to achieve very high
densities (Colebrook, 1979; Tenore et al, 1995). Herbivorous copepods,
essentially those of large and medium sizes, were daily removing >10% of
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phytoplankton carbon production near the coast. Our estimations of ingestion
rates onshore (319 mg C nmr? day!) are almost twice the maximal rate of 169 mg
C m2 day! for mesozooplankton feeding estimated by Braun ef al. (1990) using
14( labelling techniques. In general, the impact of copepod predation on phyto-
plankton in similar shelf areas during spring has been found to be relatively low
in terms of carbon stock, although the relative impact on primary production may
be important (Bautista and Harris, 1992, Landry et al., 1994a). On a seasonal
scale, although the ingested amounts relative to carbon standing stock would
remain low, the observed copepod feeding might restrain further phytoplankton
growth onshore, with rate values close to primary production, as copepods
achieve their spring peak and phytoplankton growth rates decay due to nutrient
depletion. Furthermore, herbivorous zooplankton could even consume most of
the primary production during given periods, as summarized by Walsh (1988)
from various studies in the NE American shelf.

The shelf-break waters showed high physical variability In particular, shifts
were observed either in the location or intensity of the deep chlorophyll
maximum, along with horizontal displacements of the thermohaline front,
suggesting important movements of water (Bode ef al , 1994b). The cell-size struc-
ture of phytoplankton in this area showed two major categories of particles:
chain-forming diatoms and small flagellated cells. Inner sheli-break waters
(station T) were dominated by flocs of diatoms, while frontal waters (station 17)
were dominated by flagellates Large-sized copepods, often considered as poten-
tial predators of large phytoplankton particies, displayed maximal per copepod
feeding rates in the latter. In contrast, the highest per copepod feeding rates of
the medium- and small-sized classes occurred at the oceanic side of the front
(station 16), where diatom aggregates dominated. In this case, those copepods
could actually be eating other phytoplanktonic cells (i.e. dinoflagellates) or detri-
tus instead of diatoms, while large copepods, which showed their minimal abun-
dance and herbivorous activity at station 16, would be outcompeted in these
conditions. Therefore, it appears that the formation of dense aggregations and
chains of diatoms makes difficult the ingestion of these planktonic particles by
herbivorous copepods, which may capture smaller particles like individual cells
more efficiently. Our results agree with several studies in the nearby Bay of
Biscay that find a close relationship between the structure of the pelagic food
webs and different water bodies during similar hydrographic events (Ferndndez
et al., 1991, 1993). Finally, copepods are known to be omnivorous, as their diet
may include heterotrophic organisms like ciliates or flagellates and detritus, in a
proportion which depends on the food environment and the physiological state
of copepods (Kieppel et al., 1991, 1996). As we mentioned earlier, we indirectly
inferred that mainly small copepods, but also the larger species, could be preying
on ciliates and detritus, but there is no clear evidence of an effect on the prey
populations. Direct grazing of microheterotrophs by copepods was not measured
during our study, and therefore we cannot discard copepod feeding on other food
particles in addition to phytoplankton.

In the oceanic zone, some biological features like high biomass levels, low
primary production rates and downward progress of the deep chlorophyll
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maximum were pointing to the collapse of the bloom (Bode e al., 1994b). Phyto-
plankton assemblages resembled those typical of a spring bloom in this area,
characterized by very high biomass levels and dominance of large-sized and
chain-forming cells (Bode et al., 1994a, Casas et al., 1997). Although our study
was limited to an area somewhat restricted and not far indeed from the contin-
ental shelf, our estimations of copepod ingestion in outer waters agreed with
other studies on spring blooms in open-ocean regions (e.g. Dagg, 1993; Dam et
al., 1993; Tsuda and Sugisaki, 1994). The impact of copepods on phytoplankton
stock or production was too low to be thought of as a chief pathway for the carbon
biomass generated in the bloom.

There are several studies suggesting that copepods eventually do not restrict
phytoplankton blooms (Walsh, 1988; Morales et al., 1991; Dagg, 1993; Dam et al.,
1993). One reason would be the practical ommvory of copepods, their diet includ-
ing diverse hetero-organisms and detritus, and the growing evidence that diatoms
are often rejected in favour of more palatable or nutritive food particles (Kleppel
et al., 1991; Kleppel, 1993). During our study, the spring bloom appeared to be
out of the control of the mesozooplankton. However, the hydrographic
conditions that led to the thermohaline differentiation of water zones originated
different pelagic habitats in which there were different impacts of copepods on
phytoplankton. On the one hand, the onset of spring maximum of copepods
would make them capable of a significant effect on the growth of phytoplankton
populations in the coastal zone. On the other hand, phytoplankton reached high
concentrations, but copepod abundance was low in deeper waters, and losses of
carbon due to copepod feeding were negligible. We suggest that the bulk of
particulate carbon in the oceanic bloom would bypass the classical planktonic
herbivores, and its fate would eventually depend on the physical forces acting in
the area, like displacements of water masses or direct sinking of phytoplanktonic
particles.
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