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INTRODUCTION

The temporal variability of planktonic cycles in
subtropical waters is largely unknown, in compari-
son with temperate regions where many detailed
studies on seasonal cycles have been done (e.g.,
Sverdrup, 1953; Purdie, 1996). Moreover, since sub-
tropical regions have been frequently regarded as
the least biologically variable waters, the few stud-
ies carried out in these regions (Menzel and Ryther,
1960; Jitts, 1969; Sournia, 1969; Owen and
Zeitzschel, 1970; Bienfang et al., 1984) were

designed with a monthly sampling strategy that
barely represented the true variability in the struc-
ture and metabolism of planktonic communities.
The Canaries region has not been an exception. Past
studies (De León and Braun, 1973; Braun, 1980)
portray the surface waters as oligotrophic, with low
variability in plankton biomass and productivity,
presumably caused by the stability of the physical
environment. 

Recent work has shown, however, that plankton
communities in the Canaries region may be influ-
enced by mesoscale variability. Island eddies may
pump nutrients into the surface waters (Arístegui et
al., 1994; 1997); wind shearing in the boundaries of
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the islands increases vertical mixing along the coast
(Arístegui et al., 1989); and upwelling filaments
may export organic matter from the African coast
into the surface Canary waters (Barton et al., 1998).
Nevertheless, in spite of this variability, the region
as a whole, and particularly the waters less influ-
enced by island effects, present low water-column
integrated values of phytoplankton biomass and pro-
ductivity during most of the year (De León and
Braun, 1973; Braun, 1980; Arístegui, 1990). 

The surface waters around the Canary Islands,
like other subtropical seas, are affected by strong
heating throughout the year, which promotes the
development of a quasi-permanent sharp thermo-
cline. This restricts the vertical flux of nutrients
from deep waters to the euphotic zone, limiting phy-
toplankton growth. The thermocline weakens during
winter time, as the result of surface cooling, the
mixed layer reaching its maximum penetration
depth in March (Barton et al., 1998). The thermo-
cline begins to reform in April-May, leading to the
more common situation of a surface euphotic zone
depleted of inorganic nutrients. It is, therefore, dur-
ing the short mixing period when phytoplankton can
grow faster and build up a biomass pool (“phyto-
plankton bloom”), provided that the cellular growth
rate is higher than the grazing rate. 

The sparse seasonal studies in the region describe
peaks in chlorophyll and primary production during
late winter. These maxima are significantly higher
than the annual means (Braun and Real, 1984), but
much lower than the maxima observed in temperate
waters during the spring bloom (e.g., Harvey et, al.,
1935; Sverdrup, 1953). Whether these values are the
result of the injection of nutrients into the impover-
ished euphotic zone (resource control), the effect of
the grazing pressure (consumer control), or both, is
still an unresolved question.

Here we present the study of a seasonal plank-
tonic cycle in a coastal area, close to the island
slope, far from the influence of wind shearing
effects. Contrary to other coastal regions with more
extensive shelves, the maximum productivity and
chlorophyll values in coastal waters of the Canary
Islands do not differ significantly from the open
ocean values (Braun and Real, 1984), except in
those places where strong mixing events take place
(Arístegui et al., 1989). The narrow shelf around the
islands (few miles in extension) prevents coastal
waters from behaving as an independent system
regarding the oceanic domain. Rather, coastal plank-
tonic cycles seem to depend tightly on the structure

and stability of the water column in the nearby
ocean. The aim of this work was two-fold. First, to
study for the first time the weekly variability of the
phyto- and mesozooplanktonic cycles during the
late winter bloom to infer the degree of coupling
between the two communities. Second, to quantify
the grazing impact of mesozooplankton on the phy-
toplankton biomass and productivity.

MATERIAL AND METHODS

A single station on the eastern shelf of the island
(Fig. 1) was sampled for plankton productivity and
biomass studies from November 1988 to June 1989,
with a time spacing of one to three weeks, the clos-
est sampling being during the most productive peri-
od (February and March). Water samples were col-
lected in Niskin bottles from surface to the bottom
(40 m). From each bottle, subsamples were drawn
for analysis of chlorophyll a (up to 4 litres), prima-
ry production (125 ml per incubation bottle) and the
respiratory activity of the electron transport system
(ETS) in microplankton (5 litres). Temperature was
measured in the water column by means of revers-
ing thermometers. 

Chlorophyll a was estimated by the absorbance
method, using the spectrophotometric equations of
Jeffrey and Humphreys, as described in Parsons et al.
(1984). Primary production was measured using the
14C method of Steeman Nielsen (1952). After adding
ca. 5 µCi H2

14C, duplicate clear and dark borosilicate
bottles were incubated in situ at midday for 2 to 4
hours at the same vertical depths where water sam-
ples had been obtained in the cast. Incubations were
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FIG. 1. – Map of Gran Canaria Island with coastal bathymetry. The 
surveyed station (black circle) is pointed by an arrow



terminated by gentle filtration of replicate samples
on 0.45 µm GF/F glassfiber filters and 2 µm Nucle-
pore polycarbonate filters. Filters were dried
overnight, fumed for one minute over concentrated
HCl to remove dissolved 14C, placed in 15 ml of scin-
tillation cocktail (Aquasol-2), and assayed in a liquid
scintillation counter with an external standard.

Mesozooplankton was caught in one vertical
haul (from 0-40 m) using a WP-2 double net, a ver-
sion of the standard WP-2 net (Unesco, 1968). One
of the samples was used for taxonomical studies of
the main zooplankton groups. The other sample was
frozen in liquid nitrogen until analysis in the labora-
tory, to determine biomass as proteins. Proteins were
assayed following the method of Lowry et al.
(1951), using Bovine Serum Albumine (BSA) as
standard. Mesozooplankton ingestion was deter-
mined from an empirical relationship obtained
between dry weight and proteins for mesozooplank-
ton populations in the Canary waters (Hernández
León, unpublished data), considering that carbon
biomass represents 40% of dry weight. 

ETS activity for microplankton (organisms <200
µm) was determined in accordance with Packard
(1969) and Kenner and Ahmed (1975). Details of
the procedures are described in Arístegui and Mon-

tero (1993). Community respiration was estimated
using an average empirical R/ETS ratio of 0.5
obtained for coastal Canary waters (Arístegui and
Montero, unpublished data). 

RESULTS 

A small chlorophyll bloom, split into two peaks,
was observed from the end of February to mid
March (Fig. 2a). Two peaks in primary production
were also observed during the same period,
although uncoupled in time from the chlorophyll
maxima (Fig. 2a). Increases in primary production
coincided with demises in chlorophyll, suggesting
that other factors beside growth rate control the
phytoplankton biomass distribution. The first peak
in production occurred the first week of March and
resulted from the activity of both small (<2 µm) and
large (>2 µm) cells (Fig. 2b). The second, and
largest, peak occurred at the end of March, being
almost due to small cells. 

The mesozooplankton biomass distribution, did
not show a statistically significant relationship with
chlorophyll, considering the whole period of study.
Nevertheless, Figure 3a illustrates a clear inverse
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FIG. 2. – Temporal distribution of (a) depth-integrated primary pro-
duction (P), chlorophyll a (Chla) and the phytoplankton primary
production/carbon biomass ratio (P/B), and (b) size-fractionated ( >
and < 2 µm) primary production. Phytoplankton biomass (B) was 

calculated from Chla using a carbon/chlorophyll ratio of 50.

FIG. 3. – Temporal distribution of (a) depth-integrated phytoplank-
ton and mesozooplankton biomasses (see the text for conversions to
carbon units), and (b) abundances per average volume unit of the
main mesozooplankton groups (appendicularians, copepods and 

cladoceran).



relationship between the peaks in mesozooplankton
and phytoplankton biomass during the bloom period
(end of February to beginning of April). Copepods –
the most representative zooplankton group- peaked
during the second week of March, at the same time as
chlorophyll dropped (Fig. 3). The increase in chloro-
phyll the week after –reaching to the maximum val-
ues of the cycle- was matched by both a drop in cope-
pod numbers (which are also smaller in size) and in
total mesozooplankton biomass. A new peak in meso-
zooplankton biomass was achieved during the second
week of April, caused this time by the presence of
large copepods and a relative maximum in apendicu-
larians, although chlorophyll values did not change as
sharply as in the former occasions. The end of May
and June were characterized by low values in prima-
ry production and chlorophyll but relatively high
mesozooplankton biomass and number of individuals
(mainly copepods and cladocerans; Fig. 3b), an indi-
cation that other sources than phytoplankton repre-
sent the main diet of mesozooplankton. 

The respiratory ETS activity in microplankton
increased during mid March, coinciding with the
lowest temperatures (Fig. 4a) and the outburst of the
phytoplankton bloom (Fig. 4b). Nevertheless, the
highest integrated ETS activity values in the water
column were observed in May and June (Fig. 4c),
when chlorophyll was low, presumably due to the
metabolism of microheterotrophs. 

DISCUSSION

Phytoplankton and zooplankton cycles

The timing of the phytoplankton bloom coin-
cides with other reported maxima in coastal and
oceanic waters around the islands (De León and
Braun, 1973; Braun and Real, 1984). It results from
the erosion of the open ocean thermocline, due to
the cooling of surface waters, enhancing vertical
mixing and the injection of new nutrients from the
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FIG. 4. – Vertical distribution of (a) temperature (b) chlorophyll a and (c) the respiratory activity of the electron transport system (ETS) in 
microplankton (<200 µm). Black dots represent sampling depths.



aphotic zone into the surface layers. Due to the nar-
row shelf of the islands (few miles in extension), the
input of nutrients affects coastal waters as well, and
hence the bloom is produced at the same time as in
the ocean. 

The magnitude and extension of the bloom are
smaller than in coastal temperate waters, in spite of
the four-fold increase in biomass (maximum 50 mg
Chla m-2) with respect to the mean annual value (16
± 10 mgChla m-2), which is roughly the same in
open ocean waters (Montero, 1993). The peak in pri-
mary production (> 1 grC m-2 day-1) is also similar to
the highest productivity values found in the open
ocean associated with mesoscale features where
nutrient input takes place (Basterretxea, 1994).
However, the mean value (513 ± 249 mgC m-2 day-

1) in the coast contrasts with the lower primary pro-
duction ( down to 50 mgC m-2 day-1) measured dur-
ing periods of thermal stratification in the ocean.
These are caused by an extended nutrient limitation
to phytoplankton cells living at saturating light
intensities, an unlikely situation in coastal popula-
tions. Indeed, production / biomass (P/B) ratios are
high during the whole period of this study (average
value 0.65 day-1) (Fig. 2a), an indication that coastal
phytoplankton is not severely nutrient limited. Small
but constant inputs of new nutrients (sensu Dugdale
and Goering, 1967) from land sources or the bottom
of the shelf would be enough to maintain a moder-
ate production year round.

Beside its magnitude, one of the main differences
between the phytoplankton bloom in temperate and
subtropical waters is the way it is produced. In tem-
perate waters, the spring bloom starts after thermal
stratification of the nutrient-replenished surface
water, when the critical depth gets shallower than
the mixing zone (Sverdrup, 1953). In subtropical
waters, the bloom starts when the thermocline is dis-
rupted and new nutrients are made available into the
nutrient-depleted euphotic zone. This occurs at the
end of winter, when surface temperature drops and
the thermal stratification is broken. The fuelling by
nutrients affects not only to the surface waters of the
open ocean, but also to coastal waters, allowing the
development of phytoplankton species which grow
better under high nutrient concentrations.

No phytoplankton taxonomic analyses were per-
formed during this study. Nevertheless, it has been
observed elsewhere (Ojeda, 1998) that a short-lived
peak in diatoms is produced when the surface tem-
perature drops to its lowest values (generally mid
March), being rapidly substituted by smaller cells,

which may peak again. Thus, the highest peak in
chlorophyll in mid March, which coincides with a
peak in primary production of cells >2 µm (Fig. 2),
must be due in large part to diatoms. Conversely, the
highest peak in primary production at the end of
March, coinciding with a decrease in chlorophyll, is
mainly due to cells <2 µm, presumably with a high
carbon to chlorophyll ratio. 

In temperate waters the fate of the diatom bloom
(with more than 100 cells/ml) appears to be total sed-
imentation in most of the situations (Purdie, 1996),
since the delay between phytoplankton and zoo-
plankton cycles allows cells to grow and sink down,
before the grazing pressure is effective. Evans and
Parslow (1985), simulating an annual cycle in tem-
perate waters, found that the depth of the mixed layer
during the preceding winter was critical for the
development of the spring bloom. When a deep
mixed layer is formed in winter time, algal growth is
reduced, caused by the low average underwater irra-
diance, and zooplankton is therefore scarce.

In the Canaries region, however, as well as in
other subtropical waters, the mixed layer is gener-
ally shallower than the critical depth. The smoother
seasonal temperature changes year-round and the
usually low concentration of nutrients in surface
waters favours the presence of small nano and
picoplanktonic cells with rapid turnover times, and
a tight coupling between production, consumption,
and nutrient regeneration. Microplankton play a
key role not only controlling the growth of small
cells via the grazing effect, but also assessing the
direct supply of mineral nutrients for phytoplank-
ton and dissolved organic matter for bacteria
(Banse, 1992)

Past studies in waters around the Canary Islands
identified one or two biomass peaks during the
annual mesozooplankton cycle, which are not
always coincident with peaks in number of individ-
uals (Fernández de Puelles and García Braun, 1989;
1996). The low temporal resolution in these sam-
plings (generally monthly) failed to describe the
degree of coupling between phytoplankton and
mesozooplankton, observed in this study at shorter
temporal scales. Peaks in mesozooplankton biomass
should be produced by either an increase in the num-
ber or by an increase in the size of the individuals.
In both situations the increase would affect directly
or indirectly the biomass of phytoplankton; i.e.
mesozooplankton can graze directly on large phyto-
plankton cells, as well as ingest protozooans which
in turn graze on the smallest phytoplankton. 
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In our study, an inverse relationship is evident
between the peaks of mesozooplankton and phyto-
plankton during the bloom season (Fig. 3a). A simi-
lar relationship was obtained for coastal waters
around the Canary Islands by Arístegui (1990), who
suggested that mesozooplankton could control the
phytoplankton bloom. 

Biomass distribution and zooplankton grazing
impact

The phytoplankton organic carbon (POC) inte-
grated during the whole study amounts to 172 gC m-

2 (using a C/Chla ratio of 50), with a daily mean of
808 ± 542 mgC m-2. This value is as low as the
oceanic mean in the Canary region (Montero, 1993),
but it represents about four times the mesozooplank-
ton organic carbon (MOC = 217±130 mgC m-2 day-1).
The difference would be even larger if we consid-
ered a higher C/Chla conversion factor, which could
be more representative of oligotrophic systems
where autotrophic picoplankton dominate (e.g.,
Cullen et al., 1992; Verity et al., 1996). 

A relative low mesozooplankton / phytoplankton
biomass (MOC/POC) ratio, like the one found in our
study (mean daily value: 0.2 ± 0.2), characterise
oligotrophic ecosystems (Gasol et al. 1997). In these
environments, autotrophs are dominated by
picoplankton and mesozooplankton by copepods.
Only a small percentage of the primary production
(larger cells) is directly transferred to mesozoo-
plankton herbivores. The larger part is channelled
through protozoa and bacteria, which represent
about 75% of the heterotrophic biomass, and form a
larger biomass pool than the phytoplankton (Gasol
et al. 1997). 

In the Canary waters, bacterial organic carbon
(BOC) is always greater than POC (BOC/POC
ranges between 1.5 and 1.9; Ballesteros, 1994), a
common situation in warm oligotrohic seas
(Fuhrman et al., 1989; Cho and Azam, 1990). More-
over, heterotrophic flagellates are more abundant
than phytoflagellates (Ballesteros, 1994), and nau-
plii and copepodites are as important or more in
terms of biomass than mesozooplankton (Fernández
de Puelles and García Braun, 1996). All these char-
acteristics portray a scenario of an unproductive
region where fast growing small phyto and zoo-
plankton species dominate biomass and production
during most of the year.

The integrated primary production overall was
97 gC m-2, with a mean value of 513 ±249 mgC m-2

day-1. Sixty percent of this primary production is due
to cells <2 µm, an indication that protozoan grazing,
microbial loop processes and regenerated produc-
tion must predominate over new production and
direct transfer of biomass to upper trophic levels.
Indeed, ingestion by mesozooplankton was estimat-
ed as 20 gC m-2. Considering that all the food ingest-
ed was phytoplankton, grazing by mesozooplankton
would roughly represent 20% of the primary pro-
duction (Fig. 5). However, since mesozooplankton
feeds also on small microheterotrophs its grazing
impact will be obviously lower. In any case, assum-
ing that most of the net primary production is
grazed, it is evident that microzooplankton (proto-
zooans and the smallest metazooans) are the main
components of the trophic web, controlling more
than 80% of the primary production. 

Autotrophy versus heterotrophy

The primary production / community respiration
(P/R) ratio covaries with primary production (P),
showing a highly significant positive relationship
(Fig. 6). At P values > 400 mgC m-2 day-1, the P/R
ratio is >1, switching the system from heterotrophy
to autotrophy. This indicates that, albeit community
respiratory activity is variable throughout the period
of study (Fig. 4c), changes in P will mainly control
the trophic status of the ecosystem. The system
ranges from strong heterotrophy, before and after
the bloom period, to a moderate autotrophy when
phytoplankton and zooplankton peak (Fig. 5). This
change in the trophic status of the system is not
reflected in the MOC/POC ratio, which is always
<0.5. It seems therefore, that the smaller (<200 µm)
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FIG. 5. – Temporal distribution of the ratios of depth-integrated
mesozooplankton ingestion / primary production (I/P) and commu-
nity respiration / primary production (R/P). Notice the shift from
heterotrophy to autotrophy (R/P <1) during the phytoplankton 

growth period. 



heterotrophic components have a larger influence in
the ratio between autotrophic and heterotrophic bio-
masses. 

The close coupling between POC and MOC dur-
ing the bloom period –even when mesozooplankton
grazing represents only a small percentage of the
primary production– suggests that phytoplankton
biomass depends mainly on a consumer control.
This control would be basically through the
microplankton, although mesozooplankton would
graze on large phytoplankton cells during the bloom
period as well as on protozoans. 

Primary production, however, could depend on
resource control at least at the start of the bloom
period. This would explain the shift from heterotro-
phy to autotrophy in the metabolic P/R ratios (Fig.
5). The coincidence between the phytoplankton
growth period and the lower water temperatures
indicates that when vertical mixing increases there is
input of new nutrients necessary for the onset of the
bloom. According to Banse (1992) a bloom in this
way can terminate by grazing instead of nutrient
exhaustion. This may be the case observed in Figure
2a where phytoplankton biomass drops in the third
week of March, while primary production achieves
its highest rate. 

The data shown in this study strongly support the
view that phytoplankton biomass is tightly con-
trolled by the smallest components of the con-
sumers’ community. Nevertheless the switch
between heterotrophy and autotrophy in the P/R
ratio may parallel also a change in the community
structure. Therefore, a future work on seasonal
planktonic cycles in the Canaries region must

include the microplankton components of the troph-
ic web to fully understand the coupling between
autotrophs and heterotrophs. 
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