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ABSTRACT

The IctioAlborán-Cadiz 95 cruise (July 1995) covered the northwest sector of the Alborán Sea,
the Straits of Gibraltar and the Gulf of Cadiz. We present and discuss the distribution of phyto-
and bacterioplankton abundance, nitrate concentration and nitrate reductase (NR) activity ac-
cording to circulation patterns described previously in the literature. The water-column inte-
grated values of chlorophyll-a in the Alborán Sea were higher and more variable (12 to 318
mg m–2) than in the Gulf of Cadiz (3 to 49 mg m–2). This reflects the higher dynamism of the
Alborán sector, related to the existence of characteristic mesoscale physical structures. The
plankton (2-80 µm equivalent spherical diameter) in the upwelling region of the Alborán Sea
had a biovolume 30 times higher than in the nutrient-poorer water of the Gulf of Cadiz. Large
organisms were abundant and dominated the size spectrum of one coastal station in the Alborán
zone, whereas the slope of the size spectrum became more negative at the Gulf of Cadiz station,
as a consequence of the dominance of small cells. Bacterial abundance maxima (> 3 � 106

bact ml–1) also occurred in the upwelling region. We found relatively high nitrate and chloro-
phyll a concentrations in Cape Trafalgar’s cold surface waters, probably due to the interaction
between topography and strong tidal currents. The spatial pattern of the NR activity is discussed
according to chlorophyll a, nitrate and bacteria distributions. The existence of high NR activity
but low chlorophyll a and bacterial abundance suggests that this could be related with dissimi-
latory activity in large-sized particles.

Key words: Phytoplankton, bacterioplankton, nitrate reductase activity, Straits of Gibraltar,
Alborán Sea, Gulf of Cadiz.

RESUMEN

Distribución de fitoplancton, bacterioplancton y actividad nitrato reductasa en relación con la estruc-
tura física en la zona norte del mar de Alborán y golfo de Cádiz (sur de la península Ibérica)

La campaña IctioAlborán-Cádiz 95 (julio de 1995) cubrió el sector noroeste del mar de Alborán, estrecho
de Gibraltar y golfo de Cádiz. En este trabajo se presentan y discuten las distribuciones de abundancia de fi-
toplancton y bacterioplancton, concentración de nitrato y actividad nitrato reductasa (NR) de acuerdo con
los patrones de circulación descritos en la bibliografía.

Los valores de clorofila a integrados en la columna de agua en Alborán fueron mayores y más variables
(12 a 318 mg/m2) que en el golfo de Cádiz (3 a 49 mg/m2). Esto refleja el mayor dinamismo de la zona de
Alborán, relacionado con la existencia de estructuras físicas características a mesoescala. El análisis de la
comunidad nano-microplanctónica (2-80 µm, diametro esférico equivalente) de la región de afloramiento del
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INTRODUCTION

The exchange between Mediterranean and
Atlantic waters in the region of the Straits of
Gibraltar determines the formation of several char-
acteristic mesoscale physical structures in the water.
Therefore, this region has aroused a high level of
interest among investigators exploring the connec-
tions between hydrodynamic and biological
processes (Gil, 1985; Kinder and Parrilla, 1987; Gil
and Gomis, 1994; Bormans, Garret and Thompson,
1986; Minas et al., 1991).

The physical oceanographic features of the
Alborán Sea have been described by Lacombe
(1971), Lanoix (1974), and Kinder and Parrilla
(1987), among others. The northwestern Alborán
sector is characterised by the existence of a well de-
fined spatial organisation, from coastal upwelling
areas near Estepona and Marbella to oligotrophic
waters southward, as the permanent anticyclonic
gyre is approached (Minas, Coste and Minas,
1987). The upwelling episodes are enhanced in the
zone coinciding with the incidence of westerly
winds. This region has a narrow continental shelf.
In contrast, the Gulf of Cadiz area has a wider shelf,
and there are no coastal upwelling bands connect-
ed to the Straits’ circulation, as in the Alborán case.
However, the characteristics of this Atlantic sector
remain largely unknown, especially their biological
variables. A survey of the literature shows few stud-
ies of the hydrology and currents on the shelf in
the Gulf of Cadiz (Stevenson, 1977; Bernal, 1987;
Villar, 1996). These studies mention a general
southeasterly current near the coast, over which a
tidal current flows in the same direction during the
ebb-tide and in an opposite direction (i.e. north-
west) during the flood-tide.

Physical processes related to biological variables
have been studied more intensely in the Alborán
zone, where a marked gradient from rich coastal
upwelling areas on the Estepona and Marbella
coast to oligotrophic waters in the southwest gyre
has constituted the framework for a number of
studies (Rodríguez, García and Rodríguez, 1982;
Cabanas, Cortés and García, 1984; Cortés, Gil and
García, 1984; Lohrenz et al., 1988; Packard et al.,
1988; Delgado, 1990; Morel and André, 1991;
Rubín et al., 1992; Rodríguez et al., in press). The
Gulf of Cadiz area, however, has been scarcely stud-
ied and the relationship between the physical
framework and the distribution of biological vari-
ables is not well known. Indeed, our general aim
was to examine the patterns of phytoplankton bio-
mass and plankton composition in relation to the
general hydrography of the Gulf of Cadiz and the
Alborán Sea, mainly related to wind-induced up-
welling. Another objective was the measurement of
nitrate-reductase (NR) activity as an indicator of
plankton metabolism in the different zones.
Nitrate concentration plays a major role in the re-
lationship between physical and biological vari-
ables in the ocean. The methods presently used to
estimate nitrate incorporation by phytoplankton
are largely based on incubation techniques with la-
belled nitrogen, which have some associated prob-
lems that have been addressed by Berges and
Harrison (1995a,b). One alternative technique is
the estimation of enzymatic activities. Although the
study of NR activity had previously been used in
oceanography by employing in vitro assays (e.g.
Eppley and Coastworth, 1968; Eppley, Coastworth
and Solorzano, 1969; Blasco et al., 1984), the pre-
sent paper is one of the few marine field studies
which has involved an in situ assay of NR activity
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mar de Alborán mostró un biovolumen 30 veces mayor que el de aguas más pobres en nutrientes del golfo de
Cádiz. Por otro lado, el espectro de tamaños en una estación costera de Alborán está dominado por organis-
mos planctónicos grandes, mientras que la pendiente del espectro de tamaño se hace más negativa en una
estación del golfo de Cádiz, como consecuencia de la mayor abundancia de plancton de pequeño tamaño. En
la región de afloramiento se dieron también máximos de abundancia bacteriana (> 3 � 106 bact ml–1). Se
han encontrado valores relativamente altos de nitrato y clorofila a en las frías aguas superficiales cercanas al
cabo de Trafalgar, lo que se debe, probablemente, a la interacción entre topografía y fuertes corrientes mareales.
Se discute el patrón espacial de la actividad NR en relación con las distribuciones de clorofila a, nitrato y bac-
terias. En muestras con valores elevados de actividad NR pero bajos de clorofila y abundancia de bacterias,
se sugiere que esta actividad se relaciona con actividad disimilatoria en agregados de gran tamaño.

Palabras clave: Fitoplancton, bacterioplancton, actividad nitrato reductasa, estrecho de Gibraltar, mar de
Alborán, golfo de Cádiz.



(Corzo and Niell, 1991). The term in situ refers to
the fact that the enzymatic activity is being assayed
at its cellular site.

MATERIALS AND METHODS

Spatio-temporal setting

The 'IctioAlborán-Cadiz 95' oceanographic
cruise was carried out in July 1995 aboard the R/V
Francisco de Paula Navarro. The sampling area cov-
ered the northwestern sector of the Alborán Sea,
the Straits of Gibraltar and the Gulf of Cadiz, with
58 sampling stations (figure 1). The study started
on 5 July in the eastern part of the region (Station
5) and ended in the western part on 17 July
(Station 55).

Wind data

Data on wind speed and frequency the zone dur-
ing the cruise were obtained from local meteoro-
logical centres on the coast from Ayamonte to

Algarrobo (figure 2). These centres continually
record 10 measurements per hour. Wind data were
processed and collated in graphs built on each sec-
tor from data recorded up to 6 days before the ship
entered to sample in the sector, thus taking into ac-
count recent past records of the wind.

Physical, chemical and biological variables 
sampling and analyses

Vertical profiles of conductivity and temperature
down to a depth of 300 m at each sample station
were made by using an InterOceans Systems S4
CTD. Water samples were collected at each station
with Niskin bottles at five discrete depths (10, 25, 50,
75 and 100 m). Nitrate concentrations were deter-
mined following the Trèguer and Le Corre (1975)
technique (using an autoanalyser). Chlorophyll-a
concentrations, as well as NR activities, were mea-
sured using particulate material (> 0.7 µm) retained
in Whatman GF/F filters. Chlorophyll-a was mea-
sured by fluorometrical method on 90 % acetone
extracts (Holm-Hansen et al., 1965).
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Figure 1. Location of the sampling area 
and distribution of stations
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NR-activity samples were determined by an in
situ assay (Corzo and Niell, 1991) adapted to phy-
toplanktonic communities (Gordillo, 1994).
Samples were introduced into vials and brought to
the laboratory in liquid nitrogen. Once in the lab-
oratory, the vials were thawed by immersion in a wa-
ter bath (2 min, 30 °C) and immediately the filters
were introduced into test tubes containing 6 ml of
the assay medium (30 mM KNO3, 5 % propanol,
0.5 mM Na-EDTA, 1.5 mM NADH, 0.1 mol phos-
phate buffer, pH 8), previously flushed with N2 for
2 min. As soon as the filters were introduced, the
test tubes were flushed with N2 for an additional 2
min and then were immediately closed and incu-
bated in the dark for 30 min (30 °C). At the end of
that time, 1 ml of assay medium was taken from the
tubes. NADH was removed from samples by adding
0.5 ml of an activated charcoal suspension (0.83 %
w/v). After strong stirring, the samples were cen-
trifuged (4 500 rpm, 15 min), and 1 ml of the su-
pernatant was taken and assayed for NO2

–
(Snell

and Snell, 1949).

The abundance of pico-, nano- and microplank-
ton was estimated by inverted and epifluorescence
microscopy. Bacterial abundance was estimated by
epifluorescence analyses on 1-5 ml of a previously
preserved (formaline 4 %) sample that was stained
with DAPI (Porter and Feig, 1980) and filtered
through 0.2 Nuclepore filters. Filters were then ex-
amined at �1 000 by vertical illumination fluores-
cence microscopy using a Leica 103-12V-100W epi-
fluorescence system (100 W HBO lamp) and Leica
A (BP340-380 excitation filter, RKP400 beam split-
ter and LP430 barrier filter) and Leica I3 (BP450-
490 excitation filter, RKP510 beam splitter and
LP520 barrier filter) filter sets. Nano- and mi-
croplankton abundance was assessed by inverted
microscopy, on previously preserved (Lugol) sam-
ples that were allowed to settle in chambers (3 h
per cm height) and then analysed following the
Utermöhl method (1958). Cells were counted and
measured at �10, �25, �40 and �100 (oil immer-
sion) on an inverted microscope assisted by a VIDS V

(Analytical Measuring Systems) video-interactive
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Figure 2. Wind speed (m s–1) and direction obtained from coastal meteorological stations, whose names and positions are
marked on the coast. Each graph contains data from the last 6 days before the ship entered and sampled the sector nearest 

to each meteorological station
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image analyser. Biovolume for each individual or-
ganism was estimated as a revolution volume ac-
cording to a ellipsoidal or cylindrical shape (Ro-
dríguez et al., 1987; García et al., 1994). Colonial
organisms were considered and measured as single
particles or biomass units (Lewis, 1976). Using this
technique, we studied the phytoplankton ranging
in size from 2 to 80 µm of equivalent spherical di-
ameter (ESD). The present paper reports the bio-
mass spectrum at a depth of 25 m for two stations
representative of the main areas studied.

RESULTS 

Hydrography and nutrients

The distribution of surface temperatures
(depth: 5 m) generally showed higher values in the
Gulf of Cadiz than in the Alborán Sea (figure 3).
Surface temperatures show their maxima near
Cadiz (> 22 °C), whereas the lowest surface tem-
peratures (17 °C) were found at Alborán coastal
stations. Surface temperatures in the northwest
Alborán show a clear gradient from these minima
at the coastal stations (Marbella and Malaga) to off-
shore waters, where temperature at a depth of 5 m
increased to approximately 20 °C at stations 9, 10
and 14 (figure 3).

The prevailing southwesterly wind recorded dur-
ing the sampling period near Cadiz could partially
explain the accumulation of warm surface waters
on the coast of the Gulf of Cadiz, whereas the west-
erly winds’ dominance in the northwest Alborán re-
gion facilitates the upwelling pattern related to the
inflow of Atlantic water into the Mediterranean, Chlorophyll, phytoplankton and bacterioplankton

The phytoplankton biomass, expressed as
chlorophyll-a concentration, was higher in the
Alborán than in the Gulf of Cadiz sector, with a dis-
tribution that is also related to the upwelling struc-
ture in the northwest Alborán sector (figures 5a
and 5b). Chlorophyll integrated down to 100 m
showed high values in this nutrient-rich area (> 100
mg m–2), the maximum (318 mg m–2) appearing at
station 12 (figure 5a). Chlorophyll-a concentra-
tions were lower (10-40 mg m–2) in the Gulf of
Cadiz, where its distribution did not, however, show
a clear relationship with that of nitrate, especially
when the value at the depth of its maximum is ex-
amined.

L. Prieto et al. Plankton and NR-activity in Alborán Sea and Gulf of Cadiz

Bol. Inst. Esp. Oceanogr. 15 (1-4). 1999: 401-411 405

Figure 3. Water temperature (°C) at depth of 5 m

Figure 4. Average concentration of nitrate (µM NO3
–) 

between 10 and 25 m

and which is indicated by the lower surface tem-
perature values on the west coast (figures 2 and 3).

The existence of that upwelling area is also ap-
parent when the distribution of nitrate concentra-
tion at the surface layer (average in the first 25 m)
is examined (figure 4). Thus, in the north Alborán
Sea, nitrate concentrations were 2-3 µM NO3

–, and
the values become especially low at the farthest
stations (< 0.1 µM NO3

–), which then presented val-
ues more clearly related to the southwest olig-
otrophic gyre region. Nitrate concentrations in the
Gulf of Cadiz were lower than in the Alborán Sea.
Nitrate values were higher at coastal stations (0.1-
0.5 µM NO3

–) that at offshore stations (< 0.1 µM
NO3

–). Some local maxima appeared near the
Guadiana River discharge zone near Ayamonte, in
front of Cape Trafalgar and near Tarifa, with ni-
trate values higher than 1 µM NO3

– (figure 4).



Differences between the coasts of both sectors,
Gulf of Cadiz and northwest Alborán Sea, are also
apparent when the planktonic communities (2-80 µm
ESD) of representative stations at a depth of 25 m are
analysed. Whereas the nutrient-rich station of the
Alborán Sea has a size spectrum which indicates
that large organisms dominate the community, a
characteristic spectrum from the Gulf of Cadiz sta-
tion has a more negative slope, indicating a lower
concentration of large organisms (figure 6a).
These differences in the community’s size structure
are also reflected in both total biomass (expressed
as biovolume) and in the taxonomic composition
(figure 6b). The planktonic biomass in a station of
the upwelling area from northwest Alborán was
about 30 times higher than that found in the sta-
tion of the Gulf of Cadiz. 

All of the main taxonomic groups have higher
biomasses at the station from the Alborán coast
area than at the one from the Gulf of Cadiz; their
relative importance changes between both zones,
as well. Large centric diatoms (mainly Rhizosolenia,
Chaetoceros, Nitzschia, Hemiaulus, Leptocylindrus,
Thalassiosira and Bacteriastrum) clearly dominated

the community biomass in the Alborán coast area
(3 209.37 µm3 µl–1), whereas dinoflagellates (espe-
cially small Gyrodinium cells), other small flagellates
and ciliates dominated the Gulf of Cadiz commu-
nity.

Bacterial abundance at the depth nearest to the
chlorophyll-a subsurface maxima (figure 7) was sig-
nificantly correlated with chlorophyll concentra-
tion (n = 40, r = 0.41, p < 0.05). However, the max-
imum (> 3 � 106 cells ml–1) also appeared on the
coastal zone of northwest Alborán, and in general
the average bacterial abundance was slightly high-
er (about 1.5-1 � 106 cells ml–1) in the Gulf of
Cadiz than in the Alborán Sea (about 0.5-1 � 106

cells ml–1). This is due to low bacterial abundance
in most of the Alborán sector, especially offshore.

Nitrate reductase activity

The overall NR activities (integrated down to
100 m of the water column or at the depth of the
chlorophyll maximum) in the Alborán Sea were
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Figure 5. (a): Concentration of chlorophyll (µg l–1) at the
depth where its maximum occurs; (b): Chlorophyll concen-
trations (mg m–2) integrated in the water column to a ma-

ximum depth of 100 m, bathymetry permitting

Figure 6. (a): Size-biomass spectrum from station 12
(Alborán Sea) and station 32 (Gulf of Cadiz); ß: normalised
biomass; v: individual volume. (b): Biovolume concentra-
tion (µm3 µl–1) of the main taxa at both stations (12 and 32)



higher than in the Gulf of Cadiz (figure 8a,b). The
average range of integrated NR activity values in
the Gulf of Cadiz was 0.5-1.0 µmol NO2

–h–1m–2,
whereas in the Alborán Sea it was 1-2 µmol
NO2

–h–1m–2.
Both distributions of NR activity (water-column

integrated or at the chlorophyll maximum) show
visible differences when compared with chloro-
phyll distribution (figure 5). However, the pattern
of NR activity integrated down to 100 m presented
a significant but weak correlation with integrated
chlorophyll (n = 58, r = 0.36, p < 0.05), and was al-
so better correlated with integrated nitrate (n = 58,
r = 0.56, p < 0.05). The main differences occur at
some stations, especially in offshore waters, where
nitrate, chlorophyll and even bacteria abundance
remains low, but there is high NR activity (e.g. sta-
tion 10, figures 8a and 8b).

DISCUSSION

Coupling between biological variables and 
physical structures

The existence of meso- and macroscale eddies
(Tintoré et al., 1991; Gil and Gomis, 1994) and
fronts associated with the contact of different water
masses in the Alborán Sea, determines both the cir-
culation and the distribution of ecological variables
(biomass, productivity and composition of the
planktonic community) in the sector.

The distribution of surface temperatures in the
Alborán Sea showed a pattern similar to that found
during previous cruises carried out in the same

month (Rubín et al., 1992; Gil, 1994; Cano et al.,
1995; Rubín et al., 1997). The main feature of these
patterns is the presence of lower surface tempera-
tures in the northern area of the Alborán Sea.
Nevertheless, although the position of the coastal
upwelling areas of northern Alborán almost coin-
cides with that found in July of 1991 and 1994,
these episodes were localised at a greater distance
from the Spanish coast in July of 1992 and 1993.
The difference of surface temperatures between
the upwelling zone and the anticyclonic gyre re-
gion remain, however, within the same range (4-5
°C). Previous data for the Gulf of Cadiz region
were only obtained for the July 1994 cruise. During
that cruise, the surface temperatures in the Gulf of
Cadiz (Rubín et al., 1997) were very similar to those
recorded during IctioAlborán-Cadiz 95. Higher
temperatures in the zone near the Bay of Cadiz
were also reported during the 1994 cruise. These
high temperatures have been related to the heat-
ing of the surface waters in that zone due to solar
irradiation and to a low water turnover rate. In fact,
this area is not very much affected by the shelf’s
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Figure 7. Bacterial abundances (�106 cells ml–1) at the 
chlorophyll-a maximum depth

Figure 8. (a): NR activity (µM NO2
–h–1) at the chlorophyll-a

maximum depth; (b): Integration of the NR activity (µM
NO2

–h–1m–2) in the water column to a maximum depth of
100 m, bathymetry permitting



prevailing southeastern current. We found low
temperatures (< 19 °C) in the area of Cape Trafal-
gar, also present in July 1994, and probably due to
the topography of the coast (lower depths) and its
interaction with strong tidal currents, which facili-
tates vertical mixing episodes (Vargas et al., 1997).
These episodes could also be related to the rela-
tively high nitrate concentration values of the shal-
lower layers (> 1.0 µmol l–1 on average in the first
25 m) in the Cape Trafalgar area, which is also one
of the zones showing a high level of chlorophyll
concentration in the Gulf of Cadiz. 

According to the circulation pattern in the Gulf
of Cadiz described by Stevenson (1977), there are
two currents that follow a southeasterly direction,
one near the coast and another on the continental
slope (at the limit of our sampling area), and be-
tween them there is a counter-current aimed to the
northwest. Assuming the existence of such a gener-
al circulation pattern during the time of sampling,
which would have generated a frontal area, the so-
called Huelva Front, we could have expected the
presence of waters where nutrient enrichment (and
hence higher chlorophyll concentration values)
would have been facilitated by the hydrologic struc-
ture. This point has not been confirmed by the pre-
sent results, due to the front’s spatial-temporal vari-
ability and to the low resolution of the sampling
grid. Future cruises aimed at studying this area
throughout the seasonal cycle could provide better
data on the subject by using a higher resolution grid
and recording hydrodynamic measurements.

In the Alborán Sea, our findings regarding the
pattern of distribution of nitrate concentrations
are consistent with those reported in the literature,
with high values in the north of the basin (Rubín et
al., 1992; Rodríguez et al., 1994; Cano et al., 1995;
Rubín et al., 1997). Nitrate values in July 1995 were
similar to those presented in other studies (Rubín
et al., 1992; Rodríguez et al., 1994), but higher com-
pared with those of the two previous years (July
1993 and 1994). Although the wind data frame-
work was not presented for previous years, the dif-
ferences among cruises, as far as nitrate concentra-
tions and other features in the northern area of the
Alborán Sea are concerned, could be related to an
enhancement of the upwelling event due to the
wind effect. In fact, the wind characteristics in 1995
were favourable for such enhancement. 

Likewise, the distribution of chlorophyll found
in the northwest Alborán Sea sector during

IctioAlborán-Cadiz 95 is similar to those reported
in the literature, but with higher values compared
to other references, either from summer samplings
(Cortés, Gil and García, 1984; Rubín et al., 1992;
Rodríguez et al., 1994; Rodríguez et al., 1997) or
from other seasons (Cabanas, Cortés and Gracía,
1984; García, Rubín and Rodríguez, 1988; Delga-
do, 1990; Minas et al., 1991; Morel and André,
1991). A possible explanation of the higher chloro-
phyll values could be the one mentioned above, i.e.
a wind pattern that favours upwelling. One of the
sampling sites near the Fuengirola coast, station 7,
presented very low values for all biological descrip-
tors (chlorophyll, bacterial abundance, NR activi-
ty) compared with adjacent areas (see figures 5, 7
and 8). Since station 7 was near the upwelling area
and completely surrounded by waters with high
chlorophyll values, we expected to find high values
of both photosynthetic pigment concentrations
and NR activity, but this was not the case.
Nevertheless, the nitrate concentration at this sta-
tion was high (figure 4), especially at 50 m, the
depth of the chlorophyll maximum (Prieto, 1997).
The explanation for this singularity is not clear,
since the hydrologic data did not show any special
characteristic associated with this anomaly. It is,
however, possible that the high levels of nitrate
could be due to the fact that this nutrient had not
yet been consumed. Then, it could be associated
with a rapid input of nitrate related to hydrologic
phenomena on a lesser scale, which are frequent in
the area (Tintoré et al., 1991; Gil and Gomis, 1994),
but whose presence could not be assessed ade-
quately due to the low resolution of the sampling.

There are few references in the literature to
chlorophyll distribution in the Gulf of Cadiz, and
they refer only to restricted local areas, such as
Cadiz Bay (Establier, 1966, 1969, 1970a,b, 1975;
Establier and Lubián, 1983; Establier, Lubián and
Blasco, 1986; Establier, Blasco and Lubian, 1987),
the Huelva estuary (Cortés and Varela, 1992) and
the Huelva coast (López, 1993). Our results show
that chlorophyll distribution does not follow a clear
pattern, although a high phytoplanktonic biomass
(> 1.5 µg l–1) found in the area of Cape Trafalgar is
probably related to the vertical mixing and nutri-
ent-enrichment mentioned above.

The analysis of the size structure and taxonomic
composition of the planktonic community at the
selected stations also shows a considerable differ-
ence between the nutrient-rich one, typical of the
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northern coast of the Alborán Sea, and the pre-
dominantly oligotrophic station of the Gulf of
Cadiz. When the differences in nutrient content
and water turbulence are not very marked, we can-
not automatically expect a predominance of larger
phytoplankters, but an even more negative slope of
the size-abundance spectrum (Ruiz, García and
Rodríguez, 1996). In this case, when we compare
an upwelling station, e.g. at northern Alborán, with
an oligotrophic station, the classical paradigm pro-
posed by Malone (1980) of large organisms pre-
dominating in turbulent and nutrient rich areas
prevails. The taxonomic composition of the north-
ern Alborán sample corresponds to an assemblage
typical of coastal upwelling areas, with a domi-
nance of large diatoms.

NR-activity distribution

The results obtained are not as tightly related to
chlorophyll abundance as expected, probably due
to the dual assimilatory and dissimilatory role of
NR activity in the sea and the influence of the pres-
ence of aggregates with low chlorophyll content
but which presumably support intense nitrate con-
sumption processes.

The general distribution of photosynthetic pig-
ment concentrations and NR activities (figures 5
and 8) always showed a higher biomass and NR ac-
tivity in Alborán than in the Gulf of Cadiz. In the
upwelling influence area of the Alborán Sea, the
NR activity values were high, denoting an increase
in the relative importance of new production,
which is related with nitrate incorporation by the
phytoplankton (Dugdale and Goering, 1967) into
the total production. In the Gulf of Cadiz, however,
the zones with higher NR activity roughly coincide
with those of lower nitrate concentration and low-
er chlorophyll. This could suggest a predominant
or at least considerable dissimilatory role in this
area, associated with detrital particles, which can
have anaerobic sites (Goldman, 1984; Alldredge
and Cohen, 1987). If this were the case, it would in-
dicate a serious handicap to using this variable
alone as an indicator of new production in the
ocean. 

In addition, in some cases we found very high ab-
solute values of NR activity when both chlorophyll-
a values and bacteria abundance were low. A possi-
ble hypothesis to explain these high NR activities

would be an important protagonism of relatively
large-sized detrital particles with low content of
chlorophyll-a but with a possible high bacterial ac-
tivity. In fact, bacteria is another fraction to which
the NR activity could be attributed (Kirchman, Keil
and Wheeler, 1990; Cochlan, Harrison and
Denman, 1991, Dickson and Wheeler, 1995). On
the other hand, Jones (1979) showed, using differ-
ential filtration, how NR activity was associated with
large-sized particles. A preliminary study has been
conducted on abundance and size of particulate
material, in samples with low chlorophyll-a and
bacterial abundance but high NR activity, com-
pared with samples having a low content of chloro-
phyll-a and bacterial abundance but also low NR
activity (Prieto, 1997). This analysis supported our
hypothesis, because samples from both the
Alborán Sea and the Gulf of Cadiz had either low-
er number of particles or an average lower individ-
ual volume of aggregates when NR activity was low.
On the contrary, the samples that exhibited low
bacterial abundance and chlorophyll values but a
high NR activity showed either a much higher
number of particles (Alborán) or a much higher
individual particle volume (Gulf of Cadiz). This
finding suggests a switch from a predominant as-
similatory role of NR in rich waters to a predomi-
nant dissimilatory role in the poor marginal waters
(e.g. near the anticyclonic gyre). Further studies,
however, ought to be carried out to confirm this hy-
pothesis.
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