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SUMMARY: We address the major surface signatures of chlorophyll @ in the Catalan Sea within the context of the dynamics
of the north-western Mediterranean basin. Monthly composites from MERIS measurements and CHL products for Case 1
waters were analysed from June 2002 to June 2005. Composite images of variability were used to identify surface dynamics.
The results showed that coastal and open sea waters were separated by a belt of low variability, a permanent oligotrophic
belt that is noticeable with respect to the bloom conditions of the surrounding areas. The width of this Catalan Oligotrophic
Belt (COB) located along the continental slope, varied between 17 and 30 km and became blurred in the southernmost
area. The chlorophyll a temporal pattern over the shelf showed an almost steady increase from September to March. A
similar behaviour but with lower concentrations was observed in oceanic waters. Both temporal patterns showed a disruption
during January and/or February that coincided with the well known deep water formation event in the Gulf of Lions. In
2004, the convection was weaker and the offshore temporal trend was not disrupted; however, the opposite was observed
in 2005. The spatial chlorophyll a distribution of oceanic waters presented a clear north-south decreasing trend, while the
coastal distribution did not show any latitudinal patterns but rather peaks in the areas enriched by river runoff. The observed
seasonality was similar to the one published from SeaWiFS data and slightly different from the seasonality shown by CZCS
data. Nevertheless, we did not discard the possibility that some of the observed seasonal differences could be a true temporal
shift in chlorophyll a production.
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RESUMEN: PATRONES ESPACIO-TEMPORALES DE CLOROFILA EN EL MEDITERRANEO NOROCCIDENTAL DERIVADOS DEL
SENSOR MERIS. — En este estudio se examinan los principales patrones en la distribucién superficial de la clorofila a en el
marco explicativo de la dindmica del Mediterraneo Noroccidental. Para identificar la dindmica en superficie se compusieron
iméagenes de variabilidad. Los resultados mostraron que entre las aguas costeras y ocednicas se diferenciaba un cinturén de
baja variabilidad, permanentemente oligotréfico y visible cuando en las aguas circundantes se producia proliferacion algal.
La amplitud del Cinturdén Oligotréfico del mar Cataldn (COB), localizado a lo largo del talud continental, oscilaba entre 17
y 30 km, disipandose en la mitad sur. El patrén temporal de clorofila en la zona de plataforma mostré un claro aumento de
septiembre a marzo. Un patrén similar se observo en la concentracion superficial en aguas ocednicas. En ambas regiones
se observo una interrupcion del patrén temporal en enero y/o febrero, coincidiendo con el momento de formacion de agua
profunda del Golfo de Le6n. En el 2004 el fendmeno de formacién de agua profunda fue mds débil y el patréon mensual en la
regién ocednica no sufrié ninguna interrupcion, al contrario que en el 2005 donde se observaron maximos. La distribucion
latitudinal de la clorofila a en la regién ocednica mostré un claro patrén de disminucién norte-sur mientras que en la region
de plataforma no se observé ningtin patrén pero si picos de concentracion en las dreas enriquecidas por la descarga fluvial.
La estacionalidad observada en este estudio es similar a la descrita con datos del sensor SeaWiFS y ligeramente diferente a la
publicada con datos de CZCS. No obstante, no se descarta la posibilidad de que parte de las diferencias observadas se deban
a un desplazamiento temporal en la produccion de clorofila a.

Palabras clave: Mediterraneo Noroccidental, clorofila a, teledeteccion, MERIS.



758 « A. GORDOA et al.

INTRODUCTION

The north-western Mediterranean basin (Fig. 1) is
formed by the northern part of the Algero-Provencgal
basin, and includes the Gulf of Lions, the Ligurian
Sea and the Catalan Sea. It is characterised by a rela-
tively stable coastal circulation, the existence of two
large rivers that discharge freshwater and nutrients
into coastal waters (the Rhone, in the north, and the
Ebro, in the south) and the occurrence of deep wa-
ter formation (Millot, 1991) offshore in the Gulf of
Lions. It is one of the most productive regions in the
Mediterranean Sea (Cruzado and Veldsquez, 1990;
Bosc et al., 2004).

One of the most noticeable oceanographic fea-
tures of the basin is the Northern or Liguro-Prov-
encal Current (NC), which flows at the shelf break
from the Ligurian Sea, along the coast of Provence,
through the Gulf of Lions and continues southwards
along the Catalan coast, where it is called the Cata-
lan Current (Salat, 1995), then through the Ibiza
Channel (Millot, 1987). Different studies (Mas6 and
Duarte, 1989; Cruzado and Veldsquez, 1990; Mas6
and Tintoré, 1991 Cruzado et al., 2002; Salat et al.,
2002) have shown that this current is in equilibrium
with a density front along its entire path (Font ef al.,
1988), where the salinity gradient is the main mark-
er over the Catalan shelf and is reinforced by river
runoff (Estrada, 1996). The NC also exhibits a clear
seasonality in the mesoscale variability linked with
the shelf/slope front (Font et al., 1995). The effect of
the front has been studied in the last decades, and its
role in the distribution of planktonic populations has
been shown (Margalef, 1985; Estrada and Margalef,
1988; Sdiz et al., 1992; Arin et al., 2005). The Cata-
lan front also bounds the spatial dispersion of fish
larvae, and is essential in the offshore and inshore
limits of coastal and oceanic species respectively
(Sabatés et al., 2004). Moreover, the location of the
frontal system shifts from near to far from the shelf.
Consequently, the corresponding accumulation of
fish larvae occurs on the coastal side or is dispersed
oceanwards (Sabatés, et al., 2004).

Estrada (1996) added a diverse range of means of
fertilisation to the specific sources of enrichment in
this region, such as land runoff in the littoral areas
(Cruzado et al., 2002) and vertical convection in the
central part of the Catalan Sea (Madec et al., 1996).
Among others it is worth noting the contribution
of sporadic fertilisation at frontal zones which also
helps to explain the “Mediterranean paradox” (Sour-

nia, 1973), that is, low nutrient reserve vs. moderate
level of primary production.

Historical in situ observations of chlorophyll a
in the NW Mediterranean Sea show large variability
in time and space (Veldsquez, 1997). In the Cata-
lan region inshore-offshore chlorophyll distribution
varied greatly among and within studies (Masé and
Duarte, 1989; Estrada, 1996). Mesoscale changes in
physical and biological coupling showed high chlo-
rophyll a values over the shelf in association with
continental waters. These were limited by the salin-
ity front, which exhibited high variability in offshore
locations in a short period of time, even reversing
the inshore-offshore salinity and chlorophyll gradi-
ents (Maso et al., 1998).

The spatial and temporal coverage of these stud-
ies based on in situ measurements, provided a limited
spatial and temporal picture of the dynamics of the
shelf-slope region. However, the spatial and tempo-
ral variability of the major hydrographical features
within the region, the shelf—slope frontal system, the
NC flow (Castellon ef al., 1990; Conan and Millot,
1995), the intrusion of the River Rhone (Castellon et
al., 1985; Mas6 and Tintoré, 1991) and the vertical
convection in the central zone, may provide a wide
range of potential hydrographical scenarios with dif-
ferent biogeochemical responses.

Over the last years the use of ocean colour data
has greatly progressed, and has become an essen-
tial tool for describing the biological response of
ocean hydrodynamics. There are several studies on
ocean colour in the Mediterranean at different spa-
tial scales, from the entire basin (Morel and André,
1991; Barale, 2003; Bosc et al., 2004), to some spe-
cific regions (Lohrenz et al., 1988, Arnone et al.,
1990, Gitelson et al., 1996, Van Dijken and Arrigo,
1996), and also focused on local sites (Gade et al.,
2003). A recent study of colour imagery of the Gulf
of Lions concluded that the NC channels the Rhone
river plume south to the Catalan coast (André et al.,
2005); however, it was also found that in bloom
conditions the position of the NC corresponds to an
oligotrophic vein. Although this last study did not
cover the Catalan coast, Barale et al. (2005) compos-
ite images showed that the oligotrophic vein intrudes
south of this region. Even though the oligotrophic
area was visible in both studies in certain months and
was located at the NC position, it was only visible in
the extreme northern part of the Catalan coast and
not in the southward route of this current. Despite
the substantial amount of work published on the Cat-
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Fi1G. 1. — Study area showing the divisions considered in the study.

alan Sea, the major surface chlorophyll a spatial and
temporal signatures are not clearly identified. This is
probably due to differences between timing, scales,
areas and the objectives of the various studies.

The scope of the present study is to provide a ba-
sis for understanding the biological response to the
complex hydrography of the north-western Medi-
terranean Sea. The specific objective is to identify
and describe the major spatial and temporal patterns
of sea surface chlorophyll a derived from the Me-
dium Resolution Imaging Spectrometer (MERIS) in
the region, and pay particular attention to the fron-
tal system between shelf and open sea waters in the
Catalan Sea (Fig. 1).

DATA AND METHODS

MERIS, an ocean colour sensor developed by
the European Space Agency (ESA), is part of the
ENVISAT platform launched in March 2002 (Rast
et al., 1999). A comprehensive summary of the ca-
pabilities of MERIS and other ocean colour sensors
was given by Bricaud et al., (1999). Since the launch

of ENVISAT, a study of the ground truth was car-
ried out at the “Centro de Estudios Avanzados de
Blanes” (CEAB) for nearly a year as part of ESA’s
MERIS Calibration/Validation Project. Chlorophyll
a, b, c measurements and phytoplankton counts were
carried out together with hydro observations (Weeks
etal.,2003). As a result, access to the MERIS ocean
colour observations was granted by ESA through
Brockmann Consult Ltd.. Weeks et al., (2003)
showed that the chlorophyll estimates derived from
a previous processing version of MERIS did not
characterise Mediterranean waters well, as it over-
estimated in situ data below 0.25 Chl ¢ mg m= by a
factor of 1.8. This bias is comparable to the bias of
SeaWiFS standard products for the Mediterranean
basin (Bosc et al., 2004) but is smaller in magnitude
according to a previous intercomparison (Fournier-
Sicre and Belanger, 2002).

The products used for the present study were
MER_RR_2P (Level 2), the reduced resolution geo-
physical product for ocean, land and atmosphere,
downloaded from the MERIS website (http://merci-
srv.eo.esa.int/merci/queryProducts.do) and proc-
essed by Basic ENVISAT (A) ATSR and MERIS
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toolbox (BEAM MEGS-PC/7.4) software. The da-
taset was made up of daily chlorophyll a concen-
trations (measured as mg m=) from the standard
MERIS CHL products for Case 1 waters (algal_1).
The procedure is based on a band ratio algorithm,
which is fully described in the MERIS Algorithm
Theoretical Baseline Document (ATBD).

(http://envisat.esa.int/instruments/meris/pdf/
atbd_2_09.pdf). Case 1 waters are defined as wa-
ters for which phytoplankton and their associated
materials control the optical properties (Morel and
Prieur, 1977). Although most of the studied region
corresponds to Case 1 waters the optical properties
of certain coastal areas, which are influenced by land
drainage or sediment resuspension, may be different
from those in Case 1.

The time period analysed in this study was from
June 2002 to June 2005. The area is within the lati-
tudes 40-42.55°N and longitudes 0.1-6.15°E, located
in the north-western Mediterranean Sea.

Since this study searched for mesoscale or low
resolution features, the spatial and temporal resolu-
tion was reduced when monthly composites were
constructed. The initial spatial resolution, 1040 m x
1060 m, was reduced to 4269 m x 5551 m (0.05°
x 0.05° ) and every available image was used for
each month. A total of 37 monthly composites was
estimated and later examined with the Spatial Ana-
lyst extension from ArcGIS 9.1 (1999-2004, ESRI).
Overall images were derived by: (1) averaging the
monthly images and (2) estimating their statistics of
variability (standard deviation (sd) and the coefficient
of variation (CV). The summer months (June to Au-
gust) were excluded in these estimations as it is well
known that the pigment contents at the surface are
constantly very low at this time, e.g. Estrada (1985),
Morel and André, (1991). The inclusion of summer
composites would have shifted the overall mean im-
ages and reduced the mean value of each grid point
but would have had no effect on the overall spatial
variability. We used the variability at each location
as a statistical tool to identify significant differences
in the spatial dynamics in chlorophyll a with the aim
of identifying distinct regions and boundaries. The
coefficient of variation (CV) image was calculated
by dividing the standard deviation (sd) of each pixel
by its mean. This statistic (CV) is dimensionless and
independent of the mean and provides information
about the relative variability of each pixel or loca-
tion, while the sd provides information about the ab-
solute variability.

Monthly variability of sea surface chlorophyll a
concentration was estimated separately for the shelf
and open sea regions once the boundaries of these
regions had been identified with variability maps.
Therefore, in order to examine chlorophyll a at dif-
ferent latitudes and also to examine the temporal pat-
tern at each latitude, both regions (shelf and ocean)
were divided into 18 latitudinal sectors (0.2° length)

(Fig. 1).

RESULTS AND DISCUSSION

The composite chlorophyll a images of the mean,
standard deviation, and coefficient of variation, from
June 2002 to June 2005, are illustrated in Figure 2.
Each of these images contains different information
that shows different features of the spatial dynamic
of chlorophyll @ in the region. The mean image (Fig.
2) provides limited information and even shows off-
shore dynamics in a distorted manner. The mean
image shows a decreasing offshore gradient in chlo-
rophyll a concentration but, as we show later, this
pattern may differ greatly from what is observed. It
shows the mean values along the shelf and identi-
fies the regions influenced by river discharges. Nev-
ertheless, these areas are very likely influenced by
Case 2 waters, so chlorophyll a estimations could be
distorted and should be considered with caution.

The standard deviation (Fig. 2) gives the absolute
values of temporal variability per pixel. This statistic
is to some extent dependent on the absolute mean
value; areas with high mean values are expected to
have higher standard deviations. The image of sd of
the coastal waters shows the main features identified
in the mean image, with high standard deviation at
the Rhone, Llobregat and Ebro river mouths; how-
ever, sd images of the open sea areas show a very
different picture from the mean image. The open sea
area exhibits a high sd variable in spite of the rela-
tively low average chlorophyll a (Fig. 2).

The sd separated coastal and oceanic regions by
an intermediate zone with very low standard devia-
tion. This zone delineates a belt along the coast of
Provence that follows the continental slope in the
Gulf of Lions where the shelf widens, and from there
flows along the coast of Catalonia, clearly separating
open sea and shelf waters at least as south as latitude
41°N. In short, coastal and oceanic regions are sepa-
rated by a distinctive region of low variability where
the low Chl a mean values illustrated in Figure 2
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F1G. 2. — Map of mean Chlorophyll from June 2002 to June 2005

and its corresponding standard deviation and coefficient of variation

composites (The white line represents the imaginary border between
shelf and ocean waters).

are quite constant throughout the year. However, the
low Chl a values of the oceanic region varies in a
wider range. The observed belt of low standard devi-
ation in chlorophyll a shows almost the same course
(imaginary line plotted in Figure 2) described for the
Northern Current (Millot, 1991). The criterion cho-
sen to establish the limits of the belt was the isolines
corresponding to 50% variability (CV = 0.5). The
width of this belt varies between 37 km and 17 km,
and becomes blurred in the southernmost area. The
latter result could be explained by the general circu-

lation observed in the area where the Catalan current
is dominated by successive fragmentations associat-
ed with changes in the orientation of the continental
slope (Salat, 1995). The estimated width of the blue
belt also lies within the range given for the width of
the Northern Current (Castellon et al., 1990). The re-
sults show that the northern current supports low Chl
a at least at the sea surface where the hydrodynamics
of the current may restrain the proliferation of algae.
From the different in situ studies in this area, only
those by Masé et al., (1998) are in agreement with
our findings. These authors found the frontal zone to
be characterised by low chlorophyll a compared with
inshore and open sea waters. The reason why other
studies (i.e. Estrada and Salat, 1989; Estrada 1991;
Sabatés et al., 2001) did not find the low productive
belt could be due to study areas which were further
south (around 41°N) where this belt is indiscernible
or inexistent. Nevertheless, the oligotrophic influ-
ence of the north Mediterranean current was already
observed in the Gulf of Lions (Gaudy et al., 2003).

The coefficient of variation showed the North
Current (NC) as a belt of permanently low produc-
tion of chlorophyll a and clearly showed the high
variability of open sea waters, which was buffered
by the sd due to its dependence on mean values. It is
illustrative to compare the information provided by
CV images with that given by the mean or standard
deviation images in order to understand the effect
of the two main rivers on their respective adjacent
areas. The CV values are not extremely high at the
river mouths as the influence of the river here is per-
manently high; therefore, pigments are permanently
high and consequently CV is low. However, those
areas that are episodically affected by river runoff
show high CV, north of the Ebro and south of the
Rhone. In summary, low CV identifies regions with
low variability, either with permanent, high Chl a
(where sd is high) or with permanent, low Chl a val-
ues (where sd is low).

The monthly mean images showed that, in the open
sea, the maximum variability in chlorophyll a concen-
tration takes place from February to April (Fig. 3). In
this period, a “blue hole” is clearly visible every year.
The term “blue hole” was given by Barale (2003) and
describes the lack of chlorophyll in the deep water
formation area during the vertical convection events
because until the surface layer becomes stable, algae
development is inefficient (Morel and André, 1991).
The blue hole begins in January every year but its
maximum manifestation, at least in our data series,
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FI1G. 3. - Maps of mean monthly Chlorophyll derived from MERIS data for the years 2003, 2004 and 2005.

takes place in February (Fig. 3). The blue hole varies
between years in magnitude, shape, duration and lo-
cation. In February 2005 the convection event seemed
to intrude on the shelf, reaching the littoral at Zone 9.
Assuming that its extension and duration are indica-
tive of the strength of the convection phenomenon,
the strongest event took place in 2005, when the hole
reached the northern part of the Gulf of Lions. In
contrast, 2004 showed very weak convection while
2003 exhibited an intermediate case. The exceptional
episode of deep water formation in 2005 has already
been observed (Canals et al., 2006; Font et al., 2007)
and explained by the strong and persistent northerly
winds during that winter. Our data show that the big-
ger the hole, the higher the subsequent chlorophyll
a concentration (Fig. 3). The Chl a concentration in
the blue hole was estimated between 0.06 and 0.1 mg
m- from the standard SeaWiFS products in February
1999 (Bosc et al., 2004). In the present study, MERIS
estimations for the same month comprised a wider
range of values from 0.01 to 0.2 mg m~ but they did
not show any positive or negative bias with respect
to SeaWiFS data. Different SeaWiFS data provided
by different reprocessing (3 and 4), systematically
overestimated Chl a in oligotrophic areas of the basin

(Bosc et al., 2004). As the data shown here does not
show any bias compared to the data of Bosc et al.,
(2004) they also probably overestimate oligotrophic
conditions.

The sea surface chlorophyll a images outline,
only by contrast, the oligotrophic belt when the
surrounding waters are productive. Thus, it is only
manifest in spring images, when blooming is gener-
alised, in coastal and open sea waters (Fig. 3). The
oligotrophic influence of the NC has already been
observed in the Gulf of Lions (Gaudy et al., 2003)
where it corresponds to offshore regions. The NC
current also represents the Catalan oligotrophic belt
(COB). At the peak of production (April), the COB
is clearly visible though it loses strength offshore the
city of Barcelona, at least at the surface, the absence
or weakening of this frontal structure may facilitate
shelf-slope exchanges at this latitude. In the same
latitude, Sabatés et al., (2001) found a strip of low
salinity water over the shelf-slope identified as con-
tinental influence water (CIW) which is enhanced by
low wind speed and increasing thermal stratification
(Sabatés et al., 2001). Results given for the CIW
show that, firstly, this strip had the same speed of 25
km day~! that has already been estimated for the NC

SCI. MAR., 72(4), December 2008, 757-767. ISSN 0214-8358 doi: 10.3989/scimar.2008.72n4757



CHLOROPHYLL a PATTERNS IN THE NW MEDITERRANEAN - 763

(Castellon et al., 1990), and secondly its width off-
shore from Barcelona was about 15 km. Our estima-
tions give a width for the COB of about 17 km at that
same latitude. The major difference between their
CIW strip and our COB belt is that they found these
waters to be highly productive while, in this study,
the COB is characterised by the opposite condition.
However, at certain months and off Barcelona, the
COB is not so clear and may only partially support
the findings of Sabatés et al., (2001) (e.g. March
2003 Fig. 3). Nevertheless, we cannot reject that par-
ticular scenarios with high Chl a concentrations at
the COB could be due to the influence of continental
enrichment. This hypothesis is supported by previ-
ous studies that show that the River Llobregat (south
of Barcelona) exhibits a relevant plume offshore and
southwards (Gade et al., 2003). In short, we suggest
that the COB is a visualisation, from ocean colour
imagery, of the upper layer of the NC by the distinc-
tion of its low Chl a concentrations with respect to
the higher values of the surrounding waters. The 3
composites shown in Figure 2 permit us to infer that
there is a region of permanent, low Chl a that clearly
differs from the temporal dynamic of the surround-
ing waters. The limitation of ocean colour image-
ry is that when the surrounding waters with strong
seasonal variability reach low values that are very
similar to those in the COB region, it is very difficult
to determine whether the COB is invisible or inex-
istent. Consequently, its temporal extension cannot
be determined from sea surface Chl a. However, the
spatial location can be estimated from the extension
of the highly stable water masses (Fig. 2).
Chlorophyll a dynamics were also analysed
with statistics estimated separately for open sea and
coastal regions. The boundary between coastal and
oceanic waters in the Catalan Sea, from Zone 6 to 18
(Fig. 1), was defined by the imaginary middle line
along the oligotrophic belt (Fig. 2). Mean temporal
patterns of the Chl a of coastal and open sea and
their differences are illustrated in Figure 4. It stands
out that concentration peaks over the shelf always
took place in March, while they vary around March
or April in the oceanic region depending on the year.
The chlorophyll a temporal patterns both over the
shelf and in oceanic waters are very similar and
show a steady increase from September to March
but are disrupted between January and February
when convection takes place. These results did not
differ significantly from Morel and André (1991) in
1981, although at that time convection extended to
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F1G. 4. — Mean monthly Chlorophyll from June 2002 to June 2005
for the coastal and oceanic regions separately (arrows indicate the
month of maximum deep water formation in the Gulf of Lions).

March. After the convection event, the chlorophyll a
production increased, reaching higher peaks than in
years with weak vertical convection. The convection
event was almost absent in 2004, when we observed
that the oceanic production also presented a steady
increase from summer to the following spring that
was similar to the one observed on the shelf but with
a lower magnitude. In 2004, the chlorophyll peak
in the oceanic region was lower than in other years,
but since the increasing trend was not disrupted in
January or February, the cumulative chlorophyll was
higher than in the years with strong vertical convec-
tion events.

The scenario seen in 2004, when Chl a concen-
trations in January and February did not drop, could
favour the survival of larvae of oceanic fish species
that spawn in winter (Sabatés et al., 2007). Moreo-
ver, secondary production could also be favoured
by a steady increase in Chl a during winter, as zoo-
plankton consume more particles that contain Chl a
in winter than in spring (Gaudy et al., 2003) when
there is more abundant Chl a. The shelf regions also
show a notably low concentration during winter and
early spring in 2005, when the reduction in food sup-
ply could have had a negative impact on some coastal
species. Our results in the area are influenced by the
vertical convection and differ from those of Morel
and André (1991) in the duration of convection and
in the time of blooming. These authors studied im-
ages from 1981 and from CZCS, and found that con-
vection lasted almost one month more, extending up
to March, and that blooming was in April.

Although coastal estimations of chlorophyll a are
clearly higher in the areas enriched by river runoff
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(Fig. 5) some distortion should be expected in the re-
sults. The degree of distortion of each mean will de-
pend on the proportion of grids with Case 2 waters in
each zone. Zones 7 and 8 are enriched by three small
rivers (Muga, Fluvia and Ter), while two small riv-
ers plus urban and industrial water from Barcelona
city discharge at Zone 12. The maximum value cor-
responds to Zone 15, which is enriched by the Ebro
River due to its high release of nutrients (Cruzado
et al., 2002); however, maximum distortion should
also be expected in this estimation. The spatial chlo-
rophyll a distribution of oceanic waters presented a
clear north-south decreasing pattern.

North-south distributions in both coastal and
oceanic areas showed relevant monthly and interan-
nual variability (Fig. 6). In 2004, every month had
the standard chlorophyll a coastal zonation. In 2005
there was a noticeable drop at Zone 15, which could
be due to a decrease in the Ebro river discharge due
to the low precipitation observed during that win-
ter (Font et al,. 2007). Our results show that Coastal
Zones 9 and 10 are characterised by low chlorophyll
a and we presume this could be due to NC waters
intruding in the littoral, as in February and March
in 2005 (Fig. 3), favoured by the steep bathymetry
of this area (Fig. 1). The latitudinal pattern of chlo-
rophyll @ in the open sea waters (Fig. 6) presented
high monthly variability and a consistent southward
decrease is only observed during April. The latitu-
dinal pattern in 2004 reversed twice in three succes-
sive months (February-April) but kept high monthly
mean values. This supports our previous conjecture
that the physical stability of 2004 prevented chlo-
rophyll a maxima but permitted a steady increase
(Fig. 4), which resulted in a higher total amount of

chlorophyll a. This result, if corroborated by future
studies, would make it possible to predict a relative-
ly high annual standing stock and extension in years
in which advection is weak and the blue hole is not
very noticeable in remote sensing images.

Finally, we contrasted seasonal patterns, regard-
less of their values, from the MERIS product with
the main divergences between CZCS (Morel and
André, 1991) and SeaWiFS products observed by
Bosc et al., (2004) for this region. The MERIS data
agree with SeaWiFS in the following patterns: 1)
the seasonal pattern of chlorophyll ¢ with minimum
values from June to August (CZCS in winter); 2)
the progressive increase from September to Decem-
ber (CZCS a distinct autumn bloom); 3) the spring
bloom from late February to early May (CZCS from
mid-April to early May). However, some of the ob-
served divergences should be attributed only to dif-
ferences between different products. Patterns 1 and
3 mentioned above do not differ from the most re-
cent CZCS products (Barale et al., 1999). Moreover,
Volpe et al., (2007) have recently developed a new
regional algorithm (MedOC4) for the Mediterranean
basin which corrects the bias of previous SeaWiFS
products. Volpe et al. point out that MODIS and
MERIS estimations are also likely to be biased and
also emphasise the need to develop regional algo-
rithms and re-analyse the SeaWiFS dataset. Con-
sequently, although the sensors cover distinct time
periods, CZCS from 1979 to 1983, SeaWiFS from
1997 to 2001, we should not discard or accept too
easily that the differences between them are due to
the effect of some real climatic temporal shifts.

CONCLUSION

In summary, our results capture several impor-
tant biological and oceanographic features and their
dynamics in the north-western Mediterranean Sea.
We warn against the extended use of mean compos-
ite images over different time periods to describe
the spatial dynamics in chlorophyll a because the
composite image may hide the real spatial dynam-
ics. The results have shown that chlorophyll a distri-
bution does not show the decreasing offshore trend
from the coastal to the oceanic domain described
in most of the studies carried out in this region and
the resulting assertion that the open sea is separated
from coastal areas by an intermediate frontal zone
(Barale et al., 2005). The oligotrophic belt, along
the Catalan shelf, shows that the frontal zone in this
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area is more a region of disruption than of transi-
tion. The dynamics and productivity of the COB are
influenced weakly by both the coastal and oceanic
domains, at least during the peak of standing stock.
This also explains the clear spatial segmentation
observed in previous studies between fish larvae of
shelf and oceanic origins and the low possibility of
overlapping in certain areas. The variability of the
COB shows that the disruption between coastal and
oceanic waters, at least in the upper layer, is weak-
er south of Barcelona. Thus, we conclude that off-
shore—inshore exchange as well as both passive and
active transport could be made easier at this latitude.
Another relevant result is that oceanic Chl a in this
region is not insignificant. Although we found that
strength of vertical convection enhances the subse-
quent increase of chlorophyll a, we conclude that the
overall chlorophyll a over the season may not differ
greatly between years, whether or not convection in
the Gulf of Lions takes place. Finally, we suggest
that, as timing and thus biological coupling with ma-
rine production are important factors in ecosystems,
the observed monthly variability between years may
favour some species over others and consequently
affect fish resources differently.
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