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a b s t r a c t

The physical aspects of the Subtropical Shelf Front (STSF) for the Southwest Atlantic Continental Shelf

were previously described. However, only scarce data on the biology of the front is available in the

literature. The main goal of this paper is to describe the physical, chemical and biological properties of

the STSF found in winter 2003 and summer 2004. A cross-section was established at the historically

determined location of the STSF. Nine stations were sampled in winter and seven in summer. Each

section included a series of conductivity-temperature-depth (CTD) stations where water samples from

selected depths were filtered for nutrient determination. Surface samples were taken for chlorophyll a

(Chl-a) determination and plankton net tows carried out above and below the pycnocline. Results

revealed that winter was marked by an inner-shelf salinity front and that the STSF was located on the

mid-shelf. The low salinity waters in the inner-shelf indicated a strong influence of freshwater, with

high silicate (72 mM), suspended matter (45 mg l�1), phosphate (2.70mM) and low nitrate (1.0 mM) levels.

Total dissolved nitrogen was relatively high (22.98 mM), probably due to the elevated levels of organic

compound contribution close to the continental margin. Surface Chl-a concentration decreased from

coastal well-mixed waters, where values up to 8.0 mg m�3 were registered, to offshore waters. Towards

the open ocean, high subsurface nutrients values were observed, probably associated to South Atlantic

Central Waters (SACW). Zooplankton and ichthyoplankton abundance followed the same trend; three

different groups associated to the inner-, mid- and outer-shelf region were identified. During summer,

diluted waters extended over the shelf to join the STSF in the upper layer; the concentration of inorganic

nutrients decreased in shallow waters; however, high values were observed between 40 and 60 m and

in deep offshore waters. Surface Chl-a ranged 0.07–1.5 mg m�3; winter levels were higher. Three groups

of zoo and ichthyoplankton, separated by the STSF, were also identified. Results of the study performed

suggest that the influence of freshwater was stronger during winter and that abundance distribution of

Chl-a, copepods and ichthyoplankton was related to the Plata Plume Waters (PPW), rather than to the

presence of the STSF. During summer, when the presence of freshwater decreases, plankton interactions

seem to take place in the STSF.

& 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Fronts are a clear example of the complicated biophysical
interaction processes that occur in the ocean (Owen, 1981; Le
Fèvre, 1986). The understanding of those processes constitutes an
ll rights reserved.
important challenge since both, demersal and pelagic fisheries
involve frontal systems (Olson, 2002).

As regards pelagic environments, discernment of water masses
distribution, currents, upwellings and fronts is essential to
interprete plankton distribution patterns (Boltovskoy, 1999). In
the Southwest Atlantic, in particular, the abundant marine fronts
cover different space and time scales (Acha et al., 2004). It is
agreed that abundance of phytoplankton biomass and enhanced
activity at high trophic levels are features distinctive to fronts
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(Le Fèvre, 1986; Largier, 1993; Mann and Lazier, 1996). Winds,
tides, freshwater discharges and oceanic currents are the forcing
factors that influence distribution and production patterns in
those systems (Acha et al., 2004).

Albardão, in the South Brazilian coast, is a region of extreme
importance to local fisheries (Haimovici, 1997; Castello et al.,
1997a). The area is enriched by the contribution of the Rı́o de la
Plata river runoff and, to a lesser extent, by the Patos/Mirim
Lagoons Complex. As described by Piola et al. (2008), the Rı́o de la
Plata river discharges approximately 23,000 m3 s�1 of freshwater
into the western South Atlantic thus inducing a large scale
buoyant plume that extends beyond 1000 km from the estuary in
winter and spreads along the coasts of Argentina, Uruguay and
Brazil; lateral mixing with other water masses forms the so-called
Coastal Waters (CW) (Möller et al., 2008) or Plata Plume Waters
(PPW) (Piola et al., 2008). Interaction with Subantarctic Shelf
Waters (SASW) transported by the Patagonian current and with
Tropical and Subtropical (Central) Waters (STCW) from the Brazil
current influence nutrients concentration (Fillmann, 1990; Ciotti
et al., 1995) and biological productivity (Teixeira et al., 1973; Ciotti
et al., 1995). As a result, mean annual primary production can
reach up to 160 g C m�2 year�1 (Castello et al., 1997b). The PPW
fertilizes the southern Brazilian shelf area making of it one of the
most important fisheries zones of Brazil (Castello et al., 1990). The
influence of the PPW varies along the year. In response to
variations in the along-shore wind stress the plume presents large
northeast penetrations and retractions along the continental shelf
in late fall-winter and late spring–summer, respectively (Piola
et al., 2005).

Piola et al. (2000) showed that in such a complex region
extension of the Brazil/Malvinas confluence over the shelf defines
a thermo-haline subsurface front, called the Subtropical Shelf
Front (STSF), between Subtropical and Subantarctic Shelf Waters.
The front is located near the 50 m isobath, at 321S, and extends
southwards towards the shelf-break close to 361S. The front,
covered by a low salinity surface layer generated by the discharge
of the Rı́o de la Plata river and the Patos Lagoon is not evident on
the surface. Its biology and contribution to the productivity of the
region is still poorly known; the information available shows that
the copepods communities in the area present the highest species
turnover (Berasategui et al., 2006). The seasonal plume variations
in the area may induce a strong impact on the shelf ecosystem
(Ciotti et al., 1995; Castello et al., 1990; Muelbert and Sinque,
1996; Sunyé and Servain, 1998). The importance of the STSF on the
biology of the region deserves further research.

In the Austral winter 2003 and summer 2004 two multi-
disciplinary surveys of the continental shelf and slope between
Mar del Plata, Argentina (381S) and Itajaı́, Brazil (261S) were
conducted (see Piola et al., 2008). The fieldwork design included
two transects in the Albardão region, one during a large runoff
penetration of the PPW (winter) and another in a plume retraction
(summer). The aim of this paper was to characterize the
oceanography of the STSF and the chemical and biological
properties during said conditions.
2. Materials and methods

The NICOP-La Plata cruises were carried out on board of R/V
A.R.A Puerto Deseado, between 20 August and 2 September 2003,
and R/V N.Oc. Antares, between 1 and 19 February 2004. Two
cross-shelf sections in the SW Atlantic Continental shelf were
performed during winter 2003 and summer 2004 (Fig. 1). In each
section, a Sea Bird Electronics model 911 Plus CTD fitted with a
turbidity sensor was used. For additional description on the
sampling strategy refer to Piola et al. (2008).
Water samples were collected to determine dissolved oxygen,
nutrients, chlorophyll a (Chl-a) and suspended particulate matter
(SPM) levels. A General Oceanics 1015 (winter) and SBE 23
(summer) rossette, both with 5 l Niskin bottles were used. As
described in Grasshoff et al. (1983), dissolved oxygen was
determined using the Winkler method with a Mettler DL 21
automatic titrator. Nutrients samples were filtered with a What-
man GF/F membrane and stored in polyethylene bottles, pre-
washed with HCl 1:1, rinsed with distilled water, then with
filtrated water sample and frozen for further analysis. Filters were
stored at �20 1C in the dark for posterior analysis of suspended
material. Following the recommendation in Grasshoff et al.
(1983), nitrate was determined using an AutoAnalyzer II—Bran-
Luebbes and silicate and phosphate with a Genesys spectro-
photometer—Bauch&Lombs. As described by Strickland and
Parsons (1968), SPM and suspended organic matter (SOM) were
analyzed gravimetrically.

Biological sampling included collection of zooplankton and
Chl-a on the surface and at selected depths. Seawater was filtered
onto GF/F filters kept frozen at �20 1C until laboratory analysis. In
the laboratory, filters were left for 24 h in the freezer in a 90%
acetone solution to extract pigments. The Chl-a concentration was
measured in a fluorometer (Turner Designs TD-700) using the
non-acidification technique (Welschmeyer, 1994). The fluorom-
eter was previously calibrated with a Sigmas Chl-a standard.

A Motoda net 60 cm mouth diameter and 300 mm mesh size
mounted on a closing mechanism structure was used to study
zooplankton distribution (see Wiebe and Benfield, 2003 for
description). The net was equipped with a digital flowmeter.
Tows were horizontal and lasted 10 min; samples were taken
below and above the halocline.

Copepods were selected as one of the target groups because
they are among the most numerous multicelled organisms on
Earth (Mauchline, 1998) that consume large amounts of micro-
plankton; in turn, they are eaten by fish and other predators
thereby transferring energy and carbon to higher trophic levels
(Runge, 1988; Howlett, 1998); they represent one of the keystone
trophic links in aquatic ecosystems (Turner et al., 1984). The
Copepoda class is well represented in terms of species richness in
all aquatic environments and, in the study region, it is one of the
richest and taxonomically best-known groups (Bradford-Grieve
et al., 1999). Copepods were identified under a compound
microscope to the lowest possible taxonomic level following
descriptions by Ramı́rez (1966a, b, 1969), Björnberg (1981) and
Bradford-Grieve et al. (1999).

Ichthyoplankton was studied to identify the importance of the
front in fishes early life history (spawning and/or nursery
grounds). Fish larvae were identified under a compound micro-
scope to the lowest possible taxonomic level following the
descriptions by Weiss (1981), Fahay (1983) and Richards (2005).
Due to uncertainties in specific identifications, only Engraulis

anchoita and Trichiurus lepturus eggs were identified; the remain-
ing fish eggs were analyzed as a single group.
2.1. Data analysis

Copepods and ichthyoplankton communities distribution
patterns were investigated using a combination of clustering
and ordination analysis to check adequacy and mutual consis-
tency of both representations (Clarke and Warwick, 2001).
Bray–Curtis similarities (Bray and Curtis, 1957) were calculated
and stations classified into assemblages using groups average
similarities. Raw data (individuals m�3 for copepods and indivi-
duals 100 m�3 for ichthyoplankton) were transformed using the
log10 (x+1) function to allow the less abundant species to exert
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Fig. 1. Distribution of stations along the two transects occupied during winter 2003 and summer 2004 in the SW Atlantic Continental Shelf (isobath in meters).
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some influence on similarities calculation (Clarke and Warwick,
1994). A samples ordination analysis with multi-dimensional
scaling (MDS) (Clarke and Warwick, 2001) was also performed to
display the biological relations among stations. The analysis was
performed to study seasonal changes in the communities
composition; then separately for winter and summer as a
complimentary method to the cluster analysis.
3. Results

3.1. Austral winter

3.1.1. Hydrography

Properties distribution across the shelf off Albardão showed a
thermal and a salinity front. The thermal one was the STSF located
in the outer-shelf between stations 44 and 43, at water depths
ranging 60–90 m (Fig. 2a and b). The STSF separated the inner-
shelf Subantarctic Shelf Waters (SASW; cool-low salinity waters)
present only at station 44 from the outer Subtropical Shelf Waters
(STSW) (warm-high salinity waters) identified at station 43 and
the upper layer of station 42. Further offshore Tropical Waters
(TW) were present at the subsurface of stations 41 and 40.
Temperature (Fig. 2a) across the 100 km inner-shelf band was
totally homogeneous in the range of 1 1C. The salinity front was
observed at station 46 and separated the inner PPW from the
outer SASW. The density section indicated weakening of stratifi-
cation in offshore direction and density compensation on the T
and S gradients across the STSF (Fig. 2c).
3.1.2. The nutrient field

The highest concentrations of organic and suspended matter
were associated to the PPW (station 46) (Fig. 2e and f). In
subsurface an important phosphate (2.70mM) (Fig. 2j) and
remarkably high silicate (50 mM) concentrations were found
(Fig. 2k); nitrate was markedly low (�1 mM) (Fig. 2i). Bottom
waters closest to the coast revealed high values of organic
(18.0 mg l�1) and suspended matter (44.80 mg l�1) (Fig. 2e and f)
associated to high turbidity levels (Fig. 2d) and relatively high
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Fig. 2. Winter 2003 the onshore–offshore transect in the SW Atlantic Continental Shelf. Vertical distribution of temperature (a), salinity (b), potential density (c), turbidity

(d), suspended organic matter (e), suspended particulate matter (f), dissolved oxygen (g), surface Chl-a (h), nitrate (i), phosphate (j), silicate (k), copepods abundance (l),

copepod assemblages (m), fish larvae abundance (n) fish larvae assemblages (o) and fish eggs abundance (p). Dash and solid lines on figures (l–p) are salinity and

temperature isolines at the front and the thermocline, respectively.
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phosphate (0.96mM) (Fig. 2j). With distance from the coast, an
important reduction of terrestrial input was observed. The high
values of nutrients present in deep waters could be linked to the
influence of the SACW. At station 42 phosphate reached 1.4 mM
and nitrate 25mM at 60 m depth (Fig. 2i and j); no silicate
concentration enhancement was seen; the values measured
hovered 5mM (Fig. 2k).
SPM was high throughout the water column (Fig. 2f),
particularly at stations near the coast. As a result of the intense
interaction between sediments and the turbulent shelf waters, a
maximum of organic and inorganic matter in shallow areas was
found. The contribution of de Rı́o de la Plata river discharge to
silicate enrichment was proved by the high levels observed in
low salinity PPW (Fig. 2k). The low salinity values (o31) were
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Table 1
Copepods identified in the winter and summer cruises (in bold characters species common to both seasons)
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associated to low temperature (�11 1C) and confirmed the
important input from terrestrial sources and the displacement of
waters over the inner-shelf. Dissolved oxygen values, relatively
high (46.00 ml l�1), increased towards the coast, situation
probably linked to an increase of biological production as shown
by the high Chl-a concentration found near the coast (Fig. 2h).
3.1.3. Surface chlorophyll a and turbidity

Concentration of surface Chl-a decreased steadily from high in
the coast (8 mg m�3) to 0.43 mg m�3 in offshore waters (Fig. 2h).
The N:P ratio that ranged, in general, o2.5 and close to 1 near the
coast indicated a reduction of nitrogen for phytoplankton of
surface waters along the transect. The slight increase of Chl-a

observed at station 42 was associated to the high levels of
subsurface nutrients found (Fig. 2i and j). In the mid-shelf the
decrease in Chl-a concentration matched with a simultaneous
change in salinity and turbidity (stations 45 and 44). At the
offshore stations (43 and 40) the slight changes in Chl-a were
associated to the thermohaline properties rather than to optical
ones.
3.1.4. Copepod assemblages and abundance

Twenty-five copepod species were identified (Table 1). Density
decreased from coastal to offshore waters (Fig. 2l), with 560 ind.
m�3 and a peak at the bottom of station 45 (1730 ind. m�3). The
highest density observed in the inshore stations (46 and 44)
corresponded to the coastal salinity front described above (Fig. 2b
and 2l). Eastward of the STSF abundance drop coincided with the
presence of subtropical and tropical water masses. The most
abundant copepod species was Ctenocalanus citer (40–1180 ind.
m�3) followed by Calanoides carinatus (1.4–530 ind. m�3).

Using the cluster analysis three assemblages were determined
at the 50% similarity level. The spatial distribution of the groups
allowed to recognize inshore, frontal and offshore groups
(Figs. 2m and 3C). The inshore one corresponded to stations
where the highest abundance was observed and that coincided
with the PPW. The frontal assemblage was related to the STSF and
the offshore group was present in the warmest STSW.

The inshore group (average similarity 77%, SIMPER analysis)
and the frontal one (average similarity 71%) clustered stations
characterized by C. citer and C. carinatus. The offshore group
(average similarity 68%) was typified by C. citer, Paracalanus parvus
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Fig. 3. MDS stations ordination-using data of numerical density. (A) winter versus summer for copepods, (B) winter versus summer for fish larvae, (C) copepods winter,

(D) fish larvae winter, (E) copepods summer and (F) fish larvae summer.
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and Mecynocera clausi (Table 3) that were also the main
discriminating species among groups. The offshore stations
presented higher abundance of P. parvus and M. clausi than the
inshore and frontal groups (Table 3).
3.1.5. Ichthyoplankton

Fish larvae were classified into 19 species or taxonomic
categories (Table 2). Mean abundance was 260 ind. m�3 with a
peak at the bottom of station 45 (1603 ind.100 m�3) located
between the plume front and the STSF (Fig. 2n). A high level was
also observed on the surface of station 44 (515 ind.100 m�3)
located in the STSF (Fig. 2n). The most abundant fish larva was
E. anchoita with density ranging 10–1600 ind.100 m�3, followed
by Merluccius hubbsi (1–13 ind.100 m�3). Species of the offshore
assemblage showed lower density; Symbolophorus sp. and
Gonostoma atlanticum that reached 9 and 10 ind.100 m�3 were
the most abundant. Mean fish eggs density was 250 ind. m�3.
A peak of 1180 ind. m�3, associated to the coastal salinity front,
was recorded at the coastal stations (Fig. 2b and p). Most of them
(ca. 98%) were identified as E. anchoita.

Using the cluster analysis three assemblages were determined
at the 50% similarity level. The spatial distribution of the groups
showed an inshore-frontal assemblage and an offshore group
(Fig. 2o). The former occupied most of the section, from the
innermost station to the offshore boundary of the STSF. The latter
was located farther east (Fig. 2o). The MDS analysis (Fig. 3D)
revealed that the offshore group was less coherent than the
inshore–frontal one (average similarity 62%, SIMPER analysis),
characterized by higher density of E. anchoita and M. hubbsi. The
offshore group (average similarity 37%) showed a heterogeneous
composition; Myctophidae and G. atlanticum were the discrimi-
nating species (Table 3).
3.2. Austral summer

3.2.1. Hydrography

During summer, the temperature structure was characterized
by a strong thermocline (Fig. 4a). Coastal Waters were slightly
fresher (So34) than waters offshore (Fig. 4b); density showed
stratification determined mainly by temperature (Fig. 4c). A weak
coastal front, defined by salinity, was observed between stations
49 and 50 (50 km off the coast). A strong salinity front was located
farther offshore, between stations 51 and 52. The SASW was
present only at station 50 with salinity ranging 33.4–33.7 where a
weak subsurface TW intrusion was observed. The STSW occupied
the upper layer of stations 51 and 52 that showed, also, subsurface
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Table 2
Fish larvae clusters identified in winter and summer (in bold characters Engraulis anchoita, the only species common to both seasons)
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TW intrusion although deeper and stronger than that at station
50. The bottom layer of the three stations defined a 70 km wide
per 20 m deep core of SASW-STSW mixture (Piola et al., 2008) that
flows, probably, along the Pozo de Fango (a Rı́o de la Plata river
paleochannel 60–70 m deep) located 80 km from the coast that
overflows eastward to the shelf-break (Fig. 4b).
3.2.2. The nutrient field

The organic matter was homogeneously distributed over the
continental shelf with values that ranged from 7 to 8 mg l�1.
Higher values were restricted to the surface offshore waters, with
average values of 13 mg l�1(Fig. 4e). The suspended matter
showed a bimodal distribution that increased close to the
shore (24 mg l�1) and in offshore subsurface waters (50 mg l�1)
(Fig. 4f).

The concentration of inorganic nutrients in shallow waters was
low. High values were observed only near the bottom. Nitrate and
phosphate were high at station 51, with 4 and 0.6 mM, respectively
(Fig. 4i and j). The high concentration of nitrate indicated a marine
input of nutrients.
3.2.3. Surface chlorophyll a and turbidity

Surface Chl-a was in the range of 0.07–1.5 mg m�3, values
lower than in winter that were associated to the PPW close to the
coast (Fig. 4h). Turbidity on the shelf, linked to an increased of
SPM and organic suspended matter, was high only at coastal
stations (Fig. 4d, f and e). An increase of SPM and organic matter
was also observed on subsurface waters far from the coast.
3.2.4. Copepod assemblages and abundance

Twenty-one copepod species were identified (Table 1). Mean
density was 370–7200 ind. m�3. The highest, found inshore
and above the thermocline, decreased offshore (Fig. 4l). The
Oncaea spp. and Clausocalanus parapergens were the most
abundant copepods with density ranging 2974 and 2812 ind. m�3,
respectively.

Using the cluster analysis three assemblages were determined
at the 50% similarity level. The spatial distribution showed the
formation of inshore, frontal and offshore groups (Fig. 4m). The
first assemblage occupied the water column of the innermost
station and the bottom layer of station 51. The location of the
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Table 3
SIMPER (‘‘similarity percentages’’ analysis) results to compare the inshore, frontal and offshore groups defined in the multivariate analysis

Contribution to similarity (%) Contribution to dissimilarity (%)

Inshore vs frontal Inshore vs offshore Frontal vs offshore

Copepods winter

Inshore group (average similarity 76.99%)

Ctenocalanus citer 43.41 16.04 14.15 9.81

Calanoides carinatus 38.41 24.64 23.61 17.46

Frontal group (average similarity 71.01%)

Ctenocalanus citer 57.79 16.04 14.15 9.81

Calanoides carinatus 30.67 24.64 23.61 17.46

Paracalanus parvus 7.32 11.71 9.44 17.97

Offshore group (average similarity 67.89%)

Ctenocalanus citer 33.90 16.04 14.15 9.81

Paracalanus parvus 20.09 11.71 9.44 17.97

Mecynocera clausi 14.12 – 8.64 14.29

Oithona sp. (1) 10.03 – 7.95 10.62

Copepods summer

Inshore group (average similarity 72.33%)

Ctenocalanus vanus 20.80 14.23 13.57 –

Centropages furcatus 19.75 7.07 13.01 8.76

Temora stylifera 19.28 – 8.00 8.71

Frontal group (average similarity 62.60%)

Clausocalanus parapergens 20.59 13.9 12.96 –

Corycaeus sp. 19.25 – – –

Temora stylifera 17.09 – 8.00 8.71

Offshore group (average similarity 60.87%)

Clausocalanus parapergens 31.62 13.9 12.96 –

Corycaeus sp. 15.57 – – –

Oithona atlantica 12.86 – – 7.78

Fish larvae winter Inshore–frontal vs offshore

Inshore–frontal group (average similarity 62.22%)

Engraulis anchoita 80.28 21.17

Merluccius hubbsi 18.09 8.73

Offshore group (average similarity 36.65%)

Myctophidae 34.29 9.84

Gonostoma atlanticum 30.74 12.37

Hygophum reinhardtii 16.34 6.70

Fish larvae summer

Inshore group (average similarity 41.47%)

Engraulis anchoita 44.82 12.08 20.28 7.29

Etropus sp. 24.18 9.12 12.7 –

Trichiurus lepturus 22.00 11.05 11.65 7.49

Frontal group (average similarity 15.72%)

Balistes sp. 32.35 4.66 – 11.57

Pleuronectiforms 25.53 7.91 – 12.27

Bregmaceros atlanticus 25.53 9.15 – 14.75

Offshore group (average similarity 43.29%)

Synodus sp. 100.0 – 8.60 13.97

Typical species (those contributing more than 90% to the average similarity for each group) and discriminating species (those contributing more than 90% to the average

dissimilarity between groups) are listed.
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frontal assemblage matched with the upper layer of the salinity
front in stations 51 and 52. The offshore group was located in a
region stratified both in temperature and salinity (station 53 and
bottom layer of station 52; Fig. 4m). The MDS analysis (Fig. 3E)
showed coherence with clustering and revealed that the bottom of
station 52 occupied an intermediate position between the frontal
and the offshore assemblages.

The inshore (average similarity 72%, SIMPER analysis), the
frontal (average similarity 63%) and the offshore (average
similarity 61%) groups were characterized by three species
each (Table 3). The main discriminating species among groups
were C. parapergens, Ctenocalanus vanus and Centropages furcatus

(Table 3).
3.2.5. Ichthyoplankton

Fish larvae were classified into 24 species or taxonomic
categories (Table 2). Mean abundance was 18 ind.100 m�3. The
most abundant species density ranged 0.6–28.7 ind.100 m�3

(T. lepturus) and 0.7–24.1 ind.100 m�3 (Bregmaceros atlanticus).
Abundance was equally distributed from coastal to offshore
waters and above and below the thermocline (Fig. 4n). The
highest density of fish eggs was recorded in the entire water
column of the inshore station and above the thermocline of
stations 51 and 52 (Fig. 4p). Mean abundance was 15 ind.100 m�3.
A high proportion of eggs (ca. 41%) was identified as T. lepturus.

Using the cluster analysis three assemblages were determined
at the 50% similarity level. The spatial distribution allowed to
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Fig. 4. Summer 2004 onshore–offshore transect in the SW Atlantic Continental Shelf. Vertical distribution of temperature (a), salinity (b), potential density (c), turbidity (d),

suspended organic matter (e), suspended particulate matter (f), dissolved oxygen (g), surface Chl-a (h), phosphate (i), nitrate (j), silicate (k), copepods abundance (l),

copepod assemblages (m), fish larvae abundance (n) fish larvae assemblages (o) and fish eggs abundance (p). Dash and solid lines on figures (l–p) are salinity and

temperature isolines at the front and the thermocline, respectively.
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identify inshore, frontal and offshore groups (Fig. 4o). The first
assemblage occupied the entire water column of the innermost
station and the upper layer of station 51; no clear relation with the
water masses distribution was found. The location of the frontal
assemblage matched with the salinity front at stations 51 and 52.
The offshore group was located in a region stratified both in
temperature and salinity (station 53, Fig. 4o). The MDS analysis
(Fig. 3F) showed coherence with clustering and revealed that, due
to the biological composition of the bottom at station 51, the
frontal group was the weakest.

Fish larvae summer groups were heterogeneous in their
composition. The inshore group (average similarity 42%) was
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discriminated by E. anchoita, the frontal group (average similarity
16%) by B. atlanticus and the offshore one by Synodus sp. (Table 3).
4. Discussion

The region showed a high variability level in physical, chemical
and biological properties at seasonal and spatial scales. During
summer and winter the highest copepod abundance was found on
the shelf, at depths below 60 m; the oceanic region showed very
low abundance. Although the spatial pattern was similar in both
seasons, the numerical density during summer was one order of
magnitude higher than that of winter. Copepods, fish eggs and
larvae showed the same spatial pattern and a different seasonal
one. Abundance was higher close to the coast and reached its
maximum in winter.

Seasonal changes in copepods communities were more evident
than those of fish larvae (compare Fig. 3A and B). The number of
species in each season was similar (25 in winter and 21 in
summer); almost all the species found during winter were absent
in summer; only five were common to both season (Table 3).
In some cases replacement occurred in co-generic species such as
C. vanus and C. citer, dominant in summer and winter, respectively.
C. vanus corresponded to cold Coastal Waters of Argentina; C. citer

was reported for coastal tropical upwellings (see Björnberg, 1981,
p. 595). Labidocera acutifrons, an oceanic species that inhabits
Brazilian warm waters was replaced by Labidocera fluviatilis, a
neritic one typical of temperate-cold waters found only during
winter. Abundance of species common to both seasons showed
high differences. In the whole transect Subeucalanus pileatus, a
thermophyle copepod from the Brazilian continental shelf was
abundant in summer and scarce in winter. C. carinatus, a species
linked to cold waters was more abundant in winter. The species is
also abundant in eastern and western upwelling areas of the
South Atlantic (Irigoien et al., 2005; Valentin, 1984; Valentin et al.,
1987).

As regards fish larvae, E. anchoita, the only species common to
both seasons, showed low abundance in summer. M. hubbsi is
abundant in the uruguayan and argentinian continental shelf
(Cousseau and Perrota, 1998). Its presence in Coastal Waters
during winter is an indicator of the influence of waters of southern
origin over the coast. The presence of the STSF in summer
separated the inshore from the offshore group. Inshore waters
were occupied by larvae from fish known to spawn in the coastal
region, among which Micropogonias furnieri and other Sciaenidae
(Sinque and Muelbert, 1997). The frontal group contained a
mixture of larvae of coastal origin such as T. lepturus (Sinque
and Muelbert, 1997) and fish of oceanic provenance such as
B. atlanticus (Matsuura et al., 1993).

Results show an almost complete replacement of planktonic
species during the annual cycle. Such biological variability seemed
to be driven by the high dynamics of water masses in the region
caused by the seasonal expansion and reversion of the PPW along
the coastal zone. In fact, in winter, the low salinity plume was over
100 km wide, two well-defined coastal fronts were easily
recognizable and no thermocline was present (Fig. 2a–c). On the
contrary, during summer, the coastal front was very weak, the low
salinity plume weak and reduced and a strong thermocline was
present. The STSF, in turn, was marked and more intrusive toward
the coast.

Chl-a measurements were similar to the values reported for
the region in austral winter and summer (Teixeira et al., 1973;
Hubold 1980a, b; Ciotti et al., 1995; Odebrecht and Garcia, 1997;
Carreto et al., 2003). Chl-a showed the lowest values during
summer when the PPW influence over the Brazilian shelf is lower.
Carreto et al. (1986) indicated that in the Rı́o de la Plata estuary
there is excess of silicate and phosphate and that nitrate might
control phytoplankton production. Besides the inorganic nutrients
input, the Rı́o de la Plata river outflow enriches the coastal system
with dissolved organic material such as vitamins, hormones,
humic and fulvic acids (Carreto et al., 1986) that stimulate
phytoplankton growth and explains the high Chl-a values found
close to the coast in winter, when the PPW influence is stronger.

In summer, Chl-a values were very low. Far from the coast, a
high concentration of nitrate in deep waters was observed.
However, the strong thermocline present might prevent avail-
ability of nutrients for photosynthesis on the surface. The very low
Chl-a values might also be the result of copepods grazing. The
extremely abundant species are mainly suspension feeders, and
their prey include tintinids, ciliates, copepod nauplii and phyto-
plankton (see Bradford-Grieve et al., 1999).

The role of fronts in the marine environment has been largely
discussed and it is now accepted that they are organism
production and destruction areas (Olson, 2002). In the Southwest
Atlantic, the extension of the continental shelf allows the
development of different mesoscale fronts. Although compara-
tively small, fronts play an extremely valuable role in ecological
processes thus allowing high primary production through nu-
trients pumping, offering feeding and/or reproductive habitats for
fishes, squids and birds; they also act as retention areas for
benthic species larvae and promote settlement of benthic
invertebrates (Acha et al., 2004). The Santa Marta Grande cape
upwelling, the Rı́o de la Plata estuarine front, the Penı́nsula de
Valdés tidal front and the large shelf-break front in the Argentine
Sea are some regional examples. In those systems, concentration
of different planktonic groups (mysids, copepods, salps, cteno-
phores, medusae, fish eggs and larvae, etc.) were reported (Acha
et al., 1999; Acha and Macchi, 2000; Alvarez Colombo et al., 2003;
Berasategui et al., 2004, 2006; Ehrlich, 2000; Marrari et al., 2004;
Mianzan and Guerrero, 2000; Mianzan et al., 2001a, b; Sabatini
and Alvarez Colombo, 2001; Schiariti et al., 2006). The sampling
strategy adopted brought about results that do not allow to
demonstrate the role the STSF plays in zooplankton concentration.
Chl-a distribution, copepods and icthyoplankton abundance
seemed more related to the PPW than to the presence of the
STSF. It must be considered here that the region in which the front
is located is already enriched by the Rı́o de la Plata river runoff
(Ciotti et al., 1995; Castello et al., 1990; Muelbert and Sinque,
1996; Sunyé and Servain, 1998). The effect of the STSF was evident
when the plankton community structure was analyzed. Changes
in the assemblages composition can be explained by the change in
water properties on both sides of the STSF clearly seen in both
seasons considered. The zooplankton assemblages pattern and
abundance distribution were arranged in a horizontal plane in
winter and vertical in summer, both following the physical
structure of the water column.

Results allow to characterize the oceanography of the Albardão
area in the Southwest Atlantic in winter and summer. The role of
the STSF on the plankton biota shows a seasonal, minor difference
if compared to the marked seasonal control of the PPW. The
dynamic interplay of the different water masses creates a region
with high nutrient input, primary production and copepod and
ichthyoplankton abundance. The high biological production in the
Albardão region constitutes the evidence of the processes that
take place there and support the important fisheries activities in
the area.
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Sunyé, P.S., Servain, J., 1998. Effects of seasonal variations in meteorology and
oceanography on the Brazilian sardine fishery. Fisheries Oceanography 7, 89–100.

Teixeira, C., Aidar, E., Fernandez, R.M., 1973. Relatório sobre a segunda pesquisa
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