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Delimitation of domains in the external Río de la Plata estuary, involving 
phytoplanktonic and hydrographic variables

Autumn and spring hydrological (temperature 
and salinity) and biological (chlorophyll, 
phaeopigments and phytoplankton species) 
variables were analysed. Phytoplankton biomass, 
expressed as chlorophyll a reach a maximum 
of 6.1 μg L-1 in autumn and 22.8 μg L-1 during 
spring. Maxima were found in the frontal 
zone and marine adjacent area. Four domains 
were identified through multivariate analysis: 
Riverine, Estuarine, Frontal and Oceanic; mainly 
due to salinity and depth in autumn and due to 
salinity and chlorophyll in spring. The Riverine 
and Oceanic domains (West and East boundaries) 
matched in location in both seasons, while in 
spring an additional domain was discerned in 
the Canal Oriental (Channel domain). Salinity 
and chlorophyll concentration increased from 
the Riverine to the Frontal domain, being 
positively correlated for salinities 14, indicating 
that chlorophyll concentration was modulated 
mainly by the oceanic influence that improved 
light availability. While salinity maintains an 
increasing trend toward the Oceanic domain, 
phytoplankton biomass decreases. Though in 
this zone the chlorophyll concentration must be 
regulated by a combination of light availability 
and grazing, further investigation is needed.
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Neste trabalho foram analisadas no Rio da Prata as 
variáveis hidrológicas (temperatura e salinidade) 
e biológicas (clorofila, feopigmentos e espécies de 
fitoplâncton) por ocasião do outono e primavera 
(Uruguai). A biomassa do fitoplâncton, expressa como 
teor de clorofila, alcançou um máximo de 6,1 μg L-1 no 
outono e 22,8 μg L-1 na primavera. Esses máximos foram 
encontrados na zona frontal e na área marinha adjacente. 
Por meio de análises multivariadas, foram identificados 
quatro domínios: Ribeirinho, Estuarino, Frontal e 
Oceânico, com base na salinidade e profundidade no 
outono e na salinidade e clorofila na primavera. Em ambas 
as estações, os domínios Ribeirinho e Estuarino (bordas 
leste e oeste) estiveram localizados no mesmo local, 
mas, na primavera, um domínio adicional foi encontrado 
no Canal Oriental (domínio Canal). Tanto a salinidade 
quanto a concentração de clorofila aumentou do domínio 
Ribeirinho para o Frontal, o que se correlacionou de 
forma positiva com salinidades ≤ 14, o que sugere 
que a concentração de clorofila está sendo modulada 
principalmente pela influência oceânica no sentido de 
melhorar a disponibilidade de luz. Enquanto a salinidade 
tende a aumentar no sentido do domínio Oceânico, a 
biomassa de fitoplâncton diminui. Aparentemente, nessa 
região a concentração de clorofila estaria sendo regulada 
pela combinação de disponibilidade de luz e forrageio. 
Entretanto, novas pesquisas necessitam ser desenvolvidas 
para dar sustentação a essas hipóteses.

resumo

Descritores: Rio da Prata, Clorofila, Frentes, 
Domínios, Plataforma uruguaia.
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INTRODUCTION
Twenty percent of marine fish catches comes from 

coastal zones of intense human activity (PAULY; 
CHRISTENSEN, 1995) and the Uruguayan coast is 
no exception. The high biological productivity of the 
Uruguayan shelf has been associated with its complex 
hydrography and the presence of strong temperature and 
salinity gradients (ORTEGA; MARTÍNEZ, 2007). Fronts 
are zones of high phytoplankton biomass (LE FÈVRE, 
1986; LAUBSHER et al. 1993; OLSON et al., 1994; 
FRONEMAN et al.,1997; SHANKS; MCCULLOCH, 
2003) and also of improved production at higher trophic 
levels (LARGIER, 1993; MANN; LAZIER, 1996). 
Moreover, frontal zones have mechanisms that promote 
larval retention (MUNK et al., 2003; SHANKS et al., 
2003) and are used as feeding, spawning, nursery and 
breeding areas by fish, invertebrate populations and pelagic 
seabirds (BAKUN; PARRISH, 1991; ACHA et al., 2004). 
Shelf waters are a result of the water masses advected 
from adjacent zones and modifications due to atmospheric 
exchange and continental discharge (GUERRERO; 
PIOLA, 1997), mainly from the Río de la Plata - one of 
the largest estuarine systems in the world (FRAMIÑAN; 
BROWN, 1996). When the Río de la Plata reaches open 
waters, it forms an intense and active salinity and turbidity 
front whose features and position vary greatly as between 
seasons and years. The estuary dynamics impact the shelf 
up to a distance of 400 km (SIMIONATO et al., 2005).

In coastal nutrient-rich but turbid waters such as 
those of the Río de la Plata, the phytoplankton growth is 
limited primarily by light availability (CLOERN, 1987; 
ALPINE; CLOERN, 1988; CLOERN, 1996). Under such 
conditions the phytoplankton biomass distribution can be 
expected to reflect horizontal gradients in those variables 
(e.g. turbidity, salinity) that modulate light availability 
(PENNOCK, 1985; CLOERN et al., 1985; CLOERN, 
1999). Combined with turbidity, the water column mixing 
due to the scarce depth could cause the phytoplankton 
to stay most of the time in darkness, thus experiencing 
a loss in biomass (COLE et al., 1992). Although several 
oceanographic research projects have been undertaken 
in the Río de la Plata (GUERRERO et al., 1997, NAGY 
et al., 2002, CALLIARI et al., 2005; CARRETO et al., 
2008), most of them have analyzed large scale processes 
involving the whole estuary. Our goal is to differentiate 
domains by means of hydrological and biological 
variables involving mesoscale processes, and areas with 

greater or lesser phytoplankton biomass and different 
species composition in this part of the estuary and review 
their biological importance.

Study area

The Río de la Plata is a micro-tidal estuary 320 km 
long and 230 km wide at the mouth. It is located between 
latitudes 34º00’S and 36º20’S and longitudes 55º00’W 
and 58º30’W. It drains the second largest basin of South 
America and its two major tributaries are the Paraná 
and Uruguay rivers. The resulting outflow is on average 
22000 m3s-1 (FRAMIÑAN; BROWN, 1996) showing 
seasonal variability with its maximum in March-June and 
September-October and its minimum from December to 
March (GUERRERO et al., 1997; NAGY et al., 2002). 
Additional variability on longer time scales is associated 
with ENSO (El Niño Southern Oscillation), inducing 
floods (and droughts) during warm (and cold) events 
respectively (PISCIOTTANO et al., 1994; CAZES-
BOEZIO et al., 2003). The position of turbidity maximum 
is highly variable according to tide, river discharge and 
wind (FRAMIÑAN; BROWN, 1996). Nutrient levels are 
high along the freshwater areas decreasing seaward and 
the overall eutrophic condition is moderate (NAGY et al., 
2002). The Rio de la Plata can be divided into inner and 
outer regions (CARP, 1989) based on their morphology 
and dynamics. The inner, fluvial system is under strong 
tidal influence and presents high turbidity, having depths 
of between 1 and 5 m. The outer, less turbid, mixohaline 
system has depths of between 5 and 25 m and vertical 
stratification (FRAMIÑAN et al., 1999; MIANZAN et al., 
2001a). This study focused on the outer region of the Río 
de la Plata and the adjacent marine area between latitudes 
34º 54’S and 35º 45’S and the 5 and 50 m isobaths (Fig. 1)

MATERIAL AND METHODS
Sampling and labOratOry analySiS

Two survey cruises were carried out, the first during 
autumn (17-19 May) and the second in spring (17-19 
November) of 2001 onboard the R.V. “Aldebaran”. Four 
transects were sampled in autumn and three in spring 
(Fig.1), the former comprising 47 oceanographic stations 
and the latter 36 stations (though maintaining the autumn 
station numbers); the distance between stations was of 
approximately 10 nm. At each station, a conductivity, 
temperature, and depth (CTD) cast (SBE-19) profiled the 
water column from the surface to the bottom.
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Figure 1. Map of the study area with the position of the surveyed 
stations; ●, all parameters; ▼, only CTD station.

Water samples for biological analyses were taken 
with Niskin bottles from the surface, 5, 10 and when 
possible 20m depths. Immediately after collection, the 
water samples were filtered through glass fiber filters 
(Whatman GF/C, 47 mm) to assess total chlorophyll. 
Filters were stored, dried and frozen for subsequent 
analysis in the laboratory. Chlorophyll was extracted with 
90% acetone and analyzed with a Shimadzu UV–2101 
PC, UV-VIS Scanning spectrophotometer before and 
after acidification. Chlorophyll a (Chl a) concentration 
was calculated according to Jeffrey; HUMPHREY (1975) 
with correction for phaeopigments (LORENZEN, 1967). 
To obtain one Chl a value for each station, that would 
allow the comparison and differentiation of areas with 
high chlorophyll concentration, we calculated the average 
Chl a per cubic meter (mean integrated Chl a). The mean 
integrated Chl a at each station was estimated by graphical 
integration of the discrete values and then divided by the 
integration depth. Qualitative phytoplankton samples 
were taken with a 25μm net and fixed with 4% buffered 
formalin. Phytoplankton species were identified using 
an optical microscope Leitz DIAPLAN. Diatoms were 
cleaned according to the Hasle and Fryxell method 
(FERRARIO et al., 1995) just for identification purposes.

data analySiS

K-means clustering (MACQUEEN, 1967) and non-
metric Multidimensional Scaling (MDS) analysis, using 
a squared Euclidean distance matrix with raw data, 
were employed in order to group stations with similar 
characteristics and to define hydrographic domains. 
Variables involved were: depth, mean salinity (in the water 

column), mean temperature (in the water column), mean 
integrated Chl a and the mean Chla/phaeopigments index. 
Also a K-means and an MDS with the phytoplankton 
species presence/absence categorized (0-4) data matrix 
were done. A nonparametric Spearman rank correlation 
was performed with data (mean temperature, salinity and 
Chla/phaeopigments values and mean integrated Chl a) 
from both seasons, divided into two sets in relation to the 
surface salinity frontal zone, i.e. salinity (S) £14 and S 
> 14. Stratification of the water column was calculated, 
dividing the difference between bottom and surface 
salinities by depth.

RESULTS
temperature

Autumn

A cold water patch (14 – 14.5ºC) with a major diameter 
of ca. 80 km occupied great part of transects (T) I, II and 
III. The analysis of the vertical distribution of temperature 
on the transects (Fig. 2A) shows the prevalence of cold 
waters at the surface (13.5 – 16ºC) over the study area, 
recording relatively lower temperatures on TI and TII 
(13.5 – 14.5ºC) as well as the drop of the 14.5ºC isotherm, 
confirming the existence of that cold water patch, 
reaching a maximum depth of ~10m. Temperature tended 
to increase with depth along each transect (Fig. 2A) and 
also from TI to TIV (Mean ± SD; 14.58 ± 0.61, 14.89 ± 
0.61, 15.42 ± 0.45, 16.01 ± 0.28 ºC TI, TII, TIII, and TIV 
respectively). This pattern was also observed on TI and 
TII when considering the distance from the coast; TIII 
and TIV recorded a higher temperature along the whole 
transect. Particularly on TIII did the 15.6ºC isotherm 
located near the bottom at the outermost stations reach 
the surface in the middle of the transect; waters of low 
temperature (14.6ºC) were observed offshore, contrasting 
with those observed at coastal stations (15.4 – 15.6ºC). A 
deepening of the isotherms flanked by waters at a higher 
temperature (16ºC) was recorded in the middle of TIV.

Spring

The transects recorded a decrease of temperature with 
depth and distance from the coast (Fig. 2B). Temperature 
on TI ranged between 20 and 18.5ºC at the surface, 
recording lower temperatures (17ºC) at the bottom at outer 
stations. TIII recorded relatively lower temperatures than 
TI, surface values ranging between 19.5 and 18ºC and 
17ºC deep offshore. Finally, TIV recorded high vertical 
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Figure 2. Temperature in ºC vertical sections during autumn (A) and spring (B), small dots display the surveyed depth at each station.

gradients varying from ~20ºC at the surface at coastal 
stations, and 15ºC at the bottom at deeper stations. Also, 
mean temperature decreased from TI to TIV (Mean ± SD; 
18.38 ± 0.64, 17.95 ± 0.53, 17.39 ± 1.36ºC).

Salinity

Autumn

The vertical distribution of salinity showed a clear 
increase with depth (Fig. 3A) and distance from the coast 
on TI and TII, which recorded the lowest values at the 
coastal stations (S < 4). Low salinity values were observed 
on TIII (19) offshore and TIV (21) at middle stations 
(approximately 60-70km from the origin). Similarly to 
temperature, mean values of salinity increase from TI to 
TIV (Mean ± SD; 18.47 ± 9.93, 21.94 ± 8.66, 26.42 ± 
4.47, 30.47 ± 3.35 on TI, TII, TIII and TIV, respectively). 
The highest surface values were recorded at the coastal 
stations of TIII and TIV (24 – 26).

Spring

Unlike temperature, salinity increased from TI to 
TIV (Mean ± SD; 20.05 ± 8.08, 25.66 ± 4.03, 27.65 ± 
3.91). TI recorded the lowest salinity, reaching values < 
2 at coastal stations, increasing gradually seawards (Fig. 
3B). A well-defined frontal zone could be discerned in 
the middle section, where salinity varied from 10 to 20 in 
approximately 20km (i.e. a salinity gradient ~ 0.5 km-1). 

TIII showed values higher than TI, registering 14 at the 
surface near the coast and 26 at outer stations, reaching 30 
in bottom waters. A high vertical stratification associated 
with the coastal zone was also recorded. As has been 
described for TI, a continuous offshore increase in salinity 
was observed. Finally, TIV recorded the highest mean 
value, attaining 15 near the coast, 25 at the surface and 
32 at the bottom at the offshore extreme; a strong vertical 
stratification also being recorded at depths < 15m (Fig. 3B).

pigmentS

Autumn

TI recorded the lowest chlorophyll mean value 
(0.41 ± 0.74 mg L-1), and the concentration increased 
with distance from the coast, reaching 2.85 mg L-1 at 
the surface at offshore stations (Fig. 4A). TII recorded a 
similar pattern but the mean value was higher (0.82 ± 0.95 
mg L-1), and, as in TI, the maximum (2.93 mg L-1) was 
at the surface at offshore stations. TIII followed the same 
increasing trend in mean value (1.43 ± 1.47 mg L-1) and 
distribution, i.e. maximum discrete value was registered 
far from the coast (6.14 mg L-1). Finally, TIV recorded a 
lower mean value than TII and TIII (0.65 ± 0.52 mg L-1) 
and the maximum (1.86 mg L-1) was located in the middle 
of the transect associated with cold surface water (Fig.4A). 
The phaeopigments follow the same pattern, increasing 
from TI to TIII, reaching the maximum mean value (3.8 ± 
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Figure 3. Salinity vertical sections during autumn (A) and spring (B), small dots display the surveyed depth at each station.

4.0mg L-1) on TIII, and then decreasing on TIV, although 
the maximum discrete value (12mg L-1) was found on TIV 
in subsurface waters (not shown). It is worthy of mention 
that all the maximum Chl a values were associated mainly 
with high abundance of Akashiwo sanguinea. Also the Chl 
a/phaeopigments index showed an increasing trend from 
TI to TIV (Mean ± SD; 0.2 ± 0.2, 0.46± 0.39, 0.49± 0.31 
and 1.51 ± 4.5 for TI, TII, TIII and TIV, respectively), the 
vertical pattern coinciding with that of the phaeopigments. 
The maximum (20) was found at station 45 (TIV). Mean 
integrated Chl a values ranged between 0 and 1.74 mg L1 
and the maximum values were found on the marine side of 
the surface salinity front (S 14 - 18) (Fig. 5A).

Spring

Mean chlorophyll a concentration showed an 
increasing trend from TI to TIV (Mean ± SD; 1.15 ± 
0.96, 1.68 ± 1.41, 6.23 ± 6.33 mg L-1). On TI the lowest 
concentration of Chl a was found adjacent to the coast, 
the maximum (3μg L-1) being associated with the frontal 
zone described before for salinity (Fig. 4B). TIII recorded 
higher values, reaching a maximum of 4μg L-1 at the surface 
near the coast. A relatively high concentration was also 
recorded in the middle of the transect, decreasing in areas 
with greater oceanic influence. The highest concentration 
of Chl a was found on TIV, reaching a surface maximum 
of 22.8 μg L-1 near the coast (station 37), also associated 
with the maximum gradient described for salinity. Values 

recorded at this station were high throughout the water 
column. The maximum phaeopigments value (19μg L-1) 
was registered at the outer stations of TIV (not shown) 
and the mean values of each transect were similar (Mean 
± SD; 4.0 ± 3.2, 3.6 ± 2.9 and 5.7 ± 4.7 μg L-1, for TI, TIII 
and TIV, respectively). The Chl a/phaeopigments index 
showed the same pattern as that at station 45 (TIV). Mean 
values showed an increasing trend from TI to TIV (Mean 
± SD; 0.53 ± 0.50, 0.58 ± 0.38 and 2.40 ± 4.42 for TI, 
TIII and TIV, respectively). Mean integrated Chl a values 
ranged from 0 to 17.25 μg L-1 and the maximum ones were 
in the salinity frontal region (S 14 - 18) near the coast and 
adjacent marine area (Fig. 5B).

DomAinS

Four domains were defined in autumn through the 
K-means clustering and MDS analysis (Fig. 6A) (stress = 
0.02) and five in spring (Fig. 6B) (stress = 0.02). Salinity 
and depth were the main variables defining the domains 
during autumn (F = 66.28 p < 0.0001 and F = 31.22 p 
< 0.0001, respectively) while salinity and chlorophyll 
defined them in spring (F = 30.35 p < 0.0001 and F = 
26.65 p < 0.0001, respectively). K-means and MDS 
analysis of the phytoplankton species defined analogous 
domains (not shown). The main discriminating species 
in autumn were Aulacoseira granulata (F = 142.9 p 
< 0.0001), Pediastrum duplex (F = 74.5 p < 0.0001), 
Akashiwo sanguinea (F = 29.7 p < 0.0001) and Proboscia 
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Figure 4. Vertical distribution of chlorophyll a (μg L-1) during autumn (A) and spring (B).

alata (F = 20.5 p < 0.0001). In spring the main defining 
species were Dinophysis caudata (F = 100.7 p < 0.0001), 
Goniodoma polyedricum (F = 50.8 p < 0.0001), Proboscia 
alata (F = 28.4 p < 0.0001), Aulacoseira granulata (F 
= 26.7 p < 0.0001) and Oxytoxum sceptrum (F = 14.8 p 
< 0.0001). The geographical location of the domains is 
comparable in both seasons. One of them is a freshwater 
area (Riverine domain) which corresponds to station 13 
in both seasons (Fig. 7). This area showed freshwater 
salinity (Mean ± SD; 0.073 ± 0.00 and 0.078 ± 0.0007 in 
autumn and spring, respectively) as well as extremely low 
Chl a concentration, the phaeopigments prevailing (Mean 
± SD; 0.47 ± 0.66 and 9.34 ± 2.60 μg L-1 in autumn and 
spring, respectively). The phytoplankton community was 
represented by freshwater species, mainly Aulacoseira 
spp, Surirella spp, Closterium spp, Pediastrum spp and 
Scenedesmus spp. The other area that matched exactly 
in both seasons was the marine border (Oceanic domain) 
corresponding to stations 45 and 47 (Fig. 7). It was 
characterized by relatively high salinity (Mean ± SD; 
31.25 ± 2.78 and 29.5 ± 1.96 for autumn and spring, 
respectively) and intermediate values of Chl a (Mean ± SD; 
0.73 ± 0.53 and 3.12 ± 2.83 μg L-1 for autumn and spring, 
respectively). The highest chlorophyll/phaeopigments 
index was registered in this domain. The representative 
species were from marine warm waters, Proboscia alata, 

Proboscia indica, Eucampia zodiacus and Neoceratium 
pentagonum. An estuarine area (Estuarine domain) was 
outlined, involving a broader area in autumn than in 
spring (Fig. 7), showing relatively low salinity values 
(Mean ± SD; 12.58 ± 6.15 and 12.16 ± 4.70 for autumn 
and spring, respectively) and low Chl a values (Mean ± 
SD; 0.21 ± 0.21 and 2.48 ± 2.00 μg L-1 for autumn and 
spring respectively). This domain did not show particular 
species, the species found were shared with other domains; 
those that showed higher abundance being Odontella 
aurita, Coscinodiscus jonesianus and Neoceratium furca. 
Lastly, the fourth area corresponds to the frontal region 
and adjacent marine zone (Frontal domain), whose 
geographical location also varied between seasons (Fig. 
7). This area showed relatively high salinity (Mean ± SD; 
27.44 ± 4.76 and 26.16 ± 3.47 for autumn and spring, 
respectively) and high Chl a (Mean ± SD; 1.06 ± 1.15 and 
3.39 ± 4.75 μg.l-1 for autumn and spring, respectively). 
This domain presented typically estuarine and marine 
species such as Coscinodiscus wailesii and Triceratium 
favus; Akashiwo sanguinea, Alexandrium fraterculus, 
Protoceratium sp. and Neoceratium candelabrum were 
also found exclusively in this domain. An additional area 
located in the Canal Oriental (Channel domain) (Fig. 7B) 
with intermediate values of salinity (22.68 ± 5.00) and high 
Chl a concentration (14.56 ± 8.17 μg L-1) was delimited in 



BRAZILIAN JOURNAL OF OCEANOGRAPHY, 63(3):217-228;2015

Martínez et al.: Delimitation of domains Río de la Plata

223

Figure 5. Mean integrated chlorophyll a (μg L-1) (crosses) and surface 
salinity (colour contours) during autumn (A) and spring (B). The point 
size is proportional to the chlorophyll concentration (0 to 1.74 μg L-1 
in autumn and 0 to 5.66 μg L-1.in spring).

Figure 6. Two dimensions multidimensional scaling scatter plot for 
autumn (A) and spring (B). Circles indicate the domains determined.

spring next to the coast. This domain was characterized by 
high abundance of Oxytoxum spp.

The nonparametric Spearman’s rank correlation 
showed significant correlation between mean integrated 
Chl a and salinity as well as between the Chl a/
phaeopigments index and salinity for S <= 14 (R = 0.71, 
p = 0.002, n = 16 and R = 0.66, p = 0.005, n = 16 for 
salinity vs. mean integrated Chl a and salinity vs. Chl a/

Figure 7. Delimited domains from the multidimensional scaling 
analysis and position of the surface salinity front for autumn (A) 
and spring (B). R: Riverine domain; E: Estuarine domain; F: Frontal 
domain; O: Oceanic domain and Ch: Channel domain.

phaeopigments, respectively). However, for S > 14 no 
significant correlation was found between salinity and the 
Chl a/phaeopigments index (R = -0.007, p = 0.97, n = 27) 
and a negative correlation was registered between salinity 
and mean integrated Chl a (R = -0.40, p = 0.04, n = 27).

DISCUSSION
During autumn the progressive increase of temperature 

from TI to TIV and seaward, confirms the influence of warm 
waters over the shelf, particularly eastward, contrasting with 
the cold estuarine waters. This influence was evident at the 
coastal stations of TII and TIII and the entire TIV; however, 
since our sampling occurred in late autumn, the onset of a 
northward transport of cold diluted Subantartic Shelf Water 
could be expected. The colder oceanic water species found 
in the south of the study area corroborate the intrusion of 
Subantartic Water (SAW). A northward transport of cold 
shelf waters south of Bahía de Samborombón (Argentina) 
had previously been reported (LASTA et al., 1996; 
FRAMIÑAN et al., 1999; SIMIONATO et al., 2004) in 
accordance with the distribution of surface isotherms in 
that area during autumn. Vertical sections displayed low 
vertical stratification in temperature during autumn; thermal 
inversion indicating the influence of warmer shelf waters on 
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bottom layers and less dense cold estuarine waters on surface 
layers. Thermal inversions are a common feature during the 
cold season when haline-stratification determines that the 
surface fresh water layer loses heat rapidly. GUERRERO et 
al. (1997) also found a negative sign in the stratification in 
the fall-winter period due to cooler riverine waters lying over 
warmer shelf waters.

The estuarine discharge plume was wider during autumn 
as was noticed in the horizontal surface salinity distribution 
for both seasons, showing a northeastward discharge along 
the Uruguayan coast as has previously been stated by 
GUERRERO et al. (1997) and SIMIONATO et al. (2004).

During late spring, the weakening of the cold water 
influence was observed concurrently with an enhanced 
transport of warm oceanic waters from the NE. The main 
penetration of warm waters seems to be by the deep channel 
(Canal Oriental) since warm water phytoplankton species 
(e.g Goniodoma polyedricum) were found in that zone. 
The coastal penetration of warm oceanic water is generally 
associated with a lower river discharge that allows the 
intrusion of oceanic waters toward the coast, as well as the 
associated biota (MIANZAN et al., 2001b; PIMIENTA et al., 
2005; DEMICHELI et al., 2006; ORTEGA; MARTÍNEZ, 
2007). The estuarine waters were also warmer and the 
region showed a higher temperature than in autumn. Spring 
oceanic shelf waters recorded lower temperatures than the 
estuarine ones, as stated in GUERRERO et al. (1997).

Chlorophyll values were in the same range as in 
other turbid estuaries (ALPINE; CLOERN, 1988) and 
in previous research in the Río de la Plata (NAGY et al., 
2002; CARRETO et al., 2003; CALLIARI et al., 2005; 
CARRETO et al., 2008). Higher values were found in 
spring in accordance with the annual cycle proposed for 
other temperate water bodies (PARSONS et al., 1977). 
Moreover, in autumn the greater Río de la Plata discharge 
(GUERRERO et al., 1997) could increase the concentration 
of suspended solids and thus diminish light availability, 
causing even lower productivity. Regarding the horizontal 
distribution, higher values were found in the frontal zone and 
the adjacent marine zone, as expected, in accordance with 
other authors (LARGIER, 1993; MANN; LAZIER, 1996; 
ACHA et al., 2008). In this zone the nutrient concentration 
is still high and the improved light environment, due to 
a minor concentration of suspended solids and vertical 
stratification, enhances productivity (PENNOCK, 1985; 
CLOERN, 1987).

The surface thermohaline front divided the sampling 
area in two main regions. During autumn a cold and fresh 

one located in the W and a warmer and salty one in the E, 
while in spring the regions were warm and fresh in the W 
and relatively colder and salty in the E.

The delimited domains agree with these two main areas 
divided by the thermohaline front, i.e. the Riverine and 
Estuarine domains in the W; and the Frontal, Oceanic and 
Channel domains in the E. The Riverine domain recorded 
extremely low values of Chl a in both seasons, confirming 
the findings of ACHA et al. (2008); due to the unfavorable 
conditions for phytoplankton development related to poor 
light availability, since it is located within the salt intrusion 
limit (turbidity maximum). Further, these low Chl a values 
may be a result of the low volume filtered that determined an 
extract beneath the limit of detection of the technique. The 
interference with chlorophyll b as a result of the presence 
of chlorophytes (e.g. Pediastrum spp and Scenedesmus 
spp) could also bias the measurement, reducing chlorophyll 
a and increasing phaeopigments (MANTOURA et al., 
1997). The Estuarine domain was characterized by higher 
phytoplankton biomass than the Riverine, probably due 
to an improvement in light availability and still high 
enough nutrient concentration. The Frontal domain (frontal 
region and marine adjacent zone) recorded the highest 
phytoplankton biomass, as stated above. Therefore, 
according to our results, the phytoplankton biomass 
distribution reflected the horizontal gradient in light 
availability, confirming other authors’ results (PENNOCK, 
1985; CLOERN et al., 1985; CLOERN, 1999). Finally, the 
Oceanic domain showed the great influence of marine shelf 
waters and relatively high phytoplankton biomass. This 
Oceanic domain recorded the highest Chl-a/phaeopigments 
index supporting local production. During spring, the 
Channel domain, located near the coast, differs from the 
other zones because of its higher phytoplankton biomass. 
Under low river discharge, plus an important marine shelf 
water intrusion through the Canal Oriental, an algal bloom 
could develop; reaching in our case a maximum of 22.8 μg 
L-1 of Chl a, in agreement with other studies undertaken 
in the zone (NAGY et al., 2002; CALLIARI et al., 2005) 
and in other channels of the world (CLOERN et al., 1985). 
Even in autumn this domain was not differentiated; this area 
recorded distinct phytoplankton species such as Oxytoxum 
scolopax, Goniodoma polyedricum and Cerataulina 
pelagica.

Under calm conditions river discharge and tide determine 
the amount of suspended particulate matter, light availability 
and the location of the frontal zone. The former modulates 
the quality of the organic matter and stratification, resulting 
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in a horizontal gradient that structures the phytoplankton 
biomass and community. Also it accounted for a significant 
proportion of the observed variability of Chl a in the 
Riverine and Estuarine domains, since in general terms 
the haline intrusion is linked to a strengthening of vertical 
stratification and optical climate. This agrees with results 
obtained by NAGY et al. (1987), who obtained a negative 
exponential fit between transparency and salinity during 
calm periods, directly related to the amount of suspended 
particulate matter. This positive trend changes beyond the 
frontal zone where the salinity increment is not associated 
with an increase in phytoplankton biomass. NAGY et al. 
(2002) described a strong nutrient removal within the 
salinity range 0.2 and 18; lower nutrient concentrations 
could, therefore, be expected for salinities greater than 
18. Because of the higher biomass found in the frontal 
and adjacent marine zone the hypothesized lower nutrient 
concentration might be a result of the phytoplankton uptake. 
When the mixing between the river and ocean water begins, 
suspended matter settles rapidly and the resulting water is 
transparent enough to increase photosynthesis. As a result, 
high productivity has been observed, which depletes 
dissolved nutrients (EDMOND et al., 1981). Because of 
the nutrient depletion the biomass diminishes toward more 
oceanic and oligotrophic regions (i.e. salinities > 18). Other 
physical processes could also play an important role (e.g. 
the pycnocline depth, the ratio mixed/photic depth, lower 
stratification) since these areas generally involve greater 
depths. According to PENNOCK (1985) the freshwater 
and mid-estuarine biomass maxima may be correctly 
predicted using a steady-state light-limitation model. In 
contrast, chlorophyll concentrations in the lower estuary 
are not correctly modeled, despite minimum turbidity, 
and non-nutrient limiting conditions. These chlorophyll 
concentrations appear to be regulated by a combination of 
light availability and grazing (PENNOCK, 1985).

In brief: sharp surface salinity gradients characterized 
the study area; the surface salinity front divided the whole 
study area in two main regions. One of them comprised 
the Riverine and Estuarine domains and the other involved 
the Frontal and Oceanic domains, as well as the Channel 
domain in spring.

The combination of hydrographic, phytoplanktonic 
and topographic parameters proved to be useful in the 
discrimination of the domains, delimiting regions not 
only by the hydrographic characteristics but also by the 
phytoplankton biomass and species. Chlorophyll a maxima 
were associated with the frontal zone in both seasons.
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