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Seasonal variation of nutrients and hydrological conditions in the State 
Marine Park of Laje de Santos (SMPLS) and adjacent continental shelf areas 
(South Atlantic Ocean - Brazil)*

Parques marinhos constituem áreas importantes para 
a conservação da vida marinha e do patrimônio ge-
nético em todo o mundo. A criação de tais parques 
deve ser acompanhada de medidas cuidadosas para 
garantir a coexistência de biota natural e de ativi-
dades humanas nestes sistemas. O Parque Estadual 
Marinho da Laje de Santos (PEMLS) situa-se próxi-
mo de um pólo industrial e uma área urbana, e sua 
criação e manutenção é um exemplo para a humani-
dade. No entanto, nenhum programa ainda não foi 
instalado para o acompanhamento dos parâmetros 
bióticos e abióticos da água. Assim, este estudo tem 
como objetivo fornecer parâmetros hidrológicos 
e hidroquímicos, com ênfase em nutrientes dissol-
vidos, para estabelecer um ponto de partida para o 
monitoramento dessas águas. A presença da Água 
Central do Antlântico Sul (ACAS) no parque mari-
nho durante os períodos de amostragem de primave-
ra e verão foi evidenciada pela observação de baixas 
temperaturas (<17ºC) associadas a valores de sali-
nidade em torno de 35 no fundo da coluna de água, 
indicando uma característica termohalína típica. O 
oxigênio dissolvido apresentou valores elevados, 
com poucos dados abaixo de 4 ml de L-1 ocorrendo 
no fundo da coluna de água. O pH foi típico para 
valores marinhos (~ 8). Silicato e fosfato dissolvi-
dos apresentaram valores elevados associados com a 
intrusão ACAS, escoamento continental e processos 
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Marine parks constitute important areas for the con-
servation of marine life and the genetic heritage 
around the world. The creation of such marine parks 
must be accompanied by careful measures to guaran-
tee the coexistence of natural biota and human activ-
ities in these systems. The State Marine Park of Laje 
de Santos (SMPLS) is so close to an industrial pole 
and urban area that its creation and maintenance is 
an example for humanity. However, no program has 
yet been installed for the monitoring of its biotic and 
abiotic water parameters. Thus, the objective of this 
study is to provide hydrological and hydrochemical 
parameters with emphasis on dissolved nutrients to 
establish a starting point for the monitoring of these 
waters. The presence of the South Atlantic Central 
Water (SACW) in the marine park during the spring 
and summer sampling periods was evidenced by the 
observation of low temperatures (< 17ºC) associated 
with salinity around 35 at the bottom of the water 
column, indicating a thermohaline feature. The dis-
solved oxygen presented high values, with few data 
below 4 mL L-1 occurring at the bottom of the wa-
ter column. The pH was always in accordance with 
marine values (~8). Dissolved silicate and phosphate 
presented high values associated with inputs from 
the SACW intrusion, continental runoff and bottom 
resuspension processes, reaching maximum values 
of 15.86 and 1.23 µmol L-1, respectively. Nitrogen 
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compounds were also associated with a natural fer-
tilization process by the presence of the SACW at 
the bottom of the water column, as evidenced by the 
high nitrate concentrations (> 7.00 µmol L-1), while 
the concentration of N-ammonium (maximum 9.86 
µmol L-1) demonstrated a rapid regeneration of the 
organic matter, mainly in the euphotic zone. Analy-
sis of the data from summer periods revealed an an-
nual difference, showing January 2014 to be drier 
than January 2015, which influenced the availability 
of some nutrients and the standard distribution of 
hydrochemical parameters in this region. The results 
of the distribution of hydrochemical parameters in 
the marine park confirms the preserved conditions 
of the seawater around the Laje de Santos, demon-
strated by the excellent water quality, concluding the 
need to implant monitoring actions based on these 
reference data to preserve this important reserve of 
marine life.

Descriptors: Nutrients, Marine Park, Sazonal 
Variation.

de ressuspensão de sedimentos, atingindo valores 
máximos de 15,86 e 1,23 µmol L-1, respectivamente. 
As formas inorgânicas nitrogenadas também foram 
associadas com um processo de fertilização natural 
pela presença do ACAS na parte inferior da colu-
na de água, como evidenciado pelas elevadas con-
centrações de nitrato (> 7,00 µmol L-1), enquanto 
as concentrações de N-amoniacal (< 9,86 µmol L-1) 
demonstraram a regeneração rápida da matéria orgâ-
nica, principalmente na zona eufótica. A análise dos 
dados de períodos de verão revelou uma diferença 
anual, mostrando janeiro de 2014 mais seco do que 
janeiro de 2015, o que influenciou a disponibilidade 
de alguns nutrientes e os padrões de distribuição de 
parâmetros hidroquímicos nesta região. Os resul-
tados observados quanto aos parâmetros hidroquí-
micos no parque marinho confirmam as condições 
preservadas da água do mar ao redor da Laje de San-
tos, caracterizada pela excelente qualidade da água, 
concluindo-se haver a necessidade de implantação 
de ações com base nesses dados de referência para o 
acompanhamento e a preservação desta importante 
reserva da vida marinha.

Descritores: Nutrientes, Parque Marinho, Variação 
Sazonal.

INTRODUCTION 
The Laje de Santos Marine State Park is located in 

the South Atlantic Ocean at around 24° 19’ S and 46°11’ 
W, and was created in 1993 to guarantee the protection of 
its ecosystem and scenic beauty, which gave this place its 
reputation as one of the most famous recreational diving 
points in Brazil (NEVES, 1997). The Park is composed 
of some emerged areas consisting essentially of granitic 
rocks and whose main feature is the Laje de Santos island 
on which an enormous bird population nests. The under-
water areas of the park constitute an important site for the 
conservation of the biodiversity of the central littoral zone 
of São Paulo state and form a natural nursery for some fish 
species and a sanctuary for the maintenance of food web 
structures (AMADO FILHO et al., 2006). 

In general, marine parks constitute multiple-use re-
serves that provide the opportunity to undertake a wide 
range of activities. It is important that the associated ac-
tivities should not affect the conservation of the marine 
park. It is known that Marine parks are created to pro-
tected natural features and aesthetic values while allowing 

recreational and commercial uses that do not harm conser-
vation, in our case, by observing the environmental data 
with values below those limits recognized as permissible 
by environmental laws (CONAMA, 2005).

The Laje de Santos Marine State Park is relatively 
near to the continent (~22 nm), and its position is a mat-
ter of concern due to its proximity to a zone characterized 
by intense human activity. In this zone is located the Bay 
of Santos, which leads to the channel of the biggest port 
in Latin America – the port of Santos. Also located there 
is the most polluted industrial pole in Brazil, at Cubatão 
(CETESB, 2010), a sewage treatment plant and the Santos 
Submarine Outfall and an extensive urban area known 
as the Baixada Santista, with a population estimated at 
1,765,277 (IBGE, 2011). All this gives a particular signifi-
cance to the park, and makes its preservation all the more 
important.

Santos Bay, by which the continental waters reach the 
ocean, is known for the pollution of its hydrological system 
which presents a considerable level of nutrients (BRAGA et 
al., 2000; SIQUEIRA et al., 2004; CETESB, 2010, SUTTI 
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et al., 2016) and other contaminants (BÍCEGO et al., 2006; 
ABESSA et al., 2008, MARTINS et al., 2008; AZEVEDO; 
BRAGA, 2011) and also for the trace elements such as 
heavy metals, with a significant contribution of Cr and Hg 
(CETESB, 2010; SILVA et al., 2011), found in its sediments. 
Bacterial pollution - in the form of fecal coliforms - comes 
from a submarine waste disposal outlet, located in the central 
part of Santos Bay (BRAGA et al., 2000; MARTINS et al., 
2008). The hydrodynamics of the region favor the dilution of 
the material introduced into the bay, minimizing the pollut-
ing effect both around the outlet it and in the park which lies 
at some distance from it (HARARI et al., 2008; CASTRO; 
LEE, 1995; CAMARGO et al., 2002).

In accordance with the objectives of the SMPLS 
project (Environmental Monitoring of the Laje de Santos 
Marine State Park of Lage de Santos), this study is an un-
dertaking to provide hydrological and hydrochemical data 
such as will contribute to the evaluation of water quality 
and the identification of the marine processes associated 
with other environmental information to reinforce the 
implementation of the monitoring plan.

MATERIAL AND METHODS 
Seawater samples were taken at 10 sampling points: 

two of them located near the entrance of Santos Bay, two 
others at an intermediate distance between the coast and 
the Marine State Park of Lage de Santos (MSPLS) and six 
distributed within the limits of the Park (Fig. 1). 

Figure 1. Localization of the sampling points on the con-
tinental shelf of São Paulo (Brazil) and in the State Marine 
Park of Lage de Santos (delimited by a small square). 

More specifications of the sampling points: station 1 
(Parcel dos Moleques); station 2 (Moela Island); station 3 
(Parcel Dom Pedro); station 4 (close to deposit of dredged 
material); station 5 (Parcel do Bandolim); station 6 (parcel 
do Brilhante); station 7 (Laje de Santos); station 8 (Rocks); 
station 9 (Parcel do Sul); station 10 (Parcel Novo).

Rainfall information was obtained from a data base 
acquired from meteorological stations located in the city 
of Santos, and available at http://www.ciagro.sp.gov.br/
ciiagroonline/Quadros/QChuvaPeriodo.asp.

Transparency, temperature, salinity, dissolved oxygen, 
pH and nutrients were measured at each sampling point. A 
Secchi disk was employed to obtain the water transparen-
cy, which was used to calculate the extinction coefficient 
as recommended by POOLE and ATKINS (1929) and 
IDSO; GILBERT, 1974. Seawater temperature was taken 
using a reversing protected thermometer with a precision 
of ± 0.02°C. Salinity was determined using an Beckman 
RS10 inductive salinometer, with a precision of ± 0.005. 

The seawater was sampled using Hydrobios Nansen 
bottles. For dissolved oxygen determinations, the wa-
ter was transferred to glass bottles with a known inner 
volume and ground-glass stopper that allows titration 
directly into the bottles after fixation. The samples were 
analyzed as soon as possible (<8h from sampling), in ac-
cordance with the Winkler method (GRASSHOFF et 
al., 1999), by automated potentiometric titration using 
the Titrando, Metrohm®. This method has an accuracy of 
± 0.02 mL L-1 for concentrations of 2 mL L-1 and ± 0.04 
mL L-1 for higher values. The pH samples were collect-
ed in glass bottles and measured using a Thermo Orion 
pHmeter, model P-210A, with a glass electrode in ac-
cordance with the recommendations given in AMINOT 
and CHAUSSEPIED (1983). For the nutrient analysis, 
the seawater samples were filtered through a Whatman 
GF/F membrane, stored in polyethylene bottles and main-
tained at -20°C until analysis in the laboratory. Dissolved 
phosphate and silicate were determined by the colorimet-
ric method described in GRASSHOFF et al. (1999) us-
ing the BioSpectro SP 220 spectrophotometer and with 
a precision of 0.01 µmol L-1 for P-PO4

3- and 0.02 µmol 
L-1 for Si-Si(OH)4. Dissolved nitrate was determined by 
reduction to nitrite in a Cd/Cu column and both total ni-
trite and initial nitrite were determined by colorimetric 
analysis using a Bran-Luebbe AutoAnalyzer, based on 
GRASSHOFF et al.(1983),TRÉGUER and Le CORRE 
(1975) and BRAGA (1997a; 1997b). Precisions were 0.01 
µmol L-1 for N-NO2

- and 0.02 µm L-1 for N-NO3
-. Samples 
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for the analysis of N-ammonium were not filtered but were 
fixed immediately after sampling, while still on board. 
The N-ammonium concentrations were determined as 
described by TRÉGUER and LE CORRE (1975) with a 
precision of 0.05 µmol L-1 N-NH4

+.
All the data obtained were analyzed using the statisti-

cal and graphical programs of Excel, Surfer 10 and 
Past 3.11. Pearson’s correlation was applied to verify 
the degree of association between all the data to verify 
any possible cause/effect relation. The box plot treatment 
was used to verify the dispersion and asymmetry of data 
in each different seasonal period. The Ward method and 
Euclidian distance were used to verify the cluster grouping 
to ascertain the distinctive behavior of each sector.

RESULTS
The sampling surveys were undertaken in October 

2013, January 2014, July 2014 and January 2015. These 
surveys corresponded to spring 2013, summer 2014, win-
ter 2014 and summer 2015, respectively, and they will be 
thus referred to from now on. At this latitude, usually the 
winter is dry and the summer is rainy, but the summer of 
2014 was exceptionally dry, as can be seen in figure 2.

Figure 2. Monthly precipitation (a) and weekly precipita-
tion (b) with the indication of the sampling periods (ar-
rows), in the Santos region, São Paulo, Brazil. 

The euphotic zone was estimated for each survey, 
it was observed that in spring 2013 the maximum depth 

of extinction of sunlight was around 14.5m at station 4 
and the minimum value was observed at station 1 (2.5m). 
Station 1 is the nearest to the coast, and it comes there-
fore under considerable terrestrial influence. In summer 
2014, minimum light penetration was observed at station 
2 (6.8m), also near the continental margin, the maximum 
layer being present at station 5 (49.0m) on the platform, 
similarly to what occurred at the spring sampling, but 
deeper than on that occasion. As regards the winter, the 
minimum layer was found at station 1(4.1m) and the max-
imum at station 8 (46.0m). The marine park and station 
1 presented a minimum euphotic layer in all the periods, 
confirming the influence of terrestrial inputs and dimin-
ishing the quality of the sunlight available in this period; 
the great hydrodynamic activity contributing to the resus-
pension of sediments. In relation to summer 2015, greater 
values were observed, the shallowest layer being of 9.5m 
(at stations 1 and 2) and the deepest layer reaching 48.7m 
(st. 9) in the marine park. Both summers presented deeper 
euphotic layers, but at different stations, summer 2015 
favoring sunlight penetration in the water column of the 
marine park, while summer 2014 presented the deepest 
average and median values (35.0 and 39.2, respectively) 
for series data (Fig. 3).

Figure 3. Estimated euphotic layer during the survey sea-
sons at the stations on the continental shelf off Santos. 
Spring 2013 (red), summer 2014 (blue), winter 2014 (grey) 
and summer 2015 (yellow). Near the Santos Bay stations 
(a), intermediate stations (b) and marine park stations (c). 
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Temperature and salinity
Water temperature during the spring 2013 sampling 

ranged from 17.98°C (st. 6 - 40m) to 22.74°C (st. 1-0m) 
and presented an average of 20.16 ±1.36°C. These val-
ues indicate a very cold situation for this region during 
spring (Fig. 4a), probably due to the high precipitation 
observed during the sampling (rainfall on 15 October 
was 76.5mm). In the January 2014 survey, summer pe-
riod, the temperature varied from 15.73 to 30.40˚C, con-
sidering all the vertical profile, indicating stratification 
of the water column and intrusion of the South Atlantic 
Central Water (SACW – indicated by temperatures be-
low 20°C at the bottom) on the continental shelf in this 
region (Fig. 4b). The small vertical variation of the tem-
perature observed in the winter 2014 survey suggests 
the thermal homogeneity typical of this period (Fig. 4c). 
In the January 2015 sampling, presenting temperatures 
varying between 17.21 and 31.22 °C, once again the 
vertical stratification of the water column was observed, 
understood as being due to the intrusion of the SACW 
(Fig. 4d). Overall, in the winter survey a thermal homo-
geneity prevailed, while in summer, the stratification was 
evident; there was, however, a difference between the 
two summer surveys - probably due to the dry weather 
observed in January 2014 (Fig. 4a-d).

Salinity values ranged approximately from 19 to 36, 
the lowest ones being observed at stations 1 and 2, pos-
sibly because of their proximity to the continent and, con-
sequently, to the influence of continental drainage. In the 
spring sampling period, most of the salinity values were 
low (<34), stations 1 and 2, specifically, presenting the 
lowest values (<22) (Fig. 4e), to be explained by the rain 
that occurred during the sampling period in an exception-
ally rainy October (2013). Differently from the spring, the 
salinity values of the summer 2014 survey were higher 
(from around 34 to 36) (Fig. 4f), reflecting the atypically 
dry weather of that summer (2014), as mentioned above 
(Fig. 2). In the winter 2014 sampling period, salinity at 
the stations near the marine park showed values around 
36 throughout the water column (Fig. 4g). However, the 
intermediate stations and those near the coast showed low-
er salinity values, indicating the influence of continental 
drainage even in a typically dry season. A similar pattern 
was observed in summer 2015, with higher salinity values 
at the marine park stations (values close to 36) and lower 
values at the intermediate stations and those near the coast 
(33.23 at station 1 - 5m) (Fig. 4h).

Figure 4. Vertical distribution of temperature (a to d) and 
salinity (e to h) in spring 2013 (a, e), summer 2014 (b, 
f), winter 2014 (c, g) and summer 2015(d, h) sampling 
periods at the stations on the continental shelf off Santos, 
Brazil.

Dissolved oxygen and pH
Dissolved oxygen varied from 3.60 to 6.86 mL L-1 

considering all seasons, stations and depths. Values ob-
tained in the spring survey (Fig. 5a) showed a minimum 
concentration of 3.85 mL L-1at the bottom of the water 
column at station 5 (40m), in the marine park area, and 
at the intermediate stations (sts. 3 and 4). The maximum 
value was 6.57 mL L-1 at st. 7, located in the park area, at 
5m depth in the euphotic zone (>18m in this period). The 
median value was 5.23 mL L-1, as expected for a period of 
higher primary production. In summer 2014 (Fig. 5b), DO 
showed a minimum of 3.60 mL L-1 at the bottom at station 
1 (8m), near the entrance of Santos Bay, the lowest value 
ever observed at any station throughout the survey. The 
maximum DO value in the same period was 6.86 mL L-1 at 
st. 2, at the opposite end from station 1 in the entrance of 
Santos Bay, at the surface of the water - as a result of air-
sea interaction and primary production. During the winter 
2014 survey (Fig. 5c), the value of DO varied from 3.87 
mL L-1, observed at the bottom of the water column at sta-
tion 2 (17 m), to 6.33 mL L-1, recorded at station 1 at 5 m 
depth. This variation was very similar to those found on 
the other surveys, especially during the spring sampling 
period, when most of the values were around 5.12 mL L-1, 
but it was mainly due to the lower surface temperature and 
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more frequent wind in this period. As for the summer 2015 
survey (Fig. 5d), the minimum DO value was 4.15 mL L-1, 
observed at the bottom of the water column (38 m depth) 
at station 8 inside the marine park, the maximum being 
5.65 mL L-1, observed at station 10, also in the marine 
park, at 20m depth, still within the euphotic zone mea-
sured in this period. The median values in both summer 
sampling periods were similar, around 4.59mL L-1.

The pH values measured were all superior to 8.11 at all the 
sampling points and depths, as was to be expected for oceanic 
waters (Fig. 5e-h). Considering all stations, the values ranged 
from 8.11, observed in spring, to 8.48, observed in the summer 
of 2014, the median value being 8.29, indicating no important 
freshwater or pollution input into the study area.

Figure 5. Vertical distribution of Dissolved Oxygen (DO) 
(a to d) and pH (e to h) in the spring 2013 (a; e), summer 
2014 (b; f), winter 2014 (c; g), summer 2015(d; h) sam-
pling periods at the stations on the continental shelf off 
Santos, Brazil. 

Dissolved Nutrients
In general, dissolved phosphate concentrations were 

low, even in the marine park, and values ranged from 0.01 
to 1.23 µmol L-1, considering all the sampling points and 
periods. In the spring 2013 sampling period (Fig. 6a), the 
values varied from 0.15 µmol L-1 to a maximum of 0.73 
µmol L-1and the median values were around 0.39 µmol L-1. 
In summer 2014 (Fig. 6b), phosphate concentrations varied 
from 0.01 µmol L-1 (st. 9 at 5m and 40m, st. 8 at 0m and 
5m) to a maximum of 1.23 µmol L-1 (st. 2 at 0m), observed 
near the continent, the greater part of the data being around 
0.35 µmol L-1(median). In the winter 2014 survey (Fig. 
6c), concentration varied between 0.19 µmol L-1, measured 

at station 7 at 20m, and 1.23 µmol L-1, at station 2 at the 
surface of the seawater, with a median value of 0.25 µmol 
L-1. In the summer 2015 survey (Fig. 6d), phosphate values 
varied from 0.05 µmol L-1 (st. 4 – 5m) to 0.60 µmol L-1 (st. 
1 – 0m) the median value being 0.16 µmol L-1.

Dissolved silicate concentrations in the study area var-
ied from 0.30 µmol L-1 to 15.86 µmol L-1. In the spring 
2013 sampling period (Fig. 6e), the mean silicate con-
centration was 5.52 µmol L-1, the minimum value of 1.47 
µmol L-1 being observed near Santos Bay at the seawa-
ter surface (st. 2 – 0m), and the maximum value of 13.19 
µmol L-1 being observed within the marine park area at 
the bottom (space = st. 5 – 40m). This maximum value 
was associated with a high nitrogen level, probably due 
to the slight presence of the South Atlantic Central Water 
(SACW) observed on the continental shelf in this period. 
In summer 2014 (Fig. 6f), the values varied from 1.11 
µmol L-1 (st. 9 at 0m) to 11.75 µmol L-1 (st. 1 at 8 m), 
with the highest value occurring again at the bottom of 
the water column but, in this case, near the continent and 
with a median value of 3.45 µmol L-1. In the winter 2014 
sampling period (Fig. 6g), concentrations varied from 2.33 
µmol L-1 (st. 7 – 20m) in the marine park to 13.67 µmol 
L-1 (st. 2 at 17m), and the median value was 4.95 µmol L-1. 
In the summer 2015 survey (Fig. 6h), dissolved silicate 
varied from the very low value of 0.30 µmol L-1 (st. 2 – 0m 
), observed near the coast, to 15.86 µmol L-1 (st. 5 – 40m). 
As in summer 2014, in this survey the median value was 
low (3.40 µmol L-1), probably associated with an intensive 
assimilation by organisms at the surface of the water in 
this period. No indication of erosion was observed near 
the coast since the highest values were associated mainly 
with bottom water.

Regarding the nitrogenous nutrients, N-ammonium 
showed values between 0.01 and 9.86 µmol L-1, considering 
all the sampling periods. In the spring 2014 survey (Fig. 7a), 
the minimum value was 0.06 µmol L-1 at station 5 at 20m, 
within the marine park, where the euphotic zone reached ap-
proximately 20m depth. The maximum value was 3.08 µmol 
L-1, observed at station 1 at 0m, near the continent, where 
the existence of a discreet sewage input is known. The major 
part of the data were around 0.31 (median). In summer 2014 
(Fig. 7b), the values were generally higher, with an average 
of 1.75µmol L-1, and varied from 0.95 µmol L-1, at station 5 
(0m), to the maximum of 9.86 µmol L-1, observed at station 
7 (25m), in the euphotic zone of this period. In the winter 
survey (Fig. 7c), N-ammonium values were in general lower 
(<<0.5 µmol L-1), with a median of 0.08 µmol L-1, revealing 
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a rapid recycling of the organic matter. The minimum value 
of 0.01 µmol L-1 was observed at station 7 at 5 and 10m depth 
and the maximum values were measured at station 4 at 10 m 
(2.73 µmol L-1) and 20m depth (2.10 µmol L-1). In summer 
2015 (Fig. 7d), values ranged from 0.20 µmol L-1 (st. 5– 20m) 
to 1.01 µmol L-1 (st. 1 – 0m) but the median value was 0.44 
µmol L-1, indicating the availability of nitrogen to support re-
generated production, as expected in this period.

Nitrite values varied from 0.02 to 2.41 µmol L-1 during 
this study. In spring 2014 (Fig. 7e), the values were low 
with a minimum of 0.02 µmol L-1, observed at station 2 at 
0m, and a maximum of 0.63 µmol L-1, observed at station 8 
(at 35m), located in the marine park. However, the median 
value was 0.06 µmol L-1, showing that the available DO 
hinders the accumulation of nitrite in the study area. In the 
summer 2014 survey (Fig. 7f), the minimum value was 0.03 
µmol L-1 (st. 7 – 0m), the maximum was 0.41 (st. 9 and 10 
– 40m) and the median value was 0.05 µmol L-1, showing 
the predominance of lower values. In winter 2014 (Fig. 7g), 
the minimum value was 0.08 µmol L-1, observed at station 7 
(at 20m depth) in the marine park, and the maximum value 
was 2.41 µmol L-1, observed at station 2 (at 17m depth) near 
the continent, with a median of 0.15 µmol L-1. In summer 
2015 (Fig. 7h), the minimum value was 0.03 µmol L-1 (st. 
10 – 0m) and the maximum 0.46 µmol L-1 (st. 8 – 35m), the 
variation being very similar to that obtained in the summer 
2014 survey, with a median of 0.15 µmol L-1.

The most stable nitrogen form is nitrate and the values 
varied from 0.01 to 7.55 µmol L-1 in this study. In spring 
2013 (Fig. 7i), the minimum value was 0.04 µmol L-1 (st. 
7 – 5m) and the maximum 7.23 µmol L-1, observed in the 
marine park at the bottom of the water column at station 6 
(40m depth). The median value was 0.18 µmol L-1, a low 
value indicating an intense assimilation of this nutrient in 
the period studied, though the high values observed at the 
bottom of the water column suggest the penetration of the 
SACW onto the continental shelf. In summer 2014 (Fig. 7j), 
the minimum value was 0.06 µmol L-1 (st. 3, at 5 and 10m 
depth), the maximum value was 7.56 µmol L-1(st. 6 at 40m 
depth), with median value of 0.28 µmol L-1. In winter 2014 
(Fig. 7k), the minimum value was 0.01 µmol L-1, observed 
at station 9 (at 0, 5 and 10m depth) and the maximum was 
observed near the continent at station 2 (17m) at the bot-
tom of the water column, the median value being 0.05 µmol 
L-1. In general, the values in this sampling period were low, 
showing the homogeneity of the water column and with no 
evident regeneration process related to organic matter. In 
summer 2015 (Fig. 7l), the values ranged from 0.10 µmol 

L-1 (st. 7 – 5m) to 2.23 µmol L-1 (st. 6- 40m) and the median 
value was 0.15 µmol L-1. The influence of the SACW bot-
tom intrusion in this sampling period on the concentration 
of nitrate at the stations located in the marine park was not 
evident as in the summer 2014 survey.

Figure 6. Vertical distribution of dissolved phosphate (a to 
d) and dissolved silicate (e to h) in the spring 2013 (a; e), 
summer 2014 (b; f), winter 2014 (c; g), summer 2015(d; h) 
at the stations on the continental shelf off Santos, Brazil. 

Figure 7. Vertical distribution of N-ammonium (a to d), 
N-nitrite (e to h) and N-nitrate (i to l) in spring 2013 (a; e; i), 
summer 2014 (b; f; j), winter 2014 (c; g; k), summer 2015(d; 
h; l), at the stations on the continental shelf off Santos, Brazil. 
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Dissolved Inorganic Nitrogen (DIN) varied between 
0.14 and 15.63 µmol L-1 and revealed a pool of nitrogen 
available for assimilation for primary production con-
stituted mainly by nitrate and N-ammonium. The water 
close to the bottom was influenced by the input of DIN 
from the South Atlantic Central Water (SACW) in the 
spring and summer 2014 surveys (Fig. 8a and b). In the 
winter sampling period, only stations 2, 4 and 7 (Fig. 
8c) presented an increase in N at the bottom of the water 
column, while in the summer 2015 survey (Fig. 8d) no 
important sign of enrichment was perceived in nitrog-
enous compounds.

Figure 8. Vertical distribution of dissolved inorganic ni-
trogen (DIN) in spring 2013 (a), summer 2014 (b), winter 
2014 (c), summer 2015(d) at the stations on the continen-
tal shelf off Santos, Brazil.

Suspended particulate matter measured during the 
spring 2013 survey (Fig. 9a) showed an average of 5.96 
mg L-1 and a large variation, the minimum value of 1.20 
mg L-1 being observed at station 5 (at 5m depth) and the 
maximum value of 19.10 mg L-1 at station 1 at the bottom 
of the water column (8 – 10 m depth). Further, figure 9a 
shows that SPM values were higher close to the bottom 
(26 – 40 m depth) at all the stations located in the marine 
park ( st. 5 to 10). As for the organic fraction (SPOM) (Fig. 
9e), the minimum value was observed at station 5 at 5m 
depth, the maximum occurring at station 1 at the bottom 
of the water column (8m depth), both values occurring at 
the same station and depth where the lowest and highest 
values of SPM were registered. In the case of the summer 

2014 sampling period (Fig. 9b), the values were generally 
high, with concentrations mostly around 20 mg L-1, the 
maximum value found in the previous sampling period. 
This was probably due to an increase in the material com-
ing from continental drainage and primary production, 
typical of a summer season in the area studied. In the win-
ter 2014 survey (Fig. 9c), the values measured at stations 
1 and 2, the closest to the continent, were higher than the 
other stations’. The average value was 22.34 ± 8.18 mg L-1 
and the maximum value observed was 51.86 mg L-1 (st.1 - 
8m). In general, in the park, the values were around 19.68 
mg L-1 (median) with slightly higher values at station 7 
(Laje de Santos) and station 9 (Parcel do Sul) at midwater.

The average value of SPOM (suspended particulate or-
ganic matter) observed in spring 2013 (Fig. 9e) was 2.06 ± 
1.37 mg L-1 and a large amount of SPOM was observed in 
deeper waters. This was not what was expected since the 
organic fraction usually presents higher values in shallower 
waters because of its association with chlorophyll, which 
may indicate the living biomass of this fraction within 
the photic zone. The SPOM values observed in the sum-
mer 2014 sampling period (Fig. 9f) were higher than those 
observed in the previous period, reflecting the important 
contribution of the production and degradation of organic 
matter during the summer, as well as that from anthropo-
genic sources. Station 6 (Parcel do Brilhante) and station 10 
(Parcel Novo) presented the highest SPOM values, at the 
bottom of the water column and 5m depths, respectively. In 
the case of SPOM in the winter survey (Fig. 9g), the data 
were relatively homogeneous at the park stations. The mean 
value was 5.91 ± 2.04 mg L-1 and most of the data were 
around 5.57 mg L-1 (average). The highest value (12.43 mg 
L-1) was observed associated with the highest value of SPM 
in the same sampling period, at station 1 at 8 m depth.

In summer 2015, the SPM (Fig. 9d) concentrations 
were higher than those found in the summer 2014 survey, 
with an average of 29.91 ± 3.43 mg L-1, most of the values 
being around 28.8 mg L-1. Organic matter (Fig. 9h) pre-
sented values with an average of 6.30 ±0.77 mg L-1, a very 
similar value to those of the summer 2014 survey, with the 
exception of the concentration at station 5.
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Figure 9. Concentrations of SPM (a to d) and SPOM (e 
to h) in the spring 2013 (a; e), summer 2014 (b; f), winter  
(c; g) and summer 2015 (d; h) surveys at the stations on 
the continental shelf off Santos, Brazil.

Table 1 shows the range of variation of the different 
water properties measured in this study. As already men-
tioned, the lowest temperatures observed in the summer 
of 2014 and 2015 sampling periods were associated with 
the presence of the SACW on the continental shelf. The 
lowest value of salinity was observed in spring 2013. The 
lowest value of DO occurred in the summer 2014 survey 
(an anomalous summer). The pH values measured in all 
the sampling periods were considered to lie within a nor-
mal range. The lowest concentrations of SPM occurred in 
spring 2013. The highest values of SPOM were observed 
in the summer and winter of 2014. N-ammonium concen-
trations showed the highest value in the summer 2014 sur-
vey. The highest value of nitrite occurred in winter 2014. 
Nitrate and DIN showed higher values in spring 2013 and 
summer 2014. Phosphate attained values slightly higher 
in the summer and winter 2014 surveys, as observed for 
the SPOM. Silicate presented a wide variation in all the 
periods studied.

Table 1. Variations of hydrological and hydrochemical parameters observed at the stations on the continental shelf off 
Santos. Spring 2013 (n = 44); Summer 2014 (n = 46); Winter (n = 46) and Summer 2015 (n = 45).

Parameters Spring 2013 Summer 2014 Winter 2014 Summer 2015

Temperature (°C) 17.98 -22.74 14.73-30.42 21.30-25.50 17.21-31.22

Salinity 30.93-35.85 34.17-35.97 32.92-35.76 33.23 - 35.83

Dissolved Oxygen (mL L-1) 3.85-6.57 3.60- 6.86 3.87-6.33 4.15 -5.65

pH 8.11-8.41 8.21-8.48 8.20-8.40 8.21 – 8.41

SPM (mg L-1) 1.20-19.10 16.53-45.30 14.38-51.86 21.40 -54.71

SPOM (mg L-1) 0.40-6.44 2.87-12.20 3.60-12.43 4.00 – 9.43

%SPOM 2.9-42.2 12.88 -46.56 20.45-32.62 14.74-26.02

N-ammonium (µmol L-1) 0.06-3.08 0.95-9.86 0.00-2.73 0.20-1.01

N-Nitrite (µmol L-1) 0.02-0.63 0.03-0.42 0.08- 2.41 0.03-0.46

DISCUSSION
The southeastern Brazilian continental shelf is wide, 

attaining as much as 200 km in width of São Paulo, and 
situated in the central region of the São Paulo Bight 

(23.5°-27°S). Throughout this area, the Brazilian Current 
transports Tropical Water (TW) and South Atlantic 
Central Water (SACW) in a south-southwesterly direc-
tion (GODOI et al., 2006). Events associated with the 
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incursion of the SACW (enriched with nutrients) onto the 
southeastern continental shelf have been recorded by some 
authors (Matsuura, 1986; Braga; Muller, 1998, CERDA; 
CASTRO FILHO, 2014; MOSER et al., 2016) and it 
represents a fertilization of this region. This fertilization 
contributes to the survival of species by supporting pri-
mary production when light is sufficient and mixture and 
diffusion processes occur. This intrusion is more frequent 
during summer periods. VALENTIN (1992) showed the 
correlation of the upwelling at Cabo Frio, in a more north-
erly region than this present study area, with primary pro-
duction. The penetration of SACW onto the southeastern 
Brazilian continental shelf is facilitated by various mecha-
nisms such as Ekman’s transport and pumping, internal 
waves, and cyclonic eddies (CERDA; CASTRO, 2014).

In this present study, the thermohaline characterization 
of the waters (Fig. 10) revealed a horizontal spreading dur-
ing the summer sampling periods, with low temperatures 
associated with the presence of the SACW on the conti-
nental shelf; a vertical spreading during the spring period, 
forced by low salinity due to the rainfall observed during 
the sampling activities; and two groups in the winter sam-
pling period, one more saline than the other maybe by virtue 
of the annual difference in precipitation during this period. 
The themohaline values associated with the presence of 
SACW during the summer samplings (January) ranged in 
2014 from 15.73 to 18.75°C and 35.61 to 35.93 and in 2015 
from 17.21 to 18.30°C and 35.61 to 35.80 for temperature 
and salinity, respectively. The values observed were slightly 
above the thermohaline index for the SACW (35.5 of sa-
linity and 15°C of temperature) observed by BRAGA and 
MULLER (1998) during a spring intrusion. The dynamic 
of this water mass is important for water fertilization and 
for renewal of the bottom water in the park region. In rela-
tion to monitoring actions, the water in the marine park was 
classified as saline (>30) during all the surveys conducted 
in accordance with the Brazilian Environmental Laws 
(CONAMA, 2005) which prescribe limits for environmen-
tal variables in assessing water quality.

The rainfall during this study confirms the dry and wet 
seasons typical of the area studied with precipitation of 
111 mm in September 2013, 241 mm in November 2013, 
242 mm in January 2014, 99 mm in July 2014 and 399 
mm in January 2015. These values evidence the difference 
in precipitation between January 2014 and 2015 that in-
fluenced some hydrochemical parameters. This is an alert 
regarding the interannual variation of properties by virtue 
in function ert fordifference oof climate change.

Figure 10. Temperature versus salinity data obtained 
during spring 2013(diamond shape); summer 2014 
(square); winter 2014 (triangle) and summer 2015 
(cross) surveys on the continental shelf off Santos –São 
Paulo, Brazil.

The light penetration depth was in general consider-
able (>10m) at the stations furthermost from the coast 
within the marine park, and under the influence of the 
seasonal rainfall regime. The stations located in the ma-
rine park showed the lowest values of light penetration 
depth during the most productive period (spring), indi-
cating the interference of organic production and recy-
cling of organic matter in the euphotic zone. At these sta-
tions, the scattering of light was linked to an increase in 
the organic matter below 20m depth, possibly associated 
with both primary production and detritus production/
regeneration in the euphotic layer above, resuspension 
processes and an oceanic dynamic with little or no input 
from terrestrial process. The absorption of light by col-
ored dissolved organic matter (CDOM), phytoplankton 
and nanoalgal matter is an important property in coastal 
and oceanic studies indicating the source of the suspend-
ed matter and its association with the predominant pro-
cess (BABIN et al., 2003). As for stations 3 to 6, light 
penetration was more influenced by annual summer dif-
ferences. In relation to stations 1 and 2, located at the 
entrance to Santos Bay, some alteration in light penetra-
tion is to be expected due to the possibility of the input of 
substances from rivers, atmospheric deposition, effluents 
and surface water runoff. This area normally presents 
a high gradient of chemical substance concentrations 
submitted to transformation, retention and elimination 
(LIVINGSTONE, 1998; CETESB, 2001; SIQUEIRA 
et al., 2004; MOSER et al., 2005).
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Figure 11. Box plot of all the data obtained during the 
spring 2013 (a); summer 2014 (b), winter 2014 (c) and 
summer 2015(d) sampling periods on the continental shelf 
off Santos, Brazil.

In the light of all the data obtained, including those on 
temperature and salinity, it is possible to verify seasonal 
differences in the limits, average and median patterns. 
The analysis of the box plots revealed the most consider-
able euphotic layer observed in the summer 2014 survey 
(Fig. 11b), the lower and homogeneous water temperature 
in the winter 2014 survey (Fig. 11c), the higher and ho-
mogenous salinity in summer 2014 (Fig. 11b), the mostly 
homogeneous values of dissolved oxygen in summer 2015  
(Fig. 11d) and the constant pH values in all the sampling 
periods.

No high posphate values were observed, the most 
noticeable of them occurring in summer 2014 and winter 
2014 (Fig. 11, b and c). PRASTKA et al. (1998), using a 
P variation model, suggest that polluted estuaries should 
tend to serve as a sink of P and non-polluted ones to act 
as a source of P for adjacent water. The low values of P in 

the water at all the stations of the marine park, and also 
near the coast, could thus confirm the P retention capacity 
of the Santos estuary. In the Bay of Santos, AGUIAR and 
BRAGA (2007) observed a variation from 0.46 to 2.85 
µM DIP at the neap tide and from 0.40 to 1.19 µM at the 
spring tide during a winter period. In this present study, 
the maximum DIP was 1.23 µM, showing an oceanward 
dilution in surface water and an enrichment at the bottom 
of the water column within the marine park, due to oce-
anic fertilization and not to any eutrophication process. 
However, the polluted system retains the excess of phos-
phate input from the Santos/São Vicente Estuary reported 
by the above-mentioned authors in the Santos Channel.

Nitrite concentrations at nearby stations were more 
evident in winter 2014 (Fig. 11c). Nitrate was more pro-
nounced in spring, associated with the presence of SACW 
(Fig. 11a). Ammonium was more evident during the atypi-
cal summer of 2014, associated with rapid regeneration 
(Fig. 11b). Silicate was slightly higher in spring because of 
the rain which fell during the sampling (Fig. 11a).

AZEVEDO and BRAGA (2011), in the light of the 
possibility of a seasonal evolution, ascertained that nitrate 
was high in summer in the Santos Channel (approximately 
10-30 µM) and that a dilution occurred in the direction of 
the Bay of Santos (of approximately 2-5 µmol L-1). The 
higher nitrite values were attributed to denitrification and/
or the oxidation of N-ammonium when dissolved oxygen 
was low, also indicating the denitrification of nitrate. In 
the case of the marine park, oxygen was high at the surface 
of the sea and at mid-water. Some low concentrations of 
nitrite were observed near the continent and at the bot-
tom of the water column associated with regeneration 
processes. At stations 1 and 2, at the bottom, the transfor-
mation of material introduced by the coastal system is re-
sponsible for this. The nitrite presented low concentrations 
and N-ammonium a small signal during the winter survey, 
demonstrating that the regeneration of organic matter is 
important in this period for the recuperation of the stock 
for the next spring, as has been observed by other stud-
ies (GIANESELLA et al., 2005, MOSER et al., 2005; 
AZEVEDO; BRAGA, 2011).
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The statistical treatment, considering the Euclidian 
distance for all the parameters and single linkage shown in 
figure 12, evidences the grouping of the shallow (sts 1 and 
2) and near coastal stations (sts 3 and 4), distinguishing 
them from those distant from the coast (the park stations), 
more subject to the influence of the oceanic dynamic, as 
also to the presence of the SACW. In some periods sta-
tions 3 and 4 present similarities with the park stations by 
virtue of the movement of deeper waters onto the conti-
nental shelf, mainly during summer time, when the SACW 
ascends and penetrates the shallow areas of the continental 
shelf. In general, considering all the stations and periods 
studied, three groups of stations stood out as being char-
acterized by oceanic and/or terrestrial factors and also for 
their environmental preservation status.

It was clear that the stations near the continent were 
in shallower water than the others and more influenced by 
terrestrial and anthropogenic inputs, as well as by the nat-
ural condition of a bay fed by an estuarine system (Santos 

Figure 12. Dendrogram showing the groups of stations on the continental shelf off Santos.

Bay and the Santos-São Vicente Estuary). The intermedi-
ate stations, located on the continental shelf between the 
continent and the marine park, were subject to different 
hydrodynamic and human influences. Ultimately, the ma-
rine park stations were subject to those particular condi-
tions appropriate to the maintenance of the diversity of life 
observed there.

Figure 13 presents the highest temperature which oc-
curred during the summer sampling period at all the sta-
tions, despite the stratification and the presence of cold 
water at the bottom of the marine park stations. Another 
observation is that salinity presented high values at the 
stations far from the coast throughout the study period. 
Silicate and phosphate gain importance at the stations near 
the coast. Nitrate increased during the spring survey at the 
intermediate stations and during the spring and summer 
(2014) in the marine park stations due to the SACW’s in-
fluence. N-ammonium played an important role in regen-
eration processes mainly in summer 2014 (an atypically 
dry period) at all the stations.
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Table 2. Pearson’s correlation between the data obtained in all the sampling periods of this study, with p<0.05 (95%).
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pH -0.15 -0.12 0.10 0.22 1.00

SPM 0.08 0.42 0.52 -0.23 -0.20 1.00

SPOM -0.03 0.25 0.49 -0.21 -0.17 0.89 1.00

% SOPM -0.31 -0.46 -0.54 0.22 0.07 -0.75 -0.45 1.00

Phosphate -0.62 -0.35 -0.24 0.05 -0.10 -0.04 0.07 0.24 1.00

Nitrite -0.16 -0.19 0.07 -0.26 0.04 0.15 0.29 0.05 0.28 1.00

Nitrate -0.08 -0.38 0.17 -0.43 -0.05 -0.10 -0.01 0.16 0.40 0.26 1.00

Silicate -0.17 -0.32 -0.26 -0.21 0.01 -0.14 -0.01 0.35 0.46 0.42 0.33 1.00

N-ammon. -0.05 -0.07 0.17 -0.15 -0.12 0.21 0.13 -0.25 0.19 -0.05 0.24 -0.08 1.00

Observing Pearson’s correlation (Tab. 2), a high and 
positive correlation (r= 0.62) was observed between the 
salinity and depth of the euphotic zone that confirms the 
influence of the terrestrial input with the optical properties 
associated with fresh water contributions in terms of the 
penetration of light in the water column, as seen by the rel-
atively greater depth of the euphotic zone at the more ex-
ternal stations, particularly those in the marine park, than 
at stations 1 and 2. At stations 5 to 10, a deeper euphotic 
zone was observed, reaching down to approximately 49 m 
in January 2014.

The pH values exhibit little variation due to the buffer-
ing capacity of seawater and presented a correlation with 
dissolved oxygen. The SPM and SPOM presented signifi-
cant correlations with salinity that evidence the presence 
of particulate matter at all the stations, in both organic and 
inorganic forms, but the percentage of suspended organic 
particulate matter decreases with salinity, contributing 
to the natural conditions at the external stations indicat-
ing the presence of a fraction of organic matter resulting 
from primary production. Dissolved phosphate showed a 
negative correlation with the euphotic layer, temperature 
and salinity, indicating its removal by primary production 
at the sea surface and the euphotic zone, and a positive 

correlation with the percentage of SPOM, indicating pro-
duction of organic matter. Nitrite showed an inverse rela-
tion with DO, indicating the consumption of oxygen to 
oxidize nitrate, and a positive correlation with phosphate. 
Nitrate presented an inverse relation to temperature and a 
direct one with salinity, phosphate and silicate, indicating 
the influence of SACW at the bottom of the water column, 
associated with organic matter, and a negative correlation 
with DO, probably due to regeneration processes associ-
ated with deep waters. Silicate presented an inverse cor-
relation with temperature, salinity and dissolved oxygen 
and a positive relation with phosphate, nitrate and nitrite, 
suggesting the influence of a terrestrial source of the ma-
terial. Ammonium showed an inverse correlation with DO 
and SPOM%, indicating its generation from the oxida-
tion of organic matter. The above-mentioned regeneration 
process associated with the intrusion of the SACW onto 
the continental shelf has also been reported by AIDAR 
et al. (1993), BRAGA and MULLER (1998), BRAGA; 
NIENCHESKI (2006) and BRAGA et al. (2008). The 
penetration of the SACW onto the Southeastern Brazilian 
continental shelf is facilitated by various mechanisms 
such as Ekman’s transport and pumping, internal waves, 
and cyclonic eddies (CERDA; CASTRO FILHO, 2013).
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CONCLUSION
In the studied area, the contrast of warm surface water 

with the influence of the SACW at the bottom of the water 
column promotes an evident stratification during the sum-
mer periods which is also responsible for differences in the 
chemical properties at the bottom, but in accordance with 
expectations and with great importance for the fertiliza-
tion of the sea. No indication of pollution in the Marine 
Park region was observed in terms of the chemical proper-
ties studied. At the points located near the continent signs 
of pollution were detected, but their presence does not yet 
extend as far as the marine park.

This study concludes that the area in which the marine 
park is located, although relatively near a coastal source 
of pollution, is still protected by virtue of the oceanic 

Figure 13. Variation of temperature (a), salinity (b), sili-
cate (c), phosphate (d), nitrate (e) and ammonium (f) of 
the groups of stations near the coast (sts. 1-2), intermedia-
te (sts. 3-4) and marine park (st. 5-10), during the spring 
2013 (A), summer 2014(B), winter 2014 (C) and summer 
2015 (D) surveys.

hydrodynamic and natural fertilization. The negative con-
tinental influence, regardless of the season, is negligible. 
This ensures the preservation of the water quality in the 
marine park while the practically non-existent influence of 
abrupt climate change still persists in the region. Even so, 
it is clearly necessary to establish a monitoring program in 
order to follow through and even avoid other kinds of im-
pact, since a marine park must by definition provide for a 
variety of uses.
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