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ABSTRACT

This study presents an initial assessment of the hydrographic characteristics in the region of the Japaratuba Canyon on the continental
shelf of Sergipe, Brazil. An oceanographic campaign was conducted, during which two high spatial resolution transects were made on
the north and south sides of the canyon, along with a transverse transect. The results indicate that the hydrographic features are similar
to those found on the continental shelf of Pernambuco, with the dominant water mass being Tropical Water. However, it differs in
having a much greater influence from Coastal Water, as a result of the dispersion of the Sdo Francisco River plume to the south and
from small rivers that discharge into the northern portion of the continental shelf of the state of Sergipe. The near bottom turbidity
and chlorophyll were relatively higher in the southern section, what can be an indication that the presence of the canyon can produce
a localized upwelling effect, with the canyon playing a role in allowing the approach of water from the top of the nearest permanent
thermocline to the coast.
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RESUMO

Hste estudo apresenta uma avaliacio inicial das caracteristicas hidrograficas na regido do Canion do Rio Japaratuba, este canion fica
na plataforma continental de Sergipe, Brasil. Foi realizado uma campanha oceanografica, durante a campanha oceanografica foram
realizados dois transectos de alta resolucdo espacial nos lados norte e sul do canion, juntamente com um transecto transversal. Os
resultados indicam que as caracteristicas hidrograficas sdo semelhantes as encontradas na plataforma continental de Pernambuco, com
a massa de 4gua dominante sendo a Agua Tropical. No entanto, difere por ter apresentado uma influéncia maior da Agua Costeira,
resultado da dispersdao da pluma do Rio Sdo Francisco e de pequenos Rios que desaguam na porcao norte da plataforma continental
do estado de Sergipe, em direcao sul. A turbidez e a clorofila proximo ao fundo, foram relativamente mais altas na segao sul, o que
pode ser uma indicacdo de que a presenca do canion pode produzir um efeito de ressurgéncia localizado, desempenhando um papel
no soerguimento da 4gua do topo da termoclina permanente, para uma regiao mais proxima da costa.

Palavras-chave: Hidrografia; Plataforma continental; Ressurgéncia.
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INTRODUCTION

The continental shelf along Brazil exhibits varying width,
ranging from narrow stretches of a few kilometers, such as in the
state of Bahia, to relatively wide expanses of up to hundreds of
kilometers, as seen in the state of Amazonas, with an average slope
of 1:1000. The shelf break depth varies between 40 and 60 meters
in the northeast region and 150 to 200 meters in the southern
region (Schmiegelow, 2004). It covers an area of 5x 106 km2 and
is tectonically stable, experiencing no significant movements or
volcanic activity (Fontes et al., 2017; Coutinho, 1996).

Off the coast of the State of Sergipe (PCS), the shelf
has an average width of 33 kilometers (Fontes et al., 2017) and
features two submarine canyons: the Sdo Francisco Canyon to the
north, on the border with the state of Alagoas, and the Japaratuba
Canyon in the central region (Figure 1). The Japaratuba Canyon was
initially described by Summerhayes et al. (1976) and Fontes et al.
(2017), and it stands out geologically, with the presence of muddy
deposits and their association with shrimp fishing using trawl nets.
The narrowest points on the state’s continental shelf are found
at the beginning of these two emerged canyons, where the shelf
has a width of 9 and 11.5 kilometers, respectively (Carneiro &
Arguelho, 2018).

Given the relatively narrow nature of the continental
shelf, its hydrodynamics and water properties are influenced by
interactions with mesoscale oceanic processes (Schettini et al., 2017).
The circulation of the western Atlantic Ocean is schematically
represented in Figure 1. According to Stramma & Peterson (1990),
the bifurcation of the South Equatorial Current (SEC) occurs
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Figure 1. Circulation at the western edge of the tropical Atlantic
(modified from Dengler et al., 2004). The red lines represent surface
currents, and the blue lines represent subsurface currents. The
highlighted currents indicate the South Equatorial Current (SEC),
the North Brazil Undercurrent (NBU), the North Brazil Current
(NBC), the Equatorial Undercurrent (EUC), Brazil Current (BC),
the North Equatorial Counter Current (NECC), and the Deep
Western Boundary Current (DWBC).
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between latitudes 11 and 15° south, forming the Brazil Current,
which flows southward along most of the Brazilian coast, and
the central branch of the SEC forming the North Brazil Current
(Schott et al., 2005; Luko et al., 2021). This places the continental
shelf of Sergipe in the area of influence of the southern branch
of the South Equatorial Current, resulting in the presence of
warm and more saline waters.

The interactions between meso-scale currents on the
continental slope with geomorphologic features such as a submarine
canyon crossing the shallower continental shelf can result in
complex hydrodynamic patterns. One is the generation Lee Waves,
which can potentially result in upwelling on downstream of the
canyon (Kampf, 2012). The main goal of this article it to report
the results of a field experiment designed to assess the effect of
the presence of a submarine canyon, the Japaratuba Canyon, on
the shelf water properties.

STUDY AREA

The Japaratuba Canyon is located in the central region of
the Sergipe Continental Shelf (PCS), in front of the city of Pirambu
in the state of Sergipe. It stretches approximately 18 kilometers
(Figure 2) with a slope gradient of 75:1000 over a distance of
9.6 kilometers in the southeast direction at 145°. The depth at the
center of the canyon is 725 meters (Nautical chart DHN 1001).

The state of Sergipe has a population of 2.2 x 10° people
(IBGE). The climate is tropical, and the average precipitation in the
capital, Aracaju, located on the coastline, was 1013 mm between
September 2022 and May 2023. The average temperature was
26.6°C, with an average wind speed of 5.86 m/s and a mean wind
direction of 108.6° INMET). The wettest and driest months in
Aracaju are May and November, respectively (Carneiro & Arguelho,
2018). The tides are semi-diurnal, can vary from 0.5 to 2.4 meters
under spring and neap tide conditions.

The hydrographic characteristics of the continental shelf
off the coasts of Alagoas and Sergipe were previously described
by Parente et al. (2021). The temperature ranges between 25.4 and
28.4°C in May, and between 24.4 and 26.6°C in November.
Salinity values range from 35.4 to 37.3 g/kg in May and from
28.9 to 37.2 g/kg in November. Currents in continental shelf
are primarily determined by the wind regime, which on the Brazil
northeast region the winds predominantly comes more weak from
the northeast and east in the summer and strong comes from
the south and southeast in the winter, resulting in shelf currents
flowing southward in the winter and northeward in the summer,
with intensities reaching up to 0.85 m/s. Similar patterns have
been reported by Domingues et al. (2017) and Schettini et al.
(2017) for the austral summer on the continental shelf of the
state of Pernambuco.

The circulation in the area of the Japaratuba Canyon
was investigated by Giovannino et al. (2019) using numerical
modeling, This study indicated that currents in the canyon flow
towards the continent when the winds come from the north or
northeast, suggesting the possibility of upwelling of deep water
from the top of the thermocline. There are no direct observations
of currents, but artisanal fishermen report that during certain
periods of the year, surface nets are carried towards the ocean in
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Figure 2. (a) Location of the study area in the context of South America, (b) excerpt from the nautical chart No. 22300 of the Brazilian
Navy showing the northern platform of Sergipe and indicating the 200 m bathymetric line, and (c) a detailed view of the Japaratuba

Canyon with the location of sampling stations.

the coastal region of the canyon, suggesting complex patterns of
hydrodynamic interaction.

MATERIAL AND METHODS

Hydrographic data were collected during an oceanographic
expedition to investigate the Japaratuba Canyon region (Figure 1).
The route taken aimed to collect data around the canyon both to
the north and to the south, as well as along the inner boundary.
The oceanographic campaign took place on May 27, 2023, during
which vertical CTD profiles were recorded at 31 stations. The depth
of the coastal profiles was 12 meters, reaching up to 75 meters in
the central part of the canyon. The total campaign route covered
108 kilometers of navigation, and the results were analyzed using
three transects: northern (IN), southern (TS), and central (TC).
The sampling points were approximately 2.8 kilometers apart.

A JFE-Advantech CTD (Conductivity Temperature
and Depth) profiler, model Rinko-Profiler, was used for data
collection. It had a data acquisition rate of 10 Hz, with a
temperature resolution of 0.001°C and a conductivity resolution
of 0.001 ms/cm. This CTD also recorded data on chlorophyll,
turbidity, and dissolved oxygen. The data underwent consistency
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analysis to eliminate spurious data and were analyzed based on
property distributions in the sections and temperature-salinity
(TS) diagrams. Data processing was carried out using Python via
Jupyter Notebooks. The CTD data were processed to consider
only the downcast profile, and the near surface (0.5 m) and
near bottom (0.5 m) data were discarded. The chlorophyll data
from the CTD is derived from fluorescence probe, which is a
surrogate for this variable (Silva & Garcia, 2021). The turbidity
is derived from an optical backscatter probe, which has proven
reliable as surrogate of suspended particulate matter in coastal
waters (Boss et al., 2009).

Additional wind data were obtained from the ERA5 houtrly
dataset (Hersbach et al., 2018). Data for the surrounding area
of the study were used, with longitude boundaries of -37.5 and
-35.5 West and latitude boundaries of -12.0 and -10.0 South for
the month of May 2023 to characterize the wind field during the
cruise. For climatology, a time series from 2010 to the present
was used for the coordinate point with longitude -36.75 and
latitude -11.

Ekman transport (Pond & Pickard, 1983) for the cartesian
meridional and zonal components Ug and Vg were calculated based
on the wind data from the ERA5, by
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RESULTS

Figure 3a presents the climatological wind pattern and the wind
pattern during May 2023. Given that the wind regime in the tropical
South Atlantic is dominated by the semi-permanent pressure center,
the region is locally dominated by eastetly winds throughout the yeat,
with greater variability in the north-south component. Conditions for
May 2023 reflect this overall pattern, with the east-west component
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Figure 3. (a) Polar frequency distributions of wind climatology (2010-2023) and for May 2023; (b) Time series of the east-west and
north-south wind components for the study area (red dot in (c)); Regional distribution of wind direction and intensity for the average
wind (black arrows) Ekman Transport (blue arrows) in May, 2023, and wind for May 27, 2023.
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of the wind always being negative (westward), while the north-south
component showed more variability and reversed direction (Figure 3b).
Considering the regional physiographic situation, the wind acts almost
perpendicular to the coastline (Figure 3c).

Figure 4 depict the distributions of temperature, salinity,
chlorophyll, turbidity, and dissolved oxygen in the sections
located to the north and south of the canyon, extending to the
shelf break. The northern section covers 31 kilometers with
12 stations, while the southern section covers 24 kilometers with
11 stations. The temperature distribution showed a small range
of variation, about 1°C in the northern section (27.1 to 28.1°C),
and slightly larger in the southern section, about 1.5°C (26.6 to
28.2°C; figure 6). In both sections, the lowest temperatures were
observed on the outer part of the shelf in the deeper regions.
Salinity in both sections was predominantly high, with a value
of approximately 37.2 g/kg (Tropical Water, TW), with a well-
defined shallow layer (approximately 10 meters) of Coastal Water
(CW) with minimum salinity values of 34 g/kg at the sutface,
extending up to about 7 kilometers. In the northern section, the
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CW layer extends to nearly the outer portion of the section, while
in the southern section, it is more restricted to the central part.

Figure 5 presents vertical profiles of salinity, temperature,
and density anomaly for positions near the coast, mid-shelf, and
the shelf break regions of the northern and southern sections.
The presence of CW is more pronounced in all profiles of the
northern section, while it appears more visibly in the coastal and
mid-shelf stations of the southern section. Temperature exhibits
complex patterns near the surface in both sections, but the most
notable feature is the more pronounced decrease in temperature
in the southern section near the shelf break.

Chlorophyll values reached 3 ng/kg, which can be
considered relatively high for regions dominated by oligotrophic
water masses. In both sections (Figure 4), the spatial distribution
of chlorophyll showed higher values in the surface layer and
closer to the coast, associated with lower salinity waters likely
associated with the plume of Sdo Francisco River. It is also
noticeable higher near bottom chlorophyll and turbidity in
the southern section when compared with the northern one.
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Figure 4. Distributions of temperature, salinity, chlorophyll, turbidity, and dissolved oxygen in the northern and southern sections

of the canyon.
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Figura 5. Vertical profiles of temperature (left), salinity (middle) and density anomaly (right) in the inner (top), middle (middle) and
outer (bottom) shelf at the north (blue) and south (orange) sections.

Dissolved oxygen distributions in both sections showed saturated
conditions (>80%) with vertical gradients. There seems to be
a relationship between higher oxygen saturation in the surface
layer related to the CW. The lowest oxygen saturation values in
both sections were associated with regions of higher chlorophyll
and turbidity values near the seabed.

Figure 6 shows the water property distributions across
the central section, approximately 12 kilometers from the coast.
The northern part of this section covered the innermost part of
the canyon, with depths ranging from 30 to 70 meters. It is in
this region that the lowest temperatures (around 24°C) and more
pronounced stratification from 40 meters were recorded.

Figure 7 presents the TS (temperature-salinity) diagram
for the data from the three sections. The temperature data shows
a mode between 27.8 and 28°C, and the salinity mode is 37 g/kg,
indicating the dominance of Tropical Water (TW). Coastal Water
(CW) occurs as a result of the dilution of TW by freshwater input.
Also, the presence of salty and colder waters occurs, indicating the
presence of waters from the top of the permanent thermocline,
which already characterizes the South Atlantic Central Water

(SACW).
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DISCUSSION

Wind is the primary agent responsible for subtidal
circulation in most continental shelves, mainly for the along
shore component (Mooers, 1976; Bowden, 1983; Simpson
& Sharples, 2012), and in the present case, it applies to
regional comparison through direct observations made on the
Pernambuco and Bahia continental shelves to the north and
south, respectively (Domingues et al., 2017; Schettini et al.,
2017; Thévenin et al., 2019). According Parente 2021, the wind
in the Sergipe-Alagoas Continental Shelf, present a preferential
direction from east and east-southeast, where wind was the
primary driver of the subtidal circulation in the region, their
results showed a correlation of 0.75 between wind and currents
on the continental shelf. In deeper regions, this wind pattern
will, with winds coming from the east, induce southward
transport through the Ekman mechanism, which in the Southern
Hemisphere can rotate up to 90° to the left . This assumption
is supported by observations of water properties, especially
for the presence of diluted CW on the top layer which is most
likely caused by the Sdo Francisco freshwater flow and other
small rivers of the region.

RBRH, Porto Alegte, v. 29, e46, 2024
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Considering (1) the extent of the CW occurrence, (2)
the gradient across the sections at the surface, and (3) the wind
condition, the CW is directly related to the southward dispersion
of the Sao Francisco River freshwater plume (Paiva & Schettini,
2021). The mean flow of the current on the Sergipe —Alagoas
continental shelf is to the southward, parallel to the coast
(Parente et al.,, 2021). On the Pernambuco shelf, there is a dominance
of TW with temperature values above 26°C and salinity above
36 g/kg in both winter and summer (Domingues et al., 2017;
Schettini et al., 2017), which are very similar to the observations
below the CW in the Sergipe shelf. This, along with the presence
of the Sao Francisco River’s CW plume, reinforce the hypothesis
of a southward current pattern.

The relatively higher chlorophyll and turbidity values
along the bottom layer of the transect to the south of the canyon
(Figure 4) suggests a differential hydrodynamic regime compared
with the transect to the north of the canyon. The presence of
the canyon appear to play a role in facilitating the penetration
of deeper and nutrient-rich waters closer to the coast, acting as
a channel and possibly a ramp. This is particularly relevant since
the sections are only 10 km apart each other and were sampled in
matters of hours, so the results give a nearly synoptic snapshot of
the variables distributions. It is possible that in some seasons of the
year with favorable conditions, the uplift of deeper water masses
along the canyon culminates in the upwelling of upper layer of the
permanent thermocline (South Atlantic Central Water, SACW),
which is richer in nutrients than the TW, and when brought to
the surface of the continental shelf, could play a role in primary
productivity (Regaudie-De-Gioux et al., 2017).

Along the entire southern section, elevated chlorophyll and
turbidity values near the seabed are also observed, which is not
the case in the northern section. This differential pattern suggest
that there is an also differential hydrodynamic regime between
both sides of the canyon. Considering the southward current,
the increase in chlorophyll and turbidity to the south suggeststhe
occurrence of upwelling induced by the presence of the canyon
(Kampf, 2012). Turbidity distributions show patterns very similar
to chlorophyll, suggesting that the particles causing turbidity are
phytoplankton themselves.

The lowest salinity values in the surface layer near the coast,
extending about 10 km along the transects, are also associated
with higher chlorophyll values. This association is explained by the
input of nutrients from continental sources and their conversion
into primary production (e.g,, Lohrenz et al., 1999; Schettini et al.,
2011). The extent of the CW offshore suggests a significant input
of freshwater, and it certainly indicates the input of freshwater
and nutrients from the Sio Francisco River (Medeiros etal., 2011).

CONCLUSIONS

This study presents a high-resolution assessment on the
thermohaline characteristics of continental shelf in the vicinity
of the Japaratuba Canyon. The water masses were dominated by
the presence of Tropical Water (TW), however with is a greater
presence of Coastal Water (CW) due to the dispersion of the Sao
Francisco River plume to the south. At the deeper regions the
water temperature decreased, indicating the presence of South
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Atlantic Central Water (SACW). The latter is directly associated
with deeper areas of the canyon.

Higher values of chlorophyll and turbidity were recorded
at the southern side of the canyon, as well smaller values bottom
temperature at the outer shelf. This pattern suggests some sort
of interaction between currents and the seafloor, likely due to
the upwelling of deeper water masses. The presence of the Sio
Francisco river plume also was related with higher values of

chlorophyll.
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