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ABSTRACT

The Itapessoca estuary is part of the Itamaraca-ltapessoca Estuarine System, a ria-type estuary located on the northeast
Brazilian shore, in the state of Pernambuco. Here we present an assessment of the estuarine circulation, suspended sediment
dynamics, and its main transport mechanisms. We carried out a field survey where water level, currents, salinity, temperature,
and suspended sediment concentration (SSC) were recorded at 10-minute intervals during two complete semi-diurnal tidal
cycles under spring tide conditions. The field survey was conducted in September (2012), which is a transitional period between
wet and dry seasons. The water level displayed symmetrical ebb-flood phases; however, currents were ebb-dominated. The
freshwater contribution was negligible, and the mean salinity was ~35 g/kg, which is slightly lower than the adjacent shelf
values (36.5 g/kg). The SSC transport was driven by the ebb-dominated tidal currents, with the highest values of ~30 mg/I
occurring during the peak current during the ebb. The source of the suspended sediment was the erosion from the bottom,
and the concentration was much lower than other similar estuaries (e.g., Caravelas). This observation suggests this system is a
‘sediment starved system’in the sense that it presents a low concentration of suspended sediment.

Descriptors: Estuarine circulation, Tides, Sediment transport.

INTRODUCTION development such as harbor activity, fostering indus-
trial development. This led to some of the largest ci-
ties in the world growing on estuarine margins.

The sharp longitudinal gradient of salinity is one
of the main characteristics of estuaries. This physical
feature produces the longitudinal density gradient
which drives the estuarine circulation. A lighter upper
layer flows seawards above a denser layer which flo-
ws landwards (Cameron & Pritchard, 1963; Geyer &
MacCready, 2014). Morphology and winds may al-
so play roles in the circulation, resulting in complex
Submitted: 12-Feb-2021 patterns of circulation, mixing, and transport of ma-
Approved: 07-Aug-2021 terials. The several forcings on the hydrodynamics
act on broad temporal and spatial scales, which
©2021 The authors. This is an open access article distributed under turns the assessment of distribution and transport of

the terms of the Creative Commons license.

Estuarine environments play a key role in the
mass transfer in the continent-ocean interface (Sweet
et al, 1971; Valle-Levinson, 2010). They act as a filter,
being efficient traps for sediments and other conti-
nent-born materials (Schubel and Kennedy, 1984).
The inflow of nutrient-supplied waters makes estua-
ries highly biological productive environments. Due
to their strategic localization, they favor economic
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properties into a challenging task (Kjerfve et al., 1982;
Valle-Levinson, 2010). These circulation patterns will
drive the sediment and other scalar budgets (Dyer,
1995; Uncles, 2002).

There is a rich diversity of estuarine environments
along the Brazilian shore, subjected to a variety of
physical settings from 33° south to 4° north. In the
south, the climate is subtropical and the tidal regime
is micro-tidal (D’Aquino et al., 2010). In the north, in
contrast, the climate is tropical and the tidal regi-
me is macro-tidal (Asp et al., 2018). Between them,
along the Northeast shores, occur patches of tropi-
cal and semi-arid climates with tidal regimes ranging
from micro to meso-tidal (Schettini et al., 2017; Paiva
and Schettini, 2021). The semi-arid climate is severe
enough to produce conditions of hypersalinity and
inverse estuarine circulation (Schettini et al., 2016;
Valle-Levinson and Schettini, 2016). With exception
of the S&o Luis (Maranhdo) and Todos os Santos
(Bahia) bays, estuaries along this shore are relative-
ly small, making them more prone to human-indu-
ced changes (Schettini et al., 2017). Because of the
semi-arid climate, most systems present a relatively
small freshwater inflow, even with considerably lar-
ge drainage basins, e.g., the Capibaribe River estuary
(Schettini et al., 2017). Some systems present very
small drainage basins with the shape of drought ri-
ver valleys, e.g. the Caravelas estuary (Schettini &
Miranda, 2010). These systems may be classified as
rias according to the physiographic classification of
Fairbridge (1980).

There are two rias in Pernambuco State: the
estuary of Formoso River (Silva et al, 2004) and
the Itamaracé-ltapessoca Estuarine System (lIES)
(Medeiros & Kjerfve, 2005; Schettini et al.,, 2021).
Both are smaller than the Galician rias, known as
prototypes of this type of system. Both present re-
latively small drainage basins and a drought river
valley surrounded by relatively high relief. The small
drainage basin means reduced freshwater inflow and
continent-born sediments. Another feature of these
systems is their proportionally larger intertidal areas
occupied by mangroves, indicating active sediment
trapping (Burchard et al., 2018; Schettini et al., 2020),
which seems paradoxical, considering the limited
local sediment source. These are tide-dominated sys-
tems; taking into account the limited sediment pro-
duction, it may be possible that a substantial fraction
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of the sediments accumulated in the mangroves is
imported from the shelf. To improve the understan-
ding of the estuarine dynamics in rias, sediment star-
ved estuaries, we present here an assessment of the
circulation and sediment transport in the Itapessoca
estuary.

THE STUDY AREA

Itapessoca estuary is a drought river valley un-
filled by sediments (e.g., Fairbridge, 1980), intercon-
nected with the Santa Cruz Channel/Itamaraca Island
(Medeiros & Kjerfve, 1993 and 2005; Schettini et al.,
2021; Oliveira Fo. et. al., 2021 - in press) (Figure 1). The
system is formed by two channels ~8 km long and
300 m wide, along the flanks of Itapessoca Island.
The channels are connected through a narrow and
shallow channel in the northern part. The main stre-
am debouching there is Itapessoca Creek, with a
drainage basin of 125 km? out of the 1024 km? total
watershed area. The land use in the drainage basin
is mainly sugar cane crops along with an industrial
complex (CPRH, 2003).

The regional climate of the Brazilian Northeast
region is semi-arid (Kopen’s Aw, tropical savannah).
However, along the east shore, a strip (~ 100 km wide)
named Zona da Mata (Bush Zone) occurs, where the
climate is tropical wet (Kopen’s Am, tropical monsoon).
The mean annual temperature is 25.5 °C, ranging from
23.9t0 26.6 °Ciin August and February. In the countrysi-
de, the annual precipitation rate is ~600 mm/year, with 5
to 6 dry months. Along the shore, the precipitation rate
can exceed 2,000 mm/year, with rains concentrated in
the May-July months, although rains occur all year long.
In contrast, in the rest of the country, the precipitation
is nearly null during the dry months. There are sharp
changes in the precipitation regime along the Zona da
Mata caused by orography (Pereira, 2013). To characteri-
ze the IIES drainage basin climatology, we adopted the
values provided by Francisco et al. (2017) for the town
of Caapora, ~20 km north. The mean annual precipita-
tion and evapotranspiration rates are 1,917 and 1,508
mm/year, with a strong seasonal modulation. The rainy
period is from May to July, and the dry period is from
October to December (Figure 2A).

There is no river flow measurement in the IIES
drainage basin, although it has been estimated by
Medeiros et al., (1993). Figure 3B shows the monthly
climatology of river flow for the Tracunhaém River. This
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Figure 1. Localization of the Itapessoca Estuary, in the context of South America and Pernambuco State, called the Itamaraca-ltapessoca

estuarine system.

Figure 2. (A) Monthly precipitation and evapo-transpiration rates for Caapord, a town situated 20 km north of the IIES. (B) Monthly mean and
median river flow of the Tracunhaém river, which flows along the western border of the IIES drainage basin.

Figure 3. Relationship between the acoustic backscatter (ABS,
dB) and suspended sediment concentration (SSC, mg/L) from the
moored data.

river borders the western side of the IIES drainage ba-
sin (gauged area = 1,230 km?) and reflects the beha-
vior of the IIES streams. The river flow strictly follows
the balance between precipitation and evapotranspi-
ration. The maximum monthly mean occurs in July at
the end of the rainy period, and the minimum occurs
in December at the end of the dry period. The maxi-
mum mean value is ~20 m%/s, and the minimum is < 2
m3/s. However, the Tracunhaém drainage basin exten-
ds towards the country where the climate changes to
semi-arid and a higher flow may be expected towards
the coast in proportion to the drainage area. Estimates
of the freshwater inflow to the IIES during the dry and
wet periods are 0 (null) and ~50 m3/s, respectively
(Medeiros and Kjerfve, 1993).
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The adjacent inner shelf is narrow (~40 km) wi-
th the shelf break at 60-65 m deep (Barcellos et al.,
2020). The high salinity (> 36.5 g/kg) and high tem-
perature (> 26 °C) Tropical Water dominates all year
long, with little contribution from continental runoff
(< 5%)(Domingues et al., 2017). The regional winds
are controlled by the South Atlantic High, blowing
from the east in summer and from the southeast in
winter. Alongshelf currents are driven mainly by nor-
thward winds, reversing southwards during summer
(Dec/Feb)(Schettini et al., 2017). Regional tides are
purely semi-diurnal and range between 0.7 and 2.3
m under neap and spring tide conditions, and explain
~99% of the water level variance at daily time-scales
(Schettini et al., 2017).

MATERIAL AND METHODS

FiELD OBSERVATIONS

The field survey was carried out from 28-Sep to
1-Oct, 2012, to gather hydrodynamic and suspended
sediment concentration data. An acoustic Doppler
current profiler (ADCP), three conductivity-tempe-
rature data loggers (CTs), and an optical backscatter
turbidity-meter (OBS) were moored at the thalweg of
the Itapessoca estuary at 9 m deep and ~0.5 km from
the channel mouth (Figure 1). The period of data ac-
quisition comprised two complete semi-diurnal tidal
cycles (25 hours).

Water level, current velocity/direction, and acous-
tic backscatter (ABS) were recorded with an ADCP by
Nortek A/S, model Aquadopp Profiler, 1,000 kHz. The
ADCP recorded vertical profiles with 0.35 m bin size,
with the first bin ~0.9 m above the bottom. Each pro-
file was assembled from an average of 180 s at 2 Hz, at
10-minute intervals. CTs and OBS recorded at 10-mi-
nute intervals, performing bursts of 30 s at 1 Hz. The
CTs and OBS were by JFE Advantech. The CTs were
positioned at the bottom, mid-depth, and at the sur-
face. The OBS was positioned at the bottom. Currents
were decomposed to the principal axis component.
We use the convention of negative values for the se-
award currents and positive values for the landward
currents.

SusPENDED SEDIMENT CONCENTRATION

Suspended sediment concentration (SSC) was
derived from the OBS and the acoustic backscatter

Circulation of the Itapessoca Estuary

(ABS) recorded by the ADCP. Both OBS and ABS are
reliable proxies for the estimation of SSC (Schettini et
al., 2010). OBS is usually measured in formazin turbi-
dity unity (FTU), and ABS is in decibels (dB). The re-
lationship between OBS and SSC is direct and linear
for low SSC conditions (e.g., <500 mg/L, Winterwerp
and van Kesteren, 2004). The relationship between
ABS and suspended sediment is direct and non-linear
(Deines, 1999).

To convert ABS to SSC we adopted the procedure
described in Zaleski and Schettini (2006), which is a
two-step method. First, we must obtain a relationship
between SSC and OBS, as we adapted Equation 1 by
Pereira et al., (2010).

SSC(OBS) = 1.03 X OBS —1.05 Q)

with coefficient of determination r» = 0.99.
Although this is a calibration for another estuary, bo-
th systems are relatively similar. Both present small
drainage basins and are tide-dominated; the SSC is
relatively low (<< 1.000 mg/L), draining the same
Barreiras geological formation, so we may expect
similar sediment characteristics, such as mineralogy
assembly and color. Thus, we may use the OBS data
recorded at the bottom simultaneously with the ABS
to assess the relationship between them.

First, the acoustic intensity recorded by the ADCP
in‘counts’must be converted to acoustic power in dB,
discounting the basal noise of the instrument, and
corrected for the water absorption and conical acous-
tic beam spreading, using

ABS = K¢ (E — Epy) + 20logi (z) + 22, (z) + TS~ (2)

(Deines, 1990; Lohrmann, 2001; Gartner, 2004).
The first term on the right side of Equation 2 is the
conversion from counts to dB. is the echo intensity
recorded (counts); is the instrument basal noise, or
the value of echo intensity recorded when the ins-
trument is in the air; is a factor of conversion from
counts to dB. The second term of the right side of
Equation 2 accounts for the effect of acoustic sprea-
ding along the vertical distance from the instrument.
The third term accounts for the acoustic absorption
of the water, being the water absorption coefficient
which depends on water density. The last term ac-
counts for the suspended acoustic reflectors’ target
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strength, usually unknown and not considered. The
relationship between the SSC and the ABS from the
bottom surface cell (0.25 cm from sea level) of the
vertical profile is presented in Figure 3. The SSC can
be estimated by the ABS by

SSC = 0.022¢*"% 3)

with determination coefficient of r> = 0.51 (Figure
3). The use of r? to quantify the goodness-of-fit for
nonlinear models must be used carefully (Spiess and
Neymeyer, 2010). Despite the low value (e.g, > 0.7),
most of the samples (N = 158) are well aligned with
the model.

TrANSPORT DECOMPOSITION

The calculation of the mechanisms of advective
transport of salt followed the approach described by
Miranda et al. (2002), based on Bowden (1963), Fisher
(1976), Hunkins (1981), Dyer (1974), and Kjerfve
(1986). For a given laterally homogeneous estuarine
channel, the decomposition of current u and salinity
S are given by

S(a2,t) = S, (2) + S, (2.0) + S, (2,2) -5 (w.2.0) (@)

where U, and U, are the respective temporal
and spatial averaged values, or (% ) and {(S). The
overbar denotes vertical averaging, and the bra-
ckets denote time averaging. The terms u,; and S,
represent the deviation over time, physically the
periodic tidal effects, given by wu, = uw— U, and
S, = S— S., and the terms u, and S, represent
the deviation in space in the water column, physically
the stationary tidal effects, given by u, = (u) — Ua
and S, = <S>— S..The last terms, U’ and S, are re-
siduals, which can be attributed to small-scale physi-
cal processes, are given by w' = © — W, — U — Us
and §'=5—-S5,—85,—S..

The water column thickness h also varies wi-
th the tide, and can also be decomposed in time as
h (x, t) =h.,t 7, (x,t), where h,is the local time
averaged water depth (h ), and 7. is the tidal varia-
tion of the water level. The averaged salt transport
per one or more tidal cycles T, is given by

Circulation of the Itapessoca Estuary

Ts =4 [ ' ouSdzdt (5)

where h is the water column thickness, o is the
water density, u is the longitudinal component of the
current speed, and S is the salinity. The substitution of
the different decomposition in the Eq. 4 produces 32
parcels of transport, from which seven have physical
significance and are non-zero. The total averaged salt
transport per one or more tidal cycles can be written
as

Ts = 0 (whoS, + {Rw)S, + b (wsSiy +

W v V1 )
ham‘i‘ h,,, <W>+<U[Szhz>+ ’LL,,,(SzhL)) (6)

where the seven terms inside the parenthesis can
be attributed to (i) fluvial discharge or storage term,
(i) Stokes’ drift, (iii) tidal velocity-concentration cor-
relation, (iv) gravitational circulation, (v) oscillatory
shear, (vi) tidal sloshing, and (vii) tidal concentration-
-depth correlation (Miranda et al., 2002). The terms
from Eq. 5 were divided by the mean depth of the
sampling station (~7.5 m) to allow comparison with
results from Medeiros & Kjerfve (2005). The decom-
position applied by these authors is based on Kjerfve
(1986), for well-mixed estuaries and did not solve
the fourth term of the gravitational mechanism. All
the other terms represent the same mechanisms.
Equation 6 was applied to 12:20 windows, which take
into account 75 temporal samples running over the
whole time series. The results were reduced to the
mean and standard deviation of each term of the
equation.

The transport decomposition can be applied to
any scalar property. However, the interpretation of
the results must consider if the property is conser-
vative (e.g., salinity) or not (e.g., temperature). In the
present case, we applied this to the suspended sedi-
ment concentration (e.g., Schettini et al., 2006). The
results from the resulting decomposition must be
understood as a first approximation of the dominant
processes in the site where the data were recorded,
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especially when one considers the lateral variability
of the flow (McSweeney et al., 2016) and secondary
flow (Chant, 2010) in the cross-section, which will
affect the distribution of momentum, salinity, and
SSC.

RESULTS

The time variation of water level, salinity, the
along-estuary component of the velocity, and SCC
are presented in Figure 4. The statistics summary is
presented in Table 1. The tidal signal displayed a sym-
metrical pattern, with equivalent periods of flood
and ebb. The tidal range was ~2.3 m, which is the
regional mean spring tide range. The currents dis-
played a phase lag, with their peaks occurring at the
end of the flood and ebb periods, respectively. The
velocity was asymmetric, with maximum ebb velocity
(-0.87 m/s) stronger than the maximum flood velocity
currents (0.69 m/s).

Figure 4. Time series of (a) water level, (b) salinity, (c) longitudinal
velocity and (d) suspended sediment concentration.

Table 1. Summary of basic statistics of current velocity,
salinity, temperature and SSC.

Parameter Maximum Minimum Mean
U flood (m/s) 0.69 0.36
U ebb (m/s) -0.87 -0.41
Salinity surface (g/kg) 36.9 333 34.8
Salinity bottom (g/kg) 36.9 334 349
Temperature surface. (°C) 27.8 26.7 273
Temperature bottom (°C) 27.8 26.8 27.3
SSC (mg/L) 60.0 6.7 20.0

Circulation of the Itapessoca Estuary

Temporal evolution of salinity followed the water
level (Figure 4b), with maximum value (37.0 g/kg) at
high tide and minimum value (33.0 g/kg) at low ti-
de, indicating a light degree of dilution by freshwater
inflow, although it cannot be defined as hypersaline
conditions as previously stated. The salinity at the sur-
face was on average 0.08 g/kg less than the salinity at
the bottom, and the highest stratification occurred
during low tide. The temperature (not presented in
Figure 4) showed a maximum intra-tidal variation of 1
°C, with the highest values of 27.8 °C during the high
tides. The SSC ranged between 7 (at the surface) and
60 mg/L (at the bottom), with the highest values du-
ring the current velocity peaks and near the bottom.

Figure 5 presents the vertical and temporal distri-
butions of the longitudinal current velocity and SSC
with 0.35 m of vertical resolution, which allows a bet-
ter inspection of the data derived from the ADCP. This
figure allows better visualizion of the longer flood
and shorter ebb current periods. The currents were
virtually unidirectional, reversing from ebb to flood
vertically monotonic. The SSC presented a quarter-
-diurnal pattern, with events of higher concentration
coinciding with the current velocity peak. During the
periods of slack waters, at high and low tide, the verti-
cal SSC decreased in the whole water column.

The relationship between the current velocity
and the water level, the tidal stage diagram, is pre-
sented in Figure 6. The evolution of the tide condi-
tion presented an upside-down raindrop shape, ne-
ar-circular, which indicates a standing wave regime
when there is no mass transport by wave movement.

Figure 5. Temporal and vertical variation of (a) longitudinal velocity
(m/s) and (b) SSC (mg/L). MAB means meters above the bed.
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Figure 6. (a) the tide stage diagram, relating the variation of the velocity and water level, and (b) the relationship between current velocity and

SSC at the surface and at the bottom.

The current velocity asymmetry is indicated by the
displacement for the negative (ebb) values. The rela-
tionship between current velocity and SSC presents
an asymmetric butterfly shape, with an indication of
hysteresis during the ebb period (i.e., the water ten-
ding to maintain the same asymmetric shape).

The results from the decomposition of the trans-
port of suspended sediments are presented in Table
2 and Figure 7. The total transport was -2.12 kg/m.s,
with the negative sign indicating seawards. The do-
minant mechanisms were the mean transport and
the tidal correlation, with similar values and seawar-
ds. The other relevant mechanisms were the Stokes
drift, gravitational circulation, and tidal shear, all with
about the same magnitude and landwards. All me-
chanisms displayed a temporal variability; however,
this was clearer for the largest ones, semi-diurnal.

Figure 7. Temporal variation of each right-side term of Equation 6,
listed in the color indication legend.

Table 2. Mechanisms of the advective transport of
suspended sediments calculated by Equation 6.

Terms Transport (kg/s.m)
i (mean transport) -2.17 +£0.78
ii (Stokes drift) 0.44 + 0.06
iii (tidal correlation) -2.69 + 147
iv (gravitational circulation) 0.33+0.04
v (tidal pumping) 0.03 +0.00
vi (tidal shear) 0.40 £ 0.04
vii (low frequency fluctuations) 0.01 +0.00
Sum of terms above -3.64+2.17
Total -3.57£2.10

DISCUSSION

Along the shores of Pernambuco occur several
coastal embayments. We can separate them into two
groups: those with larger drainage basins, and others
with reduced drainage basins. The former still have
relatively small drainages, not exceeding 10,000 km?
(e.g., Capibaribe and Una Rivers). Further, as they are
subjected to a semi-arid climate in the countryside,
their water production is below the average for syste-
ms with equivalent sizes. During the dry period, their
flow rate is low and they will work as efficient traps,
retaining sediments and other river-borne materials
such as pollutants. The occurrence of estuarine turbi-
dity maxima in these systems is a strong indicator of
that (Schettini et al., 2016; Arruda-Santos et al., 2018).

During the wet period, extreme precipitation
events occur (Ratisbona, 1976), and can produce

Ocean and Coastal Research 2021, v69:e21024 7
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massive injections of materials to the coastal zone.
A single extreme event can produce more material
transport than the expected volume during years un-
der average conditions (Schettini, 2002). Once on the
shelf, these materials will be dispersed according to
the shelf currents and waves. During the wet period,
the currents are predominately northwards (Schettini
et al,, 2017; Domingues et al., 2017), and this could
allow these materials to be exchanged with other es-
tuaries by tidal action (Wolanski et al., 1992; Schettini
et al,, 2013). The IIES is a short distance from the hi-
ghly polluted Capibaribe estuary (Oliveira et al.,, 2014;
Régis et al., 2018), which is a pollutant source for the
coastal area (Maciel et al., 2016). So, despite the IIES
being relatively depopulated and preserved, it may
be trapping materials delivered by the Capibaribe
estuary.

Our survey provided a snapshot of the circula-
tion and sediment dynamics, capturing the spring
tidal regime, during the transition period between
wet and rainy periods. The freshwater content can be
easily assessed using the salinity. Regional continen-
tal shelf salinity is ~36.5 g/kg (Schettini et al., 2017),
and the average salinity at the monitored station
was ~35 g/kg, which disregarding other more com-
plicated factors controlling the salinity distribution
(Dyer, 1997), indicates that 96% of the water volume
moving back and forth forced by the tides is marine.
Further, we can scale the relative importance of the
freshwater inflow by the flow ratio: the ratio between
the freshwater volume contributions during - tidal
periods to the tidal prism volume. The tidal prism can
be scaled by the product between the system area
and the tidal range (Kjerfve, 1990). The West channel
of Itapessoca Island has an area of ~20 km?, and with
a tidal range of 2.3 m, the tidal prism is ~46 x 10° m3.
There is no river discharge data available, but we may
guess a value of about 1.5 m3/s based on Medeiros
and Kjerfve (1996). The resulting flow ratio is ~7 x 10°
4. It indicates that the water exchange with the adja-
cent shelf contributes 1000 times more than the local
river inflow. Thus, we can hypothesize that all other
properties measured at that point are driven mostly
by tides, with negligible freshwater or river-borne
materials content. The sediments are river-borne, but
then are reworked materials from past freshet events.
Their source could be either the local drainage or the
exchange with the shelf.

Circulation of the Itapessoca Estuary

The presence of suspended sediments in the
water is a matter of energy/turbulence to keep the
high-density particles suspended in a less dense
environment and material availability. Turbulence
is produced by vertical shear caused by the bottom
drag, produced either by currents or waves. Long-
period wave energy (generated offshore) is mostly
dumped in the inlets. Short-period waves (generated
locally) can be considered to have a minor role be-
cause of the limited fetch, as the system is mostly ge-
ographically orientated orthogonal to the prevailing
wind regime. So, most of the water-bed momentum
exchanged is due to the tidal currents, which is hi-
gher during the peak currents during flood and ebb.
The highest SSC was recorded during these moments
(Figure 5 and 6b), indicating that the main source of
the material is the resuspension from the bed inste-
ad of horizontal advection (e.g., Schettini et al., 2013).
This is corroborated by the relationship between the
depth-averaged SSC and the bottom SSC (Figure 8)
( e.g., Nichols, 1984; Siegle et al. 2009), which can
be used as an indicator of the suspended sediment
source. A good agreement (higher r?) suggests the
bottom as the main source, meanwhile, a poor agree-
ment indicates other sources.

The Caravelas Estuary (Bahia, Brazil) is relatively si-
milar to the ltapessoca system. They share a similar cli-
mate, similar tidal regimes and present common phy-
siographic features, such as small drainage basins and
multiple inlet systems. There are more assessments on
the Caravelas Estuary dynamics (Schettini and Miranda,
2010; Pereira et al., 2010; Schettini et al., 2013; Andutta et
al, 2013; Sousa et al., 2014). However, an important dis-
tinction is the adjacent shelf characteristics. The shelf off

Figure 8. Relationship between depth-averaged SSC and bottom
SSC. MSE: mean squared error.

Ocean and Coastal Research 2021,v69:e21024 8
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Caravelas is wider due to the presence of Abrolhos Bank,
with large carbonate reefs affecting the coastal dynamics
and allowing mud accumulation on the inner shelf. The
shelf off IIES is narrow and dominated by sand and car-
bonate biogenic sandy-gravel, poorly sorted sediments
with low organic matter contents of natural marine ori-
gin (Barcellos et al., 2020 ; Oliveira Filho et al,, 2021 (in
press)). The fine sediment availability is lower, and this is
reflected in the levels of SSC. In Caravelas, the SSC can be
>300 mg/L during the spring tides (Schettini et al., 2013),
while in Itapessoca the highest SSC was ~30 mg/L. This
is particularly puzzling when one considers the extensi-
ve areas of mangroves in the system. This suggests that
the systems may be a ‘sediment starved system’ which
depends on the allochthonous sources (e.g., Willemsen
etal, 2016), a concern in face of the sea level rise.

CONCLUSIONS

In this study, we assessed the circulation and dy-
namics of suspended sediments in the western chan-
nel of the Itapessoca Island. It is part of the Itamaraca-
Itapessoca Estuarine System. The assessment was
based on a field survey that captures two complete
tidal cycles, at spring tide. Our results showed that
the hydrodynamics were primarily ruled by the ti-
des, with negligible effects from freshwater inflow.
Currents were ebb-dominant, as well as the residual
suspended sediment transport. The source of sus-
pended sediment was erosion from the bottom, and
the concentration was much lower than other similar
estuaries. From our findings, we suggest this is a ‘se-
diment starved system; which is particularly sensitive
to sea-level rise.
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