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ABSTRACT

The circulation and transport of suspended pagteuinatter in the Caravelas Estuary are assessedyN
synoptic hourly hydrographic, current (ADCP velgcénd volume transport) and suspended particulate
matter data were collected during a full semidiusming tide, on the two transedd®ca do Tomband
Barra Velhaand on longitudinal sections at low and high ti@e. the first transect the peak ebb currents (-
1.5 ms') were almost twice as strong as those of the vader shallowBarra Velhainlet (-0.80 mg) and
the peak flood currents were 0.75 and 0.60,mespectively. Due to the strong tidal currentthbolets had
weak vertical salinity stratification and were ddied with the Stratification-circulation Diagraas Type

2a (partially mixed-weakly stratified) and Type (beell mixed). Volume transports were very closegiag
from -3,500 to 3,100 fs* at the ebb and flood, respectively, with a resida0 ns®. The concentration
of the suspended particulate matter was closehta@lto the tidal variation and decreased landwfais

50 mg.L* at the estuary mouth, to 10 mg.lat distances of 9 and 16 km for the low and higle t
experiments, respectively. The total residual SPaisport was out of the estuary at rates of -18 fmer
tidal cycle.

Resuwmo

A circulagéo e o transporte de material particulepsuspenséo no Estuario de Caravelas sdo pehugiisa
Dados quase-sindticos hidrogréaficos, de correntelbdidade e transporte de volume com ADCP) e de
material particulado em suspenséo, foram medidoitarvalos horérios durante um ciclo semidiurno de
maré de sizigia, em duas seg¢Oes transversaBooa do Tomba naBarra Velhae também em sec¢Ges
longitudinais na baixa-mar e na preamar. Na primansversal as correntes maximas de vazant® (1,5
s') foram quase duas vezes mais intensas do que#a sansversal mais larga e r@ara Velha (-0,80

m s?) e as maiores velocidades das correntes de ercloeam de 0,75 m’se 0,60 m 3, respectivamente.
Devido a grande intensidade das correntes de maséjuas secdes transversais a salinidade apresento
fracamente estratificada, sendo classificadas corDiagrama Estratificagdo-circulagdo do Tipo 2a
(parcialmente misturada e fraca estratificacaoicadjte do Tipo la (bem misturada). Os transpodies
volume foram muito préximos, variando de -3.508 sh a 3.100 m s, na vazante e na enchente,
respectivamente, com um transporte de volume rakidual a -630 rhs’. A concentragdo do material
particulado em suspensdo (MPS) esteve fortemel#teioeado a variagdo da maré, decrescendo estudrio
acima de 50 mg:L, na boca do estuario, para 10 myggara distancias de 9 km e 16 km nos experimentos
na baixa-mar e preamar, respectivamente. O tratespesidual de MPS foi estuario abaixo com uma taxa
estimada em -18 ton por ciclo de maré.

Descriptors: Caravelas Estuary; Hydrodynagheracteristics; Volume transport and suspendetitpkate
matter balance.

Descritores: Estuario de Caravelas, Caracteristiidi®dinamicas, Transporte de volume e balanco de
material particulado em suspenséo.

INTRODUCTION Abrolhos National Marine Park, which encompasses
) ~ the largest reef habitat in the South Atlantic Gcea
The Caravelas Estuary is a shallow tropicairhe inner shelf reefs are just 15 km offshore, Whic

coastal plain environment in the south of the Bahignakes them sensitive to near shore and estuarine
State (lat. 17%45’S; long. 03915'W) and has given rise plume effects.

to the formation of a complex channel around the
Cassumba Island (Fig. 1). It presents significant
environmental importance as its mouth is closééo t The Caravelas Estuary is a transitional
environment bordering on a mangrove forest and
Contr. No. 884 do Inst. oceanogr., da Usp. vestigial areas of Atlantic ForesMéta Atlanticg,

Study Area
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located on the southeastern Brazilian coast. Howevebllowing hypothesis: the Caravelas estuary is nyainl
its  main  hydrodynamic and thermohalineforced by tides, fresh water discharge and the wind
characteristics are little known. Taking into aatbu which are responsible for the stratification and
the main forcing of other tropical estuaries lodate circulation through the balance of potential anukkic
further north in the states of Pernambuco and Rienergy. Hence its physical, chemical, biologicati an
Grande do Norte, such as the Iltamaraca estuamyorphological characteristics may be affected by
(MEDEIROS; KJERFVE, 1993), the Jaboatdo rivedifferent time scales: tidal modulation (daily and
estuary (ARAUJO et. al., 1999) and the Curimatadortnightly), seasonal variations due to fresh wate
river estuary (MIRANDA et al, 2005, 2006; discharge and winds and the coastal circulation.
ANDUTTA, 2006) it is possible to establish the
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Fig. 1. Location of the Caravelas estuary in thetext of South America (A) and Bahia State (B)
with the delimitation of its drainage basin (C).eTtietail (D) shows thBarra VelhaandBoca do
Tombainlets. Black triangles in (C) are the samplingtishs along the main estuarine channel.
Black circles in (D) are the sampling stations dgrihe tidal survey.
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In view of the geographical location and theVigosa provides another fresh water discharge with
economic and social importance of the region arounthean input varying from 15 &' at its lowest
the Caravelas estuary, it may act as a naturat filtelischarge to 30 fa* during the season of heavy rains,
(e.g., SHUBEL; CARTER, 1984) and may account foraccording to the 25-year dataset provided by the
the exportation/importation of concentrations ofAgéncia Nacional de Aguas (ANA). However, its
energy, substances and particulate matter by nmefansinfluence, due to the exchange processes of adwvecti
the transport processes (advection and diffusitin). and diffusion between them through the branching
should be noted that the capacity of renewal ofhannel of approximately 27 km which links the main
estuarine water masses and assimilation of atrophiorthern and southern channels, remains to be
material will depend on the processes of a physicainvestigated.
chemical, morphological and biological nature, el The wind pattern in the region is influenced
influence of these concentrations advected by thiey the southern border of the trade winds and ey th
estuarine plume and by the coastal current mayhreaSouth Atlantic Anticyclone (SAA). Due to the
as far as the biogenic environments such as ttfe reenigration of the SAA both towards the N and the S,
Baixio de Foraand the volcanic formatiofdarcel das according to the season of the year (summer and
Paredes Corba Vermelhaand Sebastiio Gomes winter), the main winds are northeasterly between
located less than 24 km offshoi@n the continental November and February and southeasterly between the
shelf, close to the coastline, are tlsaesteand months of March and August (CHAVES, 1999;
Abrolhoschannels, 20 m deep with lengths of 20 kmTEIXEIRA, 2006). The weather in the region may also
and 50 km, respectively, the latter one being leatat be driven by cold front intrusions from the soutida
between theParcel das Paredesnd theAbrolhos by the liberation of cyclonic vortices with greater-
archipelago. annual variability; the cold fronts arriving more

Although there is some basic knowledge orfrequently during the autumn and winter and lessrof
the hydrodynamics of the continental shelf, nothigg in the summer (ANDRADE, 2004).
known scientifically on the circulation, suspended The tidal co-oscillation at the estuary mouth
particulate matter concentration and water mass classified as meso-tidal and semi-diurnal
characteristics of the estuary. The main objectife [N=(K,+0y)/(M,+S,)=0.12] according to its height
this study is to give a preliminary characterizataf  and periodicity, respectively, ranging between dnfl
the Caravelas Estuary, as regards its ecologic8 m in neap and spring tide periods, respectively
importance to the Abrolhos National Marine ParkeTh (TEIXEIRA, 2006). In the Sueste channel the along-
hydrodynamics and suspended particulate mattahelf currents presented a strong correlation with
transport were assessed in the dual inlet systetineof tidal signal, reaching southward velocities of wup t
estuary (Fig. 1D) based on a 13-hour tidal surve9.80 m.& and 0.60 m:% at the surface and close to
during the spring tide period. As will be showne th the bottom, respectively. In the Abrolhos channel a
dataset of this single survey is valuable in that ilow vertical current shear was observed and the
allows the tidal characterization of the main pbgbki surface and near bottom southward currents had

processes concerned. almost the same speeds.60 m.8). The cross-shelf
currents in the Abrolhos channel were highly
PrysicaL SETTING influenced by the tidal oscillation, but this tidagnal

was not so evident in the Sueste channel (KNOPPERS

The Bahia coastal plain has a humid tropicaft al, 1999a; LEIPE et al 1999). The current
climate with well defined wet and dry seasons. Th&ariability is mainly driven by sub-inertial prosses
period of greatest precipitation lasts from Maylty ~ (Period >72 h), with tides and high frequency esent
and the dry season occurs from August to Octoher; t being of secondary importance (LESSA; CIRANO,
mean annual rainfall is 1,600 mm yéaCHAVES, 2004; TEIXEIRA, 2006). .

1999). The Caravelas estuary is forced by the fresh  The coastal circulation is dominated by the
water discharge from two main rivers, thelropical Water Mass (TW) (temperature 30

Cupido/Caravelas and the Peruipe, at the two mouti$&linity >36 psu; (SUMMERHAYES et al., 1976;
of the estuary at Caravelas (lat. °45'S; long. GAETAetal, 1999). The forcing of the ecosystem of

03923'W) in the north, and at Nova Vicosa (lat. theBanco dos Abrolhosonsists of the Brazil Current

17°54'S; long. 0385'W) in the south, respectively. (BC), its oscillations (meanders: and vortices), tides
The fresh water input into the Caravelas River fas &nd the wind-driven currents” influence on the
its source the surface runoff of several tributaribe  Physical, chemical and biological characteristitthe
Cupido river being the main one, scattered over §oastal and estuarine waters (MIRANDA, 1982;
relatively small drainage basin of just under 6067k CASTRO; MIRANDA, 1998; SILVEIRA et al,
(Fig. 1) but there are no data as to its fresh wate2000). Below the TW the BC also carries the South
discharge. In the south, the Peruipe River at NovAtlantic Central Water (SACW) usually with high
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nutrient concentrations. Although not well undeosto Q) = HudA
there are evidences that the upwelled SACW in the . )
Cabo Frio region may be advected by coastal currents The 13-hour survey, with the first data

to the Banco dos Abrolho§CASTRO et al., 2006; collection being made at time zero and sampling at

PEREIRA et al., 2005), an indication that oceanicConsecutive hourly intervals, yielded a total (f)1d
coastal and estuarine systems are Cbse@,amples Thus, the time averaged -cross-sectional

(S @)

interconnected. dischargex 9>, which represents the residual
discharge, is calculated in accordance with Kjerfve
FiELD MEASUREMENTS (1979, 1990) :

Measurements of currents, hydrographic o
properties and suspended particulate matter (SPMf)Q>‘f{ 1+ZQ +f}
concentration were taken during a 13-hour survey on
April 9, 2001, on two cross sections and at four Vertical profiles of current velocity were
oceanographic stations; three stations being ldcatextracted from the cross-sectional measurements. Th
perpendicularly to the widdBarra Velhatransect, one positions of the profiles were chosen so as to de a
near the center of the inlet, two others on thekfiaof  close as possible to the positions of the hydrdgcap
the northern and southern channel and one near thtions, based on distance and depth. For a single
center of the narroMBoca do Tombanlet (Fig. 1D). profile five vertical profiles were selected, tweiibg
The experiment was conducted during the spring tiden either side of the central position. Thus, the
starting almost 2 hours before the low-slack watet averaged velocity profile represents a 25-second
continuing during one full semidiurnal tidal cycle.averaged datum, in this way minimizing the noise
Additionally two along-estuary nearly synoptic signal produced by the ADCP.
transects were made on April 10, 2001 (Fig. 1E)hwi Salinity, temperature and SPM concentration
a set of oceanographic stations covering up-estuadata were also acquired from the ADCP survey vessel
distances of 16 km and 26 km during low and higlust after the current measurements taken on each
water, respectively. cross section. The procedure was to perform a CTD

The current velocity and direction data wereand lower a turbidity meter near the oceanographic
taken on the cross sections using an Acoustic Edpplstations programmed on transe&arra Velha and
Current Profiler (ADCP) by Sontek, model ADP 1500,Boca do TombdFig. 1D). The CTD used was one by
with bottom track capability. One transect extende®aiv A/S, model SD-200, with a sampling rate of 0.5
perpendicularly across each of the inl@sca do Hz. Conductivity Ratio and temperature measurements
TombaandBarra Velha(Fig. 1D) measuring velocity taken by the CTD were converted into salinity in
profiles over both depth and width. The area of theccordance with the Practical Salinity Scale-1978
cross section oBarra Velha (~4,500 m) is almost (UNESCO, 1981) and the numerical values reported as
twice than of theBoca do Tomba~2,400 M) and Practical Salinity Units (psu).
their respective shapes are approximately rectangul The turbidity meter used was an optical
and triangular with maximum depths of approximatelyoackscatter probe (OBS) by SeaPoint, Inc., withctire
7 m and 24 m, respectively. The measurements alomgading through a multimeter in volts. The OBS probe
the cross-sections were made in slightly under 2@as calibrated to convert the voltage into SPM
minutes and hourly during the full spring tidal lyc  concentration (mg t) after the survey through routine
The ADCP was programmed to give velocity profiledaboratory procedure. A high concentration bulk
averaged at 5-s intervals and vertical cell siz€.86 solution was obtained from local sediments by the
m. According to the manufacturer a precision of +1%settling of SPM in a 200 L tank. After a period <8
of measured speed or +0.005 m/s in the velocithours the overlying water was siphoned off and the
measurements may be expected. bed material was stored. Using a 10 L bucket with

The computation of the integrated totalsubmerged pumps to maintain the turbulence, thie bul
cross-sectional discharge (volume transport) wasolution was gradually added to initially clear arat
carried out using the proprietary softwareAt every increase in SPM, a sample of water was
RiverSurveyor (Sontek, Inc.), using triangular clesu taken simultaneously with the measurement of
of the margins and default approximations of nearturbidity. The SPM concentration was obtained tg th
surface and near-bed non-measured layers. Positivatio of total mass retained in a filter by thaefied
(up-estuary) and negative (down-estuary) values wewrolume through a filter of known weight.
adopted. The water discharge (volume transport) was The resulting data set thus presents nearly
given in nis?, which integrates u-component velocity coincident profiles of velocity, temperature, siyin
normal to the cross-section area, A, covered by ADCBPM concentration at each transect at almost hourly
measurements, the instantaneous values Q(t) ohwhimtervals, with 0.5 m vertical resolution. To
were obtained by (eq. 1): standardize the vertical distribution of samsplfor

@)
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each vertical profile, the data were re-sampled tof the flood at 16:00 h. The time rate variationttod
produce 10 levels of measurements for Buea do discharge during this period was 876.sh.hr’. The
Tombacross section, and 5 levels for tBarra Velha flood to ebb transition showed a more abrupt change

Cross section. and for the period from the peak of the flood te th
time when the ebb discharge stabilized at 19:0fén,
ResuLTs time rate variation was close to 2,008.gh.hr'. The
Water Level and Total Water Discharge time interval of the flood to the ebb transitionsnaf

3:20 h. Apparently, the discharge after 19:00 h
The sea level variation during the periodpresents a positive gradient, suggesting that ¢nieg
covered by the experiment to acquire current andf ebb to flood transition has already begun, aitt w
hydrographic data was of about 2.9 m, whictthe period observed at the beginning of the
characterizes the height of the local spring titlee measurements, it totaled 9:30 h of ebb to flood
low tide was at approximately 10:00 h, and the higltransition. The residual discharges calculatedtdy
tide occurred at about 16:00 h. The tide was mosito time averaged values, in thgoca do Tombaand
hourly, and it was symmetric in terms of flood @iib  Barra Velha were outward with values of -34C°s*

periods (Fig. 2A). and -290 ms?, respectively, or -630 frs* through
As stated above, this paper has adopted tHbe dual inlets of the estuary’s northern mouth.
convention that landward direction of volume Figure 2B presents the relationship between

transport, currents and fluxes are positive, degafie water level and cross-sectional discharges. Foh bot
meaning of ‘importation’, whereas seaward directiorcross-sections the first computed discharge is simo
is negative, meaning ‘exportation’. The time vadat coincident with the last, thus closing the polygon
of the total discharge, flowing through tfB®ca do formed by the points. This fact, associated wita th
TombaandBarra Velhacross sections, was practically results presented in Figure 2A, reinforces thengtro
the same (Fig. 2A). The shifts observed at abot80l3 semidiurnal tidal regime as also the confidencéhin

h and 19:00 h in th&oca do Tombalischarges are data acquired during the experiment to be used for
probably due to mismeasurements due to the highrther mass balance. The shape of the water
velocities observed, which may prejudice thdevel/discharge relationship is useful to clarifyet
discharge calculations with the ADCP bottom trackbasic tidal wave behavior across the sections. A
The total water discharge was asymmetric both idiagonal line tilted to the right is to be expecfeda
magnitude and rate of change. The flood periogure progressive wave, when maximum speed will be
lasted 6:45 h, the flood peak discharge of abal@®, attained at the highest level, and a circle foruaep
me.s® occurring at 15:00 h, the addition of thestanding wave, when maximum speed will be attained
discharges of the two cross-sections giving a tofal at ‘zero’ level. Therefore, tides in estuaries naltyn
nearly 6,200 ms™. The ebb peak discharge occurredoehave according to a mixed pattern resulting in an
at 20:00 h and was of about -3,508.9%, or nearly - ellipse (DYER, 1997). The level/discharge
7,000 ni.s® for both cross sections together. Therelationship for the lower Caravelas estuary resembl
configuration of the discharge versus time plotvebd  a tilted ‘rain drop’, with a fat round base andharp

a gentle slope from the peak of the ebb transitin, upper tip.

the beginning of the field work at 08:00 h, to fheak
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Fig. 2. (A) Hourly time variation of water levelgl&d bold line) and volume transports {st) across
the Boca do Tombgline with circles) andBarra Velha (line with squares) transects during the
semidiurnal tidal cycle; (B) Water level (m) ana tolume transports (is') diagram of thdoca do
Tomba(line with squares) anBarra Velha(line with circles) cross-sections.
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Longitudinal Estuarine Structure beginning of the tidal cycle (08:00 h) and endirig a
21:00 h (Fig. 4A). A nucleus of maximum flood near

The results of the longitudinal surveys0.75 m & centered at 5 m depth may be seen in this
carried out at low and high water on April 10, 2001 figure. The velocity shear in the deep layer insesa
are presented in Figure 3. The low water surveyesta when the current is slack (u=0) and are almost in
at 11:00 h and finished at 12:30 h; during the #teb phase with the low and high slack tide.
longitudinal salinity varied from=34 psu to=22 psu,
presenting vertically homogeneous distribution,hwit ) Sainty - LowWater
an averaged upstream gradient of -0.7 pst(Kig. 2
3A). The high water longitudinal survey extended
further upstream from the estuary moufo¢a do
Tombg, up to 25 km (Fig. 3B). The salinity
distribution, like that observed at low water (F3B),
was vertically homogeneous and indicated the ™
intrusion of the Tropical Water Mass (TW), as shown
by its high salinities and temperatures (S>36.0grslI
T=29.0°C); this water mass flooded the lower reaches ?
of the estuary up to a distance of seven kilometers *
(Fig. 3B). Further upstream salinity decrease¢18 £ *
psu and the isohaline distribution seemed to indica
an increase in the horizontal salinity gradierthalgh
its magnitude (-0.7 psu.ki) was the same as that
observed in the low water survey. = m

The SPM concentration distribution at low Distance from Boca do Tomba Inlet (km)
water was stratified near the estuarine mouth,
increasing from 40 mgl at the surface to a
maximum of 60 mg.* near the bed, decreasing up- -
estuary to 10 mgt at 9 km from the mouth and T4
remaining stable thereafter (Fig. 3C). The SPI\/Ig_6
concentration at high water was lower than that
observed during the low tide survey, and stratiiioca ’
was observed along the first 15 km. The maximum ™%

4

Depth (m)
&

-8

R (C) SPM (mg.L") - Low Water

concentration was of the order of 30 m'ij.lclose to (D) SPM (mg.L") - High Water
the estuarine mouth. Similarly to what had been °
observed during the low tide survey, beyond the = 16

distance of 16 km the SPM concentration remained 4
below 10 mg.r* (Fig. 3D). It is worthy of note that £,
salinity and SPM fields are in close agreement a$ ,
regards displacement, indicating a tidal excursidn
nearly 7 km.

The temperature presented only a small -
spatial variation in both surveys. During the loater 0 S e o o et . ®
survey the averaged temperature was.7C, but it
was slightly higher #29.2C) during the high water Fig. 3. Longitudinal distribution of salinity (psupnd

-10

survey, mainly associated with the TW intrusion. particulate suspended matter (md) lalong the Caravelas
River estuary during low tide (A and C, April 1@®, 11:00
Tidal Surveys h — 12:30 h) and high water (B and D, April 10, 2006:15

h —18:00 h), respectively.

Local variations at hourly intervals of the u- . o

velocity component, salinity and SPM concentration The salinity variation in th&oca do Tomba
observed close to the middle of tBeca do Tomba Was from 35.0 psu to 37.0 psu; the minimum value
and Barra Velhacross sections, during a semidiurnal(35:0 psu) occurred in the time interval from 10t00
tidal cycle on April 9, 2001, are presented in Figd. © 12:00 h during the current reversal (Fig. 4B)eTh
The u-velocity component of thBoca do Tomba Maximum salinity £37.0 psu), indicating the TW
shows semidiurnal cyclical asymmetrical variationgn@ss intrusion, remained for a time interval of @n
and small vertical shear; ebb currents reached high hours (15:00 h untik20:00 h), although the u-
values approaching -1.5 it @nd -1.25 m$ at the velocity component structure (Fig. 4A) underwent a
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quick reversal from the flood to ebb current at008h  indicate a behavior typical of a well mixed and
and the advective salt transport was apparenthaterally homogeneous estuary.
missing; this phenomenon may indicate a sub-tidal The distribution of SPM at thBarra Velha
flow of water into the estuary during the semidalrn cross section was laterally heterogeneous, withlema
tidal cycle. However, the highest SPM concentratiopeak values~ 30 mg.LY) at the central station (Fig.
(=30 mgLY) was observed during the current reversaf#F), and higher peak values, of the order of 50Lrhg.
from the ebb to the flood (11:00 h and 12:00 hy anat the lateral stations. The peak of SPM conceatrat
the lowest valuex(10.0 mg L) between 16:00 h and at the southern flank #BV1 station was observed near
19:00 h (Fig. 4C), when the tidal current flows ofit to the bottom at 16:00 h, at the H.W. At the #BV2
the estuary. station the maximum SPM concentration was

The almost simultaneous time variation of u-observed from 12:00 h to 14:00 h, also near the
component, salinity and SPM concentration wa®ottom. A similar pattern was also observed at the
recorded at three sampling stations across theswidehorthern flank #BV3 station, the near bottom
and shallowesBarra Velha cross section, although maximum SPM concentration lasting, therefore, from
only results from the mid-channel stations #BV-2 ard 3:00 h until 17:00 h. The #BV3 presented a higher
presented (see Fig. 1D). Similarly to tB®ca do SPM concentration during the tidal cycle,
Tombaresults (Fig. 3A), local variations of u-velocity comparatively to the other two stations across the
at theBarra Velhacross section showed semidiurnalBarra Velhasection.
cyclical variation and small vertical and lateratrent The salinity isopleths shown in Fig. 4B and
shear, taking into account the flanking samplinge for the Boca do Tombaand Barra Velha cross-
stations; however, due to the greater area of thRections indicate a typically well-mixed estuaryimha
transect, current intensities were lower and variefprced by tidal currents, according to the clasation
between -0.80 msand 0.80 m S for the central criteria of Pritchard (1955), based on the vertical
station (Fig. 4D) and from -0.80 ntgo 0.60 m &  salinity stratification. The time-mean vertical files
towards the northern and southern stationgnd the dimensionless stratification and circutatio
respectively. parameters were obtained taking into account the

Salinity structure at th@arra Velhacross hourly vertical profiles of salinity and u-velocity
section was vertically homogeneous and had almospmponent. On the assumption of a laterally
the same values (35 psu<S<37 psu) and configuratid¥Pmogeneous condition the image of those parameters
patterns (Fig. 4E) as the three sampling statidhs. on the Stratification-circulation Diagram (HANSEN;
lowest and highest salinities were observed dutieg RATTRAY, 1966) classify th@&oca do Tombastype
low and high water, respectively, indicating intams 2a O partially mixed with weak vertical salinity
of the TW mass into the lower reaches of the iatet stratification (Fig. 5), very close, however,type 1a
high tide, an intrusion which remained for a timeas the key parameter is nearly equal to a¥®.09).
interval of almost 5 hours (14:00 h ur#il9:00 h), The Barra Velhais classified asype 1a or vertically
although the u-component experienced currerhiomogeneous (Fig. 5). This indicates that the tidal
reversal from the flood to ebb @18:00 h. The saline diffusion is the main process for the upstream salt
structure and the small lateral shear of the currefransport.

# Boca do Tomba # Barra Velha

(A) Current speed (m.s”) (D) Current speed (m.s”)

IS
WAL Q( g

Depth (m)
Depth (m)

Fig. 4. Isopleths of u-velocity component (cf),s
salinity (psu) and particulate suspended matter
(mg.L?) during the semidiurnal tidal cycle «
April 09, 2001, atBoca do TombdA, B and C,
respectively) andBarra Velha (D, C and E,
respectively) cross- sections. Positive and negativ
values of the u-component indicate flood and ebb
currents,respectively.

8 1

(B) Salinity

Depth (m)
Depth (m)

Depth (m)
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10' that of the Peruipe River. Extrapolating linearle th
discharge of the entire drainage basin of Per/if8Qq
km?), and applying it to the Caravelas estuary drainage
basin (600 kif), the respective values are 32.gh

and 4 m.s? for the wet and dry seasons. As the month
of April, when the data presented in this study ever
3b obtained, is within the waning phase of the wetqakr

the discharge may be estimated as approximating to
il the mean annual values.

The residual volume transport from the time
averaged instantaneous cross- sectional dischasfjes,
about -600 ms?, was too high to be considered
biased or erroneous due to the semi-diurnal diffeze
of the tidal phases, but neither was it possibliestfy
it by the river discharge, which is two orders of

0.99 095 0.9 05 magnitude smaller. The local tidal form number of
1 ‘ ‘ . oot 0.12 (LESSA; CIRANO, 2006) indicates a pure semi-

(Sf-Ss)/Sm

3a

-3
10 10° 10" 102 10° 10 diurnal pattern and fully justifies 13-hour tidairgeys

Ut/ ur to account for the semi-diurnal variability.
Furthermore, the difference of water level from the
Fig. 5. Stratification-circulation Diagram (HanseRattray,  start to the end of the 13-hour survey was of @02
1966), classifying the lower reaches of Beca do Tomba m and the first and last discharge measurements wer

(#TB) andBarra Velha (#BV)cross sections as Type 2a and

X practically the same. These facts make the residual
Type 1la, respectively.

volume transport a straightforward result, and
demonstrate the existence of a dynamic exchange
between Caravelas and Nova Vigosa inlets through the
Discussion ANDSUMMARY interconnecting channels.
The full interpretation of the mechanics that
lead to this residual flow from the Nova Vigcosa
The Caravelas estuary comprises a complegouthern inlet) to the Caravelas (northern inlet)
system of channels and straits with large mangrovgannot be reached on the basis of the presentsdata
areas that experience periodical flooding. Theyjone. Residual flows in a coastal embayment may
physiography of the main channel tapers towards th@sult from several different physical processehas
head; whereas at the mouth it is nearly 1 km wide jver discharge, gravitational circulation, windests,
the head it is just a couple of meters wide. TWtc, Guyondet and Koutitonsky (2007) found that fo
interesting features are worth mentioning as thay m g double inlet lagoon system the inlet morphologgw
play an important role in the mass balance of theghe main factor producing residual flux from onéetn
system. The first is the small drainage area of thg the other. An overview of the Caravelas and Nova
Caravelas estuary (600 Rm which may imply a vigosa inlets (Fig. 1) shows that they have didtinc
reduced fresh water input and the concentrations %Orphokjgies and this may be an important factor in
other substances as well. The second is thgnderstanding the question of the residual flow.
interconnection through narrow channels of the Both Boca do TombandBarra Velhacross-
Caravelas estuary with the southern inlet, at Novagections presented ebb dominance of the u-velocity
Vigosa, which receives the discharge of the Peruipgbmponem The ebb currents in the first were,
River (Fig. 1). therefore, twice as strong={.5 m.§") as the flood
The Peruipe River drainage area is of aboutyrrents £0.8 m.s'), though the current asymmetry in
4,600 knf, and its discharge is monitored on a dailjthe second was not so drastic. The ebb curreriteat
basis by the Brazilian National Water Agency at itS8arra Velha cross-section reached 0.8 .swhile
Helvéciastation (# 55510000) This station covers aflood currents went up to 0.6 rﬁ’sat the center and
area of 2,840 kfy and the mean discharge there is ohorthern flank stations. The southern flank ancpeee
20 nt.s*. The annual discharge regime is regulated bytation did not present any significant current
the tropical climate typified by wet summers anyl dr asymmetry, having maximum flood and ebb currents
winters. The greatest discharge is expected tordocu of the order of 0.8 m’s Asymmetry in tidal current
December, (~30 frs") and the smallest in August records has been widely reported (e.g., BOON III,
(~15 nt.sY). There are no records of river discharge;975: RANASINGHE: PATTIARATCHI, 2000:

into the Caravelas estuary from its tributaries,m& BLANTON et al., 2002, among others), and this may
assume, however, that they present similar behawior pe taken as the rule rather than an exception.
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Tidal current asymmetry arises from non-short periods. The flow ratio ( DYER, 1997) given b
linear interactions due to tidal propagation andhe ratio between the river flow per tidal cycld & x
estuarine morphology, when part of the principall0° m®) and the tidal prism is 0.002, while when it is
astronomical constituent’s energy is transferred tbelow 0.1 the system may be classified as well thixe
over-tides and compound tidal constituents of highewhich is in close agreement with the results ola@in
frequency (PARKER, 1990). The degree of tidalwith the application of the Stratification-circutz
distortion may be evaluated using the amplitude anBDiagram of HANSEN; RATTRAY (1966). The period
phase relationships between the main lunar semdf nearly 5 hours comprehended by the period before
diurnal constituent M and its main over-tide M and after the high water when the salinity was Igear
Either flood or ebb dominance may result. Flooctonstant at 37 psu indicates the transit of TWiartd
dominance is usually observed in shallow estuariesut of the lower estuary, and small longitudinal
under macrotidal regimes. Ebb dominance is observedixing. Taking advection as the dominant salt
in deeper estuaries with large volume storage are&mnsport mechanism during a single tidal cycle th
(SPEER et al., 1990), which applies very well to theidal excursion in the lower estuary can be esthait
Caravelas estuary. According to Friedrichs andearly 10 km using salinity as a tracer of disptaeet,
Aubrey (1988), flood or ebb asymmetry can beas observed by changes during longitudinal salinity
estimated based on two non-dimensional numbers: thiistribution at low and high tide.
ratio between M amplitude, a, in the sea adjacent to The SPM presented an inverse and non-
the mean estuarine depth, H; and the ratio betwezn linear relationship to the salinity (Fig. 6), also
volume storage in the intertidal areasg, Mo the evidenced by the decreasing concentrations landward
channel volume, V. (Fig. 3). This behavior was, in general terms,

There is no bathymetric information unexpected. As a rule of thumb, SPM is higher
available for the Caravelas estuary, though theowards the estuarine head (e.g., UNCLES.eRaDn2;
longitudinal surveys can provide an estimate of th&CHETTINI et al, 2006). This inverse pattern
depth along the main channel (Fig. 3), of the oadét observed in the Caravelas estuary brings out the
m. Taking into account also the numerous creeks imsignificant role of the local drainage basin,eally
the system, an approximate mean depth of 4 m sounitglicated by salinity results, in the supply of sie
reasonable. The channel area according to nautioahter, SPM and other scalar properties. The semi-
charts is of about 24 Kmnand the channel volume is of diurnal SPM concentration observed on Beca do
about 96 x 10 m®. The intertidal storage volume can Tomba and Barra Velha cross-sections is basically
be estimated from tidal prism minus the product ofidally determined, responding to cyclic erosiordan
tidal height (3 m) and channel area (24%krithe tidal  deposition (e.g. NICHOLS, 1984; PRANDLE, 2009;
prism can be computed by integrating the area ®f thiSIEGLE et al, 2009). The near shore processes may
positive volume transport values (Fig. 2A), whichalso play a role in the control of the SPM avaliabi
gives 100 x 1®m®. The resulting storage volume is of in the coastal waters that may enter the estuaipgiu
about 30 x 10m°, and the ratio WV is 0.3. The a/H flood.
ratio is 0.2, where the Mamplitude in the nearshore Additionally, the nearly stationary wave
area is 0.9 m (LESSA; CIRANO, 2006). Interpretingbehavior of the tide indicated by the volume tramsp
these values in the light of the ebb/flood domimancversus water level relationship (Fig. 2B) sugg#isés
diagram presented in Speer et al. (1990), the Clasave the tidal currents will be strongest in the lowstuary
corroborates the theory of tidal asymmetry. Howgverand decrease in magnitude landwards. However,
a question arising from the present experimenttd daweaker currents will be unable to erode bed sedisnen
is why the current asymmetry at tBeca do Tomba and the lag in transporting and settling them Wwél
cross-section was so much higher than thaBarfa  effective in trapping sediment landwards (POSTMA,
Velh& The answer demands further research and lid967; DYER, 1995). This result corroborated the
beyond the scope of this present article. observations of the mineralogy of bottom sediment.

The salinity vertical structures in the Knoppers et al. (1999b) found that in the estuagi h
longitudinal surveys as on both cross- sectionsand concentrations of some material component biogenic
all the stations oBarra Velhacross-section were well matter such as quartz, kaolinite sand and smectite
mixed, with time variation ranging from 35 psu t6 3 transported in the run-off were partially coveredfé-
psu, modulated by the semidiurnal tidal regime, andxides, which is a characteristic of old sediments.
constant spatial gradient landwards. The salinias w The residual SPM transport was seaward
as high as 15 psu even close to the estuarine head. both cross-sections. The total SPM trarispo
These results indicate an insignificant role offitesh was calculated by the product of depth-averaged
water discharge in the estuarine hydrodynamics. G8PM concentration, and also the lateral averages fo
course this scenario could change by virtue oftdras theBarra Velhacross-section, and the instantaneous
rainy events during the wet season, even if only of
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cross-section volume transport, integrated per ,houfravassos for the assistance given during the gsrve
given in units of ton.ht (Fig. 7). Both flood and ebb to Marcal Duarte Pereira for helping with the
maximum SPM transport were of the order of ~ 40Mydrological data; to the anonymous reviewers for
ton.hr?, the residual SPM transport being -15 tons antheir comments and suggestions. CNPq grants
-3 tons per tidal cycle foBoca do TombandBarra 306217/2007-4 and 302702/2002-4. The English text
Velhg respectively. The seaward residual transport igas revised by Prof. Arthur Anthony Boorne.
apparently paradoxical, since there is no riverine
sediment supply, and the mangrove intertidal areas
suggest the depositional process. Therefore, as the
present data set is limited to a single tidal cyte ANDRADE, K. M. Comportamento dos sistemas frontais
comprehension of the fine sediment dynamics in the sobre a América do Sul Dissertagdo (Mestrado) -
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