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ABSTRACT

Intratidal variability and flux of salt, chloropiyd and suspended materials were evaluated in a
shallow tropical tidal channel linking a coastafjdan to the western Gulf of Mexico. Velocity,
temperature and conductivity were used to calculedluxes. Data were recorded during three tidal
velocity cycles (tvc) under extreme river dischargenditions. Chlorophyll-a and suspended
materials were determined below the surface. Im sgasons (dry and rainy), the flow was ebb-
dominated and with longer duration than when iedloMaximum current velocities were 0.30 th s
in May (dry season) and 0.60 ni @1 September (rainy season). In the dry seasonntban
chlorophyll-a export was of 7.56 Kg over tvc whilee import was of 3.32 Kg. In the rainy season
mean export (47.3 Kg) was 6 times greater tharirtipert (7.93 Kg over tvc). Phytoplankton was
dominated by organisms of marine origin. The metaxported, suspended materials in the rainy
season (111.3 Kg) was 4.6 times greater (859 Kay) that in the dry season (184.7 Kg over tvc).
Tidal velocity asymmetry is an effective mechanisiexportation, introducing relatively warm and
saltier water into the river through the tidal chah

Resumo

A variabilidade intramaré, o fluxo de salinidadeclarofila-a e material em suspenséo foram
avaliados em um canal superficial de maré troptétaluma lagoa costeira ao oeste do Golfo do
México. Os dados de velocidade, temperatura e t¢twdhde foram usados para calculo dos fluxos
durante trés ciclos de velocidades das marésgolxrondigdes extremas de descarga. A Clorofila-a
e material em suspenséo foram determinados abaisubsuperficie. Em ambas as estacdes (seca e
chuvosa), o fluxo dominante foi durante o refluxaoen dura¢éo maior durante o fluxo de entrada. A
méxima velocidade encontrada foi 0.30 thesn maio (estacéio seca) e 0.60 e setembro
(estagdo chuvosa). Durante a época seca foramtadpsr7.56 Kg de clorofila-a, enquanto a
importacdo foi de 3.32 Kg. Durante a temporadahdea a média exportada (47.3 Kg) foi seis vezes
maior que a importada (7.93 Kg). A concentracéoianéd material em suspensao exportado durante
a época de chuvas (111.3 Kg) foi 4.6 vezes mak® (&) que durante estagcdo de seca (184.7 Kg).
A assimetria das marés é um mecanismo efetivo desgprte, introduzindo no rio aguas
relativamente quentes e mais salinas através co dammaré.

Descriptors: Tidal channel, Intertidal variabilitgalt, Chlorophyll-a, Suspended materials, Gulf of
México.
Descriptors: Ambiente intermarés, Sais, Clorofilédaterial em suspensao, Golfo do México.

INTRODUCTION MONBET, 1992). Tidal currents may be the major
source of energy for transporting non-living matki
The structure and function of planktonic @1d organisms as they are largely passively drbyen
communities are governed to a large extent b}'€Se physical forces (LUCAS et al., 1999). Tramspo
physical forcing on different temporal and spatia@€Pends on differences in current magnitude and
scales (MANN: LAZIER, 2006). On small spatial- d_uratlon bet\{yeen _ebb and flood” tidal currents; such
temporal scales hydrodynamic processes such giferences, “velocity asymmetry”, are produced by
tides in the inlets of coastal lagoons and estaaiay the d!stortlon of the tidal wave entering rivers,
an important role in the distribution and abundaote ©Stuaries and coastal lagoons (HOITINK et al., 2003

planktonic organisms (LUCAS et al., 1999, 2006; .  Several studies have been conducted in
Mexico on plankton transport by tidal currents.
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GoOmez-Aguirre and Santoyo-Reyes (1975) examineSeptember is the rainiest month of the year (~@&10.
the interaction with the sea at three estuaries imm) (SANCHEZ-SANTILLAN et al., 1997).
Northwestern Mexico, they pointed out that
phytoplankton abundance diminished during high, tide
associated with an inverse pattern of zooplankton. A fixed sampling point was established on
Another study in the southern Gulf of Mexicothe western margin of the La Mata Channel (Fig. 1b).
highlighted the importance of the tidal transpdrtte ~ Chl-a and SM were sampled simultaneously on two
shrimp larvae by tidal forcing (FLORES-COTO et al.,days in May and three in September, 1990, at 2Kour
2003). Studies carried out on the northwesterintervals, beginning - on both campaigns - at 16,00
Mexican coast, in Magdalena Bay, showed that th#e depth at this sampling point was 1.5 m, so $snp
horizontal transport of euphausids was modulated byere only taken below theurface. An acoustic current
semi-diurnal tidal currents at the mouth and thayt meter ACM-2 (Neil Brown Instrument Systems) was
are completely dispersed inside the bay by strongioored in the middle of the channel (20°58.33'N,
spring tidal currents (GOMEZ-GUTIERREZ; 97°20.164") (Fig. 1c). This current meter registere
ROBINSON, 2006). The behavior of the red cradhe current velocity every 10 minutes (u and v gijo
Pleuroncodes planipesn response to tidal variations components in m s referenced to the magnetic
at the entrance to this subtropical bay, is to fiyodi North), temperature (°C) and conductivity (mS).

Sampling Strategies

their position in the water column according to the In order to obtain the normal and along-
high or low tide water level (ROBINSON; GOMEZ- channel velocity components, the current meter
AGUIRRE, 2004). components were projected onto a coordinate system

The dynamics of nutrients, Ch|0rophy||sl the axis of whichwas rotated 298tlockwise with
suspended materials and salt concentrations, [gference to the magnetic Noyithus the new u- and
shallow coastal lagoons directly connected to #a s V- velocity components were, respectively, norneal t
have been widely studied and discussed (HSIEH et afnd along the La Mata Channel. In order to obtagn th
2010: MOSER et al., 2005; PEREIRA-FILHO et al.,same number of water elevations and correlate them
2001). The La Mata Channel presents an untypicaith the current meter data (every 10 minutes)ewat
morphologic feature; it is connected to the sea bglevation data were splined following Conte and
means of the Tuxpan River. The mouth of thdBoor's (1972) procedure. The time of flood (infloov)
Tampamachoco Coastal Lagoon first exchanges maggb (outflow) was noted from the v-velocity
with the river, through the La Mata Channel, aneraft component flow graph when a zero-up-crossing or
that with the adjacent sea (Fig. 1a). zero-down-crossing was seen in the velocity values.

The aim of this research project is to analyze Water samples were obtained every 2 h with
the intratidal variability and fluxes of water, sal 5 L van Dorn bottles to determine Chland SM
chlorophyll-a (Chla) and suspended materials (SM),concentration. For Chd- half a liter was filtered
in a narrow shallow tropical tidal channel, between through Whatman GF/F filters (glass filters, pozes
coastal lagoon and the adjacent sea connectedgthrolP-7 pm), previously filtered through a 200 um mesh in
a river. The role of tidal velocity asymmetriestire  order to eliminate zooplankton organisms. @hlmg

horizontal transport through the tidal channel lsoa M°) was determined following Lorenzen's (1967)
reviewed. spectrophotometric method using a Milton Roy

Spectronic 21 spectrophotometer and pigment
extraction with 90% acetone. For SM md,lhalf a
litter was filtered through precombusted and
Area of Study preweighed Whatman GF/F filters; the filters were
] ] _dried at 70°C and weighed. Data of chlorophyll-a and
La Mata is a narrow shallow tropical tidal S\ concentration were also cubic splined, so
channel with conspicuous hydrodynamic featureSnterpolated data were separated by half-hourly
because it connects a coastal lagoon, a river leenl t intervals. Water samples of 250 ml for phytoplamkto
the adjacensea. This shallow "V" shaped channel isgualitative analysis were collected at the surfaite a
1.5 km long and ~300 m wide (Fig. 1b) with variableyan Dorn bottle and fixed with Lugol's iodine
depth; a depth greater than 8 m is found at thetmdi  sojution. General phytoplankton composition was
direct connection with the Tuxpan River; in the niédd analyzed with an Axiovert Zeiss inverted microscope
of the channel the depth diminishes to ~2.5 m amd 0and settlement chambers of 25°cidentification was
the inner side to ~1 m. The regional climate igarried out mainly based on Toma&l997) manual.
described as warm, subhumid, with a rasBymmer Qrganic suspended matter was not analyzed because
season. During May winds are light and occasiorally oyr first approach was to evaluate the net fluxotdl

strong southerly wind is observed; in summer thgyspended materials through the La Mata Channel.
humid, warm trade wind prevails inthe region;

MATERIAL AND METHODS
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The cross sectional area of the channel wasmg m® and correspond to anmesotrophic condition,
computed taking into account the tide water letrels common in other Gulf of Mexico coastal lagoons
the area varied according to the height of the tide (CONTRERAS-ESPINOZA et al., 1994).

To achieve the integration of mass No clear oscillation patterns were detected
importation or exportation of Cld-and SM towards for chlorophyll-a concentration in May (Fig. 2ehca
(positive values) or away from (negative values) thin September the highest values were found atride e
coastal lagoon, graphical integration was performedf the ebb tide phases (Fig. 2f). Overlapping gsaph
with the following data: on the abscissa axis wets s Chl-a concentration and water velocity (Fig. 2f) show
the date in 0.1 day intervalersuschlorophylla (mg a similar pattern.

m?3), suspended materials (mg ). and the SM showed a mean concentration of 22.8
corresponding value of water flow {nsY) on the mg L% ranging from 10.3 to 53.7 mg'lin May (Fig.
ordinate axis. 2g), and a mean of 45 mg*Lranging from 13.5 to

The water flows were computed according95.2 mg ! in September (Fig. 2h). These values were
to: ] dQ= | A dV, wherei is the number of time-step of the same order as those detected in the tropical
integration, Q; the water flow (m s, A the cross estuarine system of S&o Vicente and Santos estuarin
sectional area (f) andV; the instantaneous velocity channels (Brazil) (MOSER et al., 2005). During high
(m s along the channel. The instantaneous fluxefeshwater runoff (September), high concentrations
(F)) were obtained by multiplyingd; by the time occur over a longer duration of ebb phases, showing
corresponding concentratio;, of salt (Kg n), Chl-  net suspended material transport from the lagoon to
a (mg m®, SM (mg L}, and thuss; = Q; G (Kg s?).  the river. The high concentrations during the ebbst
The net mass exported/importedd,( absolute value) result from the increased friction with the sea bed
results from the integration of the mass fluxcaused by variations in water depth; on the inige s
differentials: | Mei | = [ F; dt, where the integral limits of the channel the bed is 1 m deep, and in thedire
t=0 and t=a were two followed zero velocity up- connection with the Tuxpan River more than 8 m.
crossing time, dt was the time interval, 10 mindt@s Values of SM showed erratic fluctuations (Fig. 2g;
salt, and 0.1 d (2.4 h) for Chland SM. Mass was the 2h). In September, in the second and third flowles;c
amount of salt, Ch& or SM that is moved through the the highest values were found at the end of the ebb
La Mata Channel during each velocity cycle. Thephase, resulting from the re-suspension of sedsnent
results of the exchanges were separated into impdiy the action of the tidal current. Overlappingpra
(inwards) and export (outwards) through the channealf suspended material and water velocity (Fig. 2;
according to the sign of the water velocity (Fig. 5 for the sampling periods of May and September show
Time integration of water, salt, Chl-and SM from no clear dependence on water velocity.
time series were calculated over three water flow The discharge from the Tuxpan River basin
cycles. into the Gulf of Mexico is considered, according to

CONAGUA (2010), to be the i2in importance (in

volume). During 1990 the Tuxpan River presented a
RESULTS discharge that ranged between 250 and 218G™m

(Fig. 3). Time series of the Tuxpan River discharge

Water temperature ranged from 25.5°C toohOW peaks that may be associated with
28.5°C in May (Fig. 2a) and from 27°C to 31.8°C inmeteorological conditions such as the northerlydwin

September (Fig. 2b). Temperature values werl'@t brings humid air or summer storms, but an
consistent with the locality and season as pre1,5-,0usenvelop depicts a low river discharge for the t finglf
observed by Contreras (1983). of the year, and a paused increase up to a maximu

Current meter salinity ranged from 28.4 toof_around days 270.'2801 corres_ponding t_o Sgptember
36.5 in May (Fig. 2c), and from 17.9 to 29.7 in(Fig. 3). The sampling times discussed in this pape
September (Fig. 2d). fall into extreme p_erlods_ of low river dischargesla
Chlorophyil-a showed a mean concentration&round maximum river discharges.
of 3.76 mg r¥, ranging from 1.54 mg thto 7.23 mg _ Data from the tide gauge cloge to the Tuxpan
m? in May (Fig. 2e), and a mean concentration of 2 4River mouth (SMU, 2010) showed a tldg height of Q.7
mg i, ranging from 0.51 mg fhto 6.33 mg i in M of diurnal shape for the May sampling lapse (Fig.

September (Fig. 2f). These values were of the sanf®): During the September sampling (Fig. 4b), trss f

order as those found in Southern San Francisco@ayNalf of the water level curve depicted a mixed tide

subtropical environment (LUCAS et al., 1999), buthen changed to roughly diurnal; tide height was
lower than previously reported for the Tampamachoc8round 0.5 m in the mixed part and 0.6 m in the
Coastal Lagoon (SANCHEZ-SANTILLAN et al., diumnal part

1997). Chla concentrations oscillated from 2.7 to 7.2
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Fig. 2. Left panel for May Temperature (a), Salir{it), Chlorophylla (€) and Suspended materials (SM) (g). Right
panel for September Temperature (b), Salinity @hlorophylla (f) and Suspended materials (SM) (h); variables
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Tidal current velocities along the channeldepends on the difference in magnitude and duration
ranged between -0.30 mtsand 0.29 m $in May between ebb and flood tidal currents; such a
(Fig. 4c) and between -0.60 it &nd 0.23 m$in difference, known as “tidal current asymmetry”, is
September (Fig. 4d). In both seasons, dry and raingenerally associated with the distortion of thealtid
the flow was ebb-dominated. Water outflows showedvave entering rivers, estuaries and coastal lagoons
that ebb water volumes were up to twice those ef th(HOITINK et al., 2003). Furthermore, in the La Mata
inflow (Fig 4; Table 1). Comparing the ebb curremt i Channel, the freshwater discharge from the micro-
the two seasons, it was observed that in the rairyasin, and likely salty water from the Galindo tnle
season (September), ebb velocities were up to twi¢€ig. 1a), might also contribute to the ebb asymynet
those registered in May. Computation results of the mass of salt

Results showed that a greater volume ofmported or exported during three velocity cyclds o
water flows from the lagoon to the river, going outMay and September are presented in Table 1 and
faster and for longer than the entrance of watertimne  Figure 5. It is clear that in the September diurnal
lagoon (Figs 4c and 4d; Table 1). Net water trartspocycles, the amount of salt that leaves the lagaon i
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greater than iis in May. From the maximum value of 5.92 Tons §, and for M2 (flood) was 1.34 Tons.s
salt export, S2 (ebb) in September, and the minimurfhe result obtained by Dyer et al. (1992), in pical
inflow value, M2 (flood) in May (Table 1), average estuary of Sungai Merbok (a mangrove-fringed system
salt fluxes were computed from the quotient of thef Malaysia), was 3.8 Tons'sfor an average salt
amount of salt divided by the duration of the pssce discharge from a fifteen-day experiment in Junasth
(ebb or flood; Table 1). For S2 (ebb) the resuls wacorroborating the magnitudes of our calculations.
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Fig. 5. Net-transport of Mass. Left panel for MaaitSa), Chlorophylla (c) and Suspended Materials (SM)
(e). Right panel for September Salt (b), Chlorophyld) and Suspended Materials (sm) (f).



318 BRAZILIAN JOURNAL OF OCEANOGRAPHY, 60(3), 2012

Table 1. Water flow volumes and duration of ebbs conspicupus, indicgting some trophic rglation te.th
(negative values) and floods (positive values), aalt in planktonic community. May showed a higher variety

three water flow cycles within the La Mata Chanfei ~ Of diatoms such as Asterionellopsis glacialis
May and September 1990. Cylindroteca  closterium and Thalassionema

nitzschioides A. glacialis is considereda neritic

allochthonous species andC. closterium an
Month Process Duration (h) Volume (m%) Salt (Ton) autochthonous one. Dinoflagellates showed a higher
relative  abundance than diatoms, especially

b e *géfségi 32332:2 Protoperidiniun) ~ Gonyaulax Podolampas and
May M2 flod 383 +516,867 18,534.20 Ornithocercus They were more frequent during sunset

M2 ebb 7.83 2,500,994  114,304.90 sampling and under ebb conditions. Cyanobacteria

M3 ficod 450 +627,590 203204 were represented by the freshwater genera

M3 ebb 17 -3,668,622  121,745.40 Merismopedia, Anabaenand Microcystis and the

St flood 10.01 +4691094  117,158.70 marine  Trichodesmium  The phytoplankton

St ebb 14.35 -13,951,416  301,355.40 composition indicates the greater influence of titeri
Sep 2 fed O e asT®  than of fresh water. In September there was little

S5 flood 851 14360264 O7.97550 variety of phytoplankton constituents but at higher

S3 ebb 16.18 1,333,994 233,485.00 abundance (not shown) with the dominance of

Protoperidinium and Cylindroteca closterium
In both seasons, Chl{luxes were higher in Hemiaulus hauckiiand Thalassiosira appeared in

ebb phases for the three flow cycles, especially ipePtémber. Againthe higher abundance of neritic
September (Table 2; Fig. 5). In May the total expororganisms evidenced thmarine influence in the La
was of 22.67 Kg and the import of 9.96 Kg. InMata Channel.
September the total export was of 141.98 Kg and *h~
import of 23.78 Kg. These results show an evid¢ Table 2. Mass of seston and chlorophyll, in kg éach
outflowing of phytoplankton biomass from th water flow cycle, as observed in the La Mata Channe
Tampamachoco Lagoon to the Tuxpan River thro. Tampamachoco, Ver, during the May and September
the La Mata Channel. sampling periods.

SM fluxes showed a similar pattern for Chl-
with higher export than import values. In May tbéat

amount of SM exported to the river was 333.99 Kg; i Flowcycle  Supended material  Chlorophyll
September it was 2576.88 Kg (Table 2; Fig.5). Again

Input QOutput Input Output
the results demonstrate the nature of the La Mal 1st 707 0179 464 A2
Channel as a means of export of suspended materii  May 2nd 26.63  -89.86 288  -6.79
to the river. The values of SM exportation observer 3rd 192 14234 244 296
for May are small compared with those obtained b Total 7562 33399 996  -2267
Hsieh et al. (2010) in 24 h, on two cycles in aisem 1t 15820 0759 736 5819
diurnal tide. Hsieh et al. (2010) obtained -16.684 - Sep 2nd 24650  -801.49 10.19 -35.26
13.491 Tons in January and April, respectivelythie 3rd 14950  -847.80 623  -48.53

channel of a Taiwan coastal lagoon, similar in se Total 55420 -2576.88  23.78  -141.98
that of the present study but with urban waste wate

inflow and mangrove-fringed. The mean result of La

Mata Channel for May was 172 Kg of exported SM,

by two cycles of a semi-diurnal tide. One diurngale Discussion

(around 24 h) of September SM exportation yielded

674 Kg. This value is higher than that of May beseau Scientific investigation of a complex system

ﬁ.f tr?e blasin rufngf'{/lin the rainy seasbon. "I‘ Szpmalike the La Mata Channel is needed to understand its
h!gh values o q transzort rc]an e relate hto Mintricate functioning. As demonstrated by our resul
igher water flow speeds that promote the Tej o itficult to explain the number of sea lewsicles
suspension of sediments thafr ainéven honzontqlly and the number of current velocity cycles; thisteys
through the La Mat? Chhannhel |nt(|) thlf Tuxpan R'V?r'l seems to reduce very large scale processes (thrésbas
In genera .t ep ytop.an “’F‘ was main ydrainage, the gulf tides) to “out of phase beha’ior
compqsed of organisms of marine origin, dom'nat(,eOnce the physical and biological processes are
by diatoms in both seasons (Table 3). Th"understood, the ecosystem services (those useful fo

composition indicates a higher influence of neriti(h man welfare) will be of greater value (FISHER et
than of fresh water in the La Mata Channel. In th a:J 200;;/ ) wi g value (

phytoplankton samples the presence of Tintinnids wa
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Table 3. General composition of phytoplankton ie th The beha\{ior ,Of t.he.' temperature in M‘?ly and
La Mata Channel. September is quite similar to that found by Hsiehle

(2010) in the bay of Tapong (Taiwan), a coastal
lagoon connected directly to the sea (not through a
river estuary). May salinities were poorly correthto
Diatoms . the current velocity; a slight reduction in salnitas
Achanthes sp marine observed during the flood periods and a slightaase

cosmopolitan

Taxa Distribution

Actinoplichussp cosmopolitan during the ebb. During September salinity valuesewe

Asterionellopsis glacialis N

lé;w/e[naxlmmsp : ,"'eﬁ{;)";a,e in phase with the current velocity; when the flood
1aetoceros constrictum . . . . . age .

Chaostoceros emisots £ mitra cosmopoltan tide occurred an increase in salinities was reabrite

(‘?ijjjjj;jjjj;j’;j‘j ? contrast with the ebb tide where a reduction was
! C p cosmopolitan?

(C:izzzggfflacenmlﬂ cosmopolitan Observed. ) ) ) ]

Colindrothosa closterium cosmopolitan In May water level oscillations inside the La

Gyclotellasp :’rfpﬁ'c"jh'wa’er Mata Channel presented two cycles, whereas three
enticulopsis s . . .

Diploneis bombus ? velocity cycles occurred during the same periodhin

warm-water

Ditylum sp neritic same fashion for September, surface water levels
?

Fragilaria sp

Gomphonema termicun ‘ide distributi showed a change from mixed to diurnal tide, while
Gomphonema augur wide distribution e . .
Goniodomasp wide distribution flow velocities showed a diurnal pattern with three
g:gggj’gﬂomsp Liﬁﬁiféﬁ,an cycles. A similar behavior is to be observed in

Hemiaulus hauckii warm-water the study of Dyer et al. (1992) on the channel that

. . warm-water . . .

Henndiscus sp , ? links the Sungai Merbok estuary (Malaysia)to the

A ogloia quinquecosta .

Melosira nummuloides cqsmo_pol!lan_ ocean.

N o e derbution The salinity flux results (Table 1) in the La

Nitzschia macilenta !

Dinmilariasp ; Mata Channel reveal that the amount of salt thagrent

Proboscia alata [ indica ! . .

Pseudonitzschia pacifica warm-water is smaller than that which flows out; the grossrage

Raphidiopsis sp ! . H f

Rhveosolomia sefigera cosmopolitan proportion of salt (influx/outflux) was 0.35 'for Ma

Rhizosolenia shrubsolei wide-distribution and 0.26 for September. Two considerations arose

Rhizosolenia stolterfothii cosmopol!lan .

Skeletonema costatum cosmopolitan from these results. First, that a reasonable amofint

Surirella sp s sea water that flows toward the La Mata Channel is
Tabellaria sp fresh-water ! : -na
Thalassionema nitzschioides cosmopolitan entering through Boca Galindo. Second, it is also
T ey possible that during the flood phase sea watereute
Dinofiacellat the lagoon below the current meter, mixing with the
Inoflagellates . .

Amph,-d,gmmp cosmopolitan freshwater inside the channel and lagoon; a process
Ceratium fisrca var: hircus coastal known as the erosion of the salt water wedge,
Ceratium pentagonum oceanic . . A
Gonyaulas sp vide distributon discussed by Dyer et al. (1992) who characterized i
O Xj;di d;;:;bﬂt;gﬂ the vertical shear turbulence that might be resipins

Peridinium spp wide distribution for the mixing. Ecological considerations on this

Podolampas sp oceanic

Protoperidinium spp wide distribution process call for further research.

Cyanobacteria During Sgptember a conspicuous process is

Anabaenasp freshwater seen exactly during the early flood tide. At the

ﬁff;j;’j;ﬁ;’,’,j";g Sp freshwater moment when the water current velocity changed from
Trichodesmium sp marine negative to positive (from ebb to flood) a sharp

reduction in salinity was observed; this means that
It is interesting to note that in May the river water is introduced into the Tampamachoco

temperature and current velocity were out of phgse -2900n through the La Mata Channel (that is, the
180 degrees, while in September the figure was 12jater contained in the path from the coastal seheo

degrees. Physically this means that in May the waté-2 Mata Channel inlet is carried into the channiel).
flowing into the lagoon was colder than thatthe La Mata tidal channel sulfur phototrophic

outflowing. In September at the beginning of truoé bacterioplankton of three families (Rhodospirillaeea
tide, the temperature fell dramatically by around 3 phromatlaceae and Chlproblaceae) has been reported
°C and persisted at that level, and during the Irégin in the water column; this group has been associated
of the ebb the water temperature abruptly increaaged With polluted waters (NUNEZ-CARDONA, 2008).
around 3.5°C and continued at that level. The cbasty{I'US: bacteria, heavy metals, aromatic compounds,
sea was cooler than the water inside the lagoof€t€rgents - among a large number of substances
During both seasons the lagoon water's temperatufi@nsported by the Tuxpan River - (BENITEZ
was warmer than that of sea, thus the lagoon eaqbortBARCENAS’ 1996), are systema_ttlcally |ntroduce_d
warm water to the river and then to the coastal sel© the Tampamachoco Lagoon in accordance with
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the flow of river water into the La Mata Channel;within the system, and that the excess material is
fortunately the outflow generated by the ebb precesxported to the coastal ocean where it supports nea
acts as a flushing pump to purify the system. coastal ocean productivity, particularly fisheries.

Water velocity values were of the same The first two hypotheses have been
order as those reported by Valle-Levinson et #1012 demonstrated in the present study. High tidal gnerg
at the inlet channel of a semiarid coastal lagoon owas evidenced in the La Mata Channel by the
Guaymas’ Bay, Mexico. Tidal velocity asymmetries,predominance of the outwelling of salt, Chl-a and SM
defined as occurring when the duration of the outto the Tuxpan River.
flowing tide exceeds that of the in-flowing tideave The phytoplankton biomass in the La Mata
been observed elsewhere; these are mainly dueeto t@hannel is exposed to the permanent turbulence of
combined effects of the mean basin depth, the depthorizontal transport for several hours and then to
of intratidal shoals and the relative prism volurtre. drastic velocity changes. In view of the fact that
some systems the wind also can modify the diffexengphytoplankton swimming speeds range from just
in the duration of the ebb and flood tides (WANG etbelow 0.1 to over 0.5 mm-$ (ROSS; SHARPLES,
al., 2002); those authors also highlighted th&008), the phytoplankton continuously transported i
importance of asymmetry in the sediment transpothe La Mata Channel during the flood and especially
dominated by suspended load. in the ebb phases may even be harmed and the

Asymmetry has also been explained as duerganisms (quetas fromChaetoceros colonies,
to the fact that “a fraction of the water that esthe Ceratiumis horns, among others) over-dispersed in
lagoon during flood tide may already have enteted inadequate environmental conditions (ROTHSCHILD;
during previous tidal cycles, thereby furtherOSBORN, 1988).
contributing to the consistently high level of Chdvad The transport patterns allow us to interpret
SM” (PEREIRA-FILHO et al.,, 2001). Tidal the channel mechanism as it relates to phytoplankto
asymmetry for a semi-diurnal neap tide in May had abiomass and the import-export of suspended magerial
average duration of 3.2 h, and that for a diurpaihg The water flow along the channel is an effective
tide in September one of 6.17 h. It is believed tha vehicle for transporting biomass and suspended
entry of water through Boca Galindo and the drainagmaterials.
of the basin in the rainy season (September) emganc
this asymmetry. In the La Mata Channel two extreme
scenarios were analyzed, freshwater runoff anchgpri
tidal conditions, though the asymmetry was observed . . )
in both seasons. As has already been mentionedy lik The La Mata Channel is a highly dynamic
the runoff water from the lagoon plays an importanf'dal system on a small spatial-temporal scalerdlise
role in the asymmetry; during the dry season watef net mass transport, between the coastal laghen, t

flowing out of the lagoon presented high salinities"Ver @nd the adjacent sea, of water, salt, chloybia
mostly close to 36, while during the rainy and suspended materials at each tidal cycle, irlie

season they were below 30. phases. Besides its local relevance, these obsmrgati
The temporal variability of Ché- and SM constitute one of the few reported cases of exatgmng

fluxes reveals a significant exchange between th@etween a coastal lagoon, ariver and the adjaent
lagoon, the river and the sea (Fig. 5) The overaffS Intéracting subsystems with short-term varigbili
results showed that in May the export of @hl- Most of the literature only shows the hydrodynamic
exceeded the import by 2.3 times, and the SM expot@lationship between estuaries and the coastalnocea
exceeded the import by 4.4 times. In September tH¥! large temporal scales (monthly, seasonal, aromal
export of Chl-a was 6 times greater than the impoffiterannual scales). The hydrodynarpiocesses, on
and SM export was 4.6 times the import. In Septembddal time scales (i.e. hours), have effects on the
the Chl-a export was 6.2 times higher than in May anhorizontal transport of chlorophydl-and suspended
the export of SM 7.7 times that of May. This meandnaterials; and have been explored less frequently.
that the La Mata Channel serves as an evident meahd@! velocity asymmetry is a mechanism for the net

for the exportation of living and nonliving matdga tansport of salt, Chk and SM; thus the
especially in the rainy season. Tampamachoco coastal lagoon exports relatively

Odum (1980) proposed three ecosystem¥am, salty, chlorophyll and suspended matter rich
level hypotheses: “a) tidal subsidy concept; b) thd/ater to the Tuxpan River through the La Mata
outwelling idea; c) the concept of a detritus-bafsed  Channel.
chain as the dominant channel of energy flow in.  1he flow along the channel was ebb-
estuaries”. The outwelling hypothesis states thafominated in both seasons with a g.reater and faster
marsh-estuarine ecosystems produce much mof@W volume from the lagoon to the river, and oéth
organic material than can be utilized by or storedonger duration that characterizes current velocity

CoNCLUSIONS
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asymmetry. Salt transport indicated a net exparnfr GOMEZ-AGUIRRE, S.; SANTOYO-REYES, H. Plancton
the coastal lagoon to the Tuxpan River. Chlorophyll- ~ de Lagunas Costeras XI. Transporte en tres estudeio
showed similar concentration in both sampled season ~ noroeste de México (noviembre 197Bev. Lat-Amer.
Suspended material concentrations were higher i Microbiol. , v. 17, n. 3, p. 175-183, 1975.

S ber. C loci . d MEZ-GUTIERREZ, J.; ROBINSON, C. J. Tidal current
eptember. Current velocity asymmetries presented an transport of epibenthic swarms of the euphausiid

export mechanism that implies the horizontal trmrsp_ Nyctiphanes simplex in a shallow, subtropical bay o
of phytoplankton biomass and suspended materials Baja California peninsula, Méxicdviar. Ecol. Progr.
with a net export from the lagoon to the river. Ser, v. 320, p. 215-231, 2006.
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