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Ab~kract: At Punta Blanca, a Sehoenoplectus eolifornicus marsh of about 1,190 nx long and 175 rn wide is 
separated from the Rio de la Plata estuary by a sand bar interrupted at one extreme by a channel through which 
tidal exchange of water occurs. Water movement in and uul the marsh was estjniaied by installing a water - 
stage height meter and following stage height variations through complete tidal ci'ci:s. Incoming river water 
was sam~led twice and outcominr marsh water three times along six tidal cvclcs, an11 minain~hvsical and chemical - - .  
variables were determined. The marked decrease of the suspended matter concentration in the outcoming 
water, points out the large retontion of sediments by the marsh. Oxygen concentration and water pH decreased 

~ - 

in the outcoming water in four over six samplings. Higher concentrations of soluble reactive phosphorus in the 
outcoming tidal water suggest P release related with riverine suspended matter transformation upon 
sedimentation, in response to acidification and reduction within the marsh environment. Nitrate impoverishment 
in the outcoming water suggests denitrification losses. Since ammonium concentration in the outcoming water 
was larger than in the incoming water, a net flux from the sediments is suggested. Nevertheless, as a result of 
nitrate depletion and ammonium release, a net loss of inorganic nitrogen took place. 
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Resumen: En Punta Blanca, un humedal de Schoenoplectus califofonzicus de aproximadamente 1190 m de largo 
y 175 m de aneho se encuentra separado del estuario del Rio de la Plata por una barra de arena interrumpida en 
un extremo par un canal a traves del cual se produce un intercambio de agua durante cada ciclo de marea. Se 
estimd el intercambio de aeua mediante la instalacidn de un hidrdmetro. v cl semimiento de la variacidn de la - . . - 
altura del a y a  durante cada ciclo. Se tomaron dos muestras durantc el ingreso y trcs durante el egreso dei 
agua del humedal en seis cicios de marea, y se determinaron las prineipales variables fisicas y quimicas del 
agua. La marcada disminucidn de la concentracidn de sdlidos suspendidos en el agua de egnso seiiala una 
signlf~cativa reteneidn de sedimentos por el humedai. La concentracidn de oxigeno g el pH del a m a  disminuyd 

- .  . 
suspendidos aportados por el rio luego de su sedimentacidn en el entorno acido y reductor de los sedimentos del 
humedal. El empobrecimiento de la concentracidn de nitratos en el am8  de egreso sugiere perdidas por 

The hydrology, biogeochemistry and ecology 
of rivers is usually modified as  a consequence of 
river-floodplain interactions. This fact has been 
increasingly recognised, specially for large rivers 
(Junk et al.,'1989; Hamilton et al., 1997; Villar 
e l  al . ,  1998) .  Wet lands  serve  as s i n k s  for 
nutrients to the extent tha t  constructed wetlands 
are currently being employed to improve water 
quality (D'Angelo & Reddy, 1994). Floodplain 
environments differ from most other aquatic 
habitats  i n  t h a t  dramat ic  changes i n  water 
chemistry a n d  biotic communities occur i n  
response to periodic perturbations by the flood 

phase of t h e  river. Sediment retention a n d  
transformation of solutes in floodplains can 
potentially modify the water quality of the river. 
River-floodplain interactions in the lower stretch 
of the Parank River a re  responsible fur major 
changes in water quality, bothin the main course 
of the  river a n d  i n  i t s  associated floodplain 
marshes (Bonettoet al., 1994; Villar et al., 1996, 
1998). Because of tidal influence, a large but 
variable amount of water i s  daily exchanged 
between t h e  e s tua ry  a n d  t h e  marshes ,  i t s  
magnitude depending on tidal amplitude and 
wind action. 



140 Reu~sta del Museo Argentzno de Czenczas Naturales, n. s. 1 (2) 

The aim of this paper is to improve our 
knowledge on the influence of coastal marshes 
of the right margin of the Rio de la Plata estuary 
on the main physical and chemical variables of 
the coastal estuary water. 

MATERIAL AND METHODS 

Study site 
A tidal marsh located at  Punta Blanca on the 

right margin of the Rio de la Plata estuary, 
roughly 70 km downstream Buenos Aires, was 
selected to study the nutrient exchange between 
the estuary and the marsh during tides (Fig. 1). 
The marsh i s  covered by a dense s tand of 
emergent macrophytes, Schoenoplectus calzfor- 
nzcus being the dominant. The marsh is roughly 
1,190 m long and 175 m wide, comprising an area 
of approximately 205,000 mZ. Its mean water 
depth is 1 m. The marsh is separated from the 
Rio de la Plata estuary by a sand bar inter~mpted 
at  one extreme by a channel roughly 20 m wide, 
through which the tidal exchange ofwater occurs. 
Mean tidal amplitude at  P. Blancais 0.6 m (SHN, 
1996). 

Sampling and analytical procedwes 
Six samplings were performed: July and 

November 1994, February, September and 
December 1995, and March 1996. Throughout 
each tidal cycle, 2 superficial water samples were 

taken a t  the channel during the rising stage, and 
3-4 along the receding stage. Water movement 
in and out the marsh was estimated by installing 
a water stage height meter and following stage 
height variations through the complete tidal 
cycle. The amount of water exchanged between 
the estuary and the marsh was estimated by 
means of the variation in water depth and the 
marsh surface. Net mass balance a t  the end of 
each tidal cycle was calculated multiplying the 
concentration of the element by the discharge a t  
each sampling, and t he  summation of the  
products during the increasing water level minus 
the summation of the  products during the 
decreasing phase. 

Dissolved oxygen was determined with a YSI 
51B recorder and pH, with an Orion 250A pH 
meter. Water samples were filtered through 
Whatman GFIC filters, and carried in ice to the 
laboratory. Dissolved nutrients were determined 
in the filtrate. Soluble reactive phosphorus (SRP) 
(molybdate-ascorbic) and nitrates plus nitrites 
(cadmium reduction followed by diazotation) 
were determined following Strickland & Parsons 
(1972). Ammonium (indophenol blue) was 
measured according to Mackereth et al. (1978). 
Calcium (EDTA titration), bicarbonate (Gran 
titration) and sulphate (turbidimetry) were 
determined following APHA (1985). Suspended 
matter (SM) was determined as the dry weight 
difference after filtration through Whatman GF/ 
C filters. The filters were heated to 550°C for two 
hours previous to use. 

RESULTS 

Firure 2 shows the incomina estuarv water - - 
composition followed by progressive changes in 
marsh outcoming water along the receding tidal 
phase, on six tidal cycles. 

Temperature ranged 13-29°C in the incoming 
water and 16-32°C in the  outcoming water. 
Dissolved oxygen concentrations decreased in the 
outcoming with respect to the incoming water in 
four over six samplings (Fig. 2). Mass balance of 
this element showed a consumption of 292-2,200 
mg m-"ycle-' (Table 1). Depletion seemed to be 
related to water temperature, attaining 38.43% 
of the oxygen that entered the marsh i n  summer 
(Feb. 95 and Mar. 96). Water pH decreased in 4 
over 6 samplings, without  showing any 
discernible variation in the other two occasions. 
In  summer, decrease ranged from 8.0-8.3 in the 
incoming water to 6.8-6.9 in the outcomingwater 

Fig. 1. Location of the sampling site a t  the Rio (Feb. 95-Mar. 96). SM concentration decreased 
de la Plata estuary. in the outcoming water in all the samplings 
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(Fig. 2). The incoming sediment retention, here 
referred as  sedimentation rate (SR) ranged 2.4- 
119.0 g m-%yclel, being on average roughly 41% 
of the total SM that entered the marsh during 
the tidal cycle (Table 1). The highest SR was 
measured on Dec. 95, with a mean retention of 
65 % of the  incoming suspended solids, i n  
coincidence with t he  highest conductivity 
measured. Conductivity increased in t he  
outcoming water in most samplings except in Dec. 
95 when conductivity in the incoming water was 
an order of magnitude larger than in the other 
samplings, in coincidence with a prevailing south 
wind, bringing more saline water fiom the outer 
estuary (Tahle I). Such events occur several times 
per year. 

Nitrate decreased in 5 of 6 samplings, being 
depletion larger in summer (Fig. 2). Observed 
depletion ranged 4-134 mg m-* cycle-' (Table 1). 
Roughly 92 and 37% of the nitrate that entered 
the marsh on Feb. 95 and Mar. 96 was depleted. 
Although ammonium decreased in 3 samplings, 
large increments were attained in the outcoming 
marsh water during summer (150,269 and 550% 
increase i n  Feb. 95, Dec. 95 and  Mar. 96, 
respectively) (Fig. 2, Tahle 1). The combined 
effect of the ammonia and nitrate opposite trends 
was a net loss of inorganic N: on Feb. 95 and 
Mar. 96 nitrate attained a depletion of 94 and 
134 mg N m-2 cycle-', respectively, while 
ammonium produced an increase of 28 and 55 
mg N m ~ Z  cycle-', respectively, resulting in a net 
loss of 66 and 79 mg N m-2 cycle-'. 

SRP increased in the outcoming water in 4 
over 6 samplings and decreased in the other two 
(Figure 2, Tahle 1). Bicarbonate and calcium 
concentrations increased in the outcoming water 
in all the samplings (except calcium on Set. 95). 
Sulphate did not show any discernible pattern. 

DISCUSSION 

The observed trend to decrease pH, dissolved 
oxygen, inorganic nitrogen and SM, and to in- 
crease SRP, bicarbonate and calcium concentra- 
tions in the outcoming marsh water with respect 
to the incoming water during tidal cycles sug- 
gests the large influence of river water exchange 
with coastal environments on water quality. 

The SM decrease in the outcoming marsh 
water points out the large sediment retention 
within the floodplain environment. Decreased 
water velocity, associated with the trapping effect 
of the marsh vegetation are possible causes for 
the observed results (Uepetris & Kempe, 1990). 
The sediment load of the Lower Paran6 is mainly 
contributed by the Bermejo River (Pedrozoet al., 
1987). I t s  water is saturated with calcium 
carbonate (Pedrozo & Bonetto, 19871, and its SM 
contains calcium carbonates.  Emergent 
macrophyte biomass within the marsh is large, 
attaining 1,450 i 264 g m-2 (Villar, 1997). Most 
of the produced biomass fell down during winter 
and undergoes decomposition in the sediment 
surface enhancing the oxygen consumption and 
the acidification of the marsh water (Bonetto, 
1996). The observed pattern in dissolved gas 
concentrations indicates the strong influence of 
heterotrophic mechanisms below the  water 
surface. The ohserved release of calcium, 
bicarbonate and SRP concentration in t he  
outcoming marsh  wate r  suggests par t ia l  
dissolution of the riverine SM upon deposition 
within the acid sediment-water interface of the 
marsh.  Consistently, higher levels of SRP 
concentrations in floodplain water than in the 
Pa r ana  River i n  response t o  river SM 
transformation in the anoxic and acid marsh 
environment were reported (Villar et al., 1998). 

(pS cm.'), exchanged water volume (m3), and mass balance 
( g  and mg m2; main physical and chemical variables measured during 
each tidal cycle a t  the P. Blanca tidal marsh. 

Date T Cond. Exch, vol. O2 SM N-NHn* N-NO,' SRP Ca" HCOi 

Jui.94 
Nov.94 
Feb.95 
Sep.95 
Dec.95 
Mar.96 

14 703 51,450 
22 459 109,WO 
28 296 26,754 
22 327 45,276 
24 5.1W 94,6G8 
29 606 109,074 

0 2 2.4 1 13.6 1 58 2 9.3 802 t 2,420 
0 1 1 1 . 8  1 11.5 2 18 ?I066 T 763 7 8,300 

& 408 1 5.8 T 27.7 2 94 ? 10.7 t 437 t 4,620 
1 292 1 6.5 1 0.4 - t 2.4 0 1' 1,460 
& 777 1119 t 54.6 2 4 2 10.6 t 1460 T 2,900 
22,200 & 20.6 t 5 5 . 0  2134 t 2.9 t 447 t 2 , 3 8 0  
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Fig. 2. Measuredlimnological variables in the incoming estuary water iIW, mean of two samplings), 
and successive samplings at difkrent times (in hours) in the outcoming water a t  Punta Blanca tidal 
marsh. Mean i standard error. 
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The  observed n i t r a t e  decrease  in t,he 
ontcoming marsh water suggests tha t  coastal 
marshes  a r e  i m p o r t a n t  s inks  of inorganic  
nitrogen (Villar et al.,  1997, 1998). The main 
pathways for nitrate removal a t  the soil-water 
in ter face  of i loodplains include biological 
assimilation, dissimilatory nitrate reduction Lo 
ammonium, a n d  deuitrification (D'Angelo & 
Reddy, 1.993). Under conditions of anaerobic 
organic sediments in contact with a water layer, 
there is a laree demand for nitrate to be used as  
electron acceptors. Ammonium inputs may also 
be  los t  t h r o u g h  coupled ni t r i f ica t ion-  
denitr if ication (Reddy e t  a l . ,  1989).  Large  
increases in marsh ammonium concentrations 
over the incoming water were observed in 50% 
of the samplings, suggesting a large ammonium 
flux from the  sediments to the overlaying water 
column. Low nitrate depletion together with high 
release ofammonium in the outcoming water was 
observed i n  coincidence wi th  t h e  h ighes t  
conductivity measured (Ijec. 95). Ammonium 
constitutes a substantial portion of'the sediment- 
water flux of N in estuaries and coastal marine 
systems (Gardneret al., 1991). In  sediments with 
oxidised surface  layers ,  t h e  percentage  of 
mineralisednitrogen that  is nitrified-denitrified, 
compared w i t h  t h a t  r e l eased  di rec t ly  a s  
ammonium,  seems  to be  r e l a t ed  w i t h  t h e  
presence of higher sa l t  content. I n  estuarine 
systems, a significant portion ofthe N is released 
a s  ammonium. Gardneret al. (1991) suggest that  
whereas adsorption on cation exchange sites (e.g. 
clay particles and associated humic substances) 
hinder the mobility of ammonium in sediments, 
the presence of sea salts could partially neutralise 
t h e  polarity of ammonium ion (by ion pair  
formation) and also cause the cation exchange 
sites in the sediments to he mostly occupied by 
cations. 
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