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RESUMO: Comparaglo das caracteristicas limnolégicas de trés sistemas com
diferentes regimes hidrodindmicos da planicle de Inundag#io do alto rio Parani. O
papel do regime hidroldgico sobre as varidveis (isicas ¢ quimicas cm rcegioes litorais
da planicic dc inundagao do alte Rio Parand (oi avaliado através de estudo
comparalivo dc trés sistemas com distintos regimes hidrodinamicos t(ambicnics
Iéntico, semildtico ¢ 1dtico) ¢ em dois periodos hidroldgicos {dguas allas ¢ baixas).
Trés amostras {oram colctadas préoximo a estandes de Kichhornia azurca para cada
periode ¢ local de estude. A andlisc dos componenies principais discriminou os
sistcmas com base nos pceriodos hidrolégicos e nos regimes hidrodinamicos. O
ambicnte scemildtico (ol caracierizado comao um sistema intermedidrio, aproximando-
sc da lagoa no periodo dc daguas allas pclos maiores tcores de [(6sloro, ¢ do ambicnic
I6tico no periodo de aguas baixas pelos maiores valores de nitrogénio t(otal, pH ¢
aicalinidadec. As razoes N/P evidenciaram o (ds{oro como [lator limitanic no periodo
dc aguas baixas. Maiorcs oscilagdes lemporais ocorreram do sisiecma ldtico para o
Iéntico, indicande maior estabilidadc das varidaveis abidticas no rio. 0s resullados
indicam o rcgime hidroldgico como a principal func¢dce de forga sobre a dinamica c
o funcionamenio dos 1rés sistemas da planicic de inundac¢ao do alto Rio Parand.
Todavia, apontam o rcgime hidrodindmico ¢ o grau dc concxao dos sisicmas com o
Rio Paranda como fatorcs coniroladores da magnilude de influéncia do regime
hidrologico.

Palavras-chave: variavcis limnoldgicas. regime hidrodinamico. nivel (luvieméirico,
planicic de inundagdo. rio Parana.

ABSTRACT: Limnological characteristics comparison in three systems with different
hydrodynamic regime Iin the upper Parané river floodplain. Physical and chcemical
variables of litteral region in the upper Parana River (loodplain was cvaluated in a
comparative study of a lentic. semilotic and lotic sysicms, during high and low
waler levels. Principal component analyscs grouped the sysiecms according 10 watcer
level periods and hydrodynamic regimes. The scmilotic sysiem had intermediate
limnologicat conditions, approaching (he oxbow lake during high waler duc to higher
phosphorous concentration and the river at low' walcr due 10 high values of total
nitrogen, pH, and alkalinity. Phosphorous cnrichment occurred in the lentic and
semilotic systems during the floed period. Although the main functioning (orce of the
upper Paranad River floodplain was the hydrological regime, the influence of the flood
pulscs was moderated by the degree of connection of the cnvironmenis with the
main river channel, as well as the hydrodynamics and morfomcetry of the associated
systcms.

Key words: limnological paramcicrs, hydrodynamic regime, watcr level, tropical
floodplain, Parana River
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Introduction

Floodplains arc present along almost all rivers of the world, Some are small
and some have been modilied or even eliminatcd by man., particularly in temperalc
zoncs. The tlargest and the most important floodplains occur along large tropical
lotic systems (Bonetio, 1963; Neiff, t996). In the tropical and subtropical regions ol
South Amecrica where large river sysicms occur. almost all arc accompanied by
cxiensive f{loodplains (Junk & Da Silva, 1995). Floodplains arc important in thc
regulation of water balance and the biogeochemical cycles on a continental scalc
(Sippect ¢f al. 1992). These systems, becausc of their high organic matter production
and accumulaiion of dctrilus, offcr a varicty of habitats and food for zooplankion,
invertebrates, verlebrates., amphibians and birds, as well as providing rcfuge and
spawning grounds {for many specics of lish {(Wcizel, 1900). The (loodplains arc among
the most proeduclive ccosysiems of the globe and arc also imporiant centers of
biolagical diversification {Junk, 1996). As a conscquence, understanding how these
ccosysiems work is fundamental [or ¢stablishing environmental protecction measurcs,
and proccdurcs for sustainable use and preserving biodiversity.

Ecological studics of (ioodplains began aboul 20 years ago {(Junk & Da Silva,
1995). In Brazil, four (loodplain systems have rcceived the greatest attention: that of
the Amazon basin (e.g. Sicli, 1984, Melack & Fishcr, 1990, Esteves ef al, 1994), of the
Pantanal of Malo Grosso (c.g. Da Silva & Esteves, 1995, Hamillon ¢f a/, 1996), ol thc
Mogi-Guagu River {(e.g. Camargo & Estcves, 1995), and of the Parana River., The Paranad
River. has the second largest drainage systcm in South Amcrica. The floodplainsg of
the middle and lowger Parand River have been studied since the early 1970's (¢.g.
Boncito, 1975; Bonctlo ¢f af, 1984; Garcia de Emiliani, 1993; Neiff, 1990). The litcraturc
on the limnology of the {loodplain of the upper Parana River currenily includes aimost
100 publications. Of these, about ten papcers deal with physical and chemical
paramclers (Thomaz, 1991, Thomaz of al/, 1991, 1992a, 1992b. 1992c¢. 1997, Roberto ¢t
al., 1992; Rauber e al., 1992; Pagioro ¢f al, 1994, 1997; Pacs da Siiva & Thomaz.
1997).

The (lood pulse is onc of the main (actors regulating the physical, chemical and
biological processes on (loodplains, and the analysis of the hydrological regime of
the rivers associaled with the (loodplains occupics a central role in the interprelation
of their ceoelogical processces (Junk er al., 1980; Agostinho ef al, 19905, Junk, 1996;
Neiff. 1996; Thomaz ¢f al., 1997),

In the uppcer Parana River, the variations in water level determine the occurrence
ol many (lood pulscs, At low walcr, oscillations on a weckly scale occur becausc of
the opcration of various dams situatcd upstream of the (loedplain. Thoemaz ¢t al
{(1997) characterized the (lood pulse as irregular compared to that of other large
South Amcrican rivers. Flood pulses occur during the high water period and minor
pulscs occur during the low waler period which does not allow [or the cxact
delimitation of (the lood and dreught periods.

This study provides a limnolegical analysis comparison of three sysiems with
distinct hydrodynamic regimes in the uppcer Parand River {loodplain. Il aims to evalualce
the influence of the water leve!l variation and hydrodynamic regimes on the limnotogical
characieristics of the litieral regions in the (loodplain,

Study area

The upper Parana River flows generally from north to south/southwest through a
region with tropical to subtropical climale, with mcan monthly air temperatures above
15 °C and preccipliation over 1,500 mm/ycar (Agostinho & ZalcwsKi, 1996). The work
was undertaken ncar the municipality of Porto Rico, staic of Parand. at border with
the Slate of Mato Grosso do Sul, between coordinalcs 22°40'- 22°45'S and 53°15"-
53'25'W (Fig. 1). Threce cnvironments with distinct hydrodynamic regimes were chosen:
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Figura I Locations of the 1hree envirenmenis sampled on 1he Upper Parand River flnoodplain

(Gargcas Lake (Ch Pau Véto (B); Cortado Channel (Al

(a) Gargas Lake is connected all year round 1o the Parand River by a narrow canal. It
is approximately 2 km long and 150 m wide. Macrophytes are abundant in the liltoral
Zone and Efchhornia azurea is dominant. Margdins are colonized by arborcal riparian
vegelation: (by Pau VEio Bavou, is situated on Mulum Island in the rarana River. It is
about 1.2 km long and 50 m widc and therc is no waler currenl. The castern bank is
formed by a natural dike which scparates it from the Parand River. On the dike the
vegetation grades [(rom aquatic to terrestrial systems and is composed of
macrophytcs. mainly £. azurea, and herbaceous and shrubby riparian vegetation.
The western hank is mainly pasture: and (c) Cortado Channg! is localed on the easiern
bank of the Parana River. It is aboul 2 km long. B0 m wide and mecan water current of
50 and 30 ¢cm.s? in high and low walter, respectively. It has arboreal riparian vegetation
along both margins and stands of macrophytcs, with a dominance ol E. azurea.

Material and methods

The study was conducied between March 12 - April 1. 1994 thigh walcr period)
and July 18 - Augus! 5, 1994 (low water period). water lcvel and rainfall dala were
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provided by the "Departamento Nacional de Agua ¢ Energia Elétrica” (DNAEE) and
obtained at the meteorological stations of Porto ‘sao José and Sao Pedro do Parand
situated approximately 17 km from the sampling siles. walcr transparcncy was
measurcd with Secchi disk and tcmperature of the watoer mecasurcd with digital
thermistor. Samples were collected in the littoral zone, al the surface, with a van
Dorn walcr sampler and immediately transported 1o the laboratory. The noen-fittercd
portion of the samples was used to measure pH and electrical conductivity with
portable, digital meters: alkalinity (Mackereth et al, 1978) and dissolved oxygen
(winkler mcthod., according 1o Golterman cf al, 19878). Part of thesce samples were
preserved with sulfuric acid for determination of the tolal fractions of nitrogen and
phospharous according to Mackereth ef al, (1978) and Golterman cf al, (1978),
respectively. Another part of these samples were immediately filtcred through Whatman
GE/F fillers and held in a {rcezer at -20°C for a maximum of 30 days for lalcr analysis
of dissolved nutricnts. Ammonium (Koroleff, 1976}, nitritc and nitrate (FIA. according
lo zZagatto er al, 1981), tolal dissolved phosphorus and orthophoesphorus (Mackercth
et al.. 1978) and reactive silicates (Golterman ef al, 1978) werc measured. Part of
cach samplc was also liltered through Whatman GF/F fillers to determine chlorophyll-
& (Wetzel & Linkens, 1991) and suspended material (Schwarzbold, 1990). A Principal
Component Analysis (Manly. 1994), based on ihe variables obtaincd (correlation
matrix), was used to ordinate the sampling dates and silgs.

Results and discussion

Despile the annual variability and the anthropogenic impacis. the floodplain of
the uppcr Parana River is charactcrized by two distinct periods on a seasonal cycle.
a high water pcriod between November and May, and a low water pcriod between
June and Qclober (Thomaz ef al. 1967). During the study pcriod. mean precipitalion
values were 4.4 mm/day during the high water period and 2.4 mmvday during the low
water period. water levels varied between 4.1 m and 4.7 m during high watcr, and 2.2
m and 3.1 m during low walcr (Fig. 2). On one occasion (July 26, 1994), in less than 24
hours there was a waler level fluctuation of 0.9 m, showing the marked influence of
the out{low of the upsircam dams during low water period.

Bascd on 2l years of data, Thomaz (199!1) calculated a mean annual oscillation
in water level {or the Parand River of the range ol 2.9 m. Junk & Da Silva (1995)
mention (luctuations in the range of 2 to 5 m for the Pantanal of Mato Grosso and in
the range of 5 1o 15 m for the Amazon basin. Camargo & EslevVes (t995) observed a
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Figura 2: pauy water levels recorded in the Parand River from March 10 through April 1. 1904 and

from July 14 through Augus! 5, 1994 (HW= high watcr: Lw- low walcr) The arrows

indicate sampling dales.
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variation of 2.5 to 5 m in Mato oxbow lake, situaled on the Mogi-Guacu River floodplain.
Grande River basin, that empiies in the Parana River :

Mean air temperature was 29.8 'C during high watcr and 20.2 *C during low
waler period. During the high water period, the water lemperature was between 25.8 °C
and 27.2 'C, without great differences between the sampling sites and dalcs. During low
water period, temperature ranged {rom 14.0 10 22.4°C (Table ).

During high waler, mean valuecs of water lransparcency reached 61% ol the
maximum depth in Gargas Lake, 48% in the Pau Véio sysiem, and 38% in Cortado
Channel. During low waler, total water transparency {l00%) was observed in the littoral
region of all three systems {Table I), although suspended malerial were actually higher
In this water phase, except! for the lotic system (Fig. 3). Suspended inorganic material
in lotic and semilotic environments were gencrally higher than in (he lageoon during
both sampling pcriods (Fig. 3). So, water transparency was influenced by allochihonous
material as well as the resuspension of bolttom sediments.

The values of conductivity, total alkalinity and pH usually increased (rom the
lentic 16 the lotic environmeni during the two hydrological perieds (Table 1). which

Table 1. Limnological paramcters measured in the littoral rcgion of three sysiems of the Upper

Parana River floodplain during high and low waler periods;, minimum, maximum valucs
and in parenthesis the mean and standard crrer (n=3).
Periods High Water Low Water
Variable Lake Bayou Channel Lake Bayou Channel
Depth 1.6-2.0 1.7-1.8 1.3-1.6 1.0-1.5 0.4-0.8 0.7-1.0
m) (1.910.01) {1.7£0.01) {1.440.02) (1.210.02) {0.610.02) {0.840.02)
Transparency 0.9-1.6 0,70.9 0.40.6 1.0-1.5 0.4-0.8 0.7-1.0
{secchl disk) (1.240.03) {0.810.01) (0.510.01) 1.2£0.02) 10.6+0.02) (0.840.02)
Water 25.0.27.0 25.8-27.1 26.027.2 16.2-10.3 14.0-22.4 18.6-20.1
temperature {°C}) {26.610.6) (26.530.7) (26.610.6) {17.511.6) (18.7+4.3) {160.510,8)
pH 6.1-6.4 6.3-6.6 6.0-7.0 6.7-6.8 6.9-7.1 7.4-7.6
(6.310.2) (6.420.2) {7.040.03) {6.710.1) (7.040.1) {7.540.1)
Alkallnity 0.20-0.32 0.30:0.33 0.330.34 0.35-0.39 0.38-0.42 0.40-0.42
(MEg/) 0.3130.01) (0.3130.01) {0.3410.01} (0.3740.02) (0.4040.001}  {0.41+0.001)
Conductivity 48-40 48-51 5658 46-53 51-54 58-62
(uSicrn) (48.310.6) (49.741.5) {57.041.0} (50.0%3.6) (52.0%1.7} (60.012.0)
Dissolved oxygen 0.63-4.63 3.8)-5.47 7.8-85 3.0-6.14 7.3-0.66 0.2:0.9
(mg/Mh (3.18+2.2) (4.4040.9) (8.2240.3} {4.7741.2) (8.6041.2) (0.6110.4)
PDT 5.815.4 7.4-8.9 4.4-7.2 4,957 3.0-3.6 2.3-4.9
(gl {11.144.0) {8.310.8) (5.641.4) (5.3+0.4) (3.310.3) (2.640,4)
PT 18.3-36.5 30.5-31.9 36.7-40.2 14.4-15.2 45.3-55.3 51.8-72.2
(ug/h (30.1%10.2) (31.140.7) (43.546.3) {14.8+0.4) (48.615.8} (65.0411.4)
PPO, 5.4-13.3 5.4-8.0 3.5-7.1 1122 2.935 2.02.2
g/l {10.114.1} (6.5%1.3) (5.2+1.8) (1.840.6) (3.240.3) 21101}
NT 336-384 336400 272-416 458:615 18182018 14806-1703
(ugn {362.7124) (362.7£33) (341.3+72) {530+78) (18041108}  (1593.7£107
)
N-NO, 19-37 62-105 120-232 16.6-80 10-80 175-200
g (26.740.3) (86.0421.0) (173.3+58.2) (48.2431.7) {49.5435.0)  (186.3412.7)
Ammonlum 21.1-72.4 14.827.6 16.2-37.0 23.632.7 13.8-58.9 23.6-34.0
g (39.0+28.9) (16.1£7.4} (28.2111.4) {27.1%4.6) (38.6122.0) (28,6+5.2)
Orthosllicate 4.3-5.6 4.85.7 5.5-6.1 3.33.8 4.4-5.4 5.386.2
{mg/) {40407} (5.340.5) (5.840.3) {3.510.2) (5.040.5) {5.610.5)
Inorganic N:P 6.7-24.8 27.7-485 57.2-121.4 81.5-114.0 40.3-72.4 2222302
(atomle ratlo) (16.742.0) (36.541.8) (92.043.2) {93.212.7) (61.042.4) (22610.8)
NT:PT 22.3-40.6 24.4-28.5 16,4-18,7 68.7-80.4 80.8-90.4 46.4-72.8
(atomic ratio) (28.041.2) (26.010.8) (17.140.3) (80.511.2) (86.711.2) (56+2.6)
Chlorophylta 2.2.55 0.6:2.2 G.2-2.0 1.9-3.6 10.6-28.2 1.64-4.1
phytoplankton (3.610.6} (L.230.1) {(11£0.1) (3.010.1) 16.610.2) (2.8240.3)
[ {ug/1)
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Figura 3: suspended organic {OM) and Inorganic material {IM) and phytoplankionic chlorophyli-a at
the surface of Lhe litoral regions of three environmenis during boith study periods (L =
Gargas Lake, B = Pau Véio Bayou, C « Cortado Channel, HW= high walcr period, W= low

water period).

can be related to thec greater buffering capacity of the river. The samc tcndency was
observed by Magrin & Senna {1997) in an oxbow lake of Ihe Mogi-Guagu River [loodplain,
which was attributed to the cntrance of the river waler into the lagoon., The greater
values of {ree CO, during high waler in all systems were rclated to the relatively
lower pH, also observed by Pagioro et al (1994) {for another marginal lagoon of the
upper Parana River floodplain, as well as to a greater decomposition proccsscs at
this time of the yecar (Pacs da Silva & Thomaz, 1997). Accordingly. lower values of
dissoived oxygen were found during this hydrological phase. In the lagoon this was
evident, with oxygen levels decreasing lo 0.63 mg/l (April 1, 1994). Paes da Sllva &
Thomaz (1997) also observed a dissolved oxygen concentration of less than 2 mg/l
for Gargas Lake soon after the increase in water level, and Thomaz er a/ {1997) [ound
an inverse correlation between water level and this variable for other lentic and
semilotic systems of this floodplain.

Reactive silicate values usually increased {rom lentic to lotic systems and also
during high water period. particularly in the lagoon. Agostinho & Zalewski (1996)
reported high concentrations of rcactive silicate all year round in the Parana River
During high water phase. when connection with the Parana River is grealer, there
mos| probably is an inpul of silicates from the River (o the colher system.

Total dissolved phospherus (PDT) and orthophosphale presented similar trend
of varialion patiern during high water period, that is, incrcasing values from the lotic
to the semilotic and lastly to the lenlic system. Total phosphorus valucs, instecad.
were lower in the lagoon during the two hydrological periods, increcasing towards
the lotic environment especially during the low water period. Present results do not
agree with available data for the upper Parana River floodplain. Thomaz {1991), Thomaz
er al. (1992c¢). Agostinho ef al (1995}, Paes da Silva & Thomaz (1997). and Thomaz of
al. (1997) observed a decrease in phosphorus in pelagic region of marginal lagoons
during thc high water period due to a dilution effect brought by thc cntrance of river
walet.

Taal nitrogen values were higher during low water, particularly in the semilotlic and
lotic sysiems. Nitrate concentrations were much higher in the lotic system during both
periods and had in high walter period, increasing values from the lentic 1o the lotic system.
Ammonium did not show dilferences helween the two siudy periods.

The Parana River water has generally high nitrate concentrations and low
phosphorous levels. According to Agostinho et al (1995) this can bc attributed 1o
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phosphorus scdimentation in the upsiream rescrvoirs, also verificd by Henry (1992).
Based on thc inorganic (ractions of these nutricnts one can consider the Parana River
as a source of inorganic nitrogen for the lentic and scmilotic environmenlts, as also
suggested by Thomaz et al. {(1997). Concerning phosphorus, the lentc and semilotic
cnvironments would function as stock arcas [or the upper Parana River

The atomic ratios for nitrogen and tolal phosphorus (NT:PT) and (or inorganic
{arms (N:P} havc dilferent values, among the systems and hydrological periods {Tablc 1).
Considering the inorganic ratio. lower valucs were always obscrved during the high
watcr period, and higher valucs were always (ound in the lotic sysicm. Excepl for the
lagoon (high water period), all values werc well abhove the range 10-20. considcering the
to1al ratio, ihe three systems had values near this rangce in high water Thesc daia indicaic
phosphorus as a limiting nutrient in the floodplain sysiems of the upper Parand River
even more so during the low walcer period, when ambicni N:P ratios arc well above 20:1,
indicative of P-limited condition {(Schanz & Juon. 1983).

Phyloplankton biomass (chlorophyll-g was greater during high water period in the
linoral region of Gargas Lake (Table I, Fig. 3). Pacs da Silva & Thomaz (1997). howecever,
detected lower values of chiorophyll-a in the pelagic region ol this lake and suggested
a dilution cffect on phytoplankton during this water phasc. Present resulls, bascd on
littoral region characierisiics, indicate the influence of P-enrichment. as well as
confribution of periphyton detachment (rom subsirata due (o physical disturbances
tflood pulscs) during high water phase {(Rodrigues, 1998). In the other two sysicms
chlorophyll-a was grecater during low water period than the high water peried (Tablc |,
Fig. 3). despiic lower phosphorus concentrallons. In those cases most probably physical
charactcristics such as lower current wore determinant. Hence. slthough hydrological
regime plays its role in conirolling phytoplankion biomass, the responsc s also
influenced by the hydrodynamic characteristics and the intcrnal processcs of cach
sysiem.

Table 11 prescnts the corrclations between variables with principal components |
and 1. which todether explain 64.7% of total variation. Figurc 4a shows the ordination
by principal componenis of sampling dates and systems. with four groups idcnlifiable
along the [irst two componenis,

The first component (43.2%) was negalively associaled with water level, depth,
tolal dissolved phosphorus and orthophosphate. and positively associaled with total
nitrogen. pH. dissolved oxygen and alkalinity, In this component 1wo gdroups arc rcadily
identifiable: (a) a group including the lentic and scmilotic cnvirenmenis during the high
water period basically due 1o the grealer phosphorus concenirations, and (b) & seccond
group with semitotic and lotic environments during the low water period, which presented
higher total nitrogen concentrations and grealer buffering capacity, based on alkalinity
and pH. The secend component (21.5%) separated the lagoon in low water from the lotic
system during high waler in associalion to greater values ol orthosilicate, nitrate, free
Co, in the river and greater transparency in the lagoon (Tab. 1)

The scmilofic systermn was characterized as an intcrmediale sysiem, approaching
the lagoon during the high waicr period due to phosphorous (Fig, 4b), and ncaring 1the
lotic sysicm during the low water period duc {o high values of total nitrogen, pH, and
alkalinity (Fig. 4cC).

The hypothesis pui forth by Thomaz er al (1997) referring 10 1he homogenizing
elfect of the floods on the aquatic environmenis infiuenced by the upper Parand River is
presently rcinforced. During low water, the ablotic limnological characieristics in the
littoral regions of the floodplain systems dillercd mostly among themselves, and the
semilotic system variables wcere more similar 1o 1he rivers variables. During this phase,
the environments presentcd limnological characteristics  morc associated to
autochthonous preccsscs and thus more individualized. During (he high waler phase
lentic and semilotic systems become more similar. Present data clecarly demonstrale
ihat Pau Vvéio Bayou is as a lransilion system botween the lagoon and the river and
should bc considered a semilolic sysiem.

The dilution effecct brought about by the input of river watcr in the lagoon
observed by previous authors {Thomaz et al. 1997) was not supporicd by this
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Table 1:

Correlation of rhe wvariables with principal components 1 and IL

Variables Principal Component
I ]|
water level 0.773 0.562
conductivity 0.667 0.469
alkalinlty 0.800 -0.273
transparency -0.487 -0.532
depth -0.931 0.205
pH 0.905 0.224
temperature 0.664 0.589
G, 0.866 0.361
Orthosilicate 0.203 0,005
CcOo, 0526 0.722
PDT -0.850 0.162
P-PO, 0.777 0.348
PT 0.666 0.552
NT 0.843 -0.160
N-NO; 0.467 0.649
AMmimorium 0.006 -0.201
% varlalion explained 43.2 215

CPII

-2 -1.5 -1 -0.5 0 0.5 1 1.5
S CPI .
Water level, Depth, PO,, PDT Alkalinity, pH, Oz, NT
y b . , C
155 ) 1.5
1 1 1}
_ st el = 05}
U -~ 1 a 0 -
© 050 -~ i S T
-1 - al \
L5k 1 -L§

Figura 4a.,b,c.:

46

hydrological pericds {as

Lake: © = Pau Veélo Bayou: A =

Principal componeni analysis of the sampling dates

high water period; b=

Cortado Channel;

for
low water

4b-c.

period)

centinuous line

Silicate, NOs, CQ2

Water trans parency

threce systems and 1wo

a) @= Gargas

« Gargas

Lake: dashed line = Pau Véio Bayou: dotted line = Corltado Channel

RODRIGUES, L. & BICUDO, D. C.

Limnrojogical characleristics comparison in three...



siudy. P-cnrichment was clearly observed in the lentic and semiloiic systems during
the flood pulses. It is prescntly suggested two controlling factors for the fertilization
processes during the flood pulses (high water period) in littoral zones. thatl arc, the
greater input of phosphorus in the lentic and semilolic systems due 1o the marginal
vegetation decomposition and the scdiment rcsuspension, causcd by turbulence.
During low watcr. total transparency (absence of aphotic zone) and high axygen content
found in littoral zones probably reduce nuirient rcicase from ihe sediments. Morcover
during low water phase, the oxbow lakes may represcnt a stock of nutricnis as also
suggested by Camargo & Esteves {1995) (or a marginal lagoon in the Mogi-Guacgu
River (Sao PPaulo Siate), Hence, the autofcrtilization process found in other lagoons
of the floodplain of the uppcr Parana River (Pagioro o al. 1994) and the pantanal in
Mato Grosso (Da Silva & Esteves, 1095) during low walers may not be a general
trend.

The apparently contradiclory data can reflect the limnological conditions in the
different compartments of the systcms, since pelagic regions have (raditionally
received grcater atiention. as well as the size represenfativeness ol the littoral region
within the sysicm studied. The interface regions of aqualic systems prescnt distinct
characieristics, representing areas of high assimilation. nutricnt cycling espccially
phosphorus and the synthesis of organic material. carrying out an important controlling
role on the ecosystem (Wetzel, 1990, 1996}, Hence. there is a necd {or a bclicr
understanding of the funclioning of the littoral regions and the rele of this compariment
in the mctabolism of the aquatic system.

Finally. although the main (unctioning f{orce of ihe upper Parana River {loodplain
is the hydrological regime, present results indicate that the magnitude of 1hce influence
of the (lood pulses is moderated by the degrec of conncction of the environmenits
with the main river channel, the hydrodynamics, and morphomeliry of the associated
systems.
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