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Abstract: Aim: Sediment entrapment efficiency was evaluated in two lateral lakes of the Paranapanema
River (S3o Paulo, Brazil) in its mouth zone into Jurumirim reservoir, one largely associated with the
river (Coqueiral Lake), and the other with little connection (Camargo Lake). Methods: Sediment traps
(cylindrical shape, 3:1 height/diameter ratio, 10 cm diameter) were incubated in each lake at Secchi depth
for 24/30 hours monthly and at the bottom of the water column. After incubation, water samples were
filtered and the suspended sediment was measured by gravimetry in an oven at 60 °C for 24 hours. Sediment
content was estimated for the whole trap volume, and the sedimentation rate was expressed in g.m=2.day".
The daily river sediment load (t.day™") was obtained by multiplying the suspended matter concentration
(g-m™) by the water discharge (m?.s™"). Sediment deposition in the two lakes was estimated by multiplying
the sedimentation rates by the surface area of each lake (corrected for temporal variations of water level and
hydrologic connectivity with the river). Sediment entrapment efficiency is the ratio (%) of the monthly
sediment load deposited in the lake to the respective sediment load in the Paranapanema River. Annual river
sediment loads deposited in the lakes were computed from daily values and time variations (days between
monthly determinations). Results: A high annual variation (CV = 162%, x = 474.32 +765.42 t.day™' SD)
was recorded for sediment loads transported by the Paranapanema River. Annual deposited sediment means
in Camargo and Coqueiral Lakes were 3.12 + 3.34 t.day™ SD (CV = 107%) and 20.90 * 28.38 t.day™'
SD (CV = 135%), respectively. The sediment entrapment efficiency of Camargo Lake was 1.69 £ 1.01%
SD (CV = 114%), and of Coqueiral Lake was 10.95 £ 16.93% SD (CV = 155%). The annual load of
sediments deposited in the Camargo and Coqueiral Lakes were 1,134.04 and 7,428.33 t, respectively, and
deposition efficiencies were 1% and 5%, respectively. Conclusions: The low entrapment efficiencies of
the two lakes were attributed to the weakening of lateral hydrologic pulses in the river-reservoir transition
zone. The fact that the river banks are covered by grass (Echinochloa polystachya (H.B.K.) Hitchcock)
also contributed to reduce the lateral sediment influx to the lakes during the high water period. Thus,
most sediment introduced by the Paranapanema River was transported to the reservoir riverine zone and
affected euphotic zone depths.
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Resumo: Objetivo: A eficiéncia de deposigio de sedimentos foi avaliada em duas lagoas laterais ao
Rio Paranapanema (Sao Paulo, Brasil) na zona de sua desembocadura na Represa de Jurumirim, uma
com elevada associagio com o rio (Lagoa do Coqueiral) e outra com baixa conexao (Lagoa do Camargo).
Metdédos: Camaras de sedimentagio (formato cilindrico, razao altura/didmetro de 3:1, 10 cm de didmetro)
foram incubadas mensalmente, em cada lagoa na profundidade do disco de Secchi e no fundo da coluna
de 4gua por cerca de 24/30 horas. Apés a incubagdo, amostras de dgua foram filtradas e o sedimento
suspenso foi quantificado por gravimetria (em estufa a 60 °C por 24 horas). O contetido em sedimentos
foi estimado para todo o volume da cAmara, e a taxa de sedimentacio foi expressa em g.m.dia™". A carga
didria de sedimento (t.dia™) transportada pelo rio foi obtida multiplicando-se a concentracio de material
em suspensio (g.m™) pela vazdo de dgua (m=.s™"). A deposicio de sedimentos nas duas lagoas foi estimada
através do produto das taxas de sedimentagio pela drea de superficie de cada lagoa (corrigida em fungéo das
variagoes temporais do nivel de 4gua e conectividade hidrolégica com o rio). A eficiéncia de deposicio de
sedimentos é a razdo (%) entre a carga de sedimentos depositada mensalmente na lagoa e a carga respectiva
de sedimentos transportada pelo Rio Paranapanema. As cargas anuais de sedimento do rio depositadas
nas lagoas foram calculadas a partir de valores didrios e variagdes temporais (intervalo em dias entre
determinag6es mensais). Resultados: Elevada variacio anual (CV = 162%, x = 474.32 £ 765.42 t.dia™! DP)
foi registrada para as cargas de sedimento transportadas pelo Rio Paranapanema. As médias anuais de
sedimento depositado nas Lagoas do Camargo e do Coqueiral foram de 3.12 +3.34 t.dia™ DP (CV = 107%)
e de 20.90 +28.38 t.dia! DP (CV = 135%, respectivamente. A eficiéncia de deposi¢do de sedimento da
Lagoa do Camargo foide 1.69 £ 1.01% DP (CV = 114%), e na Lagoa do Coqueiral foi de 10.95 + 16.93%
DP (CV = 155%). A carga anual de sedimentos depositados nas Lagoas do Camargo e do Coqueiral
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foram de 1.134 ¢ 7.428 t, respectivamente, e as eficiéncias de deposicio foram 1% e 5%, respectivamente.
Conclusées: As baixas eficiéncias de deposicao dos dois lagos foram atribuidas ao amortecimento dos
pulsos hidroldgicos na zona de transiio rio-represa. O fato de que as margens do rio apresentam-se
cobertas por uma graminea (Echinochloa polystachya (H.B.K.) Hitchcock) também contribuiram para
reduzir o influxo lateral de sedimento para as lagoas no periodo de dguas altas. Portanto, a maior parte
do sedimento introduzido pelo Rio Paranapanema foi transportado para a zona fluvial do reservatério e

afetou as profundidades da zona eufética.

Palavras-chave: deposi¢io de sedimento, material em suspensao, rio, lagoas marginais.

1. Introduction

One remarkable characteristic of rivers is their interac-
tion with lateral plains. Except in canyon stretches, where
the surrounding terrestrial ecosystems slope is extremely
steep, particulate material deposition on lateral plains is
evident, especially in intermediate and high order stretches
in rivers at water overflows. The particulate material sedi-
mentation is responsible for the construction and remod-
eling of plains lateral to watercourses. Several sediment
accretion processes may contribute to the formation of
floodplains, depending upon the features of the nearby
rivers (Stevaux and Souza, 2004). An important process is
the vertical accretion of sediment in levees, crevasses, and
back swamps by a single river channel with a low slope
gradient (Stevaux and Souza, 2004). Overbank sediment
deposition is the main component of floodplain evolution
(Walling and He, 1997). Lateral variation of particulate
matter storage depends on the distance from the river
channel, the sediment nature, and inundation frequency
and duration (Walling and He, 1998; Kronvang et al.,
2007). Floodplain morphology determines the dispersion
patterns of overbank sediment fluxes (Foster and Thoms,
2001). Lateral deposition results in build-up of adsorbed
nutrients and contaminants to sediments, their subsequent
accumulation on the floodplain, and the reduction of nutri-
ent/contaminant flux downstream the watershed (Walling
and Owens, 2003; Kronvang et al., 2007).

In alake complex interconnected with the Amazon River,
Moreira-Turcq et al. (2004) found highly spatially variable
sedimentation fluxes of particulate matter; however, the
highest values of organic carbon vertical fluxes occurred
during the water level falling period when suspended
particulate matter concentrations were also very high. The
authors attributed these findings to the re-suspension of
bottom material that occurred during the falling period.
They concluded that the heterogeneous spatial sedimen-
tation was probably a function of the distance from the
river main channel, increasing with closer proximity to the
Amazon River. Bourgoin et al. (2007) estimated that 19%
of conveyed sediment loads, as measured along a stretch of
the Amazon River, were deposited in the same lake com-
plex. According to that study, the annual retention varied
between 41 and 53% of the annual sediment flux into the
floodplain through the main channels. In the semi-arid
wetland Las Tablas de Daimiel (Spain), Sanchez-Carillo
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etal. (2001) found the highest wetland input sedimentation
rates and decreased with the increase in the inflow distance.
They did not record any temporal relationship between
sedimentation fluxes and water level, but they observed a
seasonal variability coincident with the growth period of
submerged aquatic vegetation.

Human activities can alter the lateral connectivity be-
tween rivers and floodplains. According to Thoms (2003),
constructing dikes and other water retention structures
within a river channel or modifying natural hydrological
patterns of water pulses can alter casual associations between
rivers and their lateral environments. The disruption of lat-
eral connectivity downstream from dams in rivers disturbs
populations, communities, and ecosystems (Sparks et al.,
1990; Ward and Stanford, 1995). In floodplains submitted
to water lateral pulses at low gradient stretches of a river, the
intense matter, nutrient and biota exchange affects biodiver-
sity and ecological processes such as production, respiration,
and nutrient consumption in lotic and adjacent lentic areas
(Junk etal., 1989). The storage of water by dams also affects
the zones upstream of reservoirs, because it modifies the
natural pattern of hydrologic pulses from their tributaries.
Retained waters in dams act as a true plug system, weaken-
ing the inflow pulses and significantly affecting the lateral
connectivity (Henry, 2005). The alteration of natural pat-
terns on water level variations and inflow to lateral plains
change gradually from typical lotic stretches of triburaries
up to mouth zones into reservoirs. Multiple hydrologic
pulses were detected in the Paranapanema River over a year
at a site located 60 km upstream from the river-Jurumirim
Reservoir transition zone (Henry etal., 1999), as compared
to a single annual change in water level at the river mouth
zone into the reservoir (Henry et al., 2005).

The aim of this work was to show the seasonal variation
pattern of suspended particulate matter loads conveyed
by the Paranapanema River at the mouth zone into the
Jurumirim Reservoir and sediment deposition in two
lateral lakes. Since sediment retention is very high in
the Jurumirim Reservoir (Henry et al., 1999), and since
sedimentation dynamics differ between upstream and
downstream zones in large reservoirs (Phillips, 2001),
lentic environments connected to rivers are probably sites
of significant sediment deposition.
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2. Material and Methods

2.1. The study area

The study site was the Paranapanema River mouth into
the Jurumirim Reservoir (Sdo Paulo, Brazil) (Figure 1). The
river-reservoir transition zone is a true wetland, constituted
by many marginal lakes that have distinct hydrologic as-
sociations with the river. The lakes selected for the study
(Coqueiral and Camargo Lakes) are connected with the
Paranapanema River for most of the year and are submitted
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Figure 1. Study area: The Paranapanema River mouth zone at
the Jurumirim Reservoir (Sio Paulo, Brazil).

to annual water level variation around from 2.7 to 3.0 m
(Figure 2). During a prolonged drought period from
October/99 to December/00, both lakes remained isolated
from the river (Henry et al., 2006; De Nadai and Henry,
in press). At the upstream study site, the Paranapanema
River drains a watershed (5,779 km? area) predominantly
covered by forests (24%), reforestation areas (20%), and
pastures (33%). The export coefficient of suspended solids
sums to 13.7-15.5 t.km=.year' (Henry and Gouveia,
1993). The annual sediment load introduced into the res-
ervoir by the watercourse in 1993 and 1992 was estimated
at 82,049 and 92,740 t, respectively, which corresponds to
240 t.day™' (Henry et al., 1999). At the mouth zone, the
Paranapanema River has a reduced current velocity (Henry
et al., 2005), and consequently high sediment deposition
rates when compared with the sediment deposition rates
in the dam zone of the Jurumirim Reservoir (Henry and
Maricatto, 1996). Coqueiral and Camargo Lakes have dis-
tinct areas (641,263 and 224,465 m?, respectively), volumes
(1,012,957 and 719,867 m?), maximum (3.5 and 3.9 m)
and mean depths (3.2 and 1.6 m), and connections with
the Paranapanema River (Henry, 2005).

2.2. Settling measurements and data analysis

Several methods can be used to evaluate overbank
sediment deposition on floodplains, including estimations
using '¥~Cs fallout in sediment cores (Walling and Owens,
1998) or *'°Pb radioisotope dating (Moreira-Turcq et al.,
2004), and experiments measuring particulate matter ac-
cumulation on either mats or sediment traps (Walling and
He, 1998).

To evaluate the total settling particulate matter (SPM)
deposition rates in Camargo and Coqueiral Lakes, cylindri-
cal sediment traps made of PVC tubes (3:1 height:diameter)
were incubated for 24-30 hours at a site near the connection
of the lakes with the Paranapanema River (Figure 1). At each
site, two four-trap sets were placed at two water column
levels, at the depth of visual disappearance of a Secchi disk
(Z,,,) and another at the lake bottom (Z,, . — 0.5 m). After
incubation, water sub-samples from each trap were filtered
through AP 40 Millipore filters. The SPM concentrations
were determined by gravimetry in an oven at 60 °C, for 24
hours and the settling particulate inorganic matter (SPIM)
was calculated by combustion losses (in a muffle at 550 °C
for 1 hour). The total amount of SPM was estimated for
the total trap volume, and the sedimentation rates were
expressed in g.m~.day".

The SPM and SPIM concentrations at two sites on
the Paranapanema River (near the connection with the
lakes, Figure 1) and at three depths (water column surface,
middle, and bottom) of the two lacustrine systems were
measured by gravimetry and combustion losses, respectively.
Water transparency was also determined at each site by the

Secchi disk method.
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Figure 2. Annual variability in stages (m) of the Paranapanema River from August/05 to January/07.

The daily SPM load (t.day™) conveyed by the
Paranapanema River was estimated through the product
of SPM concentration (g.m™) and water discharge (m?.s7,
mean of the two sites near the connection with the lakes).
Water discharge in river is the product of transversal section
area (m?) and mean current velocity (m.s™). Transversal
section area was estimated after acquisition of bottom
profile of each of the sites in July 24, 2001, using an
Ocean Echosounder (Mod. Bathy- 500). Considering the
significant variation in river water levels during the year
(Figure 2), the values were corrected based on estimated
area (336.6 m?*) for each month of the study. For water
current velocity, monthly data were used from a previous
study (Henry et al., 2005).

The particulate matter deposition over the total area in
the two lakes was estimated by multiplying the sedimenta-
tion rate (monthly mean value of the four traps incubated at
7 depth, in g.m™.day™) by the lake area (value corrected
as a function of water level variation and hydrologic con-
nectivity with river). Sediment entrapment efficiency (%) is
the ratio of total load of deposited particulate matter in lake
(t.day™) to the respective particulate matter load conveyed
by a river (t.day™). Annual sediment loads conveyed by the
Paranapanema River and deposited in the two lakes were
computed by planimetry from values (t.day™) and time
(days) between sampling periods. The area summations
over the year correspond to the annual load.

Factorial variance analysis (ANOVA) was carried out in
order to assess variations in SPM and SPIM concentrations
using the following variation factors: sampling periods
(11 monthly collections) and the environments (three,
Paranapanema River and Camargo and Coqueiral Lakes).
The behavior of the SPM and SPIM sedimentation rates was

Acta Limnol. Bras., 2009, vol. 21, no. 1, p. 25-34.

analyzed by factorial ANOVA using the variation factors:
sampling months (11), lakes (2), and trap incubation depths
(2). The SAS system was used for ANOVA. A Tukey test was
used to distinguish significant (P < 0.05) differences within
each factor (periods, lakes, and incubation depths).

The amounts of re-suspended bottom sediment were
estimated according to the Weyhenmeyer (1997) method
based on regression between SPIM and SPM in the depo-
sition. In cases with no SPIM deposited in the traps, all
the SPM would be organic matter produced by plankton.
Thus, the intercept between the SPIM/SPM regressions is
the quantity of organic matter produced by plankton, which
can be differentiated from re-suspended SPIM. For the ap-
plication of the Weyhenmeyer (1997) method, sedimented
organic matter must be produced in the lake, and the casual
contribution of allochthonous matter to the lentic system
must be insignificant. For the computation of re-suspended
bottom matter, the Horppila and Nurminen (2005) method
was applied. SPM and SPIM values (g.m.day™') of each
incubation period for each bottom trap were calculated
separately in the regression analysis. When the correla-
tion coeflicient between SPM and SPIM was significant
(P < 0.05), we concluded that sediment re-suspension had
occurred during the measurement period. The re-suspended
particulate matter amount (R) is the difference between
SPM values and their respective intercept.

3. Results

During most of the study, the two lakes maintained
hydrologic connectivity with the Paranapanema River. The
water hydrometric levels were above 563.60 m, which is
the connection threshold for the two lacustrine ecosystems
and the lotic environment (Figure 2). During the rising
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water period, which lasted from October 2005 to February
2006, the water level increased by 2.76 m. Hydrologic
stability occurred from February to April 2006. In the last
month, a low water period began; it finished at the end of
August with the disconnection (level < 563.60 m) of the
Coqueiral and Camargo Lakes from the Paranapanema
River. Drought period extended from October to December
2006 (Figure 2).

Great variability (measured by the coefficient of
variation, CV, CV = 144%) in SPM concentrations were
recorded in the Paranapanema River and the annual mean
was 39.5 £ 56.9 mg.L! (Figure 3). However, the annual
mean in watercourse was around half the value of Coqueiral
Lake and around threefold the mean of Camargo Lake
(Figure 3). No significant difference was found between
the SPM monthly values (F = 2.12, P = 0.08) or between
sites (F = 1.25, P = 0.30) due to the great variability of
Coqueiral Lake data. The lowest annual mean concentration
of SPIM was recorded in Camargo Lake followed by the
Paranapanema River and Coqueiral Lake values (Figure 3).
Significant differences in inorganic matter concentrations
were found between months (F = 2.59, P = 0.04), with
the highest values being recorded in December, February,
October, and July in decreasing order. However, no signifi-
cant difference was found between the three environments
(F=1.25,P=0.31).

An evident annual variation in water transparency,
as measured with Secchi disk, was observed in the three
environments (Figure 4). In general, the lowest values
were recorded during the water level rising period (from
October/05 to February/06). An increasing transparency
trend was observed from March to June/06 (except in
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Figure 3. Suspended particulate and inorganic matter contents
(mg.L™") in the Paranapanema River (means of the two sampling
site values) and in the Camargo and Coqueiral Lakes (means of the
three water column depth values) from October/05 to August/06
(annual means % standard-deviations).

April). From June to August, the Secchi disk readings de-
creased. The annual mean transparency value of Coqueiral
Lake (0.80 £ 0.44m, CV = 55%) was higher than that of
Camargo Lake (0.58 + 0.28m, CV = 48%).

Higher deposition rate annual variations of SPM
(CV =107%, mean: 13.9 = 14.9 g.m™.day™") and SPIM
(CV = 102%, mean: 5.6 £ 5.7 g.m*.day™") were found
for traps incubated at the ZDS depth of Camargo Lake
(Figure 5). However, the sedimentation rate annual means
of both SPM (16.5 + 9.3 g.m™.day”!, CV = 56%) and
SPIM (6.1 £ 4.8 g.m™.day”!, CV = 78%) were higher for
the bottom traps.

Sedimentation rates were higher in Coqueiral Lake
than in Camargo Lake (Figure 5); its surface annual mean
reached 32.6 £ 44.2 gm2.day! (CV = 135%) for SPM
and 19.1 £ 35.6 gm™2.day™ (CV = 186%) for SPIM. The
annual means of the bottom traps were around threefold
higher for SPM (91.9 £ 140.8 g.m.day' SD, CV = 153%)
than for SPIM (50.2 + 129.0 g.m2.day" SD, CV = 257%)
(Figure 5). ANOVA revealed significant differences in SPM
sedimentation rates between months (F = 341.33, P < 0.001),
lakes (F = 960.72, P < 0.001), and trap incubation depths
(F=434.00,P <0.001). A Tukey test showed higher values for
Coqueiral Lake bottom traps and months. The highest values
were recorded in a decreasing order in December, August,
April and October, January, February, March, July, November
and May, and June. With regard to SPIM, significant differ-
ences were found between sampling months (F = 538.00,
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Figure 4. Secchi disk reading monthly variations in the
Paranapanema River and Camargo and Coqueiral Lakes from
October/05 to August/06.
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Figure 5. Annual means + standard-deviations of suspended par-
ticulate matter and inorganic matter sedimentation (g.m=.day™")
in a) Camargo and b) Coqueiral Lakes measured at the ZDS and
the bottom of the water column.

P < 0.001), lakes (F = 769.44, P < 0.001), and incubation
depths (F = 2,559.68, P < 0.001). A Tukey test gave results
similar to those for SPM, except the decreasing temporal se-
quence, which was December, October, February, November,
August, April, January, March, July and May, June.

Large annual variability (CV = 162%, mean = 474.31 +
767.42 t.day™") was observed for SPM loads (monthly mea-
surements) conveyed by the Paranapanema River (Table 1).
Annual variation ranged from around 26 (June 2006) to
2,712 t.day! (December/05). The Camargo Lake an-
nual mean of deposited sediments was 3.12 £ 3.34 t.day™
(CV = 107%), ranging from 0.61 (January/006) to
11.95 t.day (April/06) (Table 1). Thus, the sediment
deposition efficiency of Camargo Lake was calculated to be
1.69 £ 1.91% (CV = 114%) of the load conveyed by the
Paranapanema River (Table 1). The annual mean deposited
sediment (20.90 £ 28.38 t.day™!, CV = 135%) was around
tree- to six-fold higher in Coqueiral Lake than in Camargo
Lake (Table 1). The amplitude of variation increased from
1.67 (June/06) to 87.92 t.day™ (December/06). Annual
mean sediment deposition efficiency in Coqueiral Lake
relative to the load conveyed by the watercourse was
10.95 £ 16.93% (CV = 155%) (Table 1). No significant
differences were found between the two lakes for either
the amounts of deposited sediment (F = 3.78, P = 0.08)
or deposition efficiencies (F = 2.89, P = 0.12). The annual
load was estimated at 149,164 t from daily SPM load values
(monthly measurements) conveyed by the Paranapanema
River, corresponding to approximately 409 t.day~'. Annual
deposited sediment loads of Camargo and Coqueiral Lakes
reached 1,133.04 and 7,428.33 t, respectively. These values
correspond to a deposition efficiency of 1 and 5% for the
Camargo and Coqueiral Lakes, respectively relative to the
annual load conveyed by the Paranapanema River.

Since the deposited sediment loads in the Camargo
and Coqueiral Lakes correspond to 1 and 5% of total an-

Table 1. Daily loads (t.d™") of sediments transported by Paranapanema River and deposited in Camargo and Coqueiral Lakes and,

entrapment efficiency (%) from October/05-August/06.

Date Daily load (t.d™") of Camargo lake Coqueiral lake
sediments in Sediment settling Entrapment efficiency Sediment settling ~ Entrapment efficiency
Paranapanema River (td) (%) (t.d) (%)
October, 10 220.32 6.35 2.88 56.28 25.54
November, 16 44.06 2.30 522 5.70 12.94
December, 20 2,712.10 2.31 0.01 87.92 3.24
January, 12 274.75 0.61 0.22 4.04 147
February, 16 601.34 3.64 0.61 7.33 1.22
March, 15 236.87 1.08 0.46 3.02 1.27
April, 18 450.14 11.95 2.65 35.28 7.83
May, 16 114.46 1.87 1.63 3.66 320
June, 20 25.92 1.23 474 1.67 6.44
July, 12 496.80 0.76 0.15 1.92 0.39
August, 15 40.61 2.26 0.06 23.10 56.88
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nual load conveyed by the Paranapanema River, it can be
assumed that the allochthonous influence of SPM is negli-
gible. Thus, the SPIM in the lakes probably originates from
re-suspension of bottom material. In the 11 measurements
made over the annual cycle, it was observed five episodes of
bottom inorganic matter re-suspension in Camargo Lake,
while six out of nine measurements in Coqueiral Lake (it
was impossible to measure sedimentation rates in the two
first months) exhibited re-suspension of bottom material
(Table 2). The particulate matter in the Camargo Lake
traps appeared to have come from the lake bottom in all
months, except November/05. In Coqueiral Lake, only in
December/05 and June/06 did the R values (re-suspended
SPIM) not correspond to sedimented SPM.

4. Discussion

Sediment overbank deposition can vary: a) laterally,
as a function of the distance from the main river channel;
b) longitudinally, as a consequence of cumulative concentra-
tion effect of particulate matter conveyed by the river, and
¢) temporally, determined by the frequency and duration
of floodplain hydrological pulses.

Walling and He (1997) found no evident longitudinal
trend in particulate matter deposition in the Culm River,
Devon (United Kingdom) floodplain. They attributed this
evidence to the gradual reduction of suspended sediment
loads in the studied stretch of river, due both to losses via
lateral deposition and increased plain width. Conversely, a
longitudinal decrease in particulate matter sedimentation
was found by Sanchez-Carillo et al. (2001) in the semi-arid
wetland of Las Tablas de Daimiel (Spain) due to the pres-
ence of emergent and submerged aquatic macrophytes,
which significantly reduced water current velocity. This
factor increases suspended matter deposition in reservoirs,
with a reduction from one (Jurumirim Reservoir, according
to Henry and Maricatto, 1996) to two orders of magnitude

(Itaipu Reservoir, after Pagioro and Thomaz, 2002) when
compared to measurements on the main tributary mouth
and dam zones.

Lateral variation on sediment overbank deposition is a
common observation in floodplains. Higher sedimentation
rates near the river channel, as well as a decrease (negative
exponential) in the rates with increasing distance from the
river, were evident in many floodplains (Walling and He,
1997; 1998; Kronvang et al., 2002; Moreira-Turcq et al.,
2004). However, in some transects in central Atchafalaya
(LA, USA) Basin, Hupp et al. (2008) found two other
spatial patterns of lateral deposition: a) uniform or no
lateral trend with increasing distance from the channel
river; b) positive exponential, that is, an increase of sedi-
ment deposition rates with the increase of distance from
the river bed channel. Lateral pattern in particulate matter
sedimentation depends on the nature (coarse or fine) of
the conveyed sediment, plain topography, and inundation
frequency and duration.

Damming river segments causes the disappearance of
floodplains at sites where the lateral topography is not very
pronounced, such as occurred in the location currently
known as Porto Primavera Reservoir, Paran4 River (Sendacz
and Monteiro Jr., 2003). The pluri-modal hydrological
pulses recorded on rivers like the Mogi-Guagu (Krusche and
Mozeto, 1999) and the Paranapanema Rivers, Sio Paulo
(Henry etal., 1999) may change to a uni-modal hydrologic
pulse, as happened in the Jurumirim Reservoir transition
zone. In our study site, hydrometric level variations in three
distinct periods were identified during the year: a water
level rising phase (from October to February), a short-term
high water phase (from February to April), and a water level
falling phase (from April to the beginning of September)
(Figure 2). No significant relationship was detected between
water levels and SPM (r = —0.20) or SPIM concentrations
(r =70.23) in the Paranapanema River. Hydrological level

Table 2. Re-suspended inorganic particulated matter (R), Pearson correlation (r) and intercepts of relationships between suspended
total and inorganic matter of sedimentation rates in two lakes from October/05 to August/06.

Date Camargo lake Coqueiral lake
r Intercept R r Intercept R
(g.m.day™) (9.m?.day™)

October, 10 0.99* -0.15 7.7 - -
November, 16 0.95* 142 1.5 - - -
December, 20 0.92* -1.16 15.0 0.99* 15.5 431.3
January, 12 0.86* -12.08 8.0 0.65 - -
February, 16 -0.15 0.98* -36.0 17.8
March, 15 -0.61 0.99* 44 39.9
April, 18 0.12 0.99* -0.1 53.8
May, 16 -0.58 - - 0.49 - -
June, 20 0.93* -2.89 5.1 0.49 - 5.7
July, 12 0.69 0.82* -04 10.2
August, 15 0.64 0.98* 1.6 126.7
*P<0.05
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increases could be affecting the SPM content by re-suspend-
ing the surface material on the edges of the river channel.
However, the SPIM amounts showed significant increases
during the water rising phase. Thus, water overflow from
the river channel resulted in fast inorganic matter dissolu-
tion immediately after the inundation of the river-land
border. However, the annual changes in suspended matter
content may be related to rainfall episodes during the year,
particularly from October to February, modifying water
discharges and introducing watershed sediment loads into
the Paranapanema River.

Significant temporal differences in vertical sedimenta-
tion fluxes were observed in the Camargo and Coqueiral
Lakes, with the highest rates recorded in water level rising
months (e.g. December, November, October, and February)
for SPIM and (e.g. December and October) for SPM, and
the lowest being found during the water level falling phase.
The Curuaf floodplain (Amazonas, Brazil), like our study
site, is submitted to a uni-modal hydrologic pulse from the
river. Moreira-Turcq et al. (2004) attributed the highest
particulate matter vertical sedimentation fluxes found dur-
ing the falling period to re-suspension of bottom material,
since concentrations in the water column were very high.
In an Amazonian “igapd” (Taruma Mirim River), Walker
(1995) recorded large amounts of re-suspended material
during the rising and high water periods. Water level values
showed no significant relation to SPM deposition rates
(measured at Z ) in the Coqueiral (r =—0.43) and Camargo
Lakes (r = —0.51). Nevertheless, the SPM and SPIM bot-
tom settling rates in both lakes were higher than those of
Z.» which may be attributed to sediment re-suspension.
In the semi-arid wetland of Las Tablas de Daimiel (Spain),
Sanchez-Carillo et al. (2001) also found no significant rela-
tionship between SPM sedimentation rates and water levels.
However, discrepancies between lakes were noted when
SPM and SPIM deposition rates were correlated with their
respective concentrations in the Paranapanema River. No
significant relations were noted between SPM (r = 0.02) and
SPIM (r = 0.28) concentrations in the river and sedimenta-
tion rates in Camargo Lake. Significant positive correlations
were detected between SPM (r = 0.82, P < 0.05) and SPIM
(r=0.88, P < 0.05) concentrations in the river and the de-
position rates in Coqueiral Lake. This last lacustrine system
presents an association with the Paranapanema River that
is wider than that of the Camargo Lake, making the lateral
inflow of suspended particulate matter from the watercourse
easier. In the case of Camargo Lake, the connection with
the Paranapanema River is narrow. Only in a high water
period could a significant overbank amount of SPM be
introduced in the lake by such a marginal border. However,
broad Echinochloa polystachya covering, 17% of the aquatic
area of the Paranapanema River — Jurumirim Reservoir
transition zone, together with Polygonum spectabile Mart.,
another dominant plant according to Pompeo et al. (1999),
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occurs on the borders of the Paranapanema River and the
Coqueiral and Camargo Lakes. This grass is rooted on the
two borders of the watercourse and projects its stems to the
middle of the river. It plays an important role in the reten-
tion of particulate matter when the water level rises. Pompeo
etal. (1997) found significant differences in E. polystachya
stand suspended particulate matter values along the year
between of the Paranapanema River littoral zone and the
Camargo Lake pelagic zone. Similar values were recorded
in the river and macrophyte stands and lower values in
Camargo Lake. According to Olde Venterink et al. (2006),
the type of plant community (grasslands, woodlands, and
reedbeds) affects the sediment and adsorbed nutrient trap-
ping in floodplains during inundations, because it modifies
the lateral inflow water velocity. In wetlands, the presence
of aquatic macrophytes and their seasonal growth patterns
show a direct relationship with particulate matter deposi-
tion (Sanchez-Carillo et al., 2001).

The remarkable presence of E. polystachya in sand
threads between the river and the Coqueiral and Camargo
Lakes constitutes a true ecotone, whose primordial function
is to shape a particulate matter barrier or filtration struc-
ture between the lentic and lotic ecosystems (Kolasa and
Zalewski, 1995). Thus, it can explain the relatively low over-
bank sediment entrapment efficiency in the Paranapanema
River lateral lakes when compared to floodplain values in
the Swale and Aire Rivers, United Kingdom (Walling and
Owens, 2003). Consequently, the conveyance rate reaches
from 95 to 99% of the annual suspended sediment load
from the upstream watershed relative to the studied river
stretch. The annual sediment load estimated in this study
was 59% higher than a previous estimation carried out
in the 1990’s (Henry et al., 1999). This increase may be
attributed to a change in vegetation covering in the water-
shed, which causes a greater surface lixiviation, and also a
reduction in marginal forest areas at the entire drainage
system. However, the previous work data were collected
in a site at Paranapanema River 60 km upstream of the
river—Jurumirim Reservoir transition zone, making the
comparison difficult.

The SPM and SPIM concentrations showed no sig-
nificant spatial variations (between the river and lakes
and between the lakes). Despite the important role of
E. polystachya on particulate matter retention in the river,
the homogeneity of particulate matter concentrations may
be attributed to re-suspension. Episodes of bottom mate-
rial re-suspension were detected in five (Camargo Lake)
and six (Coqueiral Lake) out of the eleven measurements.
Both lakes have a low mean depth; Coqueiral Lake shows
very little pronounced bottom topography, and fetch in
Camargo Lake is parallel to maximum length (Henry,
2005). These morphometric parameters are the causes of
frequent re-suspension of bottom material within the water
column. Re-suspended matter probably affected some bot-
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tom trap sediment settling measurements. Therefore, some
entrapment efficiencies may have been overestimated, as
for example, in Coqueiral Lake in August 2005, when the
stage values were low.

In conclusion, overbank sediment entrapment effi-
ciencies on lakes lateral to the Paranapanema River were
relatively low due to the retention of SPM lateral inflow
by E. polystachya aquatic grass from the river. Thus, the
major portion of sediments conveyed by the Paranapanema
River is introduced in the zone upstream of the Jurumirim
Reservoir, affecting the euphotic zone depths.
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