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ABSTRACT: Physical and chemical characteristics of Lavapés and Capivara rivers, tributaries of

Barra Bonita reservoir (São Paulo – Brazil). A l imnolog ica l  s tudy was car r ied out  dur ing

winter  (dry per iod)  and summer ( ra iny per iod)  in the lower st retches of  the r ivers

Capivara and Lavapés,  as wel l  in the t ransi t ional  zone of  these r ivers mouth into

Barra Bonita reservoir (r iver Tietê, SP). Water qual i ty di f ferences between the r ivers

and r ivers-reservoir system were eff ic ient ly detected by variat ions in the values of

conductivity, dissolved oxygen, dissolved and total phosphorus, total nitrogen, nitr i te,

ammonium and suspended sol ids.  The l imnological  condi t ions in the Lavapés are

strongly condit ioned by the untreated sewage loads received from the city of Botucatu

in  the  r iver  upper  s t re tches .  The s ign i f i ca t ive  a l t i tud ina l  d i f fe rence be tween the

upst ream and downstream regions cer ta in ly  increases the natura l  capaci ty  of  the

river self -purif ication. However, the water observed in the lower stretch is st i l l  very

rich in nutrient making this r iver an important contributing factor for the eutrophication

of Barra Bonita reservoir. Despite of the si l tation, the summer rains promote a dilution

on the nutr ient  concentrat ion.  The conservat ion of  nat ive vegetat ion is cr i t ica l  for

both basins, but the problem is even worst for Lavapés. In case of Capivara other

important factor of degradation is the drainage of original wetland areas ( “várzeas”)

for agricultural purposes. Thus, during the rainy season there is a remarkable increase

of solids concentrations in both r ivers. As a consequence high loads are introduced

into the reservoir.  In this process the contribution of Capivara is higher as i ts volu-

me increases more in summer. This is because the Capivara watershed is larger and

also receives a h igher number of  smal l  t r ibutary st reams.  The precip i ta t ion cycle

has not the same direct ef fects in the reservoir main channel .  At least in terms of

hydrodynamics ,  as  the  rese rvo i r  dep th  showed h ighe r  dependence  on  the  dam

operation. The l imnological condit ions in the region of the reservoir located in front

of  the r ivers mouths were di f ferent  f rom the ones found in the r ivers themselves.

Therefore, the r ivers inf luence is l imited, probably due to the small  contr ibut ion in

terms of volume. Nevertheless,  on a long- term scale i t  can not be neglected their

cumulative impact on Barra Bonita reservoir ,  which is already an eutrophic system.

Key-words:  reservoir  t r ibutar ies,  physical  and chemical  var iables,  spat ia l  and tempo-

ra l  var ia t ion .

RESUMO: Características físicas e químicas dos rios Capivara e Lavapés, tributários do reservató-

rio de Barra Bonita (São Paulo, Brasil). Um estudo l imnológico fo i  real izado nos t rechos

inferiores dos rios Capivara e Lavapés, bem como na região de suas desembocadu-

ras  jun to  ao reserva tór io  de Bar ra  Bon i ta  ( r io  T ie tê ,  SP ) .  As  amost ragens fo ram

fei tas em duas épocas do ano, inverno (per íodo seco)  e verão (per íodo chuvoso) .

Diferenças na qualidade de água entre os r ios e destes com a zona sob inf luência do

r e s e r v a t ó r i o  f o r a m  e f i c i e n t e m e n t e  d e t e c t a d a s  p e l a  v a r i a ç ã o  d o s  v a l o r e s  d e

condut iv idade e lé t r ica ,  ox igên io d isso lv ido ,  fós foro d isso lv ido e to ta l ,  n i t rogênio

to ta l ,  n i t r i to ,  amônio e  só l idos em suspensão.  As condições l imnológ icas no r io

Lavapés são for temente condic ionadas pela entrada,  a inda no t recho super ior ,  de

todo o esgoto não tratado da cidade de Botucatu. A considerável diferença alt i tudinal
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entre as zonas de cabeceira e desembocadura certamente contribui para uma maior

capacidade de auto -depuração do s is tema.  Contudo,  a água observada no t recho

inferior ainda apresenta elevadas concentrações de nutrientes, o que torna este r io

um importante fator contribuindo para a eutrofização do reservatório de Barra Boni-

ta.  Apesar do aumento da turbidez, o aumento das chuvas no verão promove uma

di lu ição na concentração de nutr ientes.  O estado de conservação da vegetação é

crít ico em ambas as bacias, sendo ainda pior para o Lavapés. No caso do Capivara

outro importante fator de degradação é a drenagem de áreas de várzea originalmen-

te presentes ao longo da bacia ,  para f ins de ocupação agr ícola .  Assim, durante a

estação das chuvas há um cons ideráve l  incremento na concent ração de só l idos

suspensos em ambos os rios. Como conseqüência elevadas cargas são introduzidas

no reservatór io .  Neste processo a cont r ibu ição do Capivara é  maior ,  já  que seu

volume aumenta muito mais no verão devido a maior extensão de sua bacia e núme-

ro de t r ibutár ios.  O cic lo sazonal  de precipi tações não tem o mesmo efei to di reto

no reservatór io.  Pelo menos em termos hidrodinâmicos,  já que a profundidade no

compart imento estudado mostrou-se mais in f luenciada pelos mecanismos de ope-

ração na barragem. As condições l imnológicas na região do reservatório local izada

em frente as zonas de desembocadura mostraram-se diferenciadas daquelas encon-

t radas nos própr ios r ios .  Ass im,  a  in f luênc ia  dos mesmos sobre o reservatór io  é

l imitada, devido a pequena contribuição em termos de volume. Contudo, o impacto

cumulat ivo destes t r ibutár ios sobre Barra Boni ta não pode ser negl igenciado.

Palavras-chave:  reservatório, tr ibutários, variáveis f ísicas e químicas, variação espaço-

tempora l .

Introduction

Several studies carried out in the reservoir of Barra Bonita (middle Tietê r iver,

São Paulo, Brazi l )  have covered dif ferent l imnological aspects (Esteves et al. , 1981;

Tundisi, 1981; Matsumura-Tundisi et al .,  1981; Henry et al .,  1985; Henry, 1986; Henry &

Simão, 1988; Tundisi ,  1988; Cal i jur i  & Tundisi ,  1990; Matsumura-Tundisi  et al . ,  1990;

Tundisi, 1990; Tundisi & Matsumura-Tundisi, 1990, Novo et al. , 1993). In terms of the

reservoir  spat ia l  structure the main considered character ist ics are the ones related

to the longitudinal processes associated to the influence of the Piracicaba and Tietê

r ivers.  However,  there is l i t t le informat ion on the inf luence of  other t r ibutar ies.  In

terms of  water  f luxes,  the ro le of  these smal l  or  middle r ivers is  l imi ted,  but  the

regional contr ibution can be signif icant as they came from different rural and urban

a r e a s .

I n  add i t i on  to  the  t yp ica l  l ong i tud ina l  g rad ien ts  i n  phys ica l ,  chemica l  and

bio log ica l  charac ter is t ics  observed in  r iver -va l ley  reservo i rs  (K immel  e t  a l . ,  1990;

Urabe, 1990; Armengol et al . ,  1999) ,  the presence of lateral compartments, such as

the ones created by the entrance of t r ibutar ies,  can af fect  s igni f icant ly the spat ia l

s t ructure of  th is k ind of  ecosystem (Wetzel ,  1990;  Straskraba et  a l . ,  1993;  Tundis i ,

1994; Betsi l  & Van Den Avyle, 1994; Oliveira & Cali juri ,  1996; Nogueira et al . ,  1999).

The  p resence  o f  e i t he r  pe rmanen t  o r  pe r iod ic  we t l ands  in  the  mou th  zones  o f

tr ibutar ies is another contr ibut ing factor that can have a relevant ecological role in

large compartments of the reservoirs,  or even in the whole ecosystem. In general ,

such areas are important in the cycling of nutrients and in the maintenance of trophic

resources and aquat ic biodiversi ty (Tundis i ,  1988) .

The character ist ics of the r iver waters depend on the soi l  type, the extension

and compos i t ion  o f  the  vegeta t ion and the human in te r fe rence in  the  watershed

(Pedroso et  a l . ,  1988) .  Thus,  the water qual i ty of  reservoirs wi l l  be determined by

t h e i r  t r i b u t a r i e s .  I n  c a s e  o f  l a r g e  r e s e r v o i r s ,  a  s p a t i a l  v a r i a b i l i t y  i n  a  m a c r o

geographical scale can be identif ied when major r ivers contribute with diverse sources

of particulated and dissolved material. This seems to be the case of large reservoirs

in the State of São Paulo, such as Barra Bonita (Tundisi, 1994).
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On the lef t  s ide of  Barra Boni ta reservoir ,  approximately 27 km upstream the

dam, there is a large lateral compartment (6 km long) originally corresponding to the

lower  s t re tches of  Capivara and Lavapés r ivers .  Present ly ,  th is  area is  a  typ ica l

wetland landscape functioning as a transit ion zone between the r iver mouths and the

r e s e r v o i r .  I n  t h i s  s t u d y ,  i t  w a s  a n a l y s e d  s o m e  w a t e r  p h y s i c a l  a n d  c h e m i c a l

characteristics of Capivara and Lavapés rivers in their lower stretches as well as the

region of the reservoir adjacent to their mouth zones. The aim was to determine the

role of  la tera l  t r ibutar ies coming f rom areas under d i f ferent  agr icul ture and urban

inf luences on the l imnology of Barra Bonita reservoir .

Study Area
The study area is located in a distr ict of Botucatu, central region of São Paulo

State, between 22o43’12” /22o56’03” S and 48o22’36”/48o29’43” W (Fig. 1 ) .  Most of the

Capivara (99 km 2  area)  and Lavapés (62.5 km 2  a rea )  wate rsheds a re  loca ted  in  a

region where the predominant re l ief  is  the Basal t ic Cuesta of  Botucatu.  The r ivers

Lavapés (22.8 km long)  and Capivara (21 km long)  f low into Barra Boni ta reservoir

and their mouth zones are nearly posit ioned (Fig. 1 ) .  A remarkable feature of these

r iver basins is the high al t imetr ical  di f ference when compared with their  re lat ively

short extension. The headwaters are located at 900 m (a.s. l . )  and the mouth zones at

450 m (a.s. l . ) .

Despite of the fact that the r ivers drain similar areas in terms of geology and

geomorphology they are exposed to different human impacts. The whole urban area

of Botucatu, with 130,000 inhabitants approximately, are located in the upper zone of

the Lavapés watershed and the r iver  receives the domest ic and industr ia l  sewage

from the c i ty  wi thout  any t reatment .  The Capivara r iver  dra ins rura l  areas of  the

munic ipa l i ty .

Figure 1:  Map of  the s tudy area (Source :  IBGE 1969)  and pos i t ion of  the sampl ing s ta t ions .
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Material and Methods

For water sampling and measurements, seven stat ions were selected: three in

the lower st retch of  Capivara r iver  (C1 ,  C2 and C3) ,  three in the lower st retch of

Lavapés river (L1, L2 and L3) and two in the lateral arm of the reservoir originated by

the junction of both river mouths (E and R) (Fig. 1) .

Samplings on water surface were carried out in August 1996 (winter/dry period)

and in February 1997 (summer/rainy per iod) .

The fo l lowing l imnolog ica l  var iab les  were  de te rmined :  t ransparency (Secch i

d i sk ) ;  t empe ra tu re  (me rcu r i a l  t he rmomete r ) ;  d i s so l ved  oxygen  (W ink l e r  me thod

according to Golterman et al. , 1978); pH (pH meter Micronal B-380); electr ic conductivity

(conductivi ty meter Hach 2511) ;  ni t r i te (Golterman et al . ,  1978) ;  ni t rate (Mackereth et

a l . ,  1989 ) ;  ammon ium (Ko ro le f f ,  1976 ) ;  t o ta l  and  ino rgan ic  d i sso lved  phospha te

(Strickland & Parsons, 1960); si l icate (Golterman et al. , 1978);  total nitrogen and total

phosphorus (Valderrama, 1981) .  Total ,  inorganic and organic suspended sol ids were

determined by grav imet ry  (M i l l ipore  AP40 membranes ,  Met t le r  ana ly t ica l  ba lance

H20T 0.01 mg) (Cole, 1979) and chlorophyll -a of phytoplankton by extract ion in cold

90% acetone (Golterman et al. , 1978).

The r ivers f low was estimated using the f loating technique to determine velocit ies

and direct measurements of the transversal sect ion (Linsley, 1978) .

T h e  E l e c t r i c  G e n e r a t i o n  C o m p a n y  ( C E S P )  s u p p l i e d  d a t a  o n  p r e c i p i t a t i o n ,

reservoir  volume, inf low and outf low rates.

A PCA analysis (Statitcf) using log transformed (lnx + 1) values of the l imnological

da ta  was  pe r fo rmed .  The  va r i ab l es  w i t h  co r re l a t i on  h i ghe r  t han  0 .80  w i t h  t he

components 1 and 2 of the analysis are presented.

Results

A seasonal  regime of  precipi tat ion,  wi th concentrat ion of  ra ins in spr ing and

summer and a dry period in autumn and winter was observed (Fig. 2) .  The peak of

rains occurred in January,  reaching 517.5 mm in the top of the “Cuesta”  (Botucatu

s ta t ion ) .  The anua l  prec ip i ta t ion in  th is  a rea ( 1 ,692 mm) was re la t ive ly  h igher  as

compared with the value at  the Barra Boni ta dam (1 ,280 mm).  July was the dr iest

month, with the minimum of 1.5 mm precipitation found near the dam.

The same temporal pattern was observed for the f low rates, as in the reservoir

(Fig. 3) as in the rivers (Tab. I ) .  The highest reservoir inflow (1,231 m3 /s) and outflow

(1 ,072 m3 /s) were observed in January and February, respectively (Fig. 3). The lowest
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Figure 2:  Precip i ta t ion (mm) at  the CESP-Botucatu and CESP-Barra Boni ta dur ing the study per iod.
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out f low (270 m3 /s) occurred in July and the lowest inflow (219 m3 /s )  in August .  As a

consequence of the f low var iat ion an inverse seasonal tendency was recorded for

the water retention t ime in the reservoir (Fig. 3) .

The water column depth ranged from 0.48 m at the C1 stat ion (winter) to 5.97 m

at the R station in winter (Tab. I ) .

Figure 3:  Mon th ly  means  o f  the  in f low,  ou t f l ow and  theore t i ca l  re ten t ion  t ime  in  Ba r ra  Bon i ta

reservoi r  dur ing the s tudy per iod.

Table I : Phys ica l  va r iab les  a t  the  Lavapés  ( L )  and  Cap iva ra  (C )  sampl ing  s ta t ions  and in  Bar ra

Boni ta  reservoi r  (s ta t ion E and R) .

Temperature (oC) Depth (m) Transparency (m) Flow (m3/s) Sampling 
stations  Winter Summer Winter Summer Winter Summer Winter Summer 

L1 21.0 24.0 2.70 3.52 0.50 0.16 
L2 19.0 22.9 1.44 3.42 0.60 0.16 
L3 19.0 22.9 1.63 0.86 0.70 0.16 

2.8 4.8 

C1 21.0 24.2 0.48 1.75 0.48 0.37 
C2 19.0 23.3 1.70 1.42 0.70 * 
C3 19.0 23.3 2.50 2.68 0.80 * 

1.2 10.2 

E 19.0 23.4 1.50 1.35 0.80 0.50   
R 19.0 26.7 5.97 3.40 1.40 0.43   

 

The variat ion of water temperature among the sampling stat ions was higher in

the summer (22.9 to 26.7 oC) as compared to the winter (19.0 to 21.0  oC) (Tab. I). There

was an increase between 3 and 4 oC in summer temperatures and the maximum was

measured at the R stat ion (26.7 oC).

The  wa te r  t r anspa rency  in  the  samp l ing  s ta t i ons  was  re l a t i ve ly  l ow and  a

reduction was observed in the summer (Tab. I ) .  The river Lavapés showed the lowest

value (0.16 m, in summer) and the maximum transparency (1.40 m) was observed at

the R station in winter. An increase of transparency into downstream direction occurred

for both rivers in winter.

pH values near to neutrality in winter, having a range between 6.9 at the L3 station

and 7.2 at the R station, were found (Fig. 4). A decreasing upstream-downstream tendency

was observed for the Lavapés river in winter. Except for the E station (pH 7.1), a decrease

in pH was observed in the summer and the lowest value (pH 6.6) occurred at the C1

sta t ion.

Different conductivity ranges among the three sampling sites (Capivara and Lavapés

rivers and reservoir) were obtained for both study periods (Fig. 5). Higher values were

observed in winter, with the maximum registered at R station (252 µS/cm). In winter the
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mean conductivi ty was 180 µS/cm for Lavapés and 63 µS/cm for Capivara stat ions.

During summer, the mean values were 112 µS/cm for Lavapés, 52 µS/cm for Capivara

stations and 142 µS/cm for E and R stations.

Relatively lower variation on dissolved oxygen was recorded in summer (Fig. 6).

The lowest concentration was measured at the L1 station (3.91 mg/l )  and the maximum

at the R station (7.65 mg/l) . But in the winter, higher values in river Capivara (mean of

8.33 mg/l )  and lower in river Lavapés (mean of 2.97 mg/l )  were observed.
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Figure 4: Var i a t i on  o f  pH  a t  t he  Cap iva ra  and  Lavapés  samp l ing  s ta t i ons  and  in  Ba r ra  Bon i t a

reservoir  (E and R stat ions)  dur ing the study per iod.
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Figure 5:  Var ia t ion of  conduct iv i ty  (µS/cm) a t  the Capivara and Lavapés sampl ing s ta t ions and in

Barra Boni ta reservoi r  (E and R stat ions)  dur ing the study per iod.
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Figure 6:  Var ia t ion of  d issolved oxygen (mg/ l )  a t  the Capivara and Lavapés sampl ing stat ions and

in Barra Boni ta reservoi r  (E and R stat ions)  dur ing the study per iod.
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The nutr ient  concentrat ions were higher in winter ,  except for  n i t r i te (Tab.  I I ) .

Major nutr ient concentrat ions were found in the Lavapés. But for si l icate the values

were similar for both rivers, which were higher than the ones in E and R stations.

In summer, nutrient concentrations in Lavapés were also higher than the ones in

Capivara for si l icate, nitr i te, nitrate, ammonium, total nitrogen and total phosphorus.

The nutrient concentrations at R station  were relatively high, and for nitrate and

total nitrogen, the values were  higher than the ones in Lavapés for both periods.

A high increase in the concentrat ion of  suspended sol ids was observed f rom

winter to summer (Tab. II I ) .  In winter, a higher proportion of organic matter in Lavapés

and reservoi r  s ta t ions was found whereas the inorganic f ract ion predominated in

Capivara s ta t ions (F ig .  7 ) .  Dur ing summer,  the propor t ion of  inorganic sol ids was

signi f icat ively higher in al l  sampling stat ions (Fig.  7) .

 
Period Sampling 

stations 
Silicate 
(mg/l) 

Nitrite 
(µg/l) 

Nitrate 
(µg/l) 

Ammonium 
(µg/l) 

Total 
Nitrogen 

(µg/l) 

Total 
Dissolved 

Phosphorus 
(µg/l) 

Inorganic 
Dissolved 

Phosphorus 
(µg/l) 

Total 
Phosphorus 

(µg/l) 

 L1 7.0 13.6 493 1,030 2,304 528 487.3 * 
 L2 6.6 14.3 704 908 2,527 385 369.4 * 
 L3 5.3 12.7 557 603 3,425 605 507.8 * 

Winter  C1 6.2 0.3 89 35 537 25 4.4 * 
 C2 6.2 0.3 112 30 486 20 2.3 * 
 C3 6.4 0.2 1244 9 2,056 106 38.6 * 
 E 5.1 5.4 448 284 470 171 119.3 * 
 R 3.8 12.2 3298 531 3,353 51 17.6 * 

 L1 4.7 26.9 452 42 * 62 25.9 235.4 
 L2 5.5 25.7 358 34 793 72 29.4 228.0 
 L3 5.6 25.7 343 29 * 73 30.5 293.0 

Summer C1 4.5 4.2 4 7 233 63 38.6 126.4 
 C2 3.9 3.9 6 7 163 54 25.4 156.7 
 C3 3.3 4.5 2 6 70 51 26.7 135.0 
 E 2.3 0.8 47 7 68 5 0.1 148.1 
 R 4.2 14.9 2698 48 3027 9 5.5 158.7 

 

Table II:  Tota l  and dissolved nutr ients at  the Lavapés (L )  and Capivara (C)  sampl ing stat ions and

in Barra Boni ta  reservoi r  (s ta t ion E and R) .
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Figure  7 :  Var ia t ion o f  o rgan ic  and inorgan ic  f rac t ions percentage in  the  suspended so l ids  a t  the

Capivara and Lavapés sampl ing s ta t ions and in Barra Boni ta  reservoi r  (E and R sta t ions )

dur ing the study per iod.

Chlorophy l l -a va lues  were  h igher  in  the  w in te r  (Tab .  I I I ) .  Fo r  bo th  per iods ,

concentrations in the r ivers were much lower than in the E and R stations and between

the r ivers,  chlorophyl l -a was higher in Capivara.

The PCA analysis shows an evident difference on the posit ion of the sampling

stat ions for both periods (Fig.  8) .
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In the winter, the first component of the analysis (48.86 % of variance) was positively

correlated with nitr i te (0.96), conductivity (0.95), ammonium (0.85) and total nitrogen

(0.85). Dissolved oxygen (-0.98) and inorganic suspended material ( -0.80) had the best

negative correlations. The second axis (26.98 % of the variance) was positively correlated

to transparency (0.90) and chlorophyll-a (0.89).

During the summer, the f irst component (45.17% of the variance) was posit ively

cor re la ted to  to ta l  d isso lved phosphate  (0 .84 ) ,  to ta l  phosphorus (0 .83 ) ,  inorgan ic

suspended sol ids (0 .88)  and organic suspended sol id (0 .88) .  Transparency ( -0 .92)

and dissolved oxygen ( -0,83) were negatively correlated to the f irst component. The

second component (30.11% of the variance) was posit ively correlated to nitrate (0.87),

ammonium (0.97) and total ni trogen (0.87) .

Suspended solids (mg/l) Chlorophyll-a (µg/l) Sampling stations 
Winter Summer Winter Summer 

L1 7.2 72.7 1.3 2.0 
L2 4.5 82.6 1.3 0.3 
L3 3.9 83.4 1.4 1.0 
C1 5.6 67.4 2.4 0.8 
C2 10.3 72.1 2.4 3.2 
C3 8.7 71.4 3.1 3.6 
E 7.4 70.5 4.6 0.8 
R 6.0 68.2 18.6 12.2 

 

Table III:  Suspended sol ids and chlorophyl l -a concentrat ions at  the Lavapés (L )  and Capivara (C)

sampl ing stat ions and in Barra Boni ta reservoi r  (s ta t ion E and R) .
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and second components .
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Discussion

The main l imnolog ica l  d i f fe rences between Lavapés and Capivara r ivers  are

related to the land uses and direct human impacts in each watershed. In case of

Lavapés, 45.7% of the basin is inserted in the Botucatu urban perimeter and according

to Leopoldo (1989) the sewage discharge into the r iver during the 80’s, was estimated

in 30,000 m3 /day. This amount is certainly higher nowadays as a consequence of the

city growth in the last years.

The deforestat ion of  nat ive areas for agr icul ture purposes in both watersheds

is also another important aspect to be considered in the ecological studies of these

rivers. The loss of vegetat ion cover is higher in the Lavapés surroundings (Simões,

1996),  what contr ibutes to the increase of r iver si l tat ion.

However, despite of the dramatic scenery of environmental degradation for the

river Lavapés, Kikuchi (1989) suggested that the waters could reach the Barra Bonita

reservoir  in a re lat ively bet ter  condi t ion.  The water qual i ty improvement a long the

r iver  would be a consequence of  an ef fect ive sel f -pur i f icat ion process due to the

high di f ference in a l t i tude between the headwaters and the lower st retches (about

450 m). Si lva et al .  (1998), based on chemical and microbiological analysis, showed

a part ial  autopuri f icat ion capacity along a 29 km stretch of r iver Pardo, that is the

main drinking water source for Botucatu.

The  ra in  cyc le  showed to  be  ano the r  impor tan t  f ac to r  fo r  the  l imno log ica l

funct ioning of  th is  r ivers - reservoi r  system. A s igni f icant  increase in the f low was

observed during summer. The values were 8.5 and 1.7 higher for Capivara and Lavapés

rivers, respectively, as compared to the winter period. The differences in the increase

magni tude between the r ivers are re lated to the drainage capaci ty for  each basin.

The higher increase in volume of water for the river Capivara is explained by the fact

that i ts watershed is 1.6 t imes larger than the Lavapés watershed.

In the reservoir the inflow (from Piracicaba and Tietê rivers) and outflow rates in

winter were 5.6 and 3.9 times lower, respectively, as compared to the summer peaks.

As a consequence the water retention time in the reservoir was fourfold higher in the

winter, varying from 34.1 days in February to 135.5 days in July. During the autumn,

winter and spring the reservoir outflow overcame the inflow, what reveal the influence

of the dam operation in the hydrological dynamics of the system. Nevertheless, as the

inf low is measured at the entrance of the main r ivers, i t  should be considered that

compensations can occur by contribution of underflow, lateral rivers (e.g. Lavapés and

Capivara) and direct precipitation on the surface of the reservoir.

The increase of 2.6 m in the water column observed at the R station during the

dry season ref lects the reservoir management pract ices. But at the r ivers sampling

stations the higher depth were verif ied in the wet period, as expected.

Tundis i  & Matsumura -Tundis i  ( 1990)  est imated the theoret ica l  water  re tent ion

time for Barra Bonita in 1 month, between November and March, and 6 months between

Apri l  and September.  During our study there was lower f luctuat ion of the retent ion

time, that was calculated in 3.7 and 2.2 months for the same periods of the year. A

higher hydrological  stabi l i ty could lead to persistent hor izontal  gradients.  Nogueira

e t  a l .  ( 1999 )  ver i f ied  tha t  spa t ia l  g rad ien ts  in  Ju rumi r im reservo i r  (Paranapanema

r ive r )  a re  more  consp icuous  dur ing  the  d ry  season .  In  th i s  pe r iod  the  phys ica l

conditions are probably less variable, as the flow rates are lower and the theoretical

water retention t ime is very high (about 18 months).

In summer a relatively higher water temperature was observed at the R station

as compared to the stat ions located in the r ivers (maximum di f ference of  3.8 oC) .

Nogue i ra  e t  a l .  ( 1999 )  a lso  ver i f i ed  d i f fe rences  o f  up  4  oC be tween  r i ve r ine  and

lacustrine zones of the Jurumirim reservoir. Such differences of temperature between

the main water body and the tr ibutar ies probably generate dist inct ive processes of

advect ive water displacement into the reservoir .
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A general  increase of t ransparency into the reservoir  di rect ion was observed

dur ing the dry season.  This tendency could be associated to the decrease of  the

r ive rs  ve loc i ty  in  the  wet land  a rea ,  wh ich  inc reases  the  sed imenta t ion  ra tes  o f

suspended sol ids.  Henry & Mar icat to (1996) observed, exper imental ly ,  such pat tern

of longitudinal variat ion in the upstream zone of Jurumirim reservoir .

A decrease in the water  t ransparency was observed dur ing the ra iny per iod,

due to the input of large amounts of al lochthonous material from the watershed. The

lowest values in Lavapés river may be related to the occurrence of laminar erosion

processes as the deforestat ion was more intensive in this basin (Simões, 1996).

Lower values of conductivity at the sampling stations of the river Capivara, for

both per iods, conf i rmed the less eutrophic condit ion as compared to Lavapés and

reservo i r  compar tments .  Except  fo r  the  C1  s ta t ion ,  there  was a  reduct ion o f  the

conductivity during summer in all sampling stations, as a consequence of ions dilution

by the rain.

Despite of the high concentrat ion of chlorophyll  at the R stat ion during the winter

(18.6 µg/l )  and relat ively high pH (7.2) ,  the dissolved oxygen concentrat ion was low

(2.95 mg/l ) .  As the sampling was performed early in the morning this result probably

re f lec ts  the  noc tu rna l  oxygen consumpt ion ,  wh ich  tend  to  be  h igh  in  eu t roph ic

ecosystems. In the winter the river Capivara had signif icatively higher concentration

of dissolved oxygen, despite of the very low flow rate observed in the period. This

could be related to the oxygen introduct ion by turbulence due to the high decl ivi ty

and lower temperature.

A certain decrease of the pH in summer can be related to a reduct ion of the

phy top lank ton  abundance ,  as  i nd i ca ted  by  l ower  va lues  o f  ch lo rophy l l .  Humic

substances inputs f rom terrestr ia l  ecosystems by the ra ins can also af fect  the pH

va lues .

Major dif ferences were observed for the distr ibut ion of nutr ients at the tempo-

ral and spatial scales. The highest values were associated to the river Lavapés and

to the reservoir. A decreasing trend in the concentrations during winter was recorded.

For  d isso lved phosphorus  the  concent ra t ions  were  more  s imi la r  among the

rivers sampling stations during summer. In the rainy period, there was a reduction in

the concentrations for the river Lavapés. At the C1 and C2 stations it was observed

an inc rease  o f  2 .6  and 9 .5  t imes fo r  to ta l  and inorgan ic  d isso lved phosphorus ,

respect ively.  Al lochthonous mater ia l  input promotes an increase of phosphorus.  In

case of Lavapés, despite of the increase of suspended sol ids, the predominant effect

of rains seems to be the di lut ion of phosphorus due to i ts very eutrophic condit ion.

The remarkable reduct ion of dissolved phosphorus at the E stat ion during the

summer may be a consequence of  the in tensive macrophytes growth.  Donk et  a l.

( 1993) ,  s tudying the fa te of  nut r ient  loads in t roduced into the Lake Zwenlust  (The

Netherlands) by an eutrophic river, observed that the presence of macrophyte stands

reduces s ign i f icat ive ly  the concent ra t ions of  n i t rogen and phosphorus,  which are

incorporated in the local food webs.

The highest concentrat ions of nitrate and total nitrogen were observed at the R

stat ion. Thus for the ni trogen compounds, the tr ibutar ies contr ibut ion, even in case

of Lavapés, seems to be less important than the internal loads in the reservoir. This

could be indicating a high rate of nitrogen fixation, probably by blue-green algae, or

sediment releases. A decrease of ammonium into downstream direction was observed

in summer and winter for both rivers and probably is associated to dilution effects.

An increase o f  suspended so l ids  was observed fo r  a l l  sampl ing  s ta t ions  in

summer. Comparat ively, the increase was higher at the L2 and L3 stat ions with 20

times more inorganic solids as compared to the winter amounts. The lowest increases

occurred at the C2 and C3 stations, respectively 7 and 8 t imes. In the winter most of

suspended solids were organic, but in summer the concentrations of inorganic were

higher .  This  ind icates that  the minera l  f ract ion predominates in  the a l lochthonous

mater ia l  introduced dur ing he rainy season.
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The increasing trend of organic compounds into downstream direction for both

rivers during the summer could be associated to detri tus released from macrophytes

stands in the area.

In terms of chlorophyll -a the values at  the R stat ion were the highest  in both

periods. This indicates that the increase of water retention in the reservoir provides

better condit ions for the phytoplankton development. In the winter there was a clear

spat ia l  var ia t ion among the s tudy areas re la ted to chlorophyl l - a ,  w i th  the  lowes t

values in the river Lavapés, fol lowed by Capivara and then by the sampling stations

E and R under influence of the reservoir.

The  PCA ana lys i s  showed tha t  nu t r i en t  concen t ra t ion  was  the  ma in  fac to r

influencing on the stations disposit ion. The C and E stations were negatively correlated

to total  and dissolved nutr ients.  Capivara and Lavapés character ist ics were clear ly

discr iminated by th is analysis in both per iods.  The lacustr ine zone ( the E stat ion)

was more associated to the Capivara r iver.
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