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ABSTRACT

Studies on the longitudinal processes in reservoirs, involving physical, chemical and biological processes
have been thoroughly appraised, suggesting the existence of a longitudinal organization controlled
by the entrance and circulation of water which inserts modifications in the structuring of the system.
To evaluate this effect, the Salto Grande reservoir (Americana, SP) was analyzed in 11 sampling stations
in its longitudinal axis, in the rainy and dry seasons of 1997 considering the physical chemical and
biological variables. Analyzing the results in agreement with the declining concentration degree of
the river—barrage direction, a more significant correlation was verified in the dry period for total phos-
phorus (f= 0.86), dissolved total phosphaté=r0.83), nitrite (= 0.93), inorganic phosphate’

0.89), ammonium ¢r= 0.84) and suspended materi&i=10.85). In the rainy period, only nitrite?&

0.90) and conductivity {= 0.89) presented correlation with the distance of the dam, which demonstrates
the effects of precipitation and the operational mechanism of the dam, as well as the distinction among
the physical (sedimentation), chemical (oxidation) and biological (decomposition) processes in spatial
heterogeneity of the system. These factors were decisive in the organization of these communities,
with higher occurrence of rotifers and copepods in relation to cladocerans, the first ones being more
abundant in the entrance of the Atibaia river, decreasing towards the dam direction, while copepods
presented an inverse pattern. A distribution pattern similar to Copepoda was also verified for the Cladocera,
evidencing a tendency to increase the density of organisms in the stations distant to the entrance of
the Atibaia river, not being registered, however, a distribution gradient in the longitudinal axis, as
observed for rotifers and copepods. In relation to the trophic degree a longitudinal gradient was also
verified from eutrophic to oligotrophic depending on the location of the sampling station in relation

to the longitudinal axis and period of analysis. The differences obtained, relating to the distribution
of the environmental variables, demonstrate a characteristic pattern for reservoirs, with a longitudinal
gradient in the sense river—barrage that inserts changes in the physical and chemical composition of
the water, contributing to the differentiated establishing of biological communities.

Key words reservoirs, longitudinal gradients, formation of compartment.

RESUMO

Processos longitudinais no reservatério de Salto Grande (Americana, SP)
e sua influéncia na formagdo de compartimentos do sistema

Estudos sobre os processos longitudinais em reservatérios, envolvendo os processos fisicos, quimicos
e biolégicos, tém sido amplamente avaliados, sugerindo a existéncia de uma organizacao longitudinal

controlada pela entrada e circulacdo da agua, a qual insere modificacdes na estruturacédo do sistema.
Para avaliar esse efeito, o reservatoério de Salto Grande (Americana, SP) foi analisado em 11 estacdes
de amostragem de seu eixo longitudinal, nos periodos seco e chuvoso de 1997, considerando-se va-
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riaveis fisicas, quimicas e bioldgicas. Analisando-se os resultados de acordo com o grau de decaimento
das concentracdes no sentido rio—barragem, verificou-se correlacdo mais significativa no periodo seco
do que no chuvoso para fésforo totdH10,86), fosfato total dissolvido?@ 0,83), nitrito (f= 0,93),

fosfato inorganico &= 0,89), aménio &= 0,84) e material em suspens&ae=(0,85). No periodo chu-

Vv0S0, apenas nitrito {# 0,90) e condutividade 3 0,89) apresentaram correlacdo com a distancia

da barragem, o que demonstra o efeito da precipitacdo e do mecanismo operacional da barragem,
bem como a distincdo entre os processos fisicos (sedimentacdo), quimicos (oxidacao) e biolégicos
(decomposicéo) na heterogeneidade espacial do sistema. Esses fatores foram determinantes na orga-
nizacdo das comunidades, com maior abundancia de rotiferos e copépodos em relacao aos claddceros,
sendo os primeiros mais abundantes na entrada do rio Atibaia, decrescendo em direcdo a barragem,
enquanto copépodos apresentaram padréo inverso. Padréo de distribuicdo semelhante aos copépodos
também foi verificado para os claddceros, evidenciando tendéncia ao aumento da densidade de organismos
nas estacdes distantes da entrada do rio Atibaia, ndo sendo registrado, porém, gradiente de distribuicédo
no eixo longitudinal, como observado para rotiferos e copépodos. Em relacdo ao grau de trofia também
se verificou gradiente longitudinal de eutréfico a oligotréfico, dependendo da localizacao da estacdo
de amostragem em relacao ao eixo longitudinal e periodo analisado. As diferencas obtidas quanto
a distribuicdo das variaveis ambientais demonstram um padréo caracteristico para reservatérios, com
gradiente longitudinal no sentido rio—barragem que insere modifica¢cdes na composicao fisica e quimica
da agua, contribuindo para o estabelecimento diferenciado das comunidades bioldgicas.

Palavras-chavereservatorios, gradiente longitudinal, formagédo de compartimentos.

INTRODUCTION ronment (Espindola, 1994), causing the diversity
of habitats, which is considered fundamental for
Artificial reservoirs are distinguished from the occurrence of biological diversity (Tundéti
other natural aquatic ecosystems because of opat., 1988).
ration mechanisms that alter the conditions of the Considering the importance of water resources,
setting, which together with functions of natural the present study seeks to characterize the physical,
forces, cause the heterogeneous distribution of thehemical and biological processes in the longitudinal
organisms in the environment (Tundisi, 1988;axis of the Salto Grande reservoir (Americana, SP),
Straskrabat al.,, 1993). In this system, the water during two seasons of the year (summer and winter),
time of residence and material contribution inputwhich influence the ecology of the system.
a longitudinal zonation usually associated with the
increase of particulate material sedimentation in STUDY AREA
the river—barrage direction (Thomatal, 1997),
where each compartment will constitute a section This work was developed in the Salto Grande
along the longitudinal axis (lotic, transition and reservoir, located in the eastern-central area of the
lentic) with differentiated characteristics, where State of Sado Paulo, in the municipal district of
the degree of space heterogeneity is influenced bfmericana, in the coordinates®22'S and 420'W,
morphometry, flow and stratification conditions, at 530 meters of altitude and inserted in the hydro-
the hydrodynamic conditions are the main causegraphic basin of the Atibaia river (one of the tribu-
of the horizontal variability in most of the reservoirstaries of the Piracicaba river, in the headboard area
(Straskraba & Tundisi, 1999). of the upper basin of the Parana river), which
Studies developed by Armengetlal (1999) covers an area of 2,724 RnThe reservoir area
and Zanata (1999) suggest the existence of a lofs 11.5 kni, with a 64 km perimeter, 17 km of
gitudinal organization in reservoirs controlled by length, maximum volume of 106 1(° m*, ma-
water circulation, which is related to the physicalximum depth of 9 m and a 30-day average water
and chemical characteristics and to the biotic comtime of residence.
munities of the system. This spatial and tempo- The Atibaia river basin presents high urban
ral heterogeneity in the environmental conditionsand industrial density, mainly in the inferior sector,
is a decisive factor in the continuous organizatiorcausing a growing deterioration process of water
process of the communities in the aquatic envigquality, due mainly to the entrance of domestic and
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industrial effluents from the cities of Paulinia andrentiation in the water quality in the longitudinal
Campinas. Moreover, it receives significant contri-axis of the system was verified, with higher values
bution of organic load from small rivers and streamgor some variables in the stations closest to the
that receive sanitary sewers without treatment fronentrance of the Atibaia river. The conductivity
other cities (Rocha, 1972; Carvalho, 1979; Shimizuyalues, for instance, variddom 87 to 238 uS/
1981), as well as the material contribution fromcm and from 99 to 157 uS/cmtine dry and rainy

agricultural activities. period, respectively. Significant variation was also
obtained for suspended material (from 2.79 to

64.9 mg/L in the rainy period), with higher organic
To evaluate the longitudinal processes in thdraction in the dry period (except in stations closer
reservoir of Salto Grande, 11 collection stationgo the Atibaia river) and the inorganic fraction
were horizontally distributed in the dam, taking predomirating in the rainy period. The higher
into consideration mainly the longitudinal axis in carriage of aloctone material in the rainy period
direction to the entrance of the Atibaia river, maincontributed to the reduction of the euphotic zone
affluent towards the dam. The collecting was carriedimit (from 0.6 to 2.1 m in the rainy period and from
out on February 14 (higher temperature and highet.8 to 6.5 m in the dry period), verifying that in the
precipitation) and June 30, 1997 (lower temperaturelry period all the stations presented more than 50%
and lower precipitation). of the water column with light. The chlorophyll-
Samples were collected integrating the wate concentration was larger in the rainy period (from
column with a suction pump for analysis of phy-1.95 to 11.86.g/L) than in the dry period (from
sical, chemical and biological parameters, as welD.46 to 6.53ug/L). For total and dissolved nutrients,
as suspended material (Teixestaal, 1965; Tundisi, in general, a concentration decline in the Atibaia
1969), chlorophyll-a (Nusch, 1980) plus total andriver-barrage direction was verified, mainly in the
dissolved nutrients (Goltermatal, 1978; Standard dry period. The concentrations of total phosphorus
Methods, 1995; Koroleff, 1976; Mackereghal.,  varied from 69.58 to 128.8%)/L in the rainy period
1978), conductivity, temperature and dissolvedand from 39.63 to 244.22g/L in the dry period.
oxygen analysis were made through a HORIBA-Among the phosphate compounds, it was only during
U10 field meter, in all the collection stationsatét  the rainy period that the total dissolved phosphate
transparency analysis was accomplished by mear@d inorganic phosphate did not present a decreasing
of a Secchi disc, through which the limit of the distribution of concentration. It was also verified
euphotic zone was obtained (Cole, 1975). Thdor the longitudinal pattern higher concentrations
obtained results were used for determination obf nitrogen compounds in stations close to the en-
the trophic state of the system in agreement witlrance of the Atibaia river and lower concentrations
methodology of Toledet al. (1983). The samples in stations close to the barrage. For nitrite, for
for analysis of zooplankton (Rotifera, Copepodainstance, a variation was verified from 13.68 to
and Cladocera) were collected in both periods and62.86ug/L in the rainy period, while that variation
in 9 stations with a suction pump and using accurred from 49.30 to 274.4&/L in the dry
plankton net with 3um of mesh opening. The season (Tables 1 and 2).
samples were conditioned in flasks and preserved
with formaline 4% for subsequent analysis in labo-Composition and dominance of the zooplanktonic
ratory, specialized methodology and bibliographycommunity
was used considering the composition and density  In both analyzed periods, Rotifers and co-
of the organisms. pepods were the most abundant in the Salto Grande
reservoir (Tables 3 and 4). In the rainy season the
RESULTS average percentile contribution of Copepoda, Cla-
docera and Rotifera was of 35.64%, 10.93% and
Limnological characteristics of the Salto Grande 50.39% while in the dry period, the variation was
reservoir of 26.83%, 11.25% and 61.31%, respectively, with
The results obtained for the limnological differences in the longitudinal axis: Rotifera being
variables are presented in Tables 1 and 2; the difféhe most abundant in stations close to the Atibaia

Braz. J. Biol., 682): 347-361, 2002



350 ZANATA, L. H. and ESPINDOLA, E. L. G.

river, and Copepoda and Cladocera in stations intesented a larger abundance of organisms (306, 600
mediate and close to the dam. ind./m?), in which was also observed the largest
The Cyclopoida copepods were the mostrelative abundance of rotifers (89.90%), while
abundant in the reservoir during the two analyzedhe smallest contributions occurred in stations 8,
periods. In the rainy period, this group represented0 and 11, where the relativeundance of roti-
76.2% of a total of 898,607 ind.?m fers varied from 15.79% to 28.95%. In those
In the dry period, Cyclopoida contributed stations, the copepods were the dominant
with 88.2% of a total of 1,481,051 indinCa- organisms (Table 3).
lanoida represented 23.8% and 11.8% of the In the dry period, rotifers were more
copepodgound in the rainy and dry periods, abundant in station 8, contributing with 831,600
respectively. The occurrence of Harpacticoidaind./m®. The relative abundance of rotifers varied
copepods was only observed in the rainy periodfrom 86.75% to 47.24% in stations 3 and 9,
in stations 1 and 2, with 20 ind.7rand station 3, respectively. In spite of the heterogeneous
with 75 ind./n? (Table 5). distribution of the organisms in the system, the
In the rainy period, rotifers contributed with rotifers were dominant in all the collected stations
50.39% of the total of individuals. Station 3 pre-during the dry period (Table 4).

TABLE 1
Comparison of limnological data in Salto Grande reservoir in the wet season.

) Stations
Variable
1 2 3 4 5 6 7 8 9 10 11
Maximum depth (m) 4.0 25 1.7 50  10. 3.7 5.9 7.0 27 135 195
Euphotic limit (m) 0.6 0.9 0.9 0.9 15 0.9 2.1 1.8 1.8 1.5 0p
Conductivity (1S/cm) 145 | 148 | 157 | 130| 123| 117| 108 108 105 108 99
(Trg;"’;'ljusf’e”dec’ materidl g4 90 | 3585| 36.87 1701 1904 1072 933 1171 1078 11.83 14.40
Organic material (mg/L) 225 13.7] 10.3 5.9 5.3 3.8 3p 38 41 41 3.6
Inorganic material 424 | 222| 266| 111| 138 6.9 6.3 7.9 6.7 77 108
(mg/L)
Chlorophyll-a (1g/L) 488 | 628 | 698| 1184 349 767 228 698 1046 10146  1/95

Total phosphorugug/L) | 108.72| 119.99 128.85 73.5f 86.67 69.58 85/17 7834 7151 8p.55 91.85

Total dissolved

64.03 | 62.12| 56.21] 38.41 58.9p 61.08 64.p8 86|85 6778 70.51 79.74

phosphorusyg/L)

'(EZ;E?”'C phosphate | s34 | 3343| 3257 2613 3167 3049 2806 33P27 3726 2841 4884
Totalorganic nitrogen | 355 | 606 | 609| 200| 160 214 182 197 188 147 28
(mg/L)

Ammonium (ig/L) 617.03| 776.24 896.0p 53943 691.p8 45397 45125 26027 24823 2A76.27 464.94
Nitrate {g/L) 1,020.6| 1,0669 1,008 1,001 8436 9029 6840 7498 7HL7 d77.7 5528
Nitrite (ug/L) 155.21| 162.47 162.86 11845 8887 76.18 2667 2072 27.85 2223 13.68
Silicate (mg/L) 558 | 5.14| 522 5371 433 38 359 338 4he 370 431
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TABLE 2
Comparison of limnological data in Salto Grande reservoir in the dry season.
Stations
Variable
1 2 3 4 5 6 7 8 9 10 11
Maximum depth (m) 3 3 2 7.5 11 5.7 6.5 8.9 12 9 7.5
Euphotic limit (m) 2.4 2.4 1.8 6.3 6.3 5.7 6.5 6.3 6
Conductivity 0S/cm) | 225 | 238 | 219 87 91 154| 157 158 163 16 11
Total suspended 1250 | 13.75| 11.62] 6.74) 50§ 483 34F 2749 329 289  3[30
material (mg/L)
Organic material 6.0 6.2 45 3.9 2.6 2.4 2.3 2.1 1.6 2.3 1.7
(mg/L)
Inorganic material 65 | 76 | 71| 29| 25| 25| 12| 07 17 01 1
(mg/L)
Chlorophyll-a ig/lL) | 232 | 279 | 4.18| 6.04| 279 604 651 046 232 372 5f1
(T;;‘:)phos’)hor“s 199.97| 24422 22156 18815 9641 61.68 48[34 5506 39.63 4275 42.26
Total dissolved 115.61| 146.87 14241 5550 4801 41.08 27830 2557 2352 2574 2544
phosphorusyg/L)
'(';Z;‘-z‘)"‘”'c phosphate | o 34 | g906| 90.65 3332 2838 1740 7Ho 13pa 788  sloa 411
(Trﬂg}'Lg”ga”'c nirogen 137 | 131 | 137| o088 o081 111 057 248 188 19 158
Ammonium (g/L) | 1,314.5] 1,519.9 153855 7618 1047.1 5365 2985 5756 3p55 24180 267.1
Nitrate (g/L) 1,944.8| 1,932.7 1,591)8 1,464.8 1,304.0 1,483.1 1,377.7 1,325.7 1/368.0 1,404.9 [1,335.0
Nitrite (ug/L) 274.00| 27476 23579 160.40 137.19 11571 65/05 9§.31 64.01 49.30 51.61
Silicate (mg/L) 6.87 | 6.26| 688 599 490 471 493 234 506 3l47 500
TABLE 3
Density (ind./m® and the relative abundance (%) of Copepoda, Cladocera,
Rotifera and other organisms in the wet season.
. Copepoda Cladocera Rotifera Other organisms* Total
Stations - - - - -
Density % Density % Density % Density % Density

1 3,600 2.48 70 0.05 115,600 79.77 25,650 17.70 144,920

2 5,150 277 120 0.06 148,800 80.09 31,710 17.07 185,780

3 10,125 | 2.97 7,885 2.31 306,60 89.90 16,445 4.82 341,055

5 145578| 35.87 31,455 7.75 228,480 56.30 315 0.08 405,828

6 131,983| 39.50 72,715 21764 129,285 38.70 109 0.03 334,092

8 150,624| 54.45 51,912 18.71 74,100 26.79 0 276,636

9 145,299|  45.29 33,260 10.31 142,200 44.37 86 0.03 320,845

10 | 191,488| 56.41 47,900 14.11 98,28 28.05 1,76D 0.52 339,428

11 | 114,800| 66.35 30,229 17.47 27,310 15.7¢ 672 0.39 173,011

Total 898,647 275,546 1,270,655 76,747
2,521,595
% 35.64 10.93 50.39 3.04

*Insecta larvae, Annelida and Ostracoda.
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TABLE 4
Density (ind./m?) and the relative abundance (%) of Copepoda,
Cladocera, Rotifera and other organisms in the dry season.
. Copepoda Cladocera Rotifera Other organisms* Total
Stations - - - - -
Density % Density % Density % Density % Density
1 4,459 6.41 2,698 3.88 56,733 81.55 5,675 8/16 69,565
2 1,093 1.92 20 0.04 33,893 59.47 21,987 3858 56,993
3 460 0.97 35 0.07 40,950 86.75 5,760 12)20 47,205
5 138,575 17.84 70,888 9.18 567,100 73/03 0 776,563
6 243,114 25.87 148,401 15.79 548,340 58|34 0 939,855
8 218,055 19.09 92,721 8.12 831,600 72180 0 1,142,876
9 250,191 32.79 152,403 19.97 360,427 47|24 0 763,021
10 331,778 34.58 62,438 6.51 564,960 58(89 227 0.02 959,403
11 293,326 38.34 91,257 11.93 380,457 49|73 78 0.01 765,118
Total 1,481,051 620,861 3,384,460 33,727
5,520,099
% 26.83 11.25 61.31 0.61
* Insecta larvae, Annelida and Ostracoda.
TABLE 5
Comparison of density (ind./n¥) and the relative abundance (%) of Copepoda (Cyclopoida,
Calanoida and Harpacticoida) in the wet and dry season.
Wet season Dry season
Stations Cyclopoida Calanoida Harpacticoida Cyclopoida Calanoida
- - - Total - - Total
Density | % Density % Density % Density | % Density | %
1 3,500 95.6 140 3.8 20 05 3,66( 2,28p 51.2 2,1Y8  48.8 4,460
2 5,130 99.6 0 20 0.4 5,150 1,06( 97{0 33 3[0 1,098
3 10,005 | 98.8 45 0.4 75 07 10,12b 445 94.7 15 33 460
5 105,374| 72.4| 40,204 27.6 145,5Y8 111,485 8p.5 27,090 19.5 138|575
6 91,434 | 69.3| 40,549 30.7 131,983 198,375 81.6 44,839 18.4 243/114
8 93,600 | 62.1| 57,024 37.9 150,624 207,945 952 10,509 4.8 218,054
9 120,790 83.2| 24,409 16.8 145,199 235,043 989 15,148 6.1 250/191
10 156,904| 81.9| 34,584 18.1 191,488 283,071 85.3 48,07 (4.7 331|778
11 97,828 | 85.2| 16,977 14.8 114,800 266,143 90.9 26,583 9.1 293,326
Total 684,565 213,927 115 1,305,949 175,102
898,607 1,481,051
% 76.2 23.8 0.01 88.2 11.8

The density of Cladocera varied from 70 ind./organisms were found in the analyzed samples,
m?® (station 1) to 72,715 ind.f{station 6), in a such as larvae insects, annelids and some ostracods,
total of 275,546 ind./f in the rainy season and which, in the rainy period and in the dry period

of 20 ind./nf (station 2) to 152,403 ind./n{station
9), in a total of 620,861 ind.Anin the dry period,

during the two analyzed periods cladocerans were
less frequent than copepods and rotifers. Othedry period, when Rotifer (3,384,460 ind3jmCo-
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pepoda (1,481,051 ind.An Cladocera (620,861 Fig. 2, small variations occurred in conductivity
ind./m®) and other organisms (33,727 ind3)m (0.05 — rainy and dry period), demonstrating simi-
added to a total of 5,520,099 ind¥/nwhile in the larity with the results obtained by Armenggilal
rainy period the density of Rotifer (1,270,655 ind./(1999) in the Sau reservoir (Spain), this fact being
m®), Copepoda (898,647 ind./jn Cladocera attributed to the dilution by small tributaries,
(275,546 ind./rf) and other organisms (76,747 ind./ morphology of the basin or precipitation. Other
m?®) added to 2,521,595 ind.fr(iTables 3 and 4). components showed high rates of decrease in the
longitudinal axis, such as suspended material (0.16-
DISCUSSION 0.17 — rainy and dry period, respectively), probably
due to the sedimentation process, already observed
Spatial and temporal characterization of the by Leite (1998) for that system. The results obtai-
environmental variables in the Salto Grande ned for ammonium ion (0.10-0.20, in the rainy and
reservoir dry periods, respectively) and phosphate compounds
The distribution of all the presented environ- (0.20-0.30, in the dry period) were similar to those
mental variables demonstrates a characteristiobserved by Armengadt al. (1999), this being
pattern for reservoirs, as thoroughly discussedttributed to the precipitation that can happen to
by Armengolet al. (1999). According to these phosphate compounds and the chemical transfor-
authors, nutrients can be diluted by water, resulmation, such as the case of ammonium nitrification,
ting in the establishment of a longitudinal gradientprocesses in which the activity of organisms is
in the composition of the water of a reservoir,essential.
which contributes to the qualitative and quan- Through the calculation of the variation rate
titative differentiated establishment of the bio- (Fig. 1) and of the analysis of the decline equation
logical communities. (Fig. 2) it is possible to verify if processes are of
As mentioned previously, in the Salto Grandebiological origin or not, evidenced by the role of
reservoir an accentuated longitudinal gradient ofthe sedimentation, chemical transformation, preci-
distribution of some variables was verified, de-pitation and biological activity, although, for the
monstrating the heterogeneity of the system andnost part, a combination of morphologic, climato-
the variation of the conditions of the reservoir, inlogical and trophic degree factors occurred, which
both study periods. To evaluate the variation anderve as support so that other processes can take
the decline degree in relation to the chemical complace in the system.
position of the water, an analysis similar to that In the case of the Salto Grande reservoir, the
developed by Armengddt al. (1999) was made, depositional process is important for the impro-
in which the author calculates the existent correvement of the water quality, making it function as
lation between a certain variable and the distanca sedimentation basin or play the part of a tertiary
of the barrage. The obtained results are presentdtkatment in response to the entrance of polluted
in Fig. 1, verifying a more significant correlation water from the Atibaia river. However, biological
in the dry than in the rainy period for total matchactivities related to production and decomposition
(r? = 0.86), dissolved total phosphaté£r0.83), are also important for the establishment of a gradient
nitrite (? = 0.93), inorganic phosphaté £ 0.89), in the reservoir, once the communities are organized
ammonium (¥ = 0.84) and suspended materidHr in relation to a trophic gradient.
0.85). In the rainy period, only nitrite?(x 0.90) The Salto Grande reservoir is in advanced
and conductivity = 0.89) presented correlation eutrophication process due to the constant discharge
with the distance of the barrage, which clearlyof industrial and domestic effluents that arrive to
demonstrates the outstanding effect of the precithe system through punctual and diffuse sources.
pitation and of the operational mechanism of the In the rainy period, the material contribution
barrage in the space heterogeneity of the systenfor the reservoir is larger due to the high pluvio-
As also presented by Armengalal (1999), metric indexes. Besides the carrying of aloctone
it is possible, through the comparison of the expomaterial that enriches the system, it should also
nents of the declining equation, to measure thée considered a possible liberation of nutrients of
efficiency of the processes involved in the reductiorthe sediment through the removal of the water flow
of the concentration of variables analyzed alongnd by biological and chemical processes (Lijklema,
the Salto Grande reservoir (Fig. 2). As shown in1994).
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Fig. 1 — Evolution of the chemical, physical and biological variables in the Salto Grande reservoir from the Atibaia river
to the dam. The equations are relating of each variable with the distance at the dam.
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Fig. 1 — (Continued.
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In the dry period, the lowest water flow and diffuse entrances of nutrients, sediment and metals
larger residence time (caused by low indexes ofas presented by Tonissi, 1999), which present
pluviosity), as well as the morphometry of the close relationship with functions of climatological
system, favored the sedimentation of the aloctonéorces (mainly precipitation) and antropogenics
material that arrived mainly through the Atibaia river.(use and occupation of the hydrographic basin

That process might have caused a longituand operational mechanisms of the barrage). Gi-
dinal gradient in the reservoir, leading to a moreven the constant entrance of aloctone material
eutrophic condition in areas close to the entrancand its effects in the physical, chemical and biolo-
of the Atibaia river to a less eutrophic conditiongical characteristics, the system is considered
eutrophic with tendencies to mesotrophic and

Considering all the obtained information, oligotrophic, depending on the location of the
it is verified that the Salto Grande reservoir issampling stations in relation to the longitudinal

close the barrage (Fig. 3).
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a highly impacted system by the punctual andaxis and season (Fig. 3).
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Fig. 2— Measure of the efficiency of the processes involved in the reduction of the concentrations of the variables ana-

lyzed in the Salto Grande reservoir.
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Space and temporal heterogeneity of the A dominance of rotifers took place during
zooplanktonic community the dry period in the reservoir in relation to the
In the Salto Grande reservoir, the heterogeneitglensity of organisms and copepod was the second
did not only occur in the distribution, but also in most abundant group. In general, the density of
the composition and density of organisms of theorganisms was larger in that period, but the distri-
zooplanktonic community while comparing the bution was similar to that observed in the rainy
analyzed periods. It can be observed that the physeriod. In relation to the cladocerans, the distri-
sical, chemical and biological characteristics ofbution pattern observed evidenced a tendency to
the reservoir favored a larger abundance of Rotifethe increase of organism density in the stations
and Copepoda. distant to the entrance of the Atibaia river. However,
In the rainy period, in spite of the density a distribution gradient was not registered in the
of those organisms being similar, considering thdongitudinal axis, as observed for rotifers and cope-
longitudinal axis of the system, its spatial dis-pods. Other analyzed organisms (such as Dipteran
tribution was differentiated. Rotifers were more larvae, annelids and ostracods) were more abundant
abundant in the entrance of the Atibaia river, prein stations close to the entrance of the Atibaia river
senting a decreasing gradient in direction to thén the two analyzed periods, with inferior density
barrage, while, in relation to copepods, an inverséor the other groups. The distribution of Rotifer,
distribution was verified, being these organismsCopepoda and Cladocera in the located stations
more abundant in the stations distant to the rivein the longitudinal axis of the reservoir can be

entrance (Fig. 4). observed in Fig. 4.
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Fig. 4 — Longitudinal distribution of the relative abundance of zooplankton community in the Salto Grande reservoir
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In relationship to rotifers, the literature hasintense flow due to their size and location in the
demonstrated that its dominance is associated wwater column.
the increase of the trophic degree (Esteves & The inverse distribution of copepods in rela-
Sendacz, 1988), which is related to the feedingion to the rotifers possibly occurred as a function
habits of this group, which include the ingestionof food supply. Besides its distribution, the compo-
of small particles such as bacteria and organisition of this group can also be related to feeding
debris, usually abundant in eutrophic systemdabits. In the Salto Grande reservoir the dominance
(Nogueira, 1996). In that way rotifer distribution of Cyclopoida in relation to Calanoida took place
in the Salto Grande reservoir might have beemuring the rainy and dry period. In general, the
influenced by the suspension material concentratiodistribution of copepods in the longitudinal axis
that also presented a decreasing gradient in thef the Salto Grande reservoir evidenced a better
entrance of the reservoir in barrage direction. Thaadaptation of the organisms in the stations distant
sedimentation was directly related with the morpho+o the entrance of the Atibaia river (Fig. 4). However,
metry of the system (Leite, 1998). considering the horizontal distribution of Cyclo-

However, the temporal variation in the poida and Calanoida (Fig. 5) in the rainy period,
density of the organisms was also sure for the better adaptation tendency of Calanoida was
operational regime of the reservoir. The smallesbbserved in the stations distant to the entrance of
densities for rotifers were verified in the rainy the river Atibaia, while Cyclopoida was present
season, in which the reservoir presents smallein the whole reservoir, with superior density. In
time of residence of water. According to Rochathe dry period the dominance of Cyclopoida among
et al (1999), organisms such as rotifers, protozoanthe copepods was evident, however its distribution
and nauplii copepods are maesceptible to the didn't present a defined pattern (Fig. 5).
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Fig. 5— Longitudinal distribution of the relative abundance between Cyclopoida and Calanoida in the Salto Grande reservoir.
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The density of organisms was also relatedSOLTERMAN, H. L., CLYMO, R. S. & OHNSTAD, M. A.
with the water retention time in the reservoir. As M- 1978,Methods for physical and chemical analysis

. . of freshwaters2" ed., Blackwell Scientific, IBP Hand-
for Copepoda, Rotifera and Cladocera, the density 50, " ondon, 213p.

of orgam;ms _Was dlreCtly proportlonal to the tl_meKOROLEFF, F., 1976, Determination of nutrients, pp. 117-
of rEtentﬁona n Ot.her words, the_ larger the.tlme 181. In: K. Ggrasshoff (ed.), Methods of seawater
of retention the higher the density of organisms. analisys.Verlag. Chemie. Weinhgir817p.
As d|scusse(_j above,_the communltles are sensities| T, M. A., 1998, Variacéo espacial e temporal da taxa
to the operational regime, mainly the smallest ones, de sedimentagéo no reservatério de Salto Grande (Ame-
such as rotifers (ROC?‘H al. 1999)_ In that way. ricana, SP) e sua influéncia sobre as caracteristicas lim-
o . o ' noldgicas do sistemaDissertacdo de Mestrado, Escola
It I_S pOSSIbIe that the numenc _“kenes,s between de Engenharia de Séo Carlos, Universidade de Sao Paulo,
rotifers and copepods in the rainy period has oc-  szo carlos, 170p.
Cu,rrEd due to the.EffeCt of _the intense water ﬂOv‘ﬁ.IJKLEMA, L., 1994, Nutrient dynamics in shallow lakes:
being more negative on rotifers than on copepods. effects of changes in loading and role of sediment-water
In the dry period, when the time of retention was interactions.Hydrobiologia 275/276 335-348.
larger, the dominance of rotifers on other groupsvACKERETH, F. J. H., HERON, J. & TALLING, J. F., 1978,
was more evident. Water analysis: some revised methods for limnologists

In relation to the cladocerans. it was observed (Freshwater Biological Association Scientific Publica-

. . o . tion, 36), Titus Wilson & Sons Ltda, Kendal, 117p.

that this group did not numerically dominate the ) o
zooplanktonic community in any of the stationsNOGUEIRA, M. G., 1996Comparacdo, abundancia e dis-

. h . . h tribuicdo espaco-temporal das populacdes planctonicas
during t _e StUd'eq perlc_)ds and they were better ¢ yas variaveis fisico-quimicas na represa de Jurumirim,
adapted in the stations distant to the entrance of the Rio Paranapanema, SHese de Doutorado, Escola de
Atibaia river, where the characteristics of the system Engenharia de S&o Carlos, Universidade de S&o Paulo,
are more similar to a lake. Séo Carlos, 439.
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