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ABSTRACT

The species composition and abundance of the zooplankton community of seven reservoirs of the
Paranapanema River, located between 22°37'-23°11' S and 48°55'-50°32' W, were analysed over four
periods, in the year of 1979. The zooplankton community was composed of 76 species of Rotifera,
26 species of Cladocera and 7 species of Copepoda. For a large part of the period under study the
Rotifera were dominant, followed by Copepoda. The Pirgju and Salto Grande reservoirs, which occupy
intermediate positions in the cascade of reservoirs, were richest in species, most of them belonging
to Rotifera and Cladocera. In the reservoirs Rio Pari and Rio Novo, lateral to the cascade of reser-
voirs, alower species richness was observed, although higher densities of organisms were found than
in the other reservoirs located in the main river body. Different rotifer species occurred in succes-
sion, being abundant in different periods, with no defined pattern. Among the copepods, Thermocyclops
decipiens predominated in the majority of the reservoirs. Ceriodaphnia cornuta was the most abundant
cladoceran in the intermediate reservoirs of the cascade, and Daphnia gessneri, Bosminopsis deitersi
and Moina minuta, in the reservoirs lateral to the cascade. The most frequent zooplankton species
were Notodiaptomus conifer, Thermocyclops decipiens, Ceriodaphnia cornuta cornuta and C. cornuta
rigaudi, Daphnia gessneri, Bosmina hagmanni, Keratella cochlearis and Polyarthra vulgaris. Some
relationships were found between the trophic state of the reservoirs and the zooplankton community.
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RESUMO

Composicéo e abundéancia da comunidade zooplancténica na zona
limnética de sete reservatoérios do rio Paranapanema, Brasil

No presente trabalho, sete reservatérios do rio Paranapanema, localizados entre 22°37'-23°11'S e
48°55’-50°32" W, foram estudados quanto & composi¢ao e a abundéancia da comunidade zooplanctbnica
durante quatro periodos do ano de 1979. A comunidade zooplanctdnica era composta por 76 espécies
de Rotifera, 26 espécies de Cladocera e 7 espécies de Copepoda. Na maioria das épocas estudadas
houve predominio dos Rotifera, seguido por Copepoda. Nos reservatérios Pirgju e Salto Grande,
intermediarios a cascata de reservatOrios, ocorreu maior nUmero de espécies, a maioria pertencente
aos Rotifera e aos Cladocera. Para os reservatérios Rio Pari e Rio Novo, laterais & cascata, observou-
se menor nimero de espécies, porém com maiores densidades de organismos do que os demais
reservatorios, localizados no corpo principal do rio. Diferentes espécies de Rotifera alternaram a
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ocorréncia, sendo mais abundantes nos diferentes periodos, sem padrdo definido. Entre as espécies
de Copepoda, Thermocyclops decipiens predominou na maioria dos reservatérios. Em relacdo aos
Cladocera, Ceriodaphnia cornuta foi mais abundante nos reservatorios intermediérios e Daphnia
gessneri, Bosminopsis deitersi e Moina minuta predominaram nos reservatorios laterais a cascata.
As espécies mais frequentes foram Notodiaptomus conifer, Thermocyclops decipiens, Ceriodaphnia
cornuta cornuta e C. cornuta rigaudi, Daphnia gessneri, Bosmina hagmanni, Keratella cochlearis
e Polyarthra vulgaris. Algumas relagdes entre o estado trofico dos reservatérios e a comunidade

zooplanctonica foram feitas.

Palavras-chave: Rotifera, Cladocera, Copepoda, reservatorios, rio Paranapanema.

INTRODUCTION

Species composition and abundance of
zooplankton communities can be influenced by a
number of physical, chemical and biological
factors. In a general way, factors such as
temperature (Edmondson, 1965), salinity (Egborge,
1994), pH (Sprules, 1975) and electrical con-
ductivity (Pinto-Coelho et al., 1998) can affect this
community with regard to both composition and
population density. The size of the water bodies
(Patalas, 1971), their trophic state (Gannon &
Stemberger, 1978) and the successional stage
(Hutchinson, 1967) also greatly influence the
species composition of the zooplankton. However,
the factors recognized as the most important by
the majority of authors are temperature, quality
and availability of food, competition and predation.
In natural environments these factors act simul-
taneoudy and may also interact to different degrees,
modifying the zooplankton structure in different
ways.

Temperature controls the reproductive rate,
population size and metabolism of many species
(Edmondson, 1965). Quality and quantity of food
can alter species composition as well as the
abundance of the species, since particular
organisms are highly selective about the size and
the type of phytoplankton they eat (Campbell &
Haase, 1981, provide agood review of the subject).
Long-term studies on zooplankton composition
have indicated that in tropical regions precipitation
and wind are important physical factors affecting
zooplankton structure (Matsumura-Tundisi & Tun-
disi, 1976; Nogueira & Matsumura-Tundisi, 1996).
Intra and inter specific zooplankton competition
can alter population abundance by reducing species
fecundity or raising the mortality of juveniles
(Smith & Cooper, 1982). Predation by invertebrates
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usually has a greater impact upon microzoo-
plankton than on macrozooplankton, frequently
reducing the abundance of the former (Zaret, 1980).
Predation by fish may affect zooplankton structure,
in accordance with the fish feeding mode: selective
feeders, by differential capture of organisms, tend
to eliminate large species, which are replaced by
less vulnerable small forms (Brooks & Dodson,
1965); filter-feeding planktophage fishes do not
actively select their preys and therefore more
evasive species avoid predation whereas small
forms are captured, thus diminishing zooplankton
densities (Drenner et al., 1982).

The dominance of nanophytoplankton (2-20
um) is usualy observed in oligotrophic environments
and large herbivores such as Copepoda, Calanoida
and large Cladocera predominate among zoo-
plankton, consuming a large fraction of the algae.
In eutrophic systems on the other hand, micro-
phytoplankton (20-200 um), bacteria and colonial
algae dominate, and small sized consumers such
as Rotifera, small Cladocera and Copepoda,
Cyclopoida may become abundant, characterizing
a detritic food-chain (Hillbricht-1lkowska, 1972;
Pejler, 1983; Bays & Crisman, 1983).

According to Hellawell (1978, cited in Abel,
1989), biotic communities respond to pollution
or to eutrophication in three main ways: 1. biomass
alters but community structure (species composition
and relative abundance) does not; 2. species remain
the same but relative abundances alter and biomass
may alter; and 3. species composition and relative
abundance alter and biomass may alter.

Eutrophication of freshwaters causes great
changes in the structure of zooplankton communities.
Many species disappear as a consequence of algal
toxins or the clogging of filter-feeding apparatus
during algal blooms, especially those of Cyano-
phyceae, which may have both effects (Infante, 1982;
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Matsumura-Tundisi et al., 1986). Some species such
as Brachionus calyciflorus and Bosmina longirostris,
having a great ability to utilize colonial Cyano-
phycese as food, exhibit a greater tolerance to their
blooms (Fulton & Paerl, 1987), so that they become
abundant in such conditions and may be considered
bioindicators of eutrophication (Gannon &
Stemberger, 1978; Matsumura-Tundisi, 1999).
According to several authors, anumber of species
found in Brazilian freshwaters may be used as
indicators of the trofic state of abody of water; they
include: Argyrodiaptomus furcatus, Notodiaptomus
iheringi, Moina minuta, Moina micrura, Bosmi-
nopsis deitersi, Bosmina hagmanni, Metacyclops
mendocinus, Ther mocyclops decipiens, Thermo-
cyclops minutus, Brachionus angularis, Brachionus
falcatus, Ptygura libera, Asplanchna sp. In most
reservoirs in Brazil the zooplankton is dominated
by Rotifera, in terms of both, density and species
richness (Rocha et al., 1995). Severa factorsinclu-
ding life cycle traits, feeding mechanisms and
metabolism, favour the Rotifera which have compe-
titive advantages over the other main zooplankton
groups such as Cladoceraand Copepoda (Allan, 1976;
Dumont, 1977).

In non-eutrophic lakes in temperate regions
the zooplankton are usually dominated by
Cladocera species belonging to the Daphnidae
family. In tropical regionsthe Rotifera have been
observed to be dominant irrespective of the level
of eutrophication thus suggesting that other factors
and particularly the zooplanktonic interactions
(competition and predation) may be more important.
According to Matsumura-Tundisi (1999), reservoirs
usually have alarger number of species than natural
lakes. The reported variation in species number
can be related to such factors as reservoir ageing,
residence time, trophic state, biologica interactions,
endemisms, and even to sampling effects and the
expertise of zooplankton investigators (Rocha et
al., 1999).

One of the main difficulties in studying loss
of biodiversity due to eutrophication isthe absence
of previous records of species composition, prior
to eutrophication. In the case of Séo Paulo State
reservoirs, a pioneer typological study on 23
reservoirs established a base line, comprising a
seasonal study of their main physical, chemical
and biological characteristics (Tundisi, 1981). Thus
in the present work, the existing records for seven
reservoirs on the Paranapanema river were

reanalysed in detail, with aim of producing as much
information as possible about the zooplankton,
since some species in that community are good
biological indicators.

MATERIAL AND METHODS

The seven reservoirsin the study arelocated
in the Paranapanema River Basin (Fig. 1). Five
of them, Jurumirim, Pirgju, Xavantes, Salto Grande
and Capivara, constitute a reservoir cascade on
the main river. The remaining two, Rio Pari and
Rio Novo reservoirs, are located alongside the
cascade, on the tributaries of the same names. Rio
Pari Reservair is confluent with Capivara Reservair,
whereas Rio Novo Reservoir is connected by Rio
Novo to Salto Grande Reservoir, despite being
geographically closer to Jurumirim and Pirgju
reservoirs. The main morphometric characteristics
of the reservoirs are shown in Table 1.

Plankton samples were taken in the most
representative limnetic region of each reservoir,
at a distance of approximately three kilometers
from the dam, at quarterly intervalsin 1979; in
February, May, August and November. These
months are representative of the different climatic
periodsin the seasonal cycle, mainly distinguished
by precipitation, rather than temperature. Water
was collected with a suction pump, from the whole
water column, moving the collecting tube up and
down. Zooplankton and phytoplankton samples
were concentrated in nets of 68 pm and 20 pm
mesh respectively. Filtered volumes varied from
175 L to 365 L and concentrated samples were
preserved in 4% formalin.

Qualitative analysis of zooplankton was
performed under stereoscopic optical microscope
at magnifications up to 400 times. Specialized
literature was used to identify the organisms.
Quantitative analysis of rotifers and nauplii of
copepods was performed in a Sedgwick-Rafter
chamber, counting between one and five chambers,
depending on the abundance, in order to determine
the density and relative abundance of all species.
Microcrustaceans were counted in sub samples
varying from 10 ml to the whole sample, depending
on the concentrations of organisms, in reticulated
acrylic chambers. Density of organisms were
calculated from the volume of water filtered and
the size of each sub sample, and expressed as
numbers of individuals per cubic meter.
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Fig. 1 — Location of the reservoirs studied and also of other dams in the main hydrographic basins of S&o Paulo State

(modified from Tundisi et al., 1988).

In order to determine the relative abundance
of the phytoplankton groups present, qualitative
and quantitative analyses were performed by coun-
ting one milliliter of the concentrated samplein
a Sedgwick-Rafter chamber.

Diversity was evaluated using the Shannon-
Wiener index (Pielou, 1975). The Sgrensen index
(Serensen, 1948) was used to compare the
zooplankton species compositions of the different
reservoirs. Species were classified according to
their frequency of occurrence as. constant (50%
or more), common (between 10% and 50%) on rare
(below 10%), as described in Gomes (1989).

For the analysis of dominance and abundance
of the species, the criteria proposed by Lobo &
Leighton (1986) were applied: a species was
considered abundant when the number of indivi-
duals was higher than the mean density of all
occurring species, and dominant when their
numerical density was higher than 50% of the total
number of individuals present.

Principal component analysis was performed
as described in Sneath & Sokal (1973), using
hierarchical abundances of the main plankton
species, and aiming to find possible correlations
between the phytoplankton groups and zooplankton
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species, looking simultaneously at the four
sampling periods.

RESULTS

Species composition and diversity

From 27 analysed samples, a total of 76
species of Rotifera (Table 2), 2 of Copepoda,
Calanoida, 5 of Copepoda, Cyclopoida (Table 3)
and 26 of Cladocera (Table 4) were recorded. A
total of 108 different taxa were identified, including
some sub-specific varieties.

The total number of species varied from 12,
in Rio Novo Reservair, up to 45, in Salto Gran-
de Reservoir. The largest number of species was
found in the rainy period (February and November)
in Salto Grande and Piraju reservoirs (Table 5).
Although the lowest number of speciesin Rio Novo
Reservoir occurred in February, in the other
reservoirs the smallest richness of species was
found in August, at the end of the dry season.

The values obtained for the Shannon-
Wiener index varied from 1.5 in Xavantes and
Rio Novo reservoirs (August) to a maximum of
3.0in Pirgju (February) and Salto Grande (No-
vember) reservoirs.



529

"(666T) O3l "(666T) AUH.
"(986T) SIpun-_INWNSEN 79 SIpun| AQ peureIqo S1Nsal 8y} JO UOIR|ND[eD 81w X04dd Y« 'Snioydsoyd 101 peA(ossIa = d.1d "(886T “fe o sipun 01 Buipioode)
aiydonnesediy — y “oiydoaine — 8 ‘oydonosswl — w ‘a1ydo1obijo — o :(spoued 7 10} sanfen afieeAe) xapul a1e1s 21ydol] «x (T86T) [ ¥ sipun]-eIinWnsk A 01 BUIPI0DY «

ZOOPLANKTON IN RESERVOIRS OF THE PARANAPANEMA RIVER, SP/PR, BRAZIL

1809 0-geLre w—zee €T 0-798 | 9-8¢T - 05 - - - OnoN o1y
19'88T U-v.T19 w —€87¢ (41} w-0T0C | 9—ErT agrt o9y 00058 00STS 0080T eeAded
8T'S0T 8-T1575 w-89¢ [43 W-G9'9T | W-GT¢ - 0TI - - - 1ed oy
08'20T 9-06'TS 0-18T 6 W-96%6T | 9—G9T at 08 G9/8¢ €GET €6 apuelD 01ES
6.'c6Te w— /ey 0-G9T fora 0-8G7 | w-¢€9¢ agee §'65 005.2 0000% 00£9 seLenex
¥6'00T W—26'Sy 0-652 98 0—-€2, | W-€TC - 08T - - ST nkid
S0'€0T 9-09'95 0-00C 10T 0-166 | wW-08¢ ©zZe 08z 008.T 11215 01574 W Hwnin

amonond | ( asar) Sl I CNe | @i | Sum | aows | wom | o GOre) | sionssony
Arewid ANAINPUOD xxd1Q IyooeS | 80WepsaY | e ylded | paUsEIEM | POpoold

(626T ul spottad Buljdwes inoy Jo ueaw) Aliaonpoad Arewiid pue A1iaionpuod ‘e [j[Aydolojyo
‘91e 11U ‘(d 1) areydsoyd [e101 PAAIOSSIP ‘%SIP 1Y229S JO San[eA abe joAy 'S 110N Jesa 1 ewauedeue jed Jo SI1IS1910e Jeyd [esus9

T371avl

Braz. J. Biol., 62(3): 525-545, 2002



530 SAMPAIO, E. V. et al.

TABLE 2

Species composition of Rotifera in the zooplankton communities of seven reservoirs at
Parapanema River, along the year 1979.

Reservoirs
. E 3] ) — © o
5" 2 ol | §| &
Anuraeopsis fissa - - - - + _
Anuraeopsis navicula - - + + - - _
Ascomorpha ovalis + + + + + + _
Ascomor pha saltans - + + + + - —
Asplanchna sp. + - - + - - -
Brachionus angularis - - + - — _ _
Brachionus calyciflorus + - + + - - _
amphiceros
Brachionus calyciflorus dorcas + - - - - + -
Brachionus caudatus - - - + - + —
Brachionus fal catus + + + + - - -
Cephal odella spp. - + - - - + -
Collotheca spp. + + + + + - +
Conochilus coenobasis + + + + + + -
Conochilus unicornis + + + + + + +
Dicranophorus sp. - + - - - - -
Dipleuchnis propatula - + - - - - —
Encentrum sp. - - - + - - —
Epiphanes senta - - + - - - _
Euchlanis dilatata - + - - - - -
Euchlanisincisa f. mucronata - + - - - _ _
Euchlanis sp. + - - - - - -
Filinia longiseta + + + - + - —
Filinia opoliensis - + - - - - _
Filiniaterminalis + + - + + + +
Gastropus stylifer - - - + — _ _
Hexarthra intermedia + + + + + + +
Horaélla spp. + + - + + - -
Keratella americana + + + + + + -
Keratella cochlearis + + + + + + +
Keratella cochlearis brevispina - - - - - - +
Keratella cochlearis hispida - - - - + - -
Keratella lenzi - - - + + — —
Keratella tropica + - + + _ _ _
Lecane aculeata + - - - - - -
Lecane bulla - + - - - - +
Lecane closterocerca - - - - - - +
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TABLE 2 (Continued)

Reservoirs

£ — © o
s IR G R
:f (% 882

3
Lecane latissima - + - - - - -
Lecane ludwigi - - - + - - -
Lecane lunaris + + - + - - -
Lecane lunaris perplexa - - - + - - -
Lecane nana - + - - - + -
Lecane obtusa + - - - - - -
Lecane ruttneri - + - - - - _
Lecane spp. + - - + - - _
Lecane stenroosi - + - - - + _
Lecane stichaea - + - - - - -
Lepadella acuminata - - - + — _ _
Macrochaetus sericus - - - - - - +
Monommata sp. - - - + - - _
Mytilina bisulcata - + - + - - —
Mytilina mucronata - + - - - - -
Notholca verae - - - - - - +
Notommata sp. - + - - - - -
Platyias quadricornis - + - - - _ _
Pleosoma truncatum - - + + - + —
Polyarthra dolichoptera + - - - - - +
Polyarthra remata - - - - - - +
Polyarthra vulgaris + + + + + + +
Pompholyx triloba - - - + + + -
Ptygura libera - - + - - - _
Squatinella longispinata - + - - - - -
Synchaeta pectinata + + - - - - +
Synchaeta spp. + - - - - + _
Synchaeta stylata + + + + + + +
Testudinella mucronata hauerensis| - - - - + - _
Testudinella patina - + - - - - _
Trichocerca capucina + + + + - + —
Trichocerca chattoni + - - + - + _
Trichocerca cylindrica + + - - + - +
Trichocerca elongata - - + - — _ _
Trichocerca pusilla - - - + - - +
Trichocerca similis + - + - + + -
Trichocerca spp. - + - - + - -
Trichocerca stylata + + + - + + +
Trichotria tectratis - + - - - - -
Bdelloidea + + - + - + -
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TABLE 3

Species composition of Copepoda in the zooplankton communities of seven reservoirs at
Parapanema River, along the year 1979.

Reservoirs

£ 3
. - © o
Spedies s | =2 &8s 5| &8 8
g <) 8 o o 2 z
2 T G o ° & o
3 x 3 x @) X
Argyrodiaptomus furcatus + + + + - + -
Notodiaptomus conifer + + + + + + -
Mesocyclops brasilianus + + + + + + +
Mesocyclops longisetus - + - - - — _
Paracyclops fimbriatus + + + + - - +
Thermocyclops decipiens + + + + + + +
Thermocyclops minutus + + + + - + +

Generdlly, the highest diversity index was found
in the same place as the highest species richness.
However, the conversewas not true, sincethe reservoirs
with smallest diversity index did not coincide with
the smdlest richness (Table 5). Concerning the species
richness of each zooplankton group, the highest number
of Rotifera species, 40, was recorded in Pirgju Reser-
voir; while 19 species of Cladocerawerefoundin Pirgju
and Salto Grande reservoirsand 7 species of Copepoda
at Pirgju Reservoir (Table 6).

The constant rotifer species, according to the
criteria used, were: Keratella cochlearis (70%),
Polyarthra vulgaris (70%), Keratella americana
(67%), Callotheca spp. (63%), Conochilus unicornis
(59%), Conochilus coenobasis (52%) and Filinia
terminalis (52%). Among microcrustaceans, the
following were constant: Notodiaptomus conifer
(85%), Thermocyclops decipiens (85%), Cerioda-
phnia cornuta cornuta (81%), Daphnia gessneri
(81%), Ceriodaphnia cornuta rigaudi (78%),
Bosmina hagmanni (78%), Diaphanosoma birgei
(67%), Mesocyclops brasilianus (59%), Moina
minuta (59%), Diaphanosoma fluviatile (56%) and
Thermocyclops minutus (56%). A large number of
species were considered rare, comprising 43 species
of Rotifera, 10 of Cladoceraand 1 species of Cope-
poda (Mesocyclops longisetus). These were present
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on two sampling dates, a the most. The most constant
zooplankton speciesin each reservoir in each group
of organisms are shown in Table 7.

Comparisons of species composition by the
Sgrensen Index, among the various reservoirs,
revealed that the most similar ones were: in Fe-
bruary, Jurumirim and Capivara (67%), Capivara
and Xavantes (62%), Salto Grande and Xavantes
(62%); in May: Jurumirim and Capivara (68%),
Jurumirim and Salto Grande (63%), Jurumirim and
Rio Pari (60%); in August, Jurumirim and Capivara
(65%); in November: Jurumirim and Xavantes
(81%), Jurumirim and Piraju (69%), Jurumirim
and Rio Pari (62%). Taking the four sampling
periods together, the similarity among reservoirs
regarding zooplankton species composition was
low in most cases. Rio Novo zooplankton was the
least similar, compared to the others.

Relative abundance and density of zooplankton

The relative abundance of the zooplankton
speciesin each reservoir studied was quite variable.
It varied from 2% to 96%, among Rotifera; from
3% to 97% for Cladocera; and from 0.1% to 52%
for Copepoda. In most samples taken, Rotiferawere
the most abundant group, representing more than
50% of the total (17 samples).
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TABLE 4

533

Species composition of Cladocera in the zooplankton communities of seven reservoirs at

Parapanema River, along the year 1979.

Reservoirs

s 1R R

S| & | = |85 g | 7| ¢

3 X o 4

Acroperus arpae - - - + - -
Alona davidi - + - - - - _
Alona gutata gutata - - - + - - -
Alona eximia - + - + - - _
Alona monacantha - - - + - - _
Alona retangula pulchra - + - + - - —
Alona retangula retangula - + + + - - +
Bosmina hagmanni + + + + + + +
Bosmina longirostris + + + + - - +
Bosminopsis deitersi - + + + - - +
Ceriodaphnia cornuta cornuta + + + + + + +
Ceriodaphnia cornuta rigaudi + + + + + + +
Ceriodaphnia silvestrii + + + + + - -
Daphnia gessneri + + + + + + +
Diaphanosoma spinulosum - - - - - + -
Diaphanosoma birgei + + + + + + -
Diaphanosoma fluviatile + + + + - + -
Eurialona orientalis - - - + - - -
Eurialona brasiliensis - + + - - - -
Ilyocryptus spinifer - + - + - - —
Leydigia acanthocercoides - + - - - - —
Leydigiopsis sp. - - - + - - _
Macrothrix spinosa - + - - - - -
Moina minuta + + + + + + +
Smocephalus serrulatus + + + - + - -
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Cladocera was the most abundant group in the
Xavantes in August and in Rio Pari in May.
Copepoda, Cyclopoida were more abundant than
other groups, particularly as nauplii, at Jurumirim
in May, in Xavantes in November, in Capivarain
February and in Rio Novo in February. Copepoda,
Calanoida was the dominant group only in Xavantes
Reservoir, in February.

The most abundant zooplankton species in
each reservoir and each sampling period are shown
in Table 8.

The highest density of organisms, 2.33 x 10°
org.m=3, occurred in the Rio Pari Reservoir in
November, and the lowest, 3.35 x 10? org.m=, in
Piraju Reservoir in May. High density, 1.49 x 10°
org.m=, was also observed in Rio Novo Reservoir
in May. Detailed changes in the main populations
are presented separately for each reservoir, asfollows:

Jurumirim Reservoir

In this reservoir high abundance of rotifers
occurred on three of the four sampling dates:
February, August and November (Fig. 2). In May,

30 (a)
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P?EA 20

©s
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Feb. May Aug. Nov.

Copepoda, mainly represented by Cyclopoida
nauplii, increased, reaching abundances similar
to those of Rotifera.

Considering the four sampling periods, diffe-
rent species alternated in dominance. In August
Synchaeta sp. represented more than 50% of total
individuals present. Regarding numerical densities,
in Copepoda, Cyclopoida, T. decipiens occurred
at higher densitiesthan T. minutusin all sampling
periods, while in Calanoida, N. conifer was at all
times denser than A. furcatus. The species
Ceriodaphnia cornuta and its varieties occurred
in higher abundances than other species of
Cladocera, except in August when B. hagmanni
and D. fluviatile were dominant. Regarding the
phytoplankton, Baccilariophyceae were abundant
in February and August, when highest densities
of zooplankton occurred. Cyanophyceae were
abundant in May and Chlorophyceae in December
(Table 9). Principal component analysis shows that
the abundances of Cyanophyceae were strongly
and positively correlated with the abundance of
Copepoda, Cyclopoida.

100% 1 (b)
80% -

m Calanoida
OCyclopoida
OCladocera
ERotifera

60%
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Fig. 2 — Changes in absolute densities (a) and relative abundance (b) of main zooplankton groups in Jurumirim Reservoir,

during 1979.
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Fig. 3— Changes in absolute densities (a) and relative abundance (b) of the zooplankton groups in Piraju Reservoir, during

1979.
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TABLE 5

Number of species (NS) and zooplankton diversity index (SWI) in seven reservoirs of
Paranapanema River, during four periods sampled in 1979.

Period
Reservoir Frebuary May August November
NS SWI NS SWI NS SWI NS SWI
Jurumirim 32 2.7 32 25 24 1.9 25 25
Piraju 42 3.0 26 2.7 26 22 28 25
Xavantes 21 24 22 2.3 17 15 26 2.8
Salto Grande 21 2.6 24 2.2 17 24 45 30
Rio Pari 19 2.3 19 2.2 18 19 21 20
Capivara 20 22 25 25 17 22 - -
Rio Novo 12 16 20 19 15 15 17 2.0
NS — Total number of species, including Rotifera, Cladocera and Copepoda; SWI — Index of Shannon-Winer (bits) on natural
logarithms.
TABLE 6
Number of species of Rotifera, Cladocera and Copepoda in seven reservoirs of
Paranapanema River during in the year of 1979.
Reservoir Group
Rotifera Cladocera Copepoda
Jurumirim 31 10 6
Pirgju 40 19 7
Xavantes 23 13 6
Sdto Grande 34 19 6
Rio Pari 22 3
Capivara 22 5
Rio Novo 18 4

Piraju Reservoir

In Pirgju Reservoir, Rotiferawas the dominant
group in al sampting periods (Fig. 3). In May,
Copepoda, represented mainly by Cyclopoida,
increased in abundance, but never reached dominance.
In thisreservair, there was no single constant dominant
species throughout the year. Different species
alternated in dominance in each period.

There was a great abundance of P. vulgaris
in February, T. decipiens in May, S. pectinata, T.
minutus and T. decipiensin August and K. cochlearis
in November. Baccilariophyceae was the dominant

phytoplankton group in al four sampling periods.
Strong correlation existed between the abundances
of particular groups of algae and those of
zooplankton: Dinophyceae was correlated with
Cladocera; Euglenophyceae with Copepoda,
Caanoida and Chlorophyceae with Rotifera.

Salto Grande Reservoir

Therewasadominance of Ratiferaover the other
groups, during al four periods andysed (Fig. 4). Many
species were abundant, without any particular one
dominating, throughout the study.
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The highest density of organisms was
registered in November, probably associated with
food quality, since at that time there was a
predominance of Chlorophyceae and a large
amount of suspended matter in the water column.

Dinophyceae were dominant in February and
Chlorophyceae in the other three periods. No clear
or significative correlation was found between the
abundances of the groups of phytoplankton and
zooplankton in this reservoir.

Xavantes Reservoir

Copepoda were most abundant in February
and November in the Xavantes Reservoir. Rotifera
was the most abundant group in May and Cladocera
in August (Fig. 5). There were no dominant species,
but several were abundant. Regarding the
phytoplankton, Chlorophyceae and Cyanophyceae
were the most representative groups during the four
periods studied. The highest abundances of
Copepoda occurred in February and November,
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3
w1

org. x 10°.m"

Ul

Feb. May Aug. Nov.

due to alarge number of nauplii in those periods,
coinciding with a predominance of Cyanophyceae
in the phytoplankton. Cyanophyceae were dominant
in May and Chlorophyceae in August. The latter
month was the period with the greatest relative
abundance of Cladocera. A weak correlation was
found between the abundances of Cyanophyceae
and Copepoda, and a significant correlation
between Chlorophyceae and Cladocera.

Rio Pari Reservoir

Rotifera was the most abundant group of
organisms in Rio Pari Reservoir, in February,
August and November, whereas Cladocera was
most abundant in May (Fig. 6). No dominant
species were observed but many species were
abundant throughout the year. High densities of
zooplankton were found in all periods studied.
Regarding the phytoplankton, Euglenophyceae
were the most abundant group in February and
Chrysophyceae were dominant in the other periods.
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OCyclopoida
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60% -
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Feb. May Aug. Nov.

Fig. 4 — Changes in absolute densities (a) and relative abundance (b) of zooplankton groups in Salto Grande Reservoir,

during 1979.
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Fig. 5 — Changes in absolute densities (a) and relative abundance (b) of zooplankton groups in Xavantes Reservoir, dur-

ing 1979.
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Fig. 6 — Changes in absolute densities (a) and relative abundance (b) of zooplankton groups in Rio Pari Reservoir, during

1979.
TABLE 7
Zooplankton taxa most frequent in each reservoir during 1979.
Group
Reservoir
Rotifera Cladocera Copepoda
Colotheca sp. Bosmina hagmanni Notodiaptomus conifer
Keratella americana Ceriodaphnia c. cornuta Argyrodiaptomus furcatus
Ceriodaphnia c. rigaudi Thermocyclops decipiens
Jurumirim Daphnia gessneri Thermocyclops minutus
Diaphanosoma fluviatile Mesocyclops brasilianus
Diaphanosoma birgei
Moina minuta
Conochilus unicornis No species was constant Notodiaptomus conifer
Pirai Keratella americana Thermocyclops decipiens
raju h
Keratella cochlearis
Bdelloidea
Xavantes No species was constant Ceriodaphnia. C. cornuta Notodiaptomus conifer
Diaphanosoma birgei
Keratella americana Bosmina hagmanni No species was constant
Salto Grande Bdelloidea Daphnia gessneri
Conochilus coenobasis Ceriodaphnia c. cornuta Notodiaptomus conifer
Conochilus unicornis Ceriodaphnia c. rigaudi Thermocyclops decipiens
Rio Pari Hexarthra intermedia Ceriodaphnia silvestrii
Filinia terminalis Daphnia gessneri
Trichocerca cylindrica
Pleosoma truncatum Bosmina hagmanni Notodiaptomus conifer
Trichocerca stylata Ceriodaphnia c. cornuta
Capivara Ceriodaphnia c. rigaudi
P Daphnia gessneri
Diaphanosoma birgei
Diaphanosoma fluviatile
Colotheca sp. No species was constant Thermocyclops minutus
Rio Novo Keratella cochlearis
Polyarthra wulgaris
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In November, a peak in zooplankton density
was observed. At thistime, the phytoplankton were
dominated by Chrysophyceae. Principal component
analysisindicated a significant correlation between
the abundances of Cryptophyceae and Rotifera and
aweak correlation between Cyanophyceae and
Cladocera

Capivara Reservoir

In Capivara Reservoir, a high abundance of
Cyclopoida was observed in February and of
Rotiferain May and August (Fig. 7). The relative
abundance of Rotifera and Copepoda were very
similar in the three periods analysed. Dominance
was not observed.

The highest density of zooplankton occurred
in August, mainly represented by Rotifera and
Cyclopoida nauplii. Bacillariophyceae was
dominant in August and February, whereas
Cryptophyceae, were the most abundant algae in
May. Cryptophyceae abundance was correlated
with that of Rotiferaand that of Baccilariophyceae
with Copepoda, Calanoida.

40 (@)

Feb. May Aug.

Rio Novo Reservoir

In Rio Novo Reservoir, Cyclopoida was the
most abundant group in February, and Rotiferain
the other periods. Densitiesin May were also high
(Fig. 8) followed by thosein August, dueto the high
numbers of Rotifera. Species alternated dominance
between periods. Thus, T. decipiens was dominant
in February whereas Collotheca sp. was dominant
in May. Little similarity was observed between the
Cladocera species composition in this reservoir and
in the others. Copepoda, Calanoida was absent most
of thetime. N. conifer occurred only in August, and
at very low density.

Different phytoplanktonic groups alternated
dominance in each period. Cryptophyceae were
dominant in February; both Baccilariophyceae and
Cyanophyceae in May and August, and
Chlorophyceae in December. The relative abundances
of Cyanophyceae and Baccilariophyceae were
significantly correlated with Rotifera whereas
Cryptophyceae and Euglenophyceae were correlated
with Copepoda, Cyclopoida, as evidenced by prin-
cipal component analysis.

100% 1 (b)
80%
60% 1 lCaIanoiQa
OCyclopoida
40% - DOCladocera
20% M Rotifera
b 4
0% A
Feb. May Aug.

Fig. 7 — Changes in absolute densities (a) and relative abundance (b) of the zooplankton groups in Capivara Reservoir,

during 1979.
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Fig. 8 — Changes in absolute densities (a) and relative abundance (b) of the zooplankton groups in Rio Novo Reservoir,

during 1979.
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TABLE 8

Zooplankton taxa abundant in each reservoir during the four periods of sampling in 1979.
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Period
Reservoir
February May August November
Jurumirim | Polyarthra vulgaris Thermocyclops decipiens | Synchaeta sp. Keratella cochlearis
Keratella americana Conochilus unicornis Keratella americana
Pirgju Polyarthra vulgaris Thermocyclops decipiens | Synchaeta pectinata Keratella cochlearis
Thermocyclops decipiens Keratella americana Polyarthra vulgaris
Thermocyclops minutus
Thermocyclops decipiens
Xavantes | Argyrodiaptomus Keratella americana Bosmina longirostris Thermocyclops decipiens
furcatus Keratella cochlearis Daphnia gessneri Thermocyclops minutus
Thermocyclops minutus Keratella cochlearis
Ceriodaphnia cornuta
cornuta
Sdto Conochilus unicornis Keratella americana Keratella cochlearis Filinia terminalis
Grande Synchaeta stylata Daphnia gessneri Keratella americana Trychocerca chattoni
Thermocyclops decipiens | Thermocyclops decipiens Keratella americana
Thermocyclops minutus Keratella cochlearis
Keratella tropica
Rio Pari Hexarthra intermedia Daphnia gessneri Keratella cochlearis Trichocerca cylindrica
Ceriodaphnia cornuta Thermocyclops decipiens | Daphnia gessneri Keratella lenzi
cornuta Hexarthra intermedia Notodiaptomus conifer Daphnia gessneri
Thermocyclops decipiens | Conochilus coenobasis Keratella cochlearis
Capivara | Thermocyclops decipiens | Thermocyclops decipiens | Mesocyclops brasilianus
Trichocerca similis Trichocerca stylata
Synchaeta sp.
Rio Novo | Thermocyclops decipiens | Colotheca sp. Filinia terminalis Colotheca sp.
Bosminopsis deitersi Synchaeta pectinata Polyarthra vulgaris Filinia terminalis
Polyarthra remata Colotheca sp. Moina minuta
DISCUSSION However, they were not considered in the present

The main groups composing zooplankton
communities are the protozoans, rotifers and
crustaceans, particularly copepods and cladocerans
(Hutchinson, 1967), although freshwater zoo-
plankton, especially in tropical regions, may contain
a diverse set of taxonomical categories (Wetzel,
1983; Dumont et al., 1994).

In the Paranapanema reservoirs, besides plank-
tonic rotifers, cladocerans, copepods and protozoans,
some meroplanktonic groups were a so observed at
low density and frequency, such as: the rhizopods
Difflugia sp., Arcella discoides, Centropixis aculeata,
Acari, Bryozoa, Diptera (Chaoboridae and Chiro-
nomidae), Conchostraca, Nematoda, Oligochaeta,
Ostracoda, Plecoptera, Trichopteraand Turbellaria.

study, due to taxonomical difficulties.

In the samples taken from the seven reservoirs
of the Paranapanema River Basin for this study,
a total of 108 species and subspecies were
identified, the largest fraction belonging to Rotifera.

Jurumirim Reservoir, an oligotrophic envi-
ronment, has been the focus of a number of studies
of the zooplankton community. Recently, Henry
& Nogueira (1999) reported the occurrence of 82
species of Rotifera, 17 species of Cladocera, 10
species of Protozoa and 8 of Copepoda.

The present inventory provides evidence that
there were more species of Rotiferaand Cladocera
in the zooplankton community of Salto Grande and
Piraju reservoirs in 1979, than were recently
recorded by Henry & Nogueira (1999).
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TABLE 9

Relative abundance of phytoplankton groups occurring in Parapanema reservoirs during the four periods of
sampling in 1979. The sample for Capivara Reservoir in November was lost.

Relative abundance (%)
Reservoir Group
February May August November
Baccylariphyceae 51 23 43 20
Cyanophyceae 34 59 26 30
Jurumirim Chlorophyceae 10 12 25 37
Chrysophyceae 3 6 3 11
Xanthophyceae 2 - 3 -
Dinophyceae - - - <1
Bacillariophyceae 66 63 81 67
Cyanophyceae 14 28 7 8
Pirsiu Chlorophyceae 19 8 12 13
Chrysophyceae - <1 - 12
Dinophyceae <1 - - <1
Euglenophyceae - <1 - -
Bacillariophyceae - 12 25 24
Cyanophyceae 8 10 4 8
Chlorophyceae 4 77 58 55
Salto Grande | Chrysophyceae - - 12 13
Xanthophyceae - - - <1
Dinophyceae 84 - <1 <1
Euglenophyceae <1 - - -
Bacillariophyceae 5 11 15 14
Cyanophyceae 65 48 29 46
Chlorophyceae 28 41 a7 34
Xavantes
Chrysophyceae - - - 5
Xanthophyceae 1 - - -
Dinophyceae - - 8 3
Cyanophyceae - 15 1 1
Chlorophyceae 24 13 1 3
Chrysophyceae 8 56 70 84
Rio Pari Xanthophyceae 5 16 5 -
Dinophyceae 6 - 1 2
Euglenophyceae 43 - - -
Cryptophyceae 13 - 21 10
Bacillariophyceae 56 30 46
. Cyanophyceae 21 8 39
Capivara Chlorophyceae 23 27 15 -
Cryptophyceae - 35 -
Bacillariophyceae - 43 32 24
Cyanophyceae 7 32 40 18
Chlorophyceae 24 18 17 45
; Chrysophyceae 8 - 11 8
Rio Novo Xanthophyceae - - - 6
Dinophyceae 6 7 - -
Euglenophyceae 5 - - -
Cryptophyceae 51 - - -
— = absent
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Many interacting physical, chemical and
biological factors can influence zooplankton species
composition, in both limnetic and littoral regions.

From the present results, it appears that the
species richness and diversity were both at their
highest when littoral species were present in the
limnetic region, as occurred with species of the
genus Lecane in Rotifera and with species
belonging to the families Chydoridae and Macro-
thricidae, in Cladocera. This happened in periods
of highest precipitation: February and November.

According to Rocha et al. (1995), Rotifera
is the predominant group in most Brazilian
reservoirs, with both the highest species richness
and population densitiesin avariety of lakes, some
of very contrasting trophic state. Thisfact may relate
to some of their special characteristics, viz: less
specialized feeding, high fecundity and frequent
parthenogenetic reproduction, and a constellation
of lifetraits that make them opportunist and typical
r-strategists, favored in unstable and eutrophic
environments (Allan, 1976; Matsumura-Tundisi et
al., 1990). Also, the wide spectrum of food particles
exploited by this group, which display the abylity
to consume bacteria, algae and detritus of different
szes, alows quite distinct diets for the many species
simultaneously present in abody of water, or even
for the same species present in different
environments (Starkweather, 1980). Bogdan et al.
(1980) have shown experimentally, with using
radioactive tracers, that different subspecies of
Keratella cochlearis and various species of
Polyarthra differed markedly regarding food particle
utilization. It appears therefore that niche differen-
tiation among related species has a strong influence
on Rotifera assemblage composition and diversity,
via competitive interactions. Excessive growth of
Cyanophyceae algae usually inhibits the deve-
lopment of most herbivorous filter-feeders, by
eliminating the small algae which form their basic
diet (Edmondson, 1965). Additionally it has been
suggested that toxic substances released by
Cyanophyceae can directly limit the fertility of
planktonic rotifers (Dumont, 1977).

In the present study, it was observed that
Collotheca sp. occurred at a high frequency in
Jurumirim, Rio Pari and Rio Novo reservoirs, and
that in Rio Novo these species are present at high
densities around the year. Also, fewer species were
found in the Rotifera assemblage of Rio Novo than
in those of Jurumirim and Rio Pari reservoirs, and

this may represent diminished competition among
species and thus explain the large Collotheca sp.
populations in that water body. The rough phyto-
plankton analysis performed in this study, plusthe
results of the trophic state index for the reservairs,
do not provide enough information to explain the
differences in Rotifera richness and abundance,
among these reservaoirs.

Considering all seven reservoirs and all four
sampling periods, the Rotifera group was more
abundant than Cladocera and Copepoda in 74%
of the samples obtained. Eutrophication bioin-
dicator species, such as Brachionus calyciflorus,
rarely occurred. High densities of rotifers were
nevertheless very common. It appears therefore,
from the expected changes in community structure
determined by eutrophication (Hellawell, 1978),
that Paranapanema reservoir zooplankton are
characterized by variation in the proportions of
species, without any severe species replacement
by tolerant forms. This observation agrees with
the oligotrophic and mesotrophic status of the
reservoirs, as indicated by recorded phosphorus
and chlorophyll a concentrations.

Usually, Rotifera populations do not exhibit
regular seasonal patterns of fluctuation in tropical
lakes (Matsumura-Tundisi & Tundisi, 1976;
Matsumura-Tundisi et al., 1990). This has also and
once more been found in the Paranapanema
reservoirs, where different species of Rotifera
assume dominance in different sampling periods
and no species is dominant throughout the year.

Copepoda were dominant in only 19% of the
samples, mainly in November and February. It
constituted the second most abundant group in
Piraju and Salto Grande reservoirs, in the four
periods of study. According to Dussart & Defaye
(1995), most Calanoida are herbivorous, feeding
on algae, whereas Cyclopoida tend to be more
omnivorous, feeding additionally and even
preferentially on other planktonic and also benthic
microinvertebrates. Although the diet and the niche
amplitude favour this group regarding resource
allocation, the copepods have obligatory sexual
reproduction and longer life cycles (Allan, 1976)
resulting in a reduced number of generations
compared to those of rotifers and cladocerans.

A large fraction of Copepoda populationsin
the reservoirs here studied consisted of Cyclopoida.
Also in most reservoirs the number of copepodids
and adults was very small, showing the reduced
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competitive ability of Copepoda in these envi-
ronments.

Some Calanoida species appear to be better
adapted to Cyanophyceae bloom conditions, as they
are selective feeders and therefore less inhibited
by these colonies than the large Cladocera, and
are able to exploit conditions of high food abun-
dance, but low quality (Haney, 1987). Among the
species present in Paranapanema reservoirs,
Notodiaptomus conifer was more frequent and
abundant than Argyrodiaptomus furcatus. Accor-
ding to Espindola (1994), N. conifer has the same
natural diet as the other three congeneric species,
feeding on Baccilariophyceae, Chlorophyceae and
phytoflagellates. Only in Xavantes Reservoir, in
the February sampling, Calanoida numbers sur-
passed those of Rotifera, Cyclopoida and
Cladocera. At that time, A. furcatus was the most
abundant species and the phytoplankton community
were dominated by Cyanophyceae and Chloro-
phyceae. A. furcatusis considered an indicator of
oligotrophic watersin Southern Brazil (Matsumura-
Tundisi & Tundisi, 1976; Tundisi et al., 1999).
In Rio Pari and Rio Novo reservoirs this species
was absent all the time, reinforcing the mesotrophic
and eutrophic condition of these two reservoirs.
In astudy in Jurumirim reservoir, Henry & No-
gueira (1999) have recently observed the
dominance of athird species of Copepoda, Noto-
diaptomus iheringi, and low abundances for N.
conifer and A. furcatus. Guintzel (2000), analysing
the zooplankton composition in six reservoirs of
Tieté River, S8o Paulo State, Brazil, also observed
the replacement of Argyrodiaptomus furcatus by
Notodiaptomus iheringi in Nova Avanhandava,
Promisso and Jupiéreservoirs and considered this
replacement to be a consequence of eutrophication,
since those reservoirs have changed from oligo-
trophic to mesotrophic condition over the last two
decades. It appears, from the present results, that
eutrophication is aready in progressin the Parana-
panema reservoirs.

Among the seven species of Cyclopoida
observed, Thermocyclops decipiens was the most
frequent in al reservoirs, followed by Mesocyclops
brasilianus and Thermocyclops minutus. Mesocy-
clops longisetus and Paracyclops fimbriatus were
not frequent and exhibited low abundances.

According to Fernando et al. (1990), Ther-
mocyclops species are generally considered
herbivorous or sometimes carnivorous, while
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Mesocyclops species are considered carnivorous
or detritivorous. However, the extent to which a
particular species is an obligate or facultative
carnivore seems to vary. The feeding habit of
Thermocyclops minutus has been called omni-
vorous, since this species feeds raptorialy, hunting
for large phytoplankton cells or eating colonies
of Cyanophyceae and small zooplankton, such as
the nauplii of other species of Copepoda
(Matsumura-Tundisi et al., 1997). In Barra Bo-
nita Reservoir (Tieté River, Brazil) besides Ther-
mocyclops and Metacyclops, there are three species
of Mesocyclops (M. longisetus, M. ogunnus and
M. brasilianus). T. minutus and T. decipiens are
usually found occurring together in several
reservoirs (Matsumura-Tundisi et al., 1981; Reid
& Pinto-Coelho, 1994; Tundisi & Matsumura-
Tundisi, 1994; Silva, 1998; Henry & Nogueira,
1999; Guntzel, 2000). Rietzler (1995), studying
the population dynamics and the life cycle of both
species by rearing them in the laboratory, found
that T. decipiens has competitive advantages over
T. minutus. The latter speciesis usually found to
be dominant in oligotrophic conditions, particularly
lakes and reservoirs in preserved basins (Matsu-
mura-Tundisi & Tundisi, 1976; Sendacz et al.,
1985; Glntzel, 2000; Sampaio & Lopez, in the
press). On the other hand, Nogueira & Panarelli
(1997) observed vertical segregation between T.
decipiens and T. minutus in the deep limnetic zone
of Jurumirim Reservair.

Thermocyclops decipiens has been consi-
dered a species typical of disturbed and nutrient-
enriched environments. Under mesotrophic
conditions, T. minutus and T. decipiens alternate
seasonally (Rochaet al., 1995, 1999). It istherefore
quite interesting that, in 1979, T. decipiens was
the most frequent cyclopoid copepod in the
Paranapanema reservoirs. The differences in
observed abundance of T. minutus and T. decipiens
among the Paranapanema reservoirs suggest that
Rio Pari has a higher trophic index than the others,
given the absence of T. minutus and the large
abundance of T. decipiens. Moreover, in Rio Novo
Reservoir, although the two species coexisted, T.
decipiens was dominant, indicating a more
eutrophic condition, which is also supported by
the values of trophic index based on phosphorus
and chlorophyll a concentrations. In the remaining
reservoirs, the two species alternate in dominance.
The pattern of co-occurrence observed for the



ZOOPLANKTON IN RESERVOIRS OF THE PARANAPANEMA RIVER, SP/PR, BRAZIL 543

Thermocyclops congeneric association in Parana-
panema reservoirs corroborates previous obser-
vations of a seasonal alternation of peak
abundances, in oligotrophic conditions, and
dominance or exclusive occurrence of T. decipiens
under mesotrophic or eutrophic conditions.

Cladocera was the dominant group in 7% of
the samples analysed and the second most abundant
group in abundance in 41% of them. Predominance
of Cladocera was observed only in Xavantes and
Rio Pari reservoirs, in different periods.

Cladocerans have been claimed to be good
indicators of trophic Satein lentic ecosystems. In Europe,
the size range of species has been used as an indicator
of water quality. The existence of large species such
as daphnids is an indicator of phytoplankton control
by herbivory, whith is characteristic of better quality
waters (Straskraba & Tundisi, 2000). According to
Gannon & Stemberger (1978), species of Bosmina are
good indicators of lake trophic state. Thus, Bosmina
longirogtris has been observed in eutrophic environments
such as Barra Bonita Reservoir (Matsumura-Tundisi,
1999) and Billings Resarvoir complex (Sendacz & Kubo,
1999) both in Sdo Paulo State, Brazil, while Glntzel
(2000) observed thet among the Six reservoirson Tieté
River, Bosmina hagmanni was most abundant in the
less eutrophic ones.

Along the cascade of reservoirs, two species
of Cladocerawere observed to achieve dominance,
Bosmina longirostris being abundant in August and
Ceriodaphnia cornuta at other times of the year.
The predominance of small cladocerans (Bosmina
and Ceriodaphnia) in more eutrophic waters is
generally related to the interference of filamentous
or toxic bluegreen algae, which dominate the
phytoplankton under eutrophic conditions. Filter-
feeding mechanisms of large cladocerans such as
Daphnia and Diaphanosoma may be damaged, as
a consequence of the blocking of filtering apparatus
by filaments or by the sticky mucilage of large
Cyanophyceae colonies (Lampert, 1987). The size
structure of zooplankton may also be changed by
selective predation of certain fishes on the large
forms (Brooks & Dodson, 1965). The dominance
of small species observed in the cascade of
Paranapanema reservoirs is probably related to
interference in the feeding, given that Cyanophyceae
were abundant at most times of the year. In Juru-
mirim reservoir, Cladocera densities were low when
Cyanophyceae algae were abundant but peaks
occurred when Baccilariophyceae were abundant.

Species of Daphnidae predominated in Rio
Pari reservoir, represented mainly by C. cornuta
and D. gessneri. Bosminopsis deitersi and Moina
minuta alternately dominated, Rio Novo reservoir.
C. cornuta and D. gessneri are euryokous species,
physiologically and morphologically adapted to
living all along the oligotrophy-hypereutrophy
gradient. They are therefore not good bioindicators.
Bosminopsis deitersi and Moina minuta, on the
other hand, seem to be restricted to one end of the
range, being dominant in oligotrophic, although
also occurring in mesotrophic, conditions.

Recently, Henry & Nogueira (1999) reported
the dominance of Diaphanosoma birgel in Jurumirim
Reservoir, which suggests that a change in
zooplankton species composition has occurred in the
last twenty years, due to the advance of eutrophication.

Cladoceran species richness was highest in
the Pirgju and Salto Grande Reservoir, but even
these densities were relatively low. Sampaio (1989)
has found that out of 23 reservoirsin Sao Paulo
State, the highest Cladocera species richness
occurred in those two reservoirs.

The results of this study suggest that Piraju
and Salto Grande had highest species diversity in
both Rotifera and Cladocera. Possibly the age of
the reservoirs is a relevant factor. These are the
oldest reservoirs on Paranapanemariver. Pirgju was
closed in 1962 and Salto Grandein 1958. The others
date from the late seventies onwards. These two
reservairstherefore had alonger time to be colonized
and probably had already reached a stable
community, with most available niches occupied.
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