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ABSTRACT

The abundance of cladocerans recorded in plankton samples from the littoral regions of two
enviroments (Baia River and Guarané lake), the Upper Paran& River floodplain and some limnological
variables important in controlling their abundance were investigated at three sites in the lake and two
in the river, from March/93 to January/94. Abundance was highest in the lake, chiefly during high
water. Bosminidae dominated in both environments and hydrological periods (high and low water).
Chydoridae were more important in the lake, and Sididae in the river. A higher number of Pearson’s
correlations significative (p < 0.03) between the densities of the ten most important species and the
limnological variables was observed in the river. This suggests that limnological variables are more
important in controlling the abundance of cladocerans in the river. On the other hand, in the lake their
abundance was probably associated with the physical structure of the environment, the abundance
of aquatic macrophytes, and biotic relationships such as competition and predation.
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RESUMO

Abundancia de cladéceros na regido litoral de dois ambientes da planicie de inundacao
do alto Rio Parana, Mato Grosso de Sul, Brasil

A abundancia de cladéceros no plancton da regido litoranea em dois ambientes (Rio Baia e Lagoa
do Guarand) da planicie de inundacgéo do alto Rio Parana foi investigada, bem como a influéncia de
algumas variaveis limnoldgicas sobre a densidade desses organismos em trés estacdes na lagoa e duas
no rio, no periodo de margo/93 a janeiro/94. A maior abundéancia foi registrada na lagoa durante o
periodo de aguas altas. A familia Bosminidae foi dominante em ambos os ambientes e periodos hi-
droldgicos (aguas altas e aguas baixas). Chydoridae foi mais importante na lagoa e Sididae, no rio.
Foi observado maior nimero de correlagcdes de Pearson significativas (p < 0,03) entre as densidades
das dez espécies numericamente mais importantes e das variaveis limnologicas no rio. Esses resultados
sugerem que as variaveis limnolégicas estudadas, provavelmente, influenciam mais na estrutura das
populacdes de claddceros no rio do que na lagoa. Por outro lado, outro fatores, como a estrutura fisica
do ambiente ou a quantidade de vegetacao presente nas margens, além das relacdes biodticas entre
as populacdes, como competicdo e predagéo, parecem ser mais importantes para a dindmica das prin-
cipais espécies na lagoa.

Palavras-chavecladoceros, litoral, planicie de inundacéo.
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INTRODUCTION presence of aquatic macrophytes (Rykealal.,
1964; Smirnov & Davis, 1973; Margaritoea al.,

The floodplain ecosystem consists of lakes,1975; Whitesideet al., 1978; Valdivia & Zam-
channels, and areas subject to flooding associatdatano, 1989; Paterson, 1993; Smirnov & Santos-
with large rivers (Junk, 1980). In this ecosystem Silva, 1995; Elias-Gutierreet al., 1997).
seasonal fluctuations in water level act as a forcing The objective of the present investigation was
function which leads to changes in the physicato evaluate the abundance of cladocerans in plankton
and chemical characteristics of the water and corsamples from the littoral zone of a lake and a river
sequent variations in the composition and abuneolonized by different banks of aquatic macrophytes,
dance of the aquatic organisms (Jetlal.,1989; as well as to describe their temporal and spatial

Thomazet al., 1997). variations in relation to abiotic variables.
Studies of floodplain cladocerans have mainly

dealed with population fluctuation patterns deter- STUDY AREA

mined by limnological changes caused by rises in

water levels (Twombly & Lewis, 1987; Paggi & The Baia River (223'S and 5317'W) is

José De Paggi, 1990; Campisal., 1996; Lansac- located in the floodplain on the right bank of the
Tbéhaet al.,1997; Limaet al.,1998). Most inves- Parana River, in the State of Mato Grosso do Sul
tigations have been done in the limnetic zone(Fig. 1). Itis directly influenced by the hydrological
although some studies have attempted to comparegime of the Parana. However, the low current
differences in abundance and composition of thevelocity and slight slope of its bed allow it to be
cladocerans in littoral zones, influenced by thecharacterized as a floodplain river.

53°15'

outh America

-mTmm--r
A
el

-

@ Sampling stations

23°00" — < Direction of water current

23°00' 2.5km
53°30°

Fig. 1 — Location of the sampling stations in Guarana Lake (1, 2, 3) and the Baia River (4, 5).
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Guarana Lake (223'26"S and 5318'03"W)  The differences in densities were significant if
is located on the right bank of the Baia River, withprobability was <0.05. The analysis were carried
which it is connected year-round. This connectionout with the aid of the software Statistica Version
is more pronounced during high water periods5.0 (Statsoft Inc., 1996).
apparently leading the system to behave more uni- A log (x + 1) data matrix was constructed
formly (Thomazet al., 1992). Aquatic macro- from the results for the environmental variables
phytes, especiallfichhornia azuregSwartz), for the lake, and another for the river. The matrices
predominate in the littoral zone. were transformed by multinormalization, except

For the purposes of this study, three samplindgor pH. Principal components analysis (PCA) was
stations were established in the littoral zone of theised to reduce the dimensionality of the abiotic
lake: Stations 1 and 2 in locations with banks ofdata. Variables for which structure coefficients >0.8
aquatic macrophytes, and Station 3 in an area wittvere considered important for explaining varia-
a small quantity of vegetation; the predominantbility. The analysis was carried out with the aid
plant at all stations wds. azureaThere were two of the software Statistica Version 5.0 (Statsoft Inc.,
stations in the river: Station 4, without aquatic1996).

macrophytes; and Station 5 with macrophytes, In order to establish the influence of the va-
mainly E. azurea riables on the density of the main cladoceran spe-
cies in each environment, we calculated Pearson’s

MATERIAL AND METHODS correlation coefficients between each of these

densities and the environmental variables measured.

Environmental variables were measured andCorrelations were considered significant if their
samples of cladocerans were taken at the five stgrobability were <0.05/number of significance tests
tions monthly during the morning, at the surface,applied, according to Bonferroni’s correction for
from March/93 through January/94. The clado-multiple tests (Green, 1993). The software Statistica
cerans were collected with a motorized pump, usinyersion 5.0 (Statsoft Inc., 1996) was also used for
a conical net (7Qum mesh) to filter 1,000 liters this analysis.
of water. The samples were preserved in a final
solution of 4% formaldehyde, buffered with cal- RESULTS
cium carbonate. Analyses of the environmental
variables, water temperatur€j, transparency of Limnological variables
the water column (m), electrical conductivifys]/ The results of the environmental variables
cm), and dissolved oxygen concentration (mg/L)obtained at the surface in the lake and the river
were performed according to the methods describedre presented in Table 1 (FUEM PADCT-CIAMB,
by Thomazet al. (1992). 1994).

The water levels of the Parana River used
in this work refer to the mean for the 14 days priorFluviometric level
to each collection, following Thoma al (1997). From the mean water level of the Parana River
Daily water level values were provided by thefor the 14 days prior to each collection date, it was
National Department of Waters and Electrical Enerpossible to establish two hydrological periods: high
gy (DNAEE). water (March and April/93 and January/94) and low

Qualitative and quantitative analyses of thewater (May to December/93) (Fig. 2).
cladocerans were carried out in the laboratory using
standard and Sedgewick-Rafter slides and botbundance
compound and stereomicroscopes. Taxa were iden-  In geral, higher mean densities of cladocerans
tified using the following references: Smirnov were recorded in the lake, and lower densities in
(1974, 1992), Korinek (1981), Paggi (1995), andhe river (Fig. 3), although their differences were
Elmoor-Loureiro (1997). Abundance was estimatechot significative (F = 2.358; p = 0.07). The most
by counting at least 200 individuals per sampleabundant species in both environments, together,
(ind/m3. ANOVA and Tukey'’s test were used to wereBosminopsis deiter§Bosminidae)Diapha-
verify if there was significant difference in the nosoma birge(Sididae), and®hryxura dadayi
abundance between station and hydrological periodChydoridae).
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TABLE 1
Limnological variables (raw numbers, means, and SD) measured in the lake and river during March/93 to
January/94 (PADCT-CIAMB/FUEM, 1994). L = water level, T = water temperature, Tr = water
transparency, EC = electrical conductivity, and DO = dissolved oxygen.
M A M J J A S o N D J |Mean | SD
L (cm) 605 | 415| 332| 327 299 271 301 339 324 314 4p4 357 7,9
Lake
Station 1
Tr (m) 17 09| 120 1.10 1.0 0.0f 0.4 0497 oy o7 17 101 D.4
DO (%mg/L) | 0.77| 2.72| 5.68 4.48 778 853 736 344 245 364 154 4.4 25
T (°C) 299 | 259| 19.2| 173 211 2001 234 269 21 229 22 227 3.5
EC (uS/cm) 43 30 22 22 22 22 24 33 29 24 46 287 A
pH 6.5 6.2 6.1 5.6 5.8 6.3 6.2 5.5 55 5.F 6.0 59 .5
Station 2
Tr (m) 150| 10| 1.20, 1.0| 0.07 07 006 075 0.65 0/85 1[40 D.9 0.3
DO (%omg/L) | 1.46| 2.35| 5.63 4.57 73l 849 7.5 3|5 205 488 Q.92 4.5 2.4
T (°C) 30 | 265| 194| 168 21| 201 23fF 268 231 237 22 230 {36
EC (uS/cm) 39 27 22 22 22 21 25 33 29 24 46 280
pH 6.4 6.2 6.2 5.7 6.1 6.5 6.5 5.9 5.7 6.2 6.1 6[1 3
Station 3
Tr (m) 290 | 0.95 0 0.95 0 060 050 075 080 OJF5 1480 9 D.8
DO (%mg/L) | 2.03| 3.02| 6.57] 5.04 6.20 862 851 3Pp1 337 566 222 |50 2.2
T (°C) 303 | 26.5| 199 173 212 20 244 27 249 289 3 23.5 B..5
EC (uS/cm) 43 30 23 24 22 21 24 33 29 28 6 289
pH 6.7 6.3 6.1 5.6 6.0 6.3 6.4 5.6 5.7 6.0 6.1 6(1 3
River
Station 4
Tr (m) 1.60| 0.50 0 0 1094 083 075 095 095 o0ps 135 0.8 D.5
DO (%mg/L) | 2.74| 7.75| 6.94 754 838 974 937 7.p4 805 729 169 |75 1.7
T(°C) 325 | 276 21 18| 224§ 206 23B 27|77 248 24 2839 242 B8
EC (uS/cm) 35 23 20 18 21 20 24 27 25 2p 46 255 7
PH 6.7 6.7 7.0 6.0 6.3 7.6 7.4 6.3 6.6 6.9 6/9 6|8 g.5
Station 5
Tr (m) 195| 1.02 0 0 0 0.73  0.6§ 0 080 080 140 07 Q.6
DO (%mg/L) | 4.75| 6.62 8.8 7.4 88% 1063 9.15 7.84 8p7 7|84 Q.79 7.8 15
T (°C) 319 | 27.6| 21.3] 187 227 20Pp 254 288 251 242 248 247 |36
EC (uS/cm) 38 24 19 17 20 25 22 27 2¢ 28 46 26.1 8.2
PH 7.0 6.5 6.8 6.0 6.5 8.7 7. 6.4 6.7 7.0 710 6(9 g.6

The abundance of the families of cladocerango the Bosminide and Chydoridae abundances
in each environment and in the two hydrological ANOVA — F = 4.354, p = 0.04; F = 10.289, p =
periods (high and low water) are seen in Fig. 4. Th@.002, and Tukey’s test — p = 0.024, p = 0.002,
results for the ANOVA and Tukey'’s test showedrespectively). The cladocerans densities were not
that the environments differed significantly regardingsignificantly different between hydrological periods.
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Fig. 2 — Variation in water level of the Parana River (14-day means prior to each collection date), from March/93 to January 94.
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Fig. 3 —Mean (m) and standard deviation of abundance of cladocerans recorded in the lake (Stations 1, 2, 3) and the river

(Stations 4, 5) from March/93 to January/94.

Of the seven families recorded, Bosminidaeaxis contributed 22.09%, with a positive influence
was most representative at all stations, followedrom pH (sc = 0.95).
by Chydoridae in the lake and Sididae in the river. These results indicate that PC1 reflected the
Moinidae, represented especially Bypina mi-  seasonal variation of the data, since water level
nuta, was the least abundant family in both environ-was one of the most important variables forming
ments. Other families contributing importantly to this axis. During high water, both environments
total cladoceran density were Daphnidae and Ilyoshowed higher values for water transparency, elec-
cryptidae.Ceriodaphnia cornutandllyocryptus  trical conductivity, and temperature, and lower
spiniferwere the most abundant species of thesdissolved oxygen content. Higher dissolved oxygen
families. contents were recorded during low water.

The spatial segregation of the environments

Principal component analysis observed along PC2 was established with pH

The PCA results showed that the first twovalues.
axes explained 78.29% of the data variability (Fig. The distribution of the scores along the two
5). The first axis explained most (56.20%) of thisaxes showed that during high water, variation
variability, and was formed negatively by dissolvedamong values for limnological parameters was
oxygen (sc = 0.82), and positively by electricallower. During low water the values for these para-
conductivity (sc = 0.91), water level (sc = 0.90), meters differed more between the environments
and water transparency (sc = 0.75). The secon(Fig. 5).
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Fig. 4 —Mean and standard deviation of abundance of cladoceran families recorded in the lake and river during high and

low water periods.

Pearson’s correlation densities of this species were related to the highest
The species considered in the correlationwater levels. In the river, water level appeared
analyses for the two environments were those whickignificantly to influence abundances@fcornuta
were most abundant at all stations during the entirand P. dadayi
period:Alona dentifera, A. affinis affinis, Bosmina The highest densities @f. cornutawere also
hagmani, B. tubicen, Bosminopsis deitersi, Diaphadirectly related to water transparency and electrical
nosoma birgei, Phryxura dadayi, Ceriodaphnia conductivity. Electrical conductivity also influenced
cornuta, Illyocryptus spinifeandMacrothrix spi-  the abundance d. deitersi The only variable
nosa which showed an inverse relationship to the clado-
A higher number of correlations between thecerans was dissolved oxygen. This factor signi-
densities of these species and limnological variaficantly influenced the abundance Bf dadayj
bles, as well as the higheswvalues, was found the highest densities of this species being related
in the river (Table 2). to the lowest dissolved oxygen concentrations. This
In the lake, only water level was important phenomenon may represent some development
for the abundance &f. dentiferasince the highest strategy of this species.
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Fig. 5 — Principal components analysis for the environmental variables measured in the river and the lake. LW = low water,
HW = high water, do = dissolved oxygen, ec = electrical conductivity, tmp = water temperature and tra = water transparency.

DISCUSSION of the absence of vegetation along its banks. It is
worth emphasizing that the highest cladoceran
The dominant family recorded in the presentdensities in the river were found in the region near
study was Bosminidae, especiaBpsminopsis the banks but without vegetation.
deitersi This species is frequently the most abun- The results from the principal component
dant cladoceran of the Parana River floodplairanalysis provided evidence of the homogenization
(Paggi & José De Paggi, 1990; Lansac-Téha of the environments, from the limnological varia-
al., 1997; Sendacz, 1997). Lined al. (1998) also bles studied. The analysis also showed that the
described it as numerically important in the Uppersystem differed more in respect to the physical and
Parana River. The numerical importance of bosmiehemical characteristics of the water column during
nids in these environments may be related to ththe course of the year, than between environments.
acid to neutral pH values. Equivalent pH levelsThe only variable distinguishing the environments
were described as being favorable for developmentas pH, mainly during low water. Thomar al.
of bosminid populations in Amazonian black waters(1997) observed that during high water, a lesser
(Robertson & Hardy, 1984), and in the Paranalegree of variation in the limnological factors of
floodplain (Limaet al., 1998). the Parana River floodplain environments indicates
In addition to the Bosminidae, the greaterthat the flood pulse tends to homogenize those
abundance of Chydoridae in the lake as opposeaquatic environments influenced by the river.
to Sididae in the river may be related to the pre- From the Pearson’s correlation analysis we
sence of extensive banks of macrophytes, the preould verify more significant correlations between
ferred habitat of chydorids, in the lake. Thethe densities of the main species and limnological
predominance of chydorids among macrophytegactors in the river than in the lake. This suggests
was also observed by Valdivia & Zambrano (1989)hat those limnological variables studied probably
in a lake in Peru. Camarg al (1983) considered influence cladoceran population structure more in
that large amounts of living biomass and detritusthe river than in the lake. Other factors such as the
originating mainly from decomposition of aquatic physical structure of the environment, or the amount
macrophytes, are an important source of organiof vegetation present along the shores, as well as biotic
matter for the environment, on which many consu+elationships such as competition and predation
mers depend. Probably the Sididae were morbetween populations appear to be more important
important than the Chydoridae in the river becausé the dynamics of the main species in the lake.
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TABLE 2

Pearson’s correlations between the limnological variables and densities of the principal taxa, in both
environments studied (p < 0.05). Significance for each environment according to Bonferoni’s criterion (p <
0.05/16 = 0.03) (Green, 1993). L = water level, T = water temperature, Tr = water transparency, EC =
electrical conductivity, and DO = dissolved oxygen. Significant correlations are indicated in boldface.

L (cm) T(°C) Tr (m) EC (u S/cm) | DO (mg/L) pH
Taxa r | p r | p r | p r | P r | p r | P
Lake
A. dentifera 0.38 | 0.03| 0.09 | 062| 036 004 010 056 -0p1 O0p4 0/0o4 080
A. affinis affinis | -0.29| 0.92| -0.17 034 -024 047 -0[23 018 028 0.12 D.23 [0.20
B. deitersi -0.17| 0.34| 0.8 034 -048 032 049 O0f8 010 (56 0.16 [.36
B. hagmani -0.02| 0.89| 0.6 034 026 017 019 0.p7 -0.19 (.27 -H0.11 [0.53
B. tubicen -0.12| 049| 022 0294 001 095 -0/07 0p8 o006 (71 -0.39 [0.83
C. cornuta 0.18 | 0.41| 0.24/ 0.1 006 072 051 0Fy8 -007 d69 0.24 D.17
D. birgei 019 | 0.29| 0.35/ 0.04 012 049 022 021 -016 Q36 020 D.25
1. spinifer 0.35| 0.05| 0.25/ 0.17 024 018 009 061 -015 0d38 0.17 D.35
M. spinosa 0.35 | 0.04| 0.21| 024 -0.02 099 019 0.8 -0.34 0[052 -0.01 [0.99
P. dadayi 0.86 | 0.63| 0.11] 053 -0.06 072 0.87 053 -—007 Q42 014 D44
River
A. dentifera 0.14 | 053| -0.01 099 -048 071 -0/01 0p6 -0.36 0.11 D.09 [0.67
A. affinis affinis | -0.20| 0.38| -0.1% 051 -0.36 041 -0/25 028 019 0.40 40.19 [0.39
B. deitersi 0.07 | 0.76| 0.41| 0.0 044 0.040.45| 0.03|-0.21| 0.35| 0.36| 0.1
B. hagmani 0.23 | 0.31| 0.45 0.04 043 0051 015 051 -0.28 Q22 0.11 p.62
B. tubicen -0.31| 0.18| -0.19 039 00 076 -0j18 0@2 021 038 40.09 [0.69
C. cornuta 0.75 | 0.01| 0.27 | 0.23| 0.52 | 0.02| 0.78)/ 0.01 -0.29| 0.20| 0.09| 0.67
D. birgei -0.01| 096| 001 097 028 031 013 0p6 -—024 029 4031 [0.17
1. spinifer -0.22| 0.34| 024 029 -023 032 -0/17 045 044 004 D23 [0.31
M. spinosa -0.15| 051| -0.03 084 -045 047 -0/04 088 -0.09 0.67 D.10 [0.65
P. dadayi 0.63 | 0.01| 0.43| 0.053] 0.27| 0.23 0.38 0.08-0.52| 0.02|-0.01| 0.95
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