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Zooplankton of the Paraguay River : A comparison between
sections and hydrological phases
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Changes in the abundance, species richness and species diversity of zooplankton were studied in the Paraguay River. Fifty-nine
sites were studied at two hydrological phases between Porto Céceres (16°03' S-26°23' W) and the confluence with the Parana
(Argentine, 26°53' S-58°23' W), representing a distance of 2270 km. Zooplankton densities varied between 1 and 60 ind.I'1 at
high water and between 11 and 100 ind.I'? at low water. Multiple regression analysis revealed that the hydrological phase
explained 64% of the variability in zooplankton density. Surveys found 196 taxain the Paraguay River (including both de main
course and its floodplain). Of this total the greater species richness was registered in the upper section than in the lower section.
There were significant differencesin the species richness and species diversity of Rotifera (Monogononta) between phases. In the
main channel, the hydrological phase explained 54% of variability in species richness, whereas water temperature and electric
conductivity explained less than 22% of the variability in species diversity. Rotifera was the most abundant group in both study
periods. Despite the total number of species registered in the main channel, only six planktonic genera dominated the
zooplankton assemblage (Polyarthra, Synchaeta, Filinia, Keratella and Lecane). The most abundant cladocerans belonged to
Bosminidae (Bosminopsis sp.) and the dominant copepods were in the nauplii and juveniles stages. A longitudinal pattern in
dominant taxa was not defined at high water. At low water, three species-site groups were separated in relation to environmental
variables. The pulsing of the river determines the degree of connectivity with the floodplain and local features had agreater effect
on zooplankton assemblages than large-scal e |landscape patterns.

Keywords : Paraguay River, hydrologic phases, zooplankton abundance, zooplankton composition

The Paraguay River isapristinerunning water system
which is scarcely disturbed by human activities. The
main channel is largely unregulated, with one dam

Introduction

Thequestion of how thestructureand function of com-
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munitieschangefromheadwaterstoriver mouthsinrela-
tionto the abiotic environment remainsacentral issuein
the study of the biology of running water systems (Van-
noteet al. 1980, Statzner & Higler 1985, Minshall et al.
1985, Meyer & Edwards1990, Wiley et al. 1990, Petts&
Calow 1996, Miranda & Raborn 2000, Maamri et al.
2005). Several investigations of river zooplankton have
shown that abundance and species richness increase
downstream though the information available for large
South American Riversis limited (José de Paggi 1980,
Saunders & Lewis 1989, Vasquez & Rey 1989).

* Corresponding author : E-mail : E-mail : margaritafrutos 587
@.yahoo.com.ar

located on a secondary tributary. Furthermore, it has
peculiarities that distinguish it from other streams the
upper section drains the Pantanal (a great wetland of
138,000km?) and thel ower sectionreceivesAndean sed-
imentsthroughtheBermejoRiver 100 kmbeforeitscon-
fluence with the ParanaRiver. Current knowledge of the
zooplanktoninthemain channel of the Paraguay Riveris
limited to theresults of one study in thelower section of
the river near its confluence with the Parana River
(Bonetto & CorralesdeJacobo 1985). Other studieshave
been conducted inthefloodplainsof the Upper Paraguay
River and its major tributaries (Reid & Moreno 1990,
Bezerraetal. 1996, Bonecker et al. 1996, Espindolaetal.
1996, Neves et al. 2003). Most of the information con-
cerning zooplankton has been obtained from the flood-
plain and themain channel of the ParanaRiver (Corrales
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1979, José de Paggi 1980, Paggi 1980, Paggi & José de
Paggi 1990, Frutos1993, 1996, 1998, Lansac Téhaet al.
2004). Although many factorsinfluenceriver plankton,
variations in the abundance and species composition
have been attributed primarily to hydrological regimes
(Bonetto 1986, Neiff 1990, Paggi & José de Paggi 1990,
Welcomme 1992, Zalocar de Domitrovic 2002, Lansac
Tohaet a. 2004). This study was carried out in 59 sites
along the Paraguay River and itsfloodplain during high
and low water phases in order to asses the influence of
water level and environmental factors on zooplankton
abundance, speciesrichnessand diversity. In this study,
wetested the hypothesesthat (a) Thelongitudinal distri-
bution of thezooplankton hasadifferent patternthanthat
in other largerivers ; and (b) the alternation of high and
low water phasesisamajor factor determining the com-
position and abundance of zooplankton.

Study Area

TheParaguay River, withacatchment areaof 2.6 x 108
km?andalength of 2550km, isthe ParanaRiver’slargest
tributary. Flooding this river is distinctly seasonal,
althoughthehighwater phaseof theriver may bedelayed
by 4 to 6 months after the summer rains due to the slow
passage of floodwatersthrough the Pantanal . During the
rainy period, the lake and tributary rivers are connected
toward the main course of the Upper Paraguay River. In
thelow water phase, somelakesand lagoonsareisol ated
and their surfaces can be reduced by a factor of four or
more in years of drought (Hamilton et a. 1997). The
Upper Paraguay River liesbetween theriseinthe Matto
Grosso (Brazil) and the Apa River confluence (Fig. 1).
The Cuiabd, Taquari, Negro and MirandaRiversare the
major tributaries in the Upper Paraguay River. Down-
stream of Corumba, the mean slopeis3 cmkm and the
river is moderately sinuous with occasional islands
(Hamilton et al. 1997). Dueto scarce slope the Pantanal
isconsidered to delay of theflow of water, nutrientsand
sediments (Adamoli & Pott 1999).

The section of the Paraguay River between the Apa
River, thefirst tributary not influenced by the Pantanal,
andtheconfluencewiththe ParandRiver isconsideredto
be the Lower Paraguay (Neiff 1990). This section hasa
low sinuosity (1.45-1.50) and slope (0.035 mkm'1), and
itsfloodplain extendsfrom2.4kmto 17.8kmintheright
bank and between 1.8 and 7.2 km in theleft bank (Orfeo
1995). The high suspended load of the Bermejo River
(rangingfrom3tomorethan10glitert), originated from
the erosion of the Andes mountains, strongly influences
the suspended load of the Lower Paraguay, which
increasesfrom100to 600 mg liter-1 after their confluence

%

- Cohcepcionfars—

3442
44} ASUNCION

"* \\ :‘ Corrientes
{

Fig. 1. Sampling sites of Paraguay River. Main course in the upper
section (sites: 1-37) from Porto Céceres (16°04' S-57°42'W) to
ApaRiver (22°03'S-58°00' W) and in the lower section (sites 38-
51) from this site to the confluence with the Parand River
(26°53' S-58°23'W ). Floodplain of Paraguay River (sites 52-59).

(Drago 1990). Below the confluence with the Bermejo,
conductivity increasesto 550 uS cml, pH values reach
8.2, and water temperature fluctuates between 17 and
30 °C (Bonetto 1986).
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M ethods

Fifty-nine sites were sampled in the Paraguay River
between Porto Caceres (16°03'S-26°23'W) and the con-
fluence with the Parand River (Argenting, 57°13'S-
58023'W). Of the 2270 km in this stretch of river, 1344
km bel onged to the Upper and 925 km to the L ower Par-
aguay. Thus there were more sampling sitesin the first
section (31) than in the last section (20 ; Fig.1). To take
into account the position along the latitudinal gradient
and the distance to the most important port, we selected
sitesthat weremoreaccessibleby land or by water. How-
ever, some of these siteswere sampled only at |ow water
or high water because of difficulties in accessing the
sites. Sites downstream of the main tributaries of the
upper section of the river were mainly sampled during
low water because water from severa tributaries con-
verge at these sites points and consequently provides
information about sites often inaccessible.

At high water, zooplankton collections were made
between June 20 and July 12, 1995, whereas |ow water
samples were collected between December 5 and
December 13, 1995. At both sites (the main course and
floodplain), 100litresof subsurfacewater werecollected
and filtered through a plankton net of 53 um mesh size.
Sampleswere preserved with a4% formal dehyde solu-
tion. Sub-samples were counted until at least 100 indi-
vidual s of the most abundant taxawere recorded or until
the entire samples had been examined. Abundance was
expressed asind.|"Land speciesdiversity (H’) of thedom-
inant group (Rotifera, Monogononta) was estimated
using the Shannon-Weaver index (Shannon 1963). The
similarity between phaseswas estimated from the quan-
titative Bray-Curtisindex (1957),

2jN

C =
N aN+ bN

where :
a N = number of individual sampled in habitat a ;
b N=the samein habitat b ; and

3N =thesum of thelesser valuesfor the species com-
mon to both habitat.

Physical and chemical data were taken at each site.
Electrical conductivity, dissolved oxygen, and pH were
recorded using Checkmate 90 (Corning) conductivity
meters, Oxi-330 portable oxygen meters (WTW), and
pH meter-330s (WTW), respectively. Transparence was
measured with a Secchi disk. Suspended solids were
guantified usinginstantaneouswater samples(500ml) at

0.5 m below the water surface which were filtered
through cellul ose acetate disks of 0.45um pore size.

A nonparametricanalysisof variance(Mann-Whitney
U test, Zar 1984) was used to test for significant differ-
encesinzooplanktondensity, speciesrichnessand diver-
sity between hydrological phases (high and low water).
To evaluate differences in abundance and diversity
between the upper and lower sectionsof theriver ineach
hydrological phase, we used anon- parametric Kruskal -
Wallistestand aDunncomparisonfor multipletests. The
influence of abiotic variables (hydrological phase, sam-
pling site, seasonality, water temperature, specific con-
ductivity, suspended solids and pH) on zooplankton
abundance, speciesrichnessand diversity was analyzed
using a forward stepwise multiple regression analysis
after normalization of the data (log(x+1)). We used cat-
egorical variablesfor hydrological phasesandthecorre-
lated number of days for seasonality. Detrended
Correspondence Analysis (DECORANA) was used to
identify gradients in the community structure of zoop-
lanktonin highand low water phasesusing the PC-ORD
multivariate statistical package (version 3.0, 1997,
McCune& Mefford). Environmental variables, withthe
exceptionof pH, werelog-transformed prior tostatistical
analysis to normalize and stabilize variances. Indepen-
dent variables used to identify environmental predictors
were used in Multiple Regression Analysis (stepwise)
with DCA axes1and 2 (Stat Graphic Plus, version 5.1).

Results

In the upper section, water temperature ranged
between 28.9 and 32.5°Cin December and between 22.5
and 26.3°CintheJuneto July sampling period. pH varied
from dlightly acidic to neutral throughout the study
period, while the specific conductance fluctuated
between 28 and 90 uScmr, and theconcentration of sus-
pended solidsvaried between 10and 94 mgl-1 depending
onthesampling date (Table1). Inthelower sectionthere
was amajor seasonal variation in the water temperature
(temperatures differed by 10°C) and the specific con-
ductance increased up to 190 uS cm! during low water
(Table1). In this phase, the concentration of suspended
solidsincreasedto 257 mgl-tandpH reached 7.9 after the
confluence with the Bermejo River which discharged
intothe Paraguay River alongitsright bank. Theconcen-
tration of dissolved oxygenat thestudy sitesranged from
0.2t0 8.4 mg |1 (Table 1). Low concentrations of dis-
solved oxygenwereobserved at either high or low water
depending on the sampling sites, although the oxygen
depletion was more pronounced in the upper section. In
thefloodplain, theoxygenconcentrationvariedwidelyin
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Table 1. Physical and chemical variables of Paraguay River. N : data number for each variable. R : variation range. X : arithmetic mean . C.V. :
variation coefficient.

Paraguay River ~ Temperature Secchi Conductivity D(')‘j’(s;géﬁd oH Suiﬁgged
Sections °C m Scm?
(C) (m) (n ) (mg 1Y) (mg 1Y)
High water
N:22 N :20 N :19 N: 20 N :20 N: 20
Upper R:225263 R:0313 R:28-51 R:1.7-84 R:63-71 R:10-52
section X:24.6 X:0.6 X:40.4 X:6.3 X:6.7 X:19
C.V.: 004 CV.: 05 CV.:0.16 CV.:026 CMV.:003 CV.:052
N:9 N:7 N: 10 N:10 N: 10 N:9
Lower R :18-23.4 R:0.26-091 R:71-100 R:4.4-7.2 R :6.3-6.9 R:6-171
section X:20.22 X:0.68 X85 X:5.87 X.6.5 X:50.9
C.V.:0.07 CV.: 033 CV.:0.12 CV.:014 CMV.:003 CV.:1.09
L ow water
N :27 N: 27 N :27 N: 23 N :28 N :18
Upper R :28.9-32.5 R:0.09-0.32 R:50-90 R:0.2-58 R:58-74 R:24-94
section X:30.6 X:0.23 X:54.4 X:4.4 X:6.3 X:57.6
C.V.:0.06 C.V.: 048 C\V.:043 CV.:042 CV.:007 CV.:04
N:16 N: 16 N :16 N:6 N:17 N: 17
L ower R :27-32 R:0.11-0.30 R:91-190 R:6.56.7 R:6.8-79 R:26-257
section X:30 X:0.24 X: 107 X:6.6 X:7.6 X:825
C.V.: 0.05 C.V.:0.20 C.\V.:0.26 CV.:001 CV.:004 CV.:075
Table 2. Physical and chemical variables of Paraguay River floodplain. n.a: not available.
Floodplain | Temperature | Secchi | Conductivity D(')i?%\efned Oxygen oH SJileir&ged
. o -1 0, i
sites @) (m) (uScm 1) (mg 1) (% saturation) (mg 1)
High water
52 22.6 0.35 31 7.0 88 6.3 14
53 24.1 0.65 44 7.7 94 7.1 15
54 24.8-25 1.0 65-79 0-2.7 0-33 6.5-6.7 13-19
55 24 0.90 111 n.a n.a 6.7 21
58 20 0.60 78 6.2 70 6.5 24
L ow water
52 33.6 0.27 50 4.7 66 6.3 24
53 29 0.20 n.a n.a n.a n.a 13
54 29.7 0.11 120 4.8 63 6.3 83
55 30.6 0.11 110 55 74 6.4 83
56 29.9 0.12 52 59 78 6.2 98
57 30.9 0.21 42 5 67 5.8 29
59 28 0.07 190 6.6 85 7.8 222
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Table 3. Zooplankton abundance, species richness and species diversity of Rotifera (Monogononta) in both sections of Paraguay River. n:
sampling number.R : range. X : arithmetic mean. C.V. :variation coefficient.

i

Paraguay High water L ow water
River ind -1
Sections Abundance (ind.I"%)
R X C.V. (%) n R X C.V. (%)
Upper 22 1-60 10 123 18 11-98 43 62
Lower 9 2-16 8 51 17 30-101 61 29
Species richness
Upper 22 3-16 9 45 18 8-27 18 30
Lower 9 6-13 7 41 17 7-22 15 28
Species diversity (Rotifera, Monogononta)
Upper 22 0.27-3.55 242 33 18 2.16-4.17 344 14
Lower 9 155-3 212 23 17 2-3.98 2.82 17
both hydrological phases and anoxic water was regis- 65 — :
tered during high water (site 54, Table 2) in areaswith a 6 |
dense cover of macrophytes. Site 59 showed the lowest o
transparency, the highest concentration of suspended s |
solidsandthehighest conductivity (Table2). Thehighest g a0 ‘
observed pH value was also recorded at this site. e
1: | |
Zooplankton in the main channel 5 if) |
15 4
The mean abundance of total zooplankton, species “5’ ]
richnessand specific diversity within each section of the ol A 1A TF] ) S= = HEE
river in the two hydrological phases are depicted in SNm T om e NN O R RN RARINTRELTRG
Table 3. The high coefficients of variation estimated for Sampling sites
these variables indicate high site heterogeneity, espe-
cia ly at hi gh water. ORotifera M Cladocera [ Copepoda Protozoa

Comparison between hydrological phases

At high water, zooplankton density recorded at each
sitewaslessthan 15ind.I-Lexceptinsitesland 3fromthe
upper section (Fig. 2). Atlow water, highest densities(85
t0100ind.I"Y) wereregisteredin both, theupper (sites27,
28, 29) and lower sections (sites 41, 46 and 47, Fig. 2).
Abundancewassignificantly higher duringthelow water
phasethanduringthehighwater phase(M-W test, Uss 31
= 38.00; p<0.0001). Stepwise multiple regression anal-
ysisreveal edthat thehydrol ogi cal phaseexpl ains64 % of
the variability in zooplankton abundance while season-
ality explained lessthan 4% (Table 4). Rotiferawasthe
most abundant taxa(Figs. 3and 4) and theonetaxonomic
group presentinthesites4, 34and48inhighwater and 36
and 48 in low water. In the upper section (Fig. 2), the
abundance of Copepoda nauplii stages and Protozoa
(Testacea) washighest during highwater phaseinsites1
and 3 respectively. The number of taxarecorded per site
on different hydrological phases (Figs. 4 and 5) ranged

Fig. 2. Abundance of zooplankton in upper and lower sections of
Paraguay River at high water.

from 3 to 27, whereas species diversity varied between
0.27 and 4.17 bits. Speciesrichness (M-W test, U35 31 =
85.00; p<0.0001) and speciesdiversity (M-Wtest, Us 31
=213.50; p<0.0001) weresignificantly higher inthelow
water phasethan during highwater. Theregressionanal-
ysisshowed that hydrol ogical phaseexplains53% of the
variability in species richness in the main course
(Table 4) and that water temperature and electric con-
ductivity explained less than 22% of the variability in
speciesdiversity.

A total of 187 taxa suprageneric were collected from
59sitesinthemain courseduring theperiod of thisstudy,
consisting of Rotifera(154) ; Cladocera(21), Copepoda
(8) and Protozoa (Testacea : 4). Only 32 taxa occurred
exclusively during highwater, 83werefoundexclusively
during the low water phase, and 72 were found in both
phases. Inthe dominant group, atotal of 14 familieswas
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Sampling sites

ORotifera M Cladocera £ Copepoda

Fig. 3. Abundance of zooplankton in upper and lower sections of
Paraguay River at low water.

S =MW R LG e

Sampling sites
[ Species richness (Number of taxa)

B Diversity of Rotifera (bits)

Fig. 4 Species richness (Number of taxa) and diversity of Rotifera,
Monogononta (bits) in the main course of Paraguay River at high
water.

recorded, mainly Brachionidae (24 species), Lecanidae
(35 species), and Trichocercidae (22 species). Despite
thetotal number of speciesregistered in the main chan-
nel, only six planktonic generadominated the zoopl ank-
ton assemblage (Polyarthra, Synchaeta, Filinia,
Keratella and Lecane). The most abundant cladocerans
belonged to Bosminidae (Bosminopsis sp. Table 6) and
thedominant copepodswereinthenauplii and juveniles
stages.

Comparison between sections

No significant differences were found when Kruskal -
Wallisand Dunnmultiplecomparisonstestswereusedto

%

Sampling sites

[OSpecies richness (Number of taxa) M Diversity of Rotifera (bits)

Fig. 5. Species richness (Number of taxa) and diversity of Rotifera,

Monogononta (bits) in the main course of Paraguay River at low

water.

Table 4. Multiple regression analysis (stepwise) between abundance,
species richness, species diversity (Rotifera, Monogononta) and
environmental variables of Paraguay River.

r2
Variables Estimate Standard j usted
error
(%)
Abundance (ind.I-1)
Constant 0.384572 0.247285 0.00
Hydrological 4.68815 1.47835 63.98
phases
Seasonality -0.0236705 0.009131 67.42
Speciesrichness
Constant 0.220859 0.125257 0.00
Hydrological ~ 0.488541 0.0687624  53.50
phases
Species diversity (Rotifera, M onogononta)
Constant 0.341876 0.0773341  0.00

Temperature  0.0109739  0.00282513 16.77
Conductivity -0.000744816 0.000350331 22.24

compared abundances and number of species per site
between sections(p>0.05). Conversely, at low water spe-
cies diversity was significantly higher in the upper sec-
tion (p<0.05) than in the lower section. At high water,
DCA analysis and regression of the resulting principal
axes indicated no significant relationship between the
species-site and environmental variables. At low water,
DCA analysiswith 0.94 of inertia (total variance) indi-
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cated the relative importance of the axes. Eigenvalues 1
and 2were0.53 and 0.19, respectively, whiletherespec-
tivelengthsof thegradientswere2.21and1.79SD. Three
species-site groups were separated (Fig. 8). In the first
group, Polyarthra, Filinia and Trichocerca were associ-
ated with some sites of the upper section. At the extreme
of axis1, two groupsof specieswererelated to thelower
section : K. americana and Lecane proiecta (second
group) and K. cochlearis (third group) were associated
with some sites downstream of the Pilcomayo and Ber-
mejoRivers. Regressionsof DCA axes1and 2withenvi-
ronmental variables indicated that pH and the
concentration of suspended solidsexplained 61 and 18%
of variability inthe species-sitesrespectively (Table5).

Table 5. Multiple regression analysis (stepwise) between axes 1 and
2 of CDA and environmental variables of Paraguay River at low
water.

L ow water
Variables Estimate Standard r2ajusted
_ error (%)
A>1<'5 Congtant  1510.99 197.98 0.00
pH -1567.64 221413 6131

Constant 294914 64.6513 0.00
Suspended -102.207 36.1899 18.37
solids

AXis
2

Of all taxafoundedinthemain channel, 157 werereg-
istered inthe Upper Paraguay River and 98 inthe L ower
Paraguay River (Bray-Curtisindex =0.4). Inquantitative
terms, the similarity waslower at high water (0.24) than
at low water (0.4).

Floodplain of Paraguay River

Zooplanktondensity (Fig. 6) inthefloodplainwassig-
nificantly higher at low water than at high water (Mann-
Whitney U test = 35; p< 0.05), with amaximum of 539
ind.I"1 in the floodplain of the CuiabaRiver (Fig. 6, site
56b). Rotiferawasthe most abundant taxaexcept during
low water in two sites of the floodplain located farther
from the main course (Fig. 6, sites 54b and 55b) where
Copepoda nauplii were dominant. In floodplain lakes
and streams, 91 taxa consisting of Rotifera (77), Cla-
docera (12) and Copepoda (2) were registered. Of these
taxa, 77 were found in lakes and 58 in streams. At low
water, species richness was at amaximum at the flood-
plain of the CuiabaRiver, where 43 specieswereidenti-
fied(Fig. 7, site56). Speciesdiversity fluctuated between
1.42 and 3.55 bits (Fig. 7). However, no significant dif-

630 -
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500 -
450 4
400 -
350

300 4
250

200 4
150 4

100
50
0+ Dlﬂ

52a 52b 53a 53b 54a 54b S5a 55b S56b 57b 58a 59a 5%

K]

Abundance (ind.[")

= P e e

Sampling sites

ORotifera M Cladocera £ Copepoda

Fig. 6. Zooplankton abundance in upper and lower sections of
Paraguay River floodplain at high (a) and low water (b).

(=T RN NP NCN
T R R R I

el s

52a 52b 53a 53b S54a 54b 552 55b S6b 57b 58 5%

Sampling sites
O Species richness (Number of taxa) B Diversity of Rotifera (bits)

Fig.7. Species richness (Number of taxa) and diversity of Rotifera,
Monogononta (bits) in upper and lower sections of Paraguay
River floodplain at high (a) and low water (b).

ferences in species richness and diversity between
hydrological phases were found in the floodplain. Dif-
ferent populations of Rotifera dominated in the flood-
plain, e.g. Keratellaamericana at site 52, Synchaeta sp.
at site53, Polyarthra at sites54 and 58, Brachionus cay-
ciflorusf. dorcas and f. amphyceros at site 59, and Pol-
yarthra dolichoptera at site 56. Ceridaphnia cornuta,
Bosmina hagmanni and Notodiaptomus coniferoides
(Table 6) werethe most abundant crustaceansin sites 54
and 55.

Discussion
Our results show that zooplankton of the main course

of the Paraguay River differ markedly between hydro-
logical phases and that these differences are based on
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Table 6. The most frequent taxa of zooplankton in the Paraguay River and its floodplain. Hw = High water, Lw = low water. Floodplain: S =

Stream, L = lake.
Upper L ower Floodplain

Taxa segt?on section P
PROTOZOA (Testacea)
Arcella sp. Hw Hw
Rotifera
Bdelloidea Hw ; Lw Hw ; Lw S;L
B. caudatus Barrois & Daday 1884 Hw ; Lw Lw S;L
B. caudatus personatus Ahlstrom 1940 Hw ; Lw Hw ; Lw L
B. calyciflorus f. amphyceros (Ehrenberg 1838) Lw
B. calyciflorus f. Dorcas (Gosse 1851) Lw
B. falcatus Zacharias 1898 Lw Lw S;L
B. mirusf. angustus (Koste 1972) Lw Lw L
C. coenobasis Skorikov 1914 Hw ; Lw Hw ; Lw S;L
Filinia saltator (Gosse 1886) Hw ; Lw Hw ; Lw S;L
F. terminalis (Plate 1886) Hw ; Lw Hw ; Lw S;L
F. longiseta (Ehrenberg 1834) Lw Hw ; Lw S;L
F. opoliensis (Zacharias 1891) Hw ; Lw Lw L
Hexarthra intermedia Wieszniewski 1929 Hw ; Lw Lw S;L
Keratella americana Carlin 1943 Hw ; Lw Hw ; Lw S;L
K. americana hispida (Lauterborn 1898) Lw Lw S;L
Keratella cochlearis Gosse 1851 Hw ; Lw Hw ; Lw S;L
K. tropica tropica (Apstein 1907) Lw Hw ; Lw S;L
L. proiecta Hauer 1956 Lw Lw L
Polyarthra spp. Hw ; Lw Hw ; Lw S;L
Synchaeta pectinata Ehrenberg 1832 Hw Hw S
Synchaeta sp. Hw ; Lw Hw ; Lw S;L
Trichocerca spp. Hw ; Lw Hw ; Lw S
CLADOCERA
Bosminopsis sp. Lw Hw ; Lw S
Bosminopsis deitersi Richard 1895 Hw ; Lw Hw S;L
Bosmina (N.) hagmani Stingelin 1904 Hw ; Lw Hw ; Lw S;L
Bosmina sp. Hw ; Lw S;L
Ceriodaphnia cornuta Sars 1886 Hw ; Lw Hw ; Lw L
Diaphanosoma sp. Hw ; Lw Hw ; Lw S;L
Moina minuta Hansen 1899 Hw ; Lw Lw L
COPEPODA
Eucyclops sp. Hw
Thermocyclops sp. Hw
Notodiaptomus coniferoides (Wright 1927) Lw L
Notodiaptomus santafesinus Ringuelet & Martinez de Ferrato 1967 Lw
Notodiaptomus sp. Lw S
Parastenoscaris dentata Dussart 1979 Hw
Potamoscaris bifida Dussart 1979 Hw
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Fig. 8. Dentrended Correspondence Analysis (DCA) ordination plot
of site scores on the 1 and 2 axes at low water of Paraguay River.
Upper sectionl : dark triangles. Lower section 2 : open triangles.

abundance, species richness and species diversity
(Rotifera). The observed abundances were similar to
thosefoundinother floodplainriversof tropical and sub-
tropical South America (Corrales 1979, José de Paggi
1984, Bonetto & Corrales de Jacobo 1985, Vasquez &
Rey 1989, Paggi & José de Paggi 1990, Ibafiez et al.
2004). Higher concentrations of zooplankton were
observed at low water than at high water as noted previ-
ously in the Upper and Lower Parana River (Corrales
1979, Bonetto & Corralesde Jacobo 1985, José de Paggi
1988, Paggi & José de Paggi 1990) and in the Orinoco
River (Saunders & Lewis 1989, Vasquez & Rey 1989).
These variations were attributed to changes in runoff,
currentvel ocity, andturbidity, whicharethemainfactors
influencing zooplankton abundanceinrivers(Pourriot et
al. 1982, Armengol et al. 1983, Margalef J. 1983, Saun-
ders& Lewis1988b, Paggi & JosédePaggi 1990, Thorp
et a. 1994, Frutos 1998, Gulyas 2002). However,
upstream of Porto Céceres (Upper Paraguay River) the
highest density of zooplankton seen at high water could
be caused by acombination of low current vel ocity, high
temperatures, low concentrations of suspended solids
and high phytoplankton density, with Chlorophyta pre-
dominanting (Zalocar de Domitrovic 2002). Several
studieshave demonstrated that these variablesmay have
favored zooplankton abundance (Pourriot et al. 1982,
Paggi & José dePaggi 1990, Paceet al. 1992, Gudrun et
al. 1994, Thorp et a. 1994, Basu & Pick 1996, Frutos
1998).

i

Asobserved inthe ParanaRiver (José de Paggi 1993),
water level fluctuationsaffect rotifer density intheflood-
plain of the Paraguay River. Large cladocerans, which
are abundant in lagoons and channels of the Upper
Parandduringlow water (Lansac Téhaet al. 2004), were
conspicuously scarce from our samples taken in the
floodplain. Although thereislittleinformation concern-
ing planktivorous fish in the Paraguay River, selective
predation on cladocerans by both invertebrates and ver-
tebrates may cause increased mortality of cladocerans
(Matveev etal. 1989, Hamiltonetal. 1990, Matveev etal.
1992).Abundance of Rotiferahas been reported in sev-
eral studiesof tropical, subtropical (Corrales 1979, José
de Paggi 1980, Robertson & Hardy 1984, Shiel 1985,
Bonetto & Corrales de Jacobo 1985, Saunders & Lewis
1988 aand b, Vasquez & Rey 1989, Lanzac Téhaet a.
2004) and temperaterivers (Pace et al. 1992, Gudrun et
al. 1994, Thorp et al. 1994). Rotiferamay predominant
over other taxabecausethey areopportunistswithashort
generationtime (Rz6ska 1976, Pourriot et al. 1982, Gul-
yas 2002, Lanzac Toha et al. 2004), and are better
adapted to turbulence and high concentrations of sus-
pended solids(Armengol etal. 1983, Bonetto & Corrales
de Jacobo 1985, Kirck & Gilbert 1990, Paggi & Joséde
Paggi 1990). The dominance of Protozoa (Testacea) in
somesitesof the Upper Paraguay areprobably related to
particularities of these sites which have vegetated areas
with Eichhornia azurea and slow flow (Poi de Neiff
2003). Lansac Tdhaet al. (2004) found ahigh abundance
of thecamoebas in vegetated areas of the Upper Parana
River in a lentic habitat of the floodplain. Species of
Copepodaregistered in the Upper Paraguay were char-
acteristic of largefloodplain rivers (Dussart 1979, 1983,
Dussart & Frutos 1985, 1986).

Considering all study sites (main courseand itsflood-
plain), species richnessin the Paraguay River was 196,
which was lower than that reported for other South-
American rivers (Robertson & Hardy 1984, Bonetto &
Corralesde Jacobo 1985, Vasguez & Rey 1989, Paggi &
José de Paggi 1990, Lansac Téhaet al. 2004). Our study
providedapreliminary description of zooplanktondiver-
sSity because we sampled most sitesfor only two hydro-
logical phases, which is probably insufficient given the
large internal variability in hydrology in the region
(Hamilton et al. 1996).

Speciesrichnesswashighestin somesitesof theflood-
plain habitat. However, the total number of taxa was
higher in the main channel than in the floodplain. This
could be an effect of the unbal anced number of samples,
with 8 taken from the floodplain and 51 from the main
channel. The large numbers of speciesin both habitats
(81) indicate the importance of the connection between
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themain courseandthefloodplainthrough different trib-
utaries. The high number of tichoplanktoni c speciesevi-
dencestheir incorporation of thevegetated areas|ocated
intheproximal floodplain. In spiteof the high number of
identified species, few species are asimportant numeri-
caly asin other South American rivers (José de Paggi
1980, Paggi 1980, José de Paggi 1981, Bonetto & Cor-
rales de Jacobo 1985, Vasquez & Rey 1989).

The absence of awell-defined longitudinal pattern of
abundance at high water is consistent with the observa-
tion of Vasquez & Rey (1989) for the Orinoco River.
However, in thisriver, Saunders & Lewis (1989) found
that average rotifers and copepods densities tended to
decreased downstream and that there were no uniform
longitudinal trendsfor cladoceransinthe main channel.
Atlow water, theordination of thespecies-sitesalongthe
gradient wasrelated to pH and suspended solidsconcen-
tration. This variable strongly influences the composi-
tion and abundance of zooplankton (Bonetto & Corrales
de Jacobo 1985, Paggi & José de Paggi 1990, Frutos
1998, Ibafiez et a. 2004). K. cochlearistolerated alarge
range of pH and suspended solids concentrations
whereas L. proiectais adapted to high suspended solids
concentrations (Joséde Paggi 1994). Downstream of the
Bermejo River, the 69% increasein the concentration of
suspended solids produced a simultaneous decrease in
phytoplankton (Zalocar de Domitrovic 2002) and zoop-
lankton abundance.

The same cosmopolitan taxa that dominate the main
courseof theParaguay River (Polyarthra, K. americana,
K.cochlearis, Lecaneproiecta, Filiniaand Trichocerca),
were found to dominate in other large South American
Rivers(JosédePaggi, 1980, 1981, Bonetto& Corralesde
Jacobo 1985, Saunders & Lewis 1989). In addition, the
observed associ ation between K. americanaand Lecane
proiecta was reported for the Orinoco River during the
low water phase (Vasquez & Rey 1989).

Themainfeatureof the Paraguay River isthehigh spa-
tial heterogeneity dueto the hydrochemistry of thewater
courses flowing into the main course at low water. As
with phytoplankton (Zal ocar deDomitrovic 2002), envi-
ronmental discontinuities affect the distribution and
abundance of zooplankton of the Paraguay River, where
no longitudinal gradient from the head to mouth was
found at high water. The pulsing of the river determines
the degree of connectivity with the floodplain and local
featureshad agreater effect onzooplankton assemblages
than large-scal elandscape patterns. Thegreat total num-
ber of taxa and the high local species diversity in the
upper section can beattributed tothe presenceof alarger
tropical wetland system (Neiff 1990).
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