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ED0OPLANCTON DE AMBIENTES LOTICOS E LENTICOS DO RIOD PARANA
MEDIO

PAGGI, J.C. & JOSE de PAGGI, S.

RESUMO

Fol realizada uma revisdoc dos conhecimentos sohre
© =zooplincton dos diferentes ambientes aquadticos da
planicie de inundacio do Ric Parand Madic. Até@ o presente
momento, foram registradas cerca de 300 espécies de
rotiferos, cladbceros e copépodos. As espécies dominantes
pertencem a estes grupos, e 85 ocasionalmente membros de
outras taxa (Ciliophora, Suctoria, Turbelaria, Gastrotricha
@ Acari) sdoc encontrados desenvolvendo grandes populagdes.
O8 rotiferos fregfientemante dominam em termos de nimero de
individuos, tanto em ambientes laticos como l&nticos. Os
erusticeos sdo pouco abundantes ne cursoc principal de rio,
mas tém importincia maior nos contribuintes, tributarios, e
particularmente nas lagoas. Embora algumas espécles sejam
mais freqlientes nos ambientes léticos (Thicheocerca sratfus,
Lecane prodiectfa. Notodiaptomus conifercides), nao &
possivel afirmar gue existe um potamozoopliancton muito
diferenciado. A densidade de organismos varia de 10 a 148
inﬂ.l_l; no curso principal, com maiores valores na altura
de Confluéncia, na margem gue tem infludncia do Rio
Paraguai. Wos ambientes lénticos a densidade varia de 10 a
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1100 ind.l"l. Foram reglstradcos valores mais elevados para
o zooplaAncton litoral. As variacgSes temporais da composiclo
e abundincia sioc muito mais influenciadas pelo regime de
inundagaoc. Nos ambientes 1l6ticos, tanto a velocidade da

corrante guanto a turbidesz da Agua, da origem
fundamentalmenta inorgénica, conetituam oS8 fatoreas
ambientais mais importantes por sua influéncia no
zooplincton.

ABSTRACT - EOOFPLANETON OF THE LOTIC AND LENTIC ENVIRONMENTS
OF THE MIDDLE PARANA RIVER

This article presents a revision of knowledge of
the zooplankton communities of the running waters and
floodplain water bodies of the Middle Parand River. About
300 species have been recorded belonging to the malor
groups Rotifera, Cladocera and Copepoda. Though the common
dominant species belong to these groups, members of other
taxa (Ciliophora, Suctoria, Turbelaria, Gastrotricha and
Acari) are occasionally found developing debse populations.
Rotifers are often the most abundant zooplankters in both
lentic and lotic waters. Crustacea are notably scarce in
running waters. There is not a distinct potamozooplankton
but some species (Trichocerca natfus, lecane profecta,
Netodiaptomus condifercides) are more fragquent in leotic
environments. Zooplankton density ranges from 10 te 148
ind.1"! for the main channel and from 10 to 1100 ind.1”%
for the standing waters. Higher values have been racorded
for littoral zooplankton. Variations in community
composition and abundance are strongly influenced by flood
regime., As well as the current velocity, the turbidity of
the water (suspended sediments) are likely to be the most
important environmental factors which govarn the
development of the zooplankton in running waters.
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INTRODUCTION

The ecosystem of the Middle Paranid River shows
highly complex characteristice due to its intricate and
changeable, structural physical basis as much as for its
rich biota, where proper adaptative aspects of terrestrial
and aguatic organisms are superimposed.

From its confluence with the Paraguay River and
all aleng its way, a widse flocdplain extends and is crossed
by anastomosed streams. Among them, island remain full of
lentic water bodies (pond, ewamp, ox-bows). The enormous
kinetic energy of its running water (16000 m?/s8), annual
average, not only causes a constant remodelling of the
floodplain due to erosion and sedimentation, but greatly
governs the development and flunctioning of the
communities.

It could be said that there is a sort of gradiaent
&8 regards water retention time in the basins @ which form
the system, i.e., that there is a series which goes from
lotic to lentic assuming as extremes, the main stream an on
side and ponds with high degree of isclation on the other.
Among them there is a great variety of water bodies which
are sometimes difficult to be defined with in the common
types of limnology and whose location in the lotic-lenitic
gradient depends besides of the hydroleogiec stage of the
river.

The main channel carries over the B0% of the
discharge in a turbulent, high velocity flow (1-2 m/=).
Secondary channels, with much inferior dimensions have much
lower velocities; sometimes, greater water transparency and
banks may be partially covered by aguatiec wvegetation,
mainly fleating vegetation.

For a correct interpretation of the data presented
in this paper, the above mentioned characteristics of this
system under study, must be kept in mind In spite of the
intention of keeping the exposition for leotic environment
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separated from lentic ones, geaveral 1tem= are +to be
considered which are COMMoT to both, gince this
hetercgeneous group is at the sama time, inturruiataﬂ.

The most ancient and worthy antecedents about
zooplankton are found in papers which do not specifically
refer +to the Middle Parani River but to areas
hydrologically related to it, as the Delta of the Parané
and the Paraguay Rivers (DADAY, 1905; PESTA , 1327). The
studies on the zooplankton of the Middle Parand River,
principally the ecological ones are very recent in general,
most of them appear in publications of the last twenty
years. This coincides with the beaginning of systematic
research which started at the foundation of INALI. JOSE de
PAGGI & PAGGI (1982) carried out a critical, systematic
analysis of the available information up to 1982; further
publications are considered in this paper.

FAUNAL COMPOSITION

When limnological research began in this regilon,
the state of knowledge regarding taxonomy, constituted an
important handicap for the gstudies on zooplankten. In
RINGUELET's (1958) review on Copepoda we may find a few
records about the main stream of the Middle Parana. Mothing
was found in OLIVIER's (1962, 1965) papers about Cladocera
and Rotifera, respectively, Therefore, avajilable data on
the subject are guite new.

About 300 species have been recorded belonging to
the major groups of the zooplankton (Tab. 1 and 2), though

many taxonomic problems are still to ba solved.

ROTIFERRM

It is the most numerous and wvaried of the groups
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Table 1 - Faunal composition of the zooplancton in the HMiddle Parana.

Mumber of species in parenthesie.

Rotifera Asplanchnidae (3) Moinidae (4)
Epiphanidae (2) Dicranophoridae (1) Daphnidae (17)
Brachionidese (39} Testudinellidae (9) Bosminidae (5)
Euchlanidae {10) Flosculariidae {4) Macrothricidae (11)
Conochilidae (3) Chydoridae {(41)

Hytilinidae {4)
Colurellidas {56)
Lecanidae (25)

Hotommatidae (3)
Trichocercidae (15) Boeckellidae (1)
Gastropodidae (4) Cladocera Diaptomidae (LB}
Synchaetidae (7) Sididae (10} Cyclopidae (23}

Hexarthridaes {2)

Flliniidae (&)
Trochosphaeridae (2) Lopapeda

Collothecidas (1)

comprising the zooplankton. The most abundant and widely
distributed species belong to the genera: Kerafeffa, Bra-
chionus, Pofyarthra, Filinia, Conochifus, Synchaeta and
Fomphefix. Other freguent elements are some species of the
genera: Anuadeopasisd, Epiphanes, Aspfanchna and Ascomoapha.
It is interesting to point out the richness of the genus
Brachionus (25 species) and the occurrence of some species
belonging to littoral genera adapted to the planktonic
existence, Tradichocerca rattus, consplicucus member of the
potamoplankton possibly associated to the filaments of some
diatom (Mefosddira spp)l and Lecame proiectfa also belonging
to lentie environments whose globose body suggests an
adaptation_to the floating planktonic life.

Though there are some casas of Heotropical
endemicity, specially in Barachionus {e.g. the "mirus"
group) , the majority of Rotifera inhabiting the middle
Parani, belong to cosmopolitan or tropicopolitan taxa.
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Table 2 - List of common zooplankters of rivers and ponds of

Parand.

Middle

Rotifara

Anuracopsds fiasa (Gosse)
Ascomoapha ecaudis Perty
Asplanchna brigtwelfi Gosse
Beauchampielfa cudactyfota (Gomse)
Brachionws angufaris (Gosse)
B, budapestinensis Daday
B. caudatus f. personatus Ahlst.
B. e. f. awstrogenitus Ahlstrom
B. ¢. f. indueifud Ahlstrom
B, calycifforus Pallas
B. dofabaatus Harring
B. Eﬂfﬂﬂiﬂ& Zacharias

auanensts Rousselat
B. mitus minus Daday
B. mirus voigti Hauer
B. patufus O,.F.Muller
B. plicatifis O0.F.Muller
B. quadridenfatis Hermann
Concchifoides coenobasis Scoricoff
C. natans (Seligal
C. undicornis (Rousselet)
Epiphanes clavufata (Ehrb.)
E. machouaus (Barrois & Daday)
Euchlanis difafata (Ehrb.)
Filinia fonmgiseta Ehrb.
F. opoliensads (Zacharias)
Hexarthaa intermedia Wiszniewski
Keratella amenicana Carlin
K. cochfeanis (Gosae)
K. fenzd Hauer
K. thopica (Apstein
Lecane curviconndis Murray
L. feentfina Turner
L. papuara Murray
L. proiecta Hauer
L.[M] buffa (Goamse)
L. Eunaris (Ehrb.)
Lepadefla ovafis 0.F.Muller
Mytifina ventrafis {Ehrb.)}
Platyias quadnicoanis (Ehch,)
Ploesoma frumcatum {Levander)
Pofyarthra vufgands Carlin
P. defychoptena 1delson
Testudingdfa patina (Hermann)
Thichoceaca naffus (D.F.Muller)
T. simifis (Wierzeiski)

Thichotria tethactis (Ehrb.)

Cladocera

Afona exdimia Kieser

Bosmina hagmamni Stingelin
B. huaronensis Delachaux

B. Longinpstnis (0.F.Mullar)
Bosminopsds deifersd Richard
Cendcodaphnia coannia Sars
Chydoaus eurinodus Sars

C. pubescens Sars

Paphnia ap. (grupo faevds)
D. ambigua Scourfield
Diaphanosoma birgei Korinek
D. brguvingme Sars

P. {fuviatife Hansen

D, apinufosum Herbst
Guernelfa raphoefis Richard
Grimafdinag brazzadl Richard
Tfyockyptus spindder Herrick
Modlna micawra (Kure)

M. mincin Hansen

M. reficufata (Daday)
Moinodaphnia macfeayd (King)

Copepoda

Acanthocyolops nobustus (Sars)

Argyrodiaptomes argentinus (Wright)

A, denticufatus (Pesta)

Boeckeffa bengi Richard

Diaptomus santafesdnis Ringuelet ¥
M.Ferrato

Diapiomus Apiniger Brian

Eucwolops neumani (Pesta)

E. dernulatus (Fischer)

Mesocwelops Longisetus (Thiebaud)

M. meridianus Kiefer

Metacyefops mendooinuws (Wlerzejski)

Microcyclops anceps (Richard)

Nofodiaptomis anisaifsi (Daday)

N. conifer (Sars)

N. coniferoddes (Wright)

N. {ncomposifus (Brian)

Thermocyclops decipiens Kiefer

T. minefid (Lowndes)




- 431 -

CLADOCERA

This group are represented by about 80 species.
The moet frequent and dominant are those belonging to the
genera: Diaphanpsema, Moima, Bosmina, Bosminopsis, Ceadloda-
phnia and Paphnia (PAGGI, 1%73a e by 1978b, 1979%a} .
Cladocera are not freguent in lotic waters. Bome specles of
Moina, Boimina and Bosminopsis may be found, but in low
density populations.

Though Macrothricidae and Chydoridae have littoral
habite, many species are occasionally recorded in open
waters, probably as pseudoplankton. However, the occurrence
of Afona eximia Kiser, is too freguent to be considered an
adventitious form. A eimilar situation was found in other
rivers (KISER, 1948; GREEN, 1962; FREY, 1974}.

Tha genus Paphnia is poorly rapresented and
members of the subgenus Cienodaphnia are absent from the
waters of the alluvial wvalley. It is probable that
biogeographic as well as ecological (fish predation) reason
explain thie fact. It is reasonable to suspect that the
cpmmon and abundant presence of Moina may be correlated to
the poor presence of Paphnia. Cerniodaphnia ie reprasented
by several spacies (PAGGI, 1986). They are seldom recorded
in open waters, except the common and pantropical (. corhu-
La.

As regards Bosminidae, only the members of the
subgenus Necbosmina Lieder appear fregquently in open
watars. Boamina Longirostris rarely occurs and it seems to
be confined to lotic environments.

There are no carnivorous Cladocera in the Parana
River, thhy are all herbivorous and detritivorous.

COFEPODA

As far as it 18 known, Copepoda comprises
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approximately 50 specles of Calanoida y Cyclopolida. They
ara much more abundant and fregquent in lentic environments
than in running waterasa.

In ganaral, 1t appaars that Calanoida which are
represented by Diaptomidae and Boeckellidae, ara tha most
common and abundant in open waters, principally the species
belonging to the genera Angyrodiapfomus Brehm and Notfodiap-
fomus Kiefear, principally N. {ncomposifus (Brian), N.
spiniger (Brian), and A. denticufafus (Pesta). Brecheffa
bergi Richard, the sole representative of the family in the
Parana River, is occcasionally collected in the cpen waters
of ponds with poor vegetation, associated to aspecles of
Diaptomidae. It is interesting to point out that among the
species of Nofodiaptomus, N, condifercides is the only one
frequently found in lotic waters (PAGGI & JOSE de PAGGI,
1974).

As regards feeding habits calanocid copepods are
principally herbilvorous and detritivorous. Only
cccaslonaly, rotifer restse have bean obeerved in the
intestinal content of large aize speclies of Argyroddiap
fomus (PAGGI, unpublished}). There would not be raptorial
calanoid copepods. Though the number of Cyclopidae species
is relatively high (25), these ccopepods are scarcely
represented in lotic waters and are rarely dominant in the
compoeition of the zooplankton of lentiec environments.

Cyclopolida in general, are feound in pond and
ox-bow plankton, principally as nauplius and copepods of
species whose adult instars, as it seam probable may bea
found in littoral or bottom habltats. The most common
specles are those belonging to the genera:s Acanthecycfops,
Mesocyclops, Metacyclops, Thermocyclops, Microcyclops, Eucy
clops, Thropocycfeps and Ectocyelops.
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OTHER PLANKTONIC INVERTEBRATES

The composition of the Middle Parani zooplankton
is dominated by the three major above mentioned groups,
wnich are more common in the limnoplankton of the world.
However, we may alsc find members of other groups which
occasionally develop large populations in vegetated ponds
and even in the open waters of the main setream.

Protozoa are represented by some species of
Ciliophora and Suctoria. Among the first, species aof tha
genus Codoneffa (Peritricha) are gquite common in the
Plankton of some ponds, mainly in open waters. On the sther
hand, some unidentified species of Amphileptidae
(Holotricha) occur as important elament in vagetated
oX-bows. In this same type of environments it 1is frequent
to find turbelaria (Catenufa cf. £emnae) developing brief
summer pulses and neocgoseid gastrotricha, Neogessca fascicu
fata and N. pauciseta.

In ponds of Norhern floodplain, water mites (Piona
8pp) also occur living in open waters and preying wupon
cladocera.

MAIN AND SECONDARY CHANNELS

Spatial pDistribution

Aa regards longitudinal distribution of the
zooplankton along the potamic axis, the available data
belong to JOSE de PAGGE (1978b, 1980} and CORRALES (1979) .
Only JOSE de PAGGI (1980) covers the middle stretch in teh
whole, based on the atudy of samples taken each 15 km
during a pericd of low waters. Data reveal the accurrence
of two large zones and of a gradient of increasing tendency
down-stream in sevaral attributes of the community. The
increaeing gradient is more or less defined arccording to
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the conesidered parameter, biomase, denelty, diversity and
richness. It could be related to the increase alsc cccuring
in the phytoplankton and primary productivity (Fig. 1).
hpparantly, this pattern of increasing longitudinal
distribution downstream may not be a persistent phenomenon
but restricted to the time of carrying out the sampling
with a relatively reduced flow. Data cbtained from
intensive samplings carried out during long pericds in
front of Corrientes city (km 1208), that is the beginning
of the middle stretch (BONETTO & CORRALES, 19B4), in front
of Paranad cilty (km 603-601), downstream from the above,
PAGGI & JOSE de PAGGI (1974) and JOSE de PAGGI (1980) show
not differences as regards annual average of the total
density (Tab. 23). Regarding the number of apecies no
coneiderable differences are cbserved either.

Table 3 - Mean values of zooplankton density findil-l} and richneas 1in
the main channel of the Parand River. H: right margin, Li left

margin, M: midehannel. Coeficient of variation in parenthesis.

Localitien Date RM MCh LM Spp duthoricy
L
Ipper Parama OR/TE=12/749 18 55 Bonetto b Corrales 1985
Middle FParana
L] & |
km 1208 048/ 76-12/749 41 3l 22 127 Bonetto& Corrales 1985
i
km al6 O3/81=01/82 97 i ].':“."l 13% Bonettn & Corrales 1985
km 603 Q1/77-12/8B0 19(104) 21(109) 23(99) 109 Joeé de Fagg! 1980
km 60| D9y l=01773 - A1C1L1B) - 90 Taggl &1, de Paggl 1974

* without data aof coefficient of varfarion.

According to the observations by J0OSE de PAGGI
(19B0) from the confluence of the Parana and Paraguay
Rivers =zone, the =zooplankton show differences in its
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ccmposition as well as in ite abundance. This spatial
diversity would be revealing the physicochemical
differences of the waters of both rivers whose mixture does
not cccur inmediately. In tha longitudinal sense, the
influence of the Paraguay River gives rise to two zones: in
the first 400 km downstream, density appears mora
fluctuating and the structure more heterogeneous (specific
diversity: 1,57-3.89 bitey eguitability: 0.22-1.00). The
following 300 km exhibit greater homogensity in the

measured attributes {diversity: 2.67-3.00 bita)
egquitability: 0.42-0.67)., BSimilarity among =samples, in
turn, according to Jaccard coefficient 1s lower (40%) in

the upper stretch than in the inferior one (75%).

Although general composition and specific richness
are not deeply modified, some changes occur at the specific
level. Among PRotilfera for example, Thrichocehca similis
ies frequent and abundant uppstream (BONETTO & CORRALES,
1%985) , whereas downstream, it is apparently replaced by T.
ratfus which is an important slement in the community. A=
regarde Keaafeffa fhopica and Lecane prodiecta also
important in the =zooplankton downstream, ara atther
scarcely represented or absent upstream. Among cladocera,
Bosamina fonginrostals commonly occur upstream but seldom
acocur down-stream where are dominant B. huaronensis and B.
hagmanni. Several causes could be responsible for these
changes, among them competence, wvariation in feeding
resgurces, changes in the environmental conditions. Actual
knowledge of this phenomenon which is not enough to allow a
correct interpretation. It is possible however that the
changes occurring in physical parameters, principally in
the concentration of suspended solids, play an important
rale. Another interesting difference in the zooplankton
composition 1s the greater number of the species Bhra-
cfitonud downstream (18), which practically doubles the
number uppstream (11) Upper Parana (7), and Paraguay River
{8). This ig probably influenced by tributaries,
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their influence, being responsible of the 1ncreases in
denalty observed in thelir zone of influence (JOSE de PAGGI,
1980; 1983; in press; BONETTO & CORRALES, 1985).

Deapite at this time not a little information is
avallable concerning taxonomy and ecology of the
gooplankton communities of Middle FParani, much work remains
to be done because of the large size and complexity of the
ecosystem. Middle Parand is clearly an integral part of a
vast system hence more information on the =zooplankton of
the other reaches, upstream and downstream, would be
achieved for a comprehensive understanding of its ecclogy.

Rotifers are dominant in lentic and lotic
environmente but the relative abundance of crustaceans ia
higher in standing waters. There 18 1little evidence of
major differences in community structure between lotic and
lentic environments to consider the existence of a distinct
"potamoplankton”. However there is a number of species
which seem to be better adapted to pelagic 1life subjected
to extreme turbulence and high concentration of suspended
sediments (Fig. 2}.

i ————

Flgure ? = Plesxus diagram indiceting the degree of affindty (Jaccard's CoeEflelont ) among
rooplankton aseemblages Ecom ponde {elrcles) ond nearby river parpiing arpt lons
{hexaponz). Limnological Crulse Keratella T, ses Tahle &,
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In general, a sort of transvereal gradient with
regard to water residence time may ke observed which would
have ponds at one extrema and the main stream at the cother,
with anabranches as intermediate. The greater to lesser
gradient has its expression in the density and richness of
species and in the proportion of dominance of crustacea,

Rlthough there is a wide group of common taxa
shared by the most of zooplankton communities, it is clear
a correlaticn of the spacies composition with the
limnological characteristics of their environments (Fig.
3].

e Ha g Lg Tr P Ba Ko Bz SdPeplp Bp  Ba Be Bp Ha Lp Bep Mz k1 Ma Py 0¥ Bo Fa F v Pd 01 B Ep

al al

1% =

- A EBul iR

hidnghra
|

1w ipandy

Figure 1 - Common zooplankton assemblages in the major units of the
ecoayatem (after JOSE de PAGGI, 1983 and PAGGI, 1980). EKa =
Kenatefla amenicana, Ke = K. cochlearnis, K1 = K. fenzd, ¥t =
K. thopica, Lp = Lecane prodecta, Tr = Thichocerca aatiud,
Pv = Pofyarthra vufganis, Pd = P, delychopfenra, Be = Brachdo
nied cafyed fforus, Bep = B, cavdatus personatus, Bp = B, pli-
catifes, Df = Pilaphanosoma ffuviatife, So = Synchaefn oblon-
ga, 51 = 5. fongdipes, Sp = S. pectinata, Ps = Phompholix asuf
cafa, F = Filinia spp.. Cv = Conochifus unipornia. .

Major changes in community structure and abundance
of populations are mainly associated with geasonal
fluctuations of water level. Physical factors {turbulence,
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principally from the right bank, being their alkaline
waters favourable for the species of the genus.

hs regards horizontal distribution in & transect
of the confluence of tha Upper Paranad and Paraguay, BONETTO
& CORRALES (1285) find marked differences Zooplankton on
the right bank, influenced by the FParaguay River, showed
greater richness (101 appl] and density than the zooplankton
on the left bank (75 sppl. In front of Paranad city (km
603), downstream density and number of species show
horizontal as well as vertical homogeneity (JOSE de PAGGI,
1984; 1985). NHotwithstanding, during the pericd of high
waters, vertical diversity increases, similitude wvalues
among samples according to Koch index, significantly
correlate with the hydrometric level so much for rotifers
ag for crustaceans (r: 0.74, P < 0.01; r: 0.72, P = 0.01
respectively).

In secondary channels, density did not show
variations in the horizontal sense, but the composition
resulted somewhat different between the banks and the
midchannel. These differences, surely related to the lower
flow and size of channels, are produced by the occurrence
of littoral species probably despoiled from marginal
vegetation. RAlso in  this casse, thae lesser faunistic
affinity among the different points was recorded during the
high water period.

Available data on horizontal distribution in other
rivers (BEHNING, 1928; SHADIN, 1956: VRANOVSKY, 1974;
DEYUBAN, 1979; SHIEL et alii, 1982) show different results
and it 1is possible to assume that these distribution
patterns greatly depend upon the hydrology characteristics
of each fluvial system. In the case of the main stream and
major secondary channels, the effect of water turbulence
becomes evident. The mainstream, having greater flow and
current velocity does not offer adeguate conditions to
differentiated distributions. On the other hand, in the

smaller secondary branches having less flow and wvelocity,
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the effect of turbulence diminishes, and there are more
poesibilities of baing influenced by external
contributions.

Temporal Distributions

The main stream as much as the secondary channels
presents in general, a similar pattern, sowing maximum
denslty in the low water period, mainly in Spring (main
channel, km 603: 148 ind.l_l. anabranches, BSan Javier
Rivear: 327 ind.l'l} and lower values in the hilgh water
period (10 ind.1” ' in both).

Table 4- Zooplankton density {ind.l-l} in the main chennel of Parand
river, secondary branches and tributaries (Goyva-Diamante}, in
different period of the flow regime. After JOSE de PAGCT (1983,

1988} .
High waters Mean waters
n x v ] X CY
Main channel (&) 10,72 52 {6) 54.37 413
Secondary branches {103} 15.90 45 {10} 122,34 7]
Left hank Tributaries {47 252,98 03 (4} 147.3%8 41
¥right bank Tributaries (53 3BT .89 28 (4} 153.77 G5

==

Variations in the seasonal cycle, with changes in
temperature and photopericds are superimposed with these of
the hydrolegic regime, being guite difficult to
discriminate the relative importance of the envirenmental
factors involved. For example in the mainstream, during the
years 1977, 1978, 1980 ({(JOSE de PAGGI, 19B84) the highest
values occured in Spring (temperature 15-21[:"!,':]', in low
water. Howewver, during 1979, density peaks occurred in the
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same seascon but with high water. SEeasonal pattern with
highest values during Spring-Summer, and lowest wvalues in
Winter, has been observed in the Danube and some rivers of
tha United States (ZIVEOVIE, 1968; WILLIAMS, 1966).

Variations of the hydrologic regime are
undoubtedly of great importance and main changes in a great
number of environmental factors related toc esach other and
the zooplankton, such as flow, current velocity, turbidity,
compoeition of suspendad sclids, phytoplankton density,
larvae denslty and fish.

As we have seen, zooplankton abundance shows an
inverse relation to the water level. This level wvariations
implies flow wvariation and therefore, in its two
components: wvolume and current wvelocity. Voluma increaase
has been cosidered as one of the causes of decrease in
zooplankton dansity by simple dilution (BONETTO & CORRALES,
1985) . However, chservatione carried ocut in the Santa Fe
River (JOSE de PAGGI, 1981) based on flow estimates in
Bitu, showed that the zooplankton decrease was greater than
the decrease which ocught to have cccurred had dilution been
taken as the only cause |(Tab. 5).

Table 5 - Correlation between density of =zooplankton (ind.l1 '} and
current velocity.
Lecalities s P Autchoricy
Banta Fe river =0.75 D.01 JOSE de PAGGT (1981)
Coronda riyer -0.60 0.05 JOSE de PAGGL (1981)
Correntaose river =0.70 0.01 JOSE de PAGGI (1981}
El Cordobes stream =050 0.05 I0SF de PAGGI (19815

Middle Parana and secondary branches =0.63 0.01 J0OSE de PAGG] (1988)
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Current velocity has been considered as one of the
main environmental factors on abundance and even on the
existence of the lotic zooplankton (REQSKA, 196l 19767
HYNES, 1970; PAGGI & JOSE de PAGGI, 1974; JOSE de PAGGI,
1981; 1983; 198B4}). Inwverse relation between zooplanktoen
density and current velocity was clear in the mainstream as
well as in the secondary channels, not only with respect to
temporal variations but in the local compariscon.

Variations in the flow regime also imply changes
in connection or isolation degree of the different water
bodies of the alluvial wvalley, which means a kind of
cacillation in the degree of complexity and actual size of
the ecosystam. Higher hydreologilc level implies a greater
area covered by water. The effect of interconnection among
the different environments would be more directly noted in
the zooplankton density. It has been observed in the
zooplankton, that the annual fluctuation range of water
level, show a guite direct relation to the specific
richness (JOSE de PAGGI, 1984}, being this understoocd as
the consegquence of the incorporation of population coming
from lentic water bodies of the floodplain ko the laotic
environments.

In lake ecology in general, the raelation
plankton-turbidity may be interpreted as being of the
cause-affect type, but 1n running water ecology and, in our
specific case, the relation 1is apparently reversed. The
Middle Parana, as other Southamerican rivers, is
characterized by i1ts turhid waters, fact that is related to
the suspended solids {(DRAGO & MARCHETTI, 1973} which are
contributed by the Bermejo, a tributary of the Paraguay
River (DRAGO & AMSLER, 1981). The particles composing that
charge lessa to 16 um in diameter and almost exclusively of
mineral origin (A3 to 99% according to DRAGO & DEPETRIS,
1968}, fall within the range of feeding size taken by the
majority of the zooplankters. Therefore, the negative

incidence oF the abloseston on the organisms would occurr
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through two principal ways: indirectly, limiting by
"shadowing" the development of the phytoplankton which
would constitute one of the important feeding sources, and
directly, by interfering the feeding mechanisme [(KOQOFOID,
1908y SABAMNEFF, 1956) and or increasing the specific weight
of the animals thats sat them (RYLOV, 1940). It is natural
te assume that the filtrating and sedimenting zooplankton
which are not capable of performing an efficient chemical
selection, would suffer the consegquences of a defficlient
energetic balance (ARRUDA et alii, 1983}, ©On the other
hand, it can be esaid under those conditions it would
predominate only the =species capables of performing a
chemical selection of the food (de MOTT, 1986).

Though at least in one oppertunity, a negative
relation between zooplankton density and water turbidity
{r: -0.68, P < 0.,01) was found in the mainstream [PAGGI &
JOSE de PAGGI, 1974), this environmental parameter would
act more on the nature of the potamoplankton. Probably, the
dominance of rotifers as well as the scarcity of adult
calancid copepods ocught to be interpreted at least in part,
as the result of two different energetic balances in
relation to a similar capacity for the chemical selection
of food,

As regards predators feeding on the zooplankton,
there are nct available data up to now, that let us infer
their importance in running waters. It 1is reasonable to
assume that the only important predators to be taken into
account, would be fish. However, zooplanktophagous
filterers in the Parand River system are Very scarce, even
more in lotic waters.

It "has also been proposed that turbidity could
influence negatively on fish predation of the zooplankton
(HART, 108B6; 1988). Fish larvae and Juveniles of greater
importance in the ecosystem le.g. Pacchifodus plfatensda
Holm.), appear' in running waters in Spring coinciding with
the periocd of greater abundance of zoaplankton (OLDANI,
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persaonal communication). However, there are no data about
the feading habits of these organisms.

LENTIC EHNVIRONMENTS

Zooplankton in lentic water bodies under more
diversified environmental conditions than those of lotic
water bodies, shows a series of features which are more
difficult to be generalized. Thera are not many papars
referring to the ecology of the zooplankton of ponds and
ox-bows, The first studies were carried out by BONETTO &
MARTINEZ de FERRATO (1966) and MARTINEE de FERRATO (1967},
followad by other contributions related +to water bodies
near Santa Fe City (DIONI, 1975, PAGGI & JOSE de PAGGI,
unpublished) . The majority of the studies are intensive.
They are based on sampling which cover at least a year
round cycle in one or more ponds. Extensive ones are not so
numerous. One of them is the study done by the limneological
cruise Keratella I (PAGGI, 1980) and another covering 30
ponds in nearby island to the Santa Fe city ({PAGGI,
unpublished) .

Rotifers are dominant in density 1n the lentic
environments too, showing the greatest number of speciles.
Howewver, crustaceans occur more constantly and develop
denser populations than in lotic environmentse. The greater
abundance and richness of copepods, especially calanocids,
are comparatively manifest.

Foaoplankton in 21 ponds along the Middle FParana
showed density wvalues ranging betweer 10 and 1100 ind.l_l,
averaging 180 ind.1”!, hiomass between 8 and 420 ug.1l” ' de
peso seco, averaging 95 uq.lrl, (Tab. 6). Sampling carried
out in other water bodies show that wvalues may be eaven
greater. In the pond La Cuarentena, locate at the Carabajal
ITgland, the sooplankton reached wvalues near to 4000 ind.l_1

and in the pond E1l Tigre only the cladocera of the littoral
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Table 6 - Zooplankton of flood plain ponds along Middle Parana (Sept.
1975) (modified after PAGGI, 19B0).

Location Deneity Blomase Shannon Equitability Richness Limmnetic Pond #

(1) (1.p.1.) {ug W) Index speciea X

1216 57 12.37 3,07 1.00 12 g2 1
1216 11l 50.63 3.48 1.14 14 164 2
1170 &8 41.18 1.50 0,38 13 92 3
1170 29 a.08 2.80 0.55 17 88 &
1129 100 47 .24 2.65 0.57 14 100 5
LO85 461 111,33 2.11 0.46 13 77 ]
1027 J68 261.5% D.6l13 0.14 14 93 Fi
960 38 B.47 1.43 Q.50 B By B
960 161 73.58 2.27 .54 12 22 E)
913 683 138,09 1.13 0.23 9 100 10
B&7 173 104.71 223 0.50 13 Ty 11
825 B52 421.5% 1.6% 0.23 15 100 12
Bz20 28 45,29 2.76 0. B6 11 oo 13
811 Th 56.69  Z.8B3 0.56 18 P L4
781 205 B7.46 2,59 .62 I3 92 15
706 a5 0. 88 2.84 0.83 12 G4 &
706 = - - = 12 25 )
655 24 g.27 2.01 D.42 13 54 18
652 a1 25.74 2.54 0. 40 20 80 19
620 58 0. 87 1.64 0.36 11 55 20
533 1115 287 .92 1.95 0.7 F) a3 21

{l) distance from Buenos Alres

plankton, presented 1200 ind.1”} (2500 ug.1~! dry weight).
The number of species by water body for a given moment is
from 2 to 33 rotifers, 0 to 9 ecladocera and 0 to &
copepoda.

Zooplankton assemblage in the ponds is frequently
"epoiled" by the prescense of elemaents f rom other
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communities or tycheoplankters. Due to the fact that these
ponds are not wvery deep and their generally’ abundant
vegetation 1is shifted by wind, DIONI (1975) gset the
question about the existence of a true zooplankten in  the
ponds or whether it is an unstable mixture of elements from
other communities, The taxocenosis of open water rotifers
and those inhabiting the inter-rooting spaces of Safvihdia
BEp. weare compared, being observed that both were very well
differentiated taxoccencsis with scarce superpositions.
Comulative number of species along an annual cycle was not
very different betweasn both taxocenosis but while in  the
pleuston there is a group of constantly occurring speciles
along time, in the plankton occur a rapild succession of
strongly dominant taxa. This is expressed in the values of
the Shannon index: plankton < 2; pleuston > 3.5. Similar
results were obtained with crustacean. Appart from the
differentiation of the pleustonic taxocenosis, basically
composed by organisms that depend on a substratum, the
existence of a littoral plankton, may alsc be defined.
Comparative observations carried out in a pond of the
alluvial valley among cladocera of open waters and areas
covered by tall grasses, Fapicum spp.. confirm this
[PARGGT, unpublished).

B parallelism at the generic level was observed
since, while in open waters Diaphanosoma binged or 0.
dfuvdiafifes and Modina micrura or M. minute were recorded, P.
bhguviteme or 0. spinufosum and M, reficufata oar Mofnoda
phnia macfeays were recorded in wvegetated areas. This
littoral plankton sometimes reaches considerable densities
such as 1200 ind.1” ! of Piaphanosoma bhreviteme, being
higher in several orders of magnitude compared to the
recorded data for congeneric species, in open waters.

Notwithstanding the spatial seggregation recorded
a number of littoral plankters 1s found in open waters,
being its presence related to the wariation in the
hydrologic regime. The principal difficulty arising when
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ona tries to generalize, is the number of conditiens and
combinations with respect to the state of the pend and the
river before the connections, types and laeting of
connections. A case which can be placed at the extreme of
these types, is that observed at the cx-bow Negro. By the
end of 1977 it was almost completely covered by Eichhon-
nia crassipes. The sudden flooding of the river caused the
shifting of vegetation from the basin and, for some time,
it became a lotic water body. Therefore, the zooplankton
which had been composed predominantly by Felyarthnro doly
choptena, Filinie saftatfor and cyclopild copapods, wag
raplaced by ancther typically fluvial composed by species
of Kerateffa, Brachionus and Bosmina.

At the pond La Cuarentana, on the other hand, an
area of 3 h placed on a bank island, and almost permanently
connected to the river, the situation is different (PAGGI &
JOSE de PAGGI, unpublished). The environmental structure of
the is strongly conditioned by the hydrologic functioning
of the river with zones of clear water lotic influence and
other more isoclated ones. The zooplankton composition then,
showed a correlation with this zonation of the pond. In the
period of mid water, the =zooplankton was constituted by
limnetic species, with dominance of rotifers, principally
Thichoceaca raftus in the zone of loatic influence and
fundamentally, by crustaceans in the zones far from this
influence. During the flooding period, zonation is changed
abruptly and the community exhibit a certain "disorder".
The most evident change is observed in the compogition,
with a strong increase of the specific richnese due to the
incorporaticon of individuals belonging to littoral species,
genera Lecame and Fuchfandis among rotifers and Marro-
Lhaix and Chydorus among cladocera. A similar phenomenon
of richness increment after floodings has been also
observed in ponds of the Upper Parana, Amazonas, and
Orinoco {({CORRALES & FRUTOS, 1985; CARVALHO, 1983; VASQUEZ ,
1984; respectively).
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It has been obeerved that average similarity of
the zooplankton from 21 ponds (PAGGI, 198B0) increase 1f the
littoral species are excluded from the analysis. This means
that there is a group of species shared by the majority of
ponds which would form the asocies having greatesgt
dispersion, composed by Kerateffa cochlfeandis, K. Lhopdica,E.
amerxicana, Fefyarnthaa vufgards and Piaphanosoma fluviati
fe. The correlation analyeie among several attributes of
the community and some environmental factors for those
ponds, show several trends associated in the same sensa;
average simllarity, specifiec diversity, proporticn of
limnetic speciles areas and deph. This suggest that the
composition of the communities shoud be, in a certain way,
influenced by basin morphometry expressed by depht and
area. This may be understood through the ralative
importance of the escotonses between the zooplankton and
cther communities,.

As regards temporal wvwariations in the sooplankton
density of the ponds in general, it is cbserved in a period
of abundance which begins in Spring and lasts until Summer
and a period of minimum values in Autum-Winter. In general
terms, they follow a similar pattern +o thea lotic
environments with a maximum during low water, fact that has
been also observed in ponds of the Amazonas.

Eometimes, in 1isoclated ponds during a greater
period, the abundance peaks of the zooplankton may be
ocbserved just before Spring. This was also observed in the
alluvial valley of llpper Parana, Laguna La Sirena {(CORRALES
& FPRUOTOS, 1385).

The interpretation of these variations is
erronecus if one considers ponds as "classical lake" and
does  not take into account a factor, really an

environmental macrofactor, which is the hydrologic regime
of the river, The conseguence of the invasion of flooding
waters 1n a pond produce aAlterations in the zooplankton

succession which are not in general easy to evaluate and,
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that due to the current state of knowledge, are not easy to
be generalized, elther.

As regards predators of the zooplankton in lentic
water bodies of the alluvial valley, not much is known; it
is probable however, that these have more importance that
in lotic bodies. Apparently several zooplankters are part
of the diet of many small fish (OLIVEROS, 1980). In studies
carried ocut on the feeding spectrum of Bmall fish
frequenting aguatic vegetation of ponds, it was observed
that several species freguent integrants of tha zooplankton
(of the genera Mcina, Uiaphanosema, Cericodaphnda, Bosmina,
Argyrodiaptomus, Conochdifus, Brachionus, Filinda, Kenafedla
and Pofyarthra) were present in the intestinal content of
14 species.

It is to be noted that some taxa as Aphgyochahrax af
buarnus, Priomobrama paraguayensis and Roeboides PARIRACHALS
should have consumed almost exclusively calanoid copepods .
Phallatorynus victoriae is also a predator with a strong
tendency to consume cladocera and copepods, principally in
vegetated areas (QOLIVEROS, 1983).

The survival of these small fish should be greatly
conditioned by the existence of aguatic wvegetation refuge
which protects them from ichthyophagous fish (OLDANT,
pPersonal communication). Therefore, the variations in the
hydrologic level, widening or limiting the area of
dispersion of these fish, would indirectly influence on the
composltion and density of the zooplankton.

TRIBUTARIES

The major part of data come from works of the
extensive type and permit a certain knowledge about the
principal characteristics of the zooplankton of these water
bodies and the influence that would have on the main stream
and secondary streams of the Parand River (J0SE de PAGGT,
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19B0; 19817 1983; in press; BONETTO & CORRALES, 1985 JOSE
de PAGGI & KOSTE, 1988; JOSE de PAGGI, 1985; MARTINEZ b
FRUTODS, 1984} .

The zooplankton of the tributaties alsoc presant
gome differences so much for its density (Tahb. 41 as for
its composition with respect to the lotic water bodies of
the floodplain. These are not too marked when they rafer to
outlet zones and even more during floding periods when the
Parand River may, due to its greater flow, influence in a
reciprocally way, on its tributaries (JOSE de PAGGI, 1981;
1983y in press).

However, the differences may be of greater
importance 1in the case of an hydrologically more
independent unit of the Paranid Basin watershad as it is the
case of the system Los Saladillos, and ancient alluvial
valley of the Parand River (TRIONDOD, 1%79; PAGGI & JOSE de
PAGGI, 1985; J0SE de PAGGI & KOSTE, 19B8). There, the 24%
of the species of rotifers found, had not been previously
recorded in the floodplain.

These differences are probably related to the
chemical characteristics of the waters. The presence of
dense populations of Brachionus angufards and B, plicatifdis
in tribvutaries of the West margin are correlated tkox  the
higher alkalinity of these waters (JOSE de PAGGI, 1983; 1in
print}. These species, traditionally considered ag
halobiont (AHLSTROM, 1940; HUTCHINSON, 1967) have been also
found in the secondary channels next to the mouth of these
tributaries, but evidently, they are not capable of
thriving in this type of waters judging from their scarcity
or absence downstream. Highedt wvalue of density (1001
ind.lLll was recorded in E1 Ombu an small stream which is
polluted by organic wastes.

The tributary having the greatest importance on
the Middle Parana River is undoubtedly the Paraguay Riwver:
haowever, it is probable that also the tributaries from the

East maragin which drain the waters of the Ihera system have
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discharge, turkidity) are the primary determinantas of
zooplankton ecclogy in running waters. On the other hand,
biolegical interactions (development of aguatie plants,
predations) would be more important enviroamental factors
in ponds and ox-hows.

Even when the increase in water level is
correlated with a decrease in zooplankton density, a
phenomencn showing the charactaristics of the Blue HNile
(MOGHRABY, 1377) where the zooplankton completely
disappears has not been observed. It is not infreguent teo
find gamogenetic populations specially in ponds and
previously to flooding, but the production of diapause or
resting eggs could difficulty be considered a=s the most
important mechaniams for the recolonization of water
bodies. Apparently, the persistence of the different
populations and heance the diversity of the zooplankton is
maintained by the environmental hetercgeneity of the
system.

The abundance of the =zooplankton 1in the lower
section of Middle Parand is not too diferent frem that of
the upper section to postulate the increase of the
populations downstream by reproduction 4im s4ifu. Age of the
water aleng Middle Parand is about a week.
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