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PHYTOPLANETON ECOLOGY OF THE MIDDLE PARANA RIVER

*
GARCIA DE EMILIANI, M.O.

RESUMO - ECOLOGIA DO FITOPLANCTON NO RIO MEDIO PARANA

Efetua-ge uma revisao critica sobre a ecologia do
fitopl@ncton do rio principal e dos ambientes loticeos e
lénticos da planicilie aluvial,

As comunidades fltoplanctdnicas do rio Madio
Parana estdoc fortemaente condicionadas pelo regime
hidro-sedimentologico. As variactes temporais do
fitopldncton estfo mais influenciadas por este fator do gue
pelas flutuagdes nas condicgdes guimicas. Naoc ha evidéncias
de que os nutrientes limitem a produgac. A elevada turbildez
da Agua limita o crescimento das algas no brago principal
do Rio Farana.

No wale do Rio Médioc Paranad a biomassa e a
produtividade do fitoplancton aumenta a seguinte ordem: rioc
principal, riecs secundarices e lagoas marginais. HNeste
iltimo tipo de ambiente, o fitoplidncton esta tambem
controlade pela dinamica hidro-sedimentologica de rio. A
cheia das lagoas constitui um processc de intensa mudanga
inicial nas condigoes fisico-guimicas & bioclogicas.
Entretanto, uma caracteristica nac menos importante & o
particular dinamismo destes ambientes durante o8 pericdos

de isoclamento. Os fatores climaticos provocam alteragoes
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abruptas e repentinas das condigdes abidoticas do melo e
freqfientes mudancas na composicio, denaidades -
produtividade deo fitoplancton.

A planicile aluvial tem um papel importante na
manutencido da produtividade do ecossistema do rieo Madioc

Parana.

ABSTRACT — PHYTOPLANKTON ECOLOGY OF THE MIDDLE PARANA RIVER

A critical review of the phytoplankton ecology of
the Parana river mainstream and the lotic and lentic
environments of its alluvial plain 1is carried out,.

FPhytoplankton communities of the Middle Parana
mainatream are heavily conditioned by the
hydrosedimentoleogic regime. Temporal changes in
phytoplankton are influenced more by this factor than by
phyelco-chemical variations. There 1is no evidence that
nutrients limit production. ARlgal growth is limited by high
turbidities in the Middle Parana mainstream.

In the Middle Parana flood wvalley, biomass and
phytoplankton productivity increase in the following order:
mainstream, secondary channels and alluvial ponds. In these
latter environments the phyvtoplankton is also controlled by
the hydrosedimentologic dynamics of the river. The flooding
of the floodplain ponds constitutes an intense initial
change in the physical, chemical and bioclogical conditions.

Mevertheless, its particular dynamism during isclation
periods 1is another important characteristic. Climatic
factors rcause sudden changes in the environmental

conditions and frequent wvariations in composition, density,
and productivity of phytoplankton.

The floodplain plays an important role in
maintaining the productivity oF the Middle Parana

eCcosystam.
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INTRODUCTION

A sBynthesis of ecological information about the
Middle Parana flood valley, on the basis of published and
unpublished papers, field experiments, observations, and
discussions among other researchers, is presented.

This paper may be complemented by data on the
general ecology of the river system including phytoplankton
(BONETTO et alii, 1969; BOMETTO, 1975; 1976; QUIRDS & CUCH,
in press) already known, as well as by summaries of papers
dealing with phytoplankton through 1981 (GARCIA de EMILIANI
& PEROTTI de JOERDA, 1982).

MIDDLE PARANA MATHSTREAM
Longitudinal distribution

The phytoplankton of the Middle Paranid mainstream
shows some variations along the 707 km from the confluence
of the Paraguay and Upper Paranad rivers (km 1240} up to

Diamante Citvy (km 533).
Quantitative fluctuations are initially assocliated

with the different water gualities of the Upper Parana

{left bank) and the Paraguay (right bank). Both rivers
waters flow for 200-300 km [Soya-Diamante stretch), until
they mix completely. Population density and structural

composition of phytoplankten at Corrientes Clty (km 1208)
has a hetercogeneons distribution in cross-section, due to
this lack of mixing (BONETTO et alii, 1979; BONETTO, 1983}).

In the first stretch (Corrientes-Govyva/Esquinal,
the structural composition of the communities i=
intermediate between that of the main rivers which form the
Middle Parana; the average population density decreases
downstream (Tak. 1}. In the second stretch (up to Diamante
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City, km 533} phytoplankten density is more stable and i1ts
structural composition changes little from the firvst
stretch; there 18 a higher relative abundance of
Cryptophyceas and Chlorephyceae; while transverse
distribution is homogeneous.

Along the Middle Parana reach, Diatomophyceae is
the dominant class. Among these, centric diatoms of the
genus Mefoiinad are most abundant. Scome species of this
group, typical of the Upper Parana, are detected only at
Corrientes (left bank) (Tab. 2). Others are present 1in the
Middle Paranda as well as in the Upper Parana and Paraguay
rivers (ZALOCAR de DOMITROVIC & VALLEJOS, 1982; BONETTD et
mlii, 1981; 1983).

Chlorophyceae are generally subdominant and are
noteworthy for epecies richness iprincipally
Chlorococcales). The number of species appears to 1increase
downstream. Cyanophyceae, subdominant or dominant 4in the
Upper Parana, diminishes in relative importance downstream
and rarely attains high densities in the Middle Parana
reach. Cryptophyceae are guantitatively and gualitatively
important in the last stretch, where they occasionally
alternate in dominance with Chlorophyceae. Other classes of
algae {Zygophyceaa, Ulocthrycophyceae, ¥anthophyceae,
Dinophyceae, Chrysophyceae and Euglencophyceae) are present
sporadically in low densities.

These structural features, especlally the
dominance of centric diatoms in the lotic phytoplankton are
commonly obsarved (WHITTOM, 1875; HYNES, 1976) . The
abundance of Mefosira has =also been observed in other
rivers of the Rioc de la Plata Basin (QUIRDS & LUCHINI,
1982; d4i PERSIA & NEIFF, 19B&6; BONETTO et alii, 19B1: 1983;
ZALOCAR de DOMITROVIC & VALLEJOS, 1982), and of the world
{(GREENBERG, 1964; LACK, 1971; TALLING, 1976; LAM, 1979;
KUZMIMN, 1979; SHIEL et alii, 1982y WELCOMME, 1986} . Even
when differences in the species composition among rivers

are observed, a common characteristiec is the abundance of
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Talile 2 = Coorcn species along the Middle Parand nalnateeam, near Corrientes City and Pa=
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formes capable of keeping themselves suspended during strong
turbulence (e.g., Mefosdira), and of guick reproduction
{e.q., several Chlorococcales, Volvocales, Anrabacna and
Mefesdina) (MARGRLEF, 19B3}).

Available data indicate the presence of 200 taxa.
Mevertheless, taking into consideration that complete lists
have not been publiehed, that the algae listed were
observed in sedimented samples of low volume (Utermihl,
generally between 10 and 30 ml), and that parallel
obgervations of concentrated material recorded additional
taxa, it is concluded that the species richness of the
mainstream is greater. The few available data suggest that
richness as well as speclific diversity increase downstream
{Tab. 1}.

As ragards chlorophyll a and primary productivity
(rTab. 3), not manvy data are avallable which permit

Table 1 = Mean wvalues of chlerophyll a concentration and
primary productivicty of phytoplankton along the

Hiddle Parana mainstream.

corriEnTES ‘2? Esguinat?? parRANA )
km 1208 km B53 km 601
1.b. r.b.
Chlorophyll a 10 o.4 6.6 B
-3
fmg.m 3
Productivity gotl? apll)
{mg E.m_z.d_lj 400 180 200 10%
l.b.4 Yeft bank
T-bq'. riF_ht amnhk
(1) BOWETTO et allt, 1878 (I[T/78 - VILLl/79, ¢4 nethod)
(2) BOWETTOD, 1982 (1v/8B1 - [1/82, I::“’L method)

(3) PERUTTI de JORDA, 1984 (1/7R - 1/79, oxygen method)
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estimation of average walues representative of successive

stretches of the river, and their comparative wvalue is

limitead. Most determinations were carried out at thea
initial and final &stretches of the Middle FParanfa
{Corrientes and Parana Cities, respactively) during

different annual hydroleogic cycles. Besides, diffarant
mathodologlies to determines primary productivity were used.

Additional determinatios of photosynthetic
plgments as well as of primary productivity are needed.
Besides, regarding this last parameter it would ba useful
to review the methocdology for the interference supposed to
be produced by keeping water from the turbulent river in
bottles and for its later expeosure in a conetantly
illuminated area. ©Other envircnmental factora (great
concentration of suspended solids and high oxygenation) as
wall as the low concentration eof phytoplankton renders
inadvisable use of the oxygen method. Usually, thea
differences among bottles fall below the resoclution 1limit
af the method.

Complementary information about the longitudinal
distribution of the phytoplankton was obtained during a
sampling trip carried out in the Middle Parani under stable
mid-waters (13-18 Septeamber 1975; water level at Parana
Harbor: 1.50-1.57 m). The principal results permitted
differentiation of two zones upstream and downetream from
GOy a (1 and 11, Tah. 4). The =zone showed greater
Fluctuation of values and significantly lower means than
the second. The contribution of some important +tributaries
at each point {outlets) was principally observed in the
first reach ({SCHIAFFIND de MARTA, 19Bl; PEROTTI de JORDA,
I9BDaAa) .

Summing up, the phytoplankton of the Middle Parana
mainstream shows longitudinal variations that may in part
be due to different supplies from the major and minor
tributaries and from the flocdplain. Undoubtedly,

contributions from the alluvial plain increass
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Tfable 4 - Mean wvalues for phytoplankton population along the
Middle Patrana mainstream. Stretch TI: Corrientes-

Goyva; streteh II: Goya-Dlamante.

Stretch: L II
'III--E:rl.zalil:*_g.'l'r‘l'l:| 210 274
(ind.m1” %)

Chlorophyll a®?) 1.8 5.9
{mg.mij}

Gross ;:'rc:u:lw::l;!.w:rrLI:2:ii 32 A1
Respirationt®) 18 26
(mg E.m-a,h-l}

Specific diveruityijj 2.5 1.96

{bitﬂ.ind._ll

(1) SCHIAFFINO de MARTA, 1981

(23 PEROTTI de JORDA, 1980a (laboratory experlence, oXygen
methaod)

{31 cArRCTA de EMILTIAMNI {unpubl, data)

qualitatively and guantitatively downstream as its width
increases possibly having cumulative effect.

On the other hand, it has to be +taken 1into
congideration, as MARGALEF {1983} points out, that the
potamoplankten ie affected by changes in environmental
conditions which may alternately favor different species,
impeding the formation of a stable community. A typical
fluvial plankton should exist in rivers having about two
months renewal time, and the plankton should reach higher
density in the lower stretches. Even though the residence
time of water in the Middle Parand mainstream i1s short
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(5-20 dawys}, the data given in Tab. 1 and 2 suggest the
existence of a real potamophytoplankton. This consists of a
sat of common species detected alog its mainchannel, with
the addition of others (surely coming from the alluwvial
plain or tributaries) which may be developing in the river
channal. It must alsc be kept in mwmind that in the
calculation of water age, the interference of the alluvial
plain, where the water flow 1s considerably delayed, has
not bean estimated.

It 185 econcluded that phytoplankton wvariations
downstream are a conseguence of the successional process
and the increase of the floodplain contribution. It should
be interesting to guantify the independent effects of these
factors through samplings of adequate design.

Temporal distribution

The structure of the phytoplankton wvaries slowly
through time in the uppermost Middle Parané
(Corrientes-Anteguera, km 1208) as in its lower stretch
{Toma Aguaz Corrientes, Parana, km 604) (Tah. 5).

Table 5 = Bange of mpnual varletion and mean values for phytoplankbton popualation in Ewo
crogda-gech Long of the MLADLle Parnnr‘l mainstream,

CROSS=BECT IO CORRIENTES-ANTEQUERA {km 1208) TOoMA AGUA CORRIENTES

Corrientes {l.b.} Antequara {r.b.) Parani (km 601}
Dounlnamce Dlatomaphycame Dl atomophyceme Dlatomophyonam
Subdon | sance hiloro.=Cyano. thloroe.-Cyano. Chloro.-Cevpto.

F AR mean range nenn Tange mean

Density_ L1} B5=1500 a5% B0 -leod 651 50  -1550 255 (3}
Cindami 1 £23 230=2330 LEi&3 1650 = 970 416G 532 (&}
l:]'l.l.n'l.";E-I'l'g-'ll A e 2= 1R 140 S.2= L& a.5 2.8= 171.3 5.3 (3}
(mg.m 11 T o)
Froduek v Ly (13} 1= 285 a9 2 = lax 3o 1 - BC@ a5 (1)
(mg Com™ o1} (23 1= L0 s} 10 - SEO 18D 0% ()
Annual produck oo 4.4 (3}
(g Con™ . vear™Ll) 39,9 {4
lobot leEr bank ro.boz right bank

L) BOMNELTID ot mlil, 1979 {pecioc IIf?-F.-- '.r'['I'[.nri:.l‘:l
4 RONETIO, 1983 {peelndz El[ JAT =TLf
F3) year 1917, {&) yrar 1978, In F'EqnfTr rlr JURRA L 1%BG Taxygen method)
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The dominant class, Diatomophyceae {mainly centric
diatoms}) has a greater relative abundance during
winter-apring. The subdominant class (seldom attaining
dominance] is Chlorophyceas, principally in autumn and
early spring. Cyanophyceae has a greater participation
during spring-summer. They are cecasionally dominant in
Corrientes {(on the left bank) though generally they occupy
third place. Cryptophyceae are sometimes dominant in the
last stretch, though they are better represented in winter.

The epeclfic composition of phytoplankton
undergoes temporal variations, but not enough data are
available to establish a pattern of succession.

Differences in annual ranges of variation and mean
values of guantitative descriptors of the phytoplankton
{(Tab. 51 are fundamentally attributable to the
hydrosedimentoclogic regime. The highest values were found
during low water (late winter - early spring) and the
lowest during high water agrees with similar observations
for other river systems (SCHMIDT, 1870; LACK, 1971;
ECBORGE, 19743 TALLING, 1976; KUZMIN, 1579; WELCOMME,
1986) . During annual floeding, the phytoplankton density
decreases by dilution and by the unfavorable effect of
other environmental changes ({(greater current veloclity,
turbulence and turbidity) (BOMETTC, 1986).

This generalization, even when it constitutes a
reasonable explanation for hydrologic cycles that diverge
1ittle from an average level hydrograph (BOMETTO et alil,
1979; BOMETTO, 1983 and year 1977 in PEROTTI de JORDA,
1984), is not applicable to other hydrolegic behavicrs. For
instance, at the Toma Aguas Corrilentes cross-section in
Parand City (through which flows 85% of the wvalley water
discharge), there was no inveree correlation between water
level and phytoplankton density during a period in which
river level fluctuated fregquently levery 30-35 days, Fig.
1).

In the same zone, a positive correlation between
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phytoplankton density and water level was detected during
and extraordinary fleocd [(ANSELMI de MANAVELLA, 19B6} {Fig.
2).

The above examples may be explained considering:
a) the coincidence of favorable factore such as water
transparency and temperature during the high water pericds
(Fig. 2). As regards transparency it must be considered
that the discharge peaks are often produced before
suspended sediments peak [DRAGD & AMSLER, 1281) . Oon the
ather hand, both factors have a negative influence during
low water periods (Fig. 1). The different combinations of
the three factors considered {water regime behavior;
temparature and turbidity) explain much of the =seasonal
variation in the phytoplankton density.
Bl the particular influence of the floodplain on the main
river channel which depends on the freguency, intensity and
range of water level changes. During "normal" water levels,
part of the floodplain may be covered by 1.5 m of water, up
te 2.5 m during annual floods and up to 4.5 m during
exceptional floods (NEIFF, 1986}, In the example of Fig. 1
and in hydroleogic cyecles which do not substantially differ
from average, the greatest contribution from fleood plain to
river is seen when water level sharply decreases (Be.g.:
February-mMarch, September-October, Wovember-December/1%78,
Fig. 1). During and exceptional flood the contribution from
the alluvial plain to the main river channel is greater due
especlally to the encompassing of alluvial flats that are
not annually flopded. Furthermore, the lengthening of the
high water period supports the productive processes in the
flooded plain versus in the mainstream. The progressive
tranaference should explain the high denaities of
phytoplankton in the main river channel during the second
pericd of Fig. 2.

If we analvee the absolute abundance of the
phytoplankton we can study its warliations independently of
the dilution effect. WELCOMME (1986) points out that lower



- 403 -

ter level ¢(flpe 1ine}, phytoplankbon density {heavy

Figure 1 — Annual variatlon of wa
ndance of phytoplankton (bars) im the  Hiddle Patana

19{re} and absolute abu
mainstream (km 6OL).

phyeoplankton density (heavy  1ined

Figure 7 = Fluctuaticns nf water tevel [fine line]l,
{hars} Ln the Widdle Parana mafinstroam

and abeslute abundance of phytoplankbnon
(wm &01) during an exceptional floodd.
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absolute abundance of phytoplankton during floods is due to
factors that make conditions less favorable for growth, and
not obviously to dilution. Mevertheless, in the example of
Fig. 1, increments in absolute abundance were observad when
water levels sharply decreased (independently of the
hydrometric stage), and low values during the pericd of low
waters (May-June}. In the example of Fig. 2, a direct
relation among discharge and density and aksclute abundance
of the phytoplankton was verified. After periods of satable
hydrometric levels, in mid as in high water, the sames
absolute abundance occurred: 3.5 1nd.aac'l for hydrometric
levels of 1.57 m and 4.12 m at Parand Harbor (SCHIAFFINO de
MARTA, 1981 & GARCIA de EMILIANI, 1985, respectively).

Changes within each annual hydrologic cyecle with
respect to the mid kimnogram (pulses within each water
stage, fluctuation range of the water level, duration of
each water stage, and climatic periods constitute important
elements that must be considered in the analysis of the
water level - phytoplankton abundance relationships.

The effects of temperature are not easlly
identified becaunse flow changes normally occur at the same
time. The relationship between phytoplankton developmant
and nutrient econcentration is not verifiad either.
Nevertheless, an analysis of multiple correlation (Toma
hauas Corrientes cross-section, Parand) explained 493% of
the chlorephyll a wvariance due to the effect of the
discharge and water temperature. The percentage rose to 71%
when nitrates and phosphates were included (GARCIA de
EMILIANI E PEROTTI de JORDA, 19B2).

The rate of carbon fixaticon depends mostly upon
phytoplankton density. Daily productivity per unit area
shows variation related to phvtoplankten abundance, water
transparency, solar radiation, and water temperature, At
the Toma Agquas Corrientes cross-secticon (Parani®) 74.8% of

daily productiviry wariatrion was explained by the action of
these factors (GARCIA de EMILIANI & FPEROTTI de JORDA,
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1982) .

At Corrientes Clty (km 1208} the environmental
features differ markedly from one bank to the othar. The
right bank transports a large load of suspended solids
coming from the Bermejo River through the Paraguay River
during its annual flood period. Therafore, turbidity 1is the
principal limiting factor on productivity, principally on
the right bank (BONETTO et alii, 19B2; BONETTO, 1983) (Tab.
5]

sema studies of the impact of projected man-made
lakes on the Middle Parand River (SMIRNOV, 1984) predicted
strong increments in the phytoplankton due to increasad
water transparency and slower water movement, eince
nutrients would not be limiting.

MIDDLE PARANA FLOODPLATH

The wide alluvial valley is a composite floodplain
with a set of structurally and functionally diverse
environmente (DRAGO, in this volume; BONETTO, 1975; 1976 ;
1986) .

In the Middle Parana hydrosystem, the general

tendency is for avarage biomaas and phytoplankton
productivity to increase in the following order:
mainstream, side-arm channels and alluvial ponds. The

relative influence of tributaries depends on the particular
characteristics of the respective drainage basins and on
the floodplain zone where they flow into the river.

Lotic environments

In a comparative sampling of different types of
water courses (Goya-Diamante stretch, km 967 = km 533}
during mid and high waters (Tab. BV, it was found that

dominance relaticnships among algal groups were mantained,
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Table 6 - Mean dlscharge, composlcion and mean values for phytoplankton populaclone Lo
the Middle Parana mainatrean, secondacy channels and tribubary courses {Stretch
Coya=Diamante) and annual average LIn secondary courses nesr Parama City,

GOTA=-0B1KHLEATE (kn 95T-533] EECOHMODARPRY COURS T E lam B0V
' BATHE TR RH EETOrioRwLES ©.  TRIpoTAsrEs Barnkd Fa Caronds Cercd nkass  Dardasis
Blactargs ra L BN b ] 148 iL ] 1870 4T Bl FL ]
(o et P e T s
L T Bl atomophyesss D nessophyeasa  Blacs, -Cklars, i wEcEbph §FEedaw
Butsdom i drice Cpypis-Chlors. Cryple. ~Chlom. Coypls. ~Eeglea. Ehlisraphyecand
Demaliy L T8 1 S RL1H ] LIl 3T &TT
(T S o 213 [ 2100
Chlarophyll 4 L 1.3 11 an ®.7 1.% 3.1 11.8
i—-I_lr
shsolute ﬂm#ﬂ“l
ind1e! ! wee” - ¥ 3.4 0.3 .6 §.1 o4 0.3
ha L J. 8 a.8
gy ohler.a -“t-l L & 10aQ f1on 40 11T T 1945 7iR 1oz

E:'Il from Barcls de Bsilienl.i%08) Pearotil de Jords 1981, 1981, 1708 snd Schiaffine de Hartas, 1973,
A Calovulmied Pyowm Garcle dea Emplimnd, /F0E.

W EldeWEker miags B i high watas atage

and the relative abundance of the most important classes
varied little. Tributaries were characterized by a greater
representation of Euglenophyceaes and Chlorophyceae (GARCIA
de EMILIANI, 19B5).

On the other hand, guantitative parameters show
greater variation related to the discharge of the different
types of river channels and the water stage, It is apparent
that in spite of the strong discharge differences among
river courses, the abundance of phytoplankton does not vary
in the same proportion.

Canonical correlation analyesls (GARCIA de
EMILIANI, 198B)] revealed that discharge fluctuations
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(inversely related to conductivity and pH) are closely and
inversely associated to the total phytoplankton,
Euglenophyceaa, Chlorophyceae and Dinophyceae
concentrations. The relation with Mefoainra 1s direct and
more Bignificant in mid waters whereas Caypfomonas is
inversely associated during high waters.

A study on the annual cycle simultaneously carried
out in Parana side-arms of different discharge near Santa
Fe and Parand Cities (km 601) demostrated no esignificant
differences in average values of cell concentrationa and
chlorophyll a among the different secondary channels
{PEROTTI de JORDA, 1981) (Tab. &).

Analysis of annual wvariation of guantitative
descriptors showed a eimilar behavior to that already shown
for the main stream with respect to the water regime:
maximum in low waters {(early spring) and minimum in high
waters (summer-autumn). Furthermore, the range of variation
in phytoplankton abundance was simllar in different
anabranches (170-1400 ind.ml” ) and 2-24 mg chlorophyll a
m 2) and did not differ from values for the mainstream.

Regarding the dominance Etructure (Diatomophyceas -
Chlorophyceae), only one change was ocbserved during low
water in the rivers with minor discharges, where
Chlaraphyceae dominated (SCHIAFFINO, 1377).

Factors explaining temporal variation of
chlorophyll a in each anabranch wWere: discharge,
temperature, tranaparency, nitrates, phosphates, and
gilica. The effect of water temperature was greater (30%)

in the river with lew water discharge than in the river
with high discharge (12%). The joint effect of all these
variables explained more than 75% of variance in

chlorophvll a in each anabrach (PEROTTI de JORDA, 1981).
Lentic environments

The lentic water bodies of the Middle FParana
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floodplaln vary coneiderably in morphology and hydrelogy,
as well as in their physical, chemical and biological
characteristics.

The phytoplankten of "etanding" waters along the
Middle Parana floodplain is little known. Data from a study
of 21 ponds made during a sampling trip along 700 km
between the Paraguay River outlet and Diamante City, during
mid-waters showed a wide wariation in phytoplankton
densities (14B-8500 ind.ml_li* chlorophyll a concentrations
[2-48 mq.m_al. speclific diversity (0.4-3.8 bitn.lnd_ll;
dominant clasas (Cryptophycesae, Chrysophyceaa, Chlorophycaae
or Euglenophyceae), and specific composition. Differences
among alluvial ponds were attributable principally to
different levels in phytoplankton micreosuccession, which
begine with tha isolation of lentiec water bodles, It wag
concluded that the number of ponds studied was not enough
to demostrate latitudinal differences (GARCIA de EMILIANI,
1979; PEROTTI de JORDA, 19B0b).

A greater knowledge of these sghallow waterbodies
{maximum depth less than & m and with different macrophyte
covers) was obtained from water bodies located near the

Cities of Parana and Corrientes (Tabk. 7).

Tabie 7 - Composlolon and venge of anbdsl variatlon for phytoplankton ropulationa  in
lent e waterhodler of the Middie Parana §loodplain.

romps CABOWS
los Hntmtr.lrﬂan] l.as Ehitc'aa"-z} ':}nrrl.entea{]:' Paruni{n}
= |

Volume {m ) 51000 LASDOO 200000 LG
Hoan depth {ml L.5 0.8 4 0.7
emd nane e Crypto.=Dlatomn. Chlore.=Crypbn. Crypbn.
Lubdon i nnnes thilorophyeear [Hatmmo. - Oy . Eugleroe,
Denaley (ind.pi™h) AOG = 5500 W0 - KOO0 100 = 1060
htorophy 11 & tmgam™ ' B 50 1= 120 o= 10
Produeeivity (pg Con™ 7 8= 1) S0 — E25 0 - 3600 40 = 5RO

—

(1 CARCTA ol FMILIAML, 1%R04 PERDITL de JORDA, 1977 (oxvaen method)
(2} HUSTAR, wnpubl. data {n:-:{ﬁﬂn mek hod )

(A BUNETED er wlil, 1984 (CLE method)

(4% PERGTTT de IORDA, 19087 {nsypgen method)
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Phytoplankton density, composition and
productivity in these anvironments are heavily conditioned
by the major event, the flood. Usually, in tha Middle
Parana floodplain the ponds are isoclated in winter-spring
(July-November) and flooded in summer and autumn
(January=-June] .

Some permanent waterbodies may be in communication
with the main river or its anabranches during a great part
of the year. In Los Matadores Pond, connected 80% of the
ymar, with a marginal belt of macrophytes, temporal changes
in phytoplankton were influenced more by water lavel
fluctuations {accounting for 6B% of variance of
phytoplankton density) than by temperature variations (19%)
(GARCIA de EMILIANI, 1980). A principal components analysis
applied to a met of 10 attributes {depth, water
temperature, pH, primary productivity, specific diversity,
and concentratione of nitrates, phosphates, =silica, cells
and chlorophyll a) allowed twoa factors to be defined: lotic
influence (58.3% of variance) and seasonal cycle (16.4%}
(GARCIA de EMILIANI & DEPETRIS, 1982). During high water
stages, the permanent lotic influence caused an increase in
the volume of the pond's stored water and, hence, of
characteristics inherent in the incoming water (i.e., lower
pH, primary productivity and specific diversity, higher
nutrient concentrations, and lower concentrations of
planktonic algas and chlorophyll a). With lower water
level, the pond exhibited a more lentic behaviour, becoming
totally isoclated for 10 days. FPhytoplankton abundance and
productivity increased rapidly and nutrients were depleted,
Blooms of Anabaena were observed along the shore. During
the greater part of the year, Cryptophyceas and
Diatomophyceae dominated, but when the lotic influence
decreased, Chrysophyceae, Chlorophyceae, and Cyanophyceae
succeeded. Temporal changes in phytoplankton composition
were related to lotic influence and temperature (GARCIA de
EMILIANI, 19B8lal.
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An example of the effect of water residence time
in the ponds on phytoplankton abundance and productivity is
Las Chilcas Pond (50% of the year with indirect

connection
and sparee shore line vegetation) (Tab. 7).

The quality of
river water entering the pond was modified due to itme

displacement across the floodplain: part of its sestonic
load and oxygen content was lost, it was acidified,
organic matter was added. Furthermore,

spring-summer isolation peried, nutrients

and
during the long

became guickly
mineralized and inmobilized, causing sudden changes in

phytoplankton composition, abundance and productivity. The
higher productivity wvalues were obtained during

a spring
bloom of Cyanophyceae {Octobar}.

Also freguent in the Middle Parand floodplain are
the oxbow lakes, partially or totally covered by a carpet
of macrophytes. One of them located on the right bank of
the mainstream at latitude of Corriesntes City, and isolated
from the mainstream during September-November, showad
changes strongly conditioned by the water regime of the
river. During the low stage, Eichhoinia chrassipes covarad
the pond area almost completely (90%%Y, providing effective
wind protection. These circumstances favored development of
termal stratification and oxXygen depletion. Highest
prvytoplankton density was observed during September at the
aurface but decreased with depth. Primary productivity,
together with nutrients, increased until November. Both
phytoplankton density and productivity showed low wvalues
during the cloudy winter (June-July), coinciding with high
water level. The inflow of river water reduced the carpet
of E{chhoania to 50%, increased the oxygen cecntent, and
simultaneocusly diluted the organie matter content and
phytoplankton (BONETTC et alii, 1984).

In another pond near Paranad city, genaerally
isolated for 20 months and with an indirect connection for
4 months, partially covered by Edlchhohnia chassipes,

variations in the concentration of chlorophyll a were
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studied. Variations were closely associated with water
temperature (r = 0.71) and somewhat less with transparency.
puring the long isclation period the phytoplankton was
controlled principally by water temperature. During the
pericd of high waters (January-April), macrophytes drifted
towards the river and the pond acquired the characteristics
of the incoming water. During this pericd chlorophyll a
concentration was controlled by turbidity (FEROTTI de
JORDA, 19B2).

Availabla information about the Middle Farana
phytoplankton is still insufficient to reach a conclusive
synthesis about some important aspects of its structure and
functioning. Much more ecological research 1is reqguired
before we can hope for a coherant picture, because the wida
flocdplain greatly increases the ecological complexity of
the hydrosystem.
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