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Introduction

MARTÍN H. IRIONDO1, JUAN CÉSAR PAGGI2, AND MARÍA JULIETA PARMA2,3

The great Paraná basin (2,600,000 km2) covers a large portion of the
Neotropical Realm, extending from the Andes to the Atlantic coast and con-
necting the central regions of South America along 2,200 km in a north–south
direction. Most of the basin is under subtropical climates, which range from
desertic in the west to humid in the east.

The Middle Paraná is a broad, complex floodplain extending 600 km in the
heart of the interior lowlands of the continent. This system of river channels,
shallow lakes, islands, and wetlands remains unoccupied by man and basically
unaltered. From a systemic point of view, this area can be considered to be the
most important link and collector of the fluvial chain that conveys huge volumes
of nutrients, sediments, and salts from the continent to the South Atlantic Ocean.
The influence of the Paraná upon the Atlantic is very important. It has been
calculated that a sediment deposit 400 m thick and 1 million km2 in area accu-
mulated in the platform and nearby oceanic bottom over the last 2 million years,
with a similar amount of dissolved salts contributed by the river to the ocean.

This book details the recent advances in the knowledge of the most important
segment of the Parana River, organized according to the scientific structure of
the National Institute of Limnology of Argentina (INALI-CONICET-UNL).
It integrates contributions from specialists in physical geography, geomorphology,
fluvial hydraulics, geochemistry and several branches of ecology: phytoplank-
ton, macrophytes, zooplankton, benthos, littoral communities, fishes, amphib-
ians, reptiles and birds. Such a diverse variety of approaches can hardly be
synthesized by a unique word, although we authors believe that the classical
term “limnology” still works.

The volume is organized into four sections. Part I contains the physical and
chemical characteristics of the system and related regions. The first two chap-
ters describe the physical geography of the river basin and the geomorphology
of the floodplain. Chapter 1 describes the physical geography of the whole
Paraná basin, with its geological and climatic components and location in
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South America; limnological connections with the Amazon basin are devel-
oped. Chapter 2 synthesizes the geomorphology of the floodplain called the
Middle Paraná, which is characterized by several well-defined geomorphologi-
cal units, each of them with a different ecological meaning. Chapter 3 develops
a characterization of shape, size, and depth for more than 1,500 lakes inside the
plain by using techniques of quantitative geomorphology. It is really important
to know the main parameters of a “mean lake” in this region with thousands of
water bodies. Chapter 4 describes the complex dynamics of water in selected
lakes of the plain during floods and low waters, a mechanism that reverses in
some epochs and varies among years. Chapter 5 details the sediment budget,
which discriminates Andean sources from other geological terrains and the
main channel–floodplain interrelationships over decades. A comprehensive
study of the geochemistry of the Paraná River and related systems is presented
in Chap. 6, considering the influence of El Niño years as well as other factors.

Parts II and III address aquatic communities of vegetables and inverte-
brates related to the lentic and lotic environments of the floodplain and the
main channel of the studied complex of ecosystems. Each chapter includes a
synthetic description of the composition and abundance of these communi-
ties as well as an analysis of their functional and distributional variations in
relation to the dominant environmental factors, meaning those directly or
indirectly associated with the flood pulse. All these chapters deal with tradi-
tionally important conceptual areas of limnological knowledge but stress the
particularities of these communities in a subtropical floodplain.

Chapter 7 is devoted to phytoplankton of the main channel and the allu-
vial plain and the spatiotemporal changes of this community associated to
the hydrosedimentological regime. The essential role of the floodplain in
maintaining algal populations and incorporating them towards or from the
lotic environments is also analyzed.

The complex combination of lenitic and lotic environments with different
conditions of flux and water quality located between the floodplain and the
main channel were found to be closely associated with the composition,
number of species, diversity, density, and biovolume of the assemblages
inhabiting these environments. The more clear differences are shown during
isolation periods.

In Chapter 8, the authors stress the important role of macrophytes, mainly
Eichhornia crassipes and Paspalum repens due to their contribution to the
productivity and to the physical structure of the system as habitat and refuge
for a number of organisms. The importance of drifting vegetation as a dis-
persal mean and the distribution of nutrients is also discussed.

Chapter 9 details the realm of zooplankton and concludes that the assem-
blages of lotic environments of the Paraná River show characteristics similar
to most other rivers of the world such as the dominance of small organisms
and the low density, which is comparable to other South American rivers. The
influence of the flood pulse on zooplankton of floodplain lakes is related to
their degree of connection to a river. Between lotic and lentic environments

2 Martín H. Iriondo et al.



there are at least two gradients in regard to diversity and abundance of zoo-
plankton, one of them associated to the relative influence of the physical and
biological control and the other related to the level of environmental hetero-
geneity. In the main channel, biological mechanisms to control zooplankton
populations would be less important than physical mechanisms of control.

The composition and abundance of benthic invertebrates of the Middle
Paraná River floodplain complex, which is a mosaic of habitats undergoing
succession, is described and discussed in Chap. 10. Environmental factors,
which mainly control benthic structure and composition, are flood pulses,
groundwater seepage, hydraulic parameters, hydrological connectivity
degree, macrophyte cover, and water quality. In spite the great amount of
organic matter accumulated on the bottom of floodplain environments, the
“gathering-collectors” functional group is dominant, being the “shredders”
present only in the floodplain. In the central strip of the higher channels, the
assemblages are characterized by the dominance of species endemic to the
Neotropical region, mainly Narapa bonettoi.

The littoral communities of floodplain environments of the Middle Paraná
River are then treated in Chap. 11, which include a group of complexes of
high biological diversity and abundant populations. Macrocrustaceans con-
stitute an important group and have active participation in the community
structure and biomass. Dominant species of this group are prawns of the
genera Macrobrachium, Palaemonetes, and crabs belonging to the family
Trichodactylidae. Biological and ecological aspects are then discussed,
particularly growth, reproduction, spatial distribution, and trophic ecology.
Co-adaptation of the assemblages of macrocrustaceans are also analyzed
under the functional context imposed in the Paraná River from its formation,
habitat characteristics, and stability degree, these factors being the product of
a joint organic evolution.

Part IV addresses vertebrate animal life. Chapter 12 shows the high fish
diversity and productivity in this section of the Paraná River and summarizes
information about migratory displacements, reproductive strategies and life
histories, participation of the fish species in the complex trophic webs, and
data of metabolism and responses to hypoxia.

The objective of Chapter 13 is to present information about the diversity
and natural history (tadpole and adult characteristics, habitat use, and
reproductive traits) of anurans commonly found in riparian areas of the
Middle Paraná River. The factors that determine the presence of anuran
species in ponds are part of a complex network of relationships that act
synergically.

Chapter 14 then analyzes the reptile community living in the floodplain,
including aspects of species richness, ecological traits, and environmental
variables. A total of 71 reptile species were recorded in the Middle Paraná
River with snakes being the richest reptile group with 49 taxa, and they were
found to occupy all type of habitats and substrates, including various species
adapted to live in the water.
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In conclusion, Chap. 15 presents data on the ecology of birds in the mid-
dle section of the river in relation to trophic and functional groups, seasonal
dynamics, and characteristics of reproductive biology.

Acknowledgements. The editors are very grateful to the National Council of Scientific and
Technical Research (CONICET) of the Argentine Republic for the financial assistance from the
Program PIP N° 02195 under the direction of MSc. María Julieta Parma.

4 Martín H. Iriondo et al.



Part I
The Physical and Chemical Environment



1 Physical Geography of the Basin

MARTÍN H. IRIONDO1 AND ALDO R. PAIRA2

1.1 Introduction

The Paraná River drains a continental-sized basin formed by several differ-
ent, even contrasting, regions. Such regions cover areas with hundreds of
thousands of square kilometers in extension. The Middle Paraná is a type of
fluvial synthesis of a huge territory covering an area of 2,600,000 to 2,800,000
km2 (according to different criteria of definition), which includes a large
diversity of rainforests, mountain deserts, and savannas. Basically, however,
the fluvial net of the Paraná basin can be considered as a great machine of
continental size that collects, modifies, and transports water, nutrients and
other inorganic and organic products from tropical environments to the mid-
dle latitudes of the South Atlantic Ocean.

The Paraná basin is about 230 times larger than the lower reach of the flu-
vial system analyzed in this book and is known as the “Middle Paraná”.
Hence, the influence of the geology and climate of some regions of the basin
on this (comparatively) small area is undoubtedly decisive, although such
influence mostly remains not yet understood.

1.2 Geology

The Paraná basin is composed of several geologic regions that influence to
different degrees the geochemistry and sedimentology of the collector. The
geological map of the area reveals that both the Brazilian shield and the
Andes cordillera have only modest areas in the basin (Fig. 1.1). This fact sug-
gests that the direct influence of both geotectonic systems is probably not as
important as traditionally thought. The geological composition of the Paraná
basin is as follows:

Brazilian shield: This formation shapes an irregular belt at the northeast-
ern corner of the basin, comprising 7.4% of the total area. Gneisses and other

1CONICET/UNL, C.C. 487, 3100 Paraná, Entre Ríos, Argentina, e-mail: rniriond@ceride.gov.ar
2Instituto Nacional de Limnología (CONICET-UNL), José Maciá 1933, 3016 Santo Tomé, Santa Fe,
Argentina

M.H. Iriondo, J.C. Paggi, and M.J. Parma (Eds.)
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Proterozoic metamorphic rocks predominate; red soils cover the region. The
shield is a rich source of quartz and kaolinite.

Andes cordillera: The Andes sector of the Paraná basin is formed by the
Sierras Subandinas and the Atacama Highplain. This area describes a rectan-
gle of about 170,000 km2 surface (approximately 7.4% of the total area) at the
west of the basin. It is composed of a sequence of N–S folded chains of Tertiary
age. Numerous rock types can be found in the region, among them predomi-
nate lutites, phyllites and other fine-grained sedimentaries. The region pro-
vides abundant fine sediments to the hydrographic net, mainly silt and illite.

8 Martín H. Iriondo and Aldo R. Paira

Fig. 1.1 Geology of the basin



Jurassic–Cretaceous region of the Upper Paraná: This region comprises
almost 29% of the total surface of the basin. The rocks are tholeiitic basalts and
siliceous sandstones originated in desert and fluviatile environments. Basalts
and sandstones cover similar extensions in the region. The surface is formed of
red soils and the area provides quartz and kaolinite to the rivers.

Carboniferous area of the Upper Paraná: Glacial and periglacial rocks of
the Upper Carboniferous, mainly tillites, sandstones and siltstones are char-
acteristic. They form two belts bordering the Jurassic–Cretaceous area, com-
prising 5.6% of the total area of the basin.

Chaco–Pampa plain: This is the largest geologic region of the Paraná basin
(29.8% of the total area) and is composed of Quaternary sediments, mainly fine
solid, silt, and associated illite. The sediments originated to the west and south
of the basin. Brown soils are typical. Most of the sediments contain soluble
salts. The main contribution of the Chaco–Pampa plain to the Paraná is dis-
solved salts, through small rivers and groundwater seepage.

Eastern plains: The eastern plains are composed of two areas located at the
left side of the Paraguay-Paraná line. They cover 10.9% of the total basin. The
northern area is the Mato Grosso Pantanal, which is composed of large allu-
vial cones; its collector is the Paraguay River. The southern area, known as
“Mesopotamia”, is located in northeastern Argentina. Montmorillonite clays
and quartz sand compose the upper levels of the geologic column. The sedi-
ments covering both areas are Quaternary in age.

Other geological regions: 10% of the basin is formed by miscellaneous
rocks and sediments, predominantly Paleozoic sedimentaries.

1.3 Climate

The climatic pattern of South America is controlled by the general circulation
of the atmosphere superimposed on an isolation of the continent inside large
oceanic extensions. An excess of solar radiation occurs in the zone extending
from the Equator south to the latitude of 40/42°, hence, including the whole
Paraná basin. From this line to the South Pole, the surface of the Earth radi-
ates more heat that it receives, which results in large transfer processes of
energy and matter (winds, water vapor, etc.) to the south, tending to maintain
the thermodynamic balance of the globe. A major system in the atmosphere is
the Intertropical Convergence Zone (ITCZ), a low-pressure belt characterized
by abundant precipitation and high turbulence. Its mean position is located at
the Equator; the belt migrates to the north in July and the south in the austral
summer, reaching the upper basin in January. South America is flanked by
anticyclones in both oceans (Atlantic and Pacific) at tropical latitudes. The
South Atlantic Anticyclone, which circulates in a counter-clockwise direction,
directly influences the climate of the Paraná basin by sending warm and humid
air masses, mainly in the summer. Dry and cold southerly winds, ultimately
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originated in the South Pacific Anticyclone, mark the winter weather, together
with rare polar spells. The result in the Paraná basin is the following: Tropical-
subtropical climate with a north–south gradient in temperatures and
east–west gradient in precipitation. The occurrence of a seasonal anticyclone
in the Chaco region somehow complicates this simple pattern.

The Paraná basin extends from 15° S to 35° S, covering a long latitudinal
range. The distribution of altitudes above sea level is also important in an
east–west direction. The climate develops on this topographically complex
scenario by following a few main structures. In first place, the General
Circulation of the atmosphere forces the Intertropical Convergence Zone
(ITCZ) to the south in the austral summer (December to February), pro-
ducing rains in most of the basin (Fig. 1.2). The ITCZ itself reaches only the
northernmost region of the basin; other areas are covered by spells of humid
air masses migrating from the ITCZ to the south. Winters are drier.

A second significant structure is the occurrence of seasonal blocking anticy-
clones above the Bolivian Altiplano in summertime (Necco 1989; Iriondo 1999),
which hinders the general circulation of air masses in summer. Some years the
anticyclone extends to the east and south, covering the whole Paraná basin and
provoking general dries in the region. It is noteworthy that a climatic alteration
occurred in the decade of 1970, which produced an increase of about 200 mm
yr−1 in precipitation and 1°C in temperature in central and southern sectors of
the basin; the opposite tendency occurred in the northwest corner.
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Fig. 1.2 Mean annual precipitation
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Fig. 1.3 Middle fields of temperature in January

Fig. 1.4 Middle fields of temperature in July
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The general climatic characterization of the basin is as follows: humid trop-
ical in the northeast (15°S) shifting to humid subtropical/temperate in the
south (35°S), and desertic subtropical “mountain climates” in the west. Frost
and snow are nonexistent or irrelevant. Mean temperature fields in January
indicate that the Chaco region is the warmest area in South America, above
27.5°C (Paoli et al. 2000, Fig. 1.3). Mean temperatures in July are between
20 and 25°C in the north and from 10 to 15°C in the south (Fig. 1.4). Maximal
annual precipitation occurs in the northeast of the basin (more than 2,250 mm)
owing to a combination of factors: the location of the ITCZ in summer and the
influence of the South Pacific Anticyclone in winter. A second maximum
(above 1,750 mm) occurs at the flanks of the Altiplano, produced by the ITCZ
plus mountain rains. Minimal registers, below 250 mm yr−1, occur in the south-
ern Altiplano (SW Bolivia/NW Argentina) (Fig. 1.2).

1.4 Hydrography

The hydrographic net of the river upstream the middle reach of the collector
is composed by several sub-systems: The Upper Paraná, the Paraguay River,
the Chaco tributaries, the Carcaraña River and its minor tributaries in the
southeast (Fig. 1.5).

1.4.1 The Upper Paraná River

The Upper Paraná River basin is a large region characterized by old land-
scapes developed in rocks of Proterozoic to Cretaceous ages. Such landscapes
were basically erosive and were generated during three phases in Cretaceous
and Tertiary times: large planation surfaces formed by pediments and pene-
plains with meandering channels incised in the rocky substratum. The
Paraná basin did not exist during that period millions of years long, basins
tend to derive to the Atlantic Ocean. In present times, some channels are
partially preserved and occupied by tributaries of the river, in a different
topographic and hydrological pattern. The river flows more than 2,500 km
in that geomorphological unit, until entering in the megafan near Posadas
(27° S, 57° W) (Fig. 1.6).

The northernmost first-order channels of the Paraná basin are
located in the Serra dos Preneos (Brazil) at 15°30’S, originating the Sao
Bartolomeu River, which joins downstream other channels, derived from
the Piloes and Río Claro ranges, forming the Paranaíba River that already
is the Paraná. Another important hydrographic sub-system (the Río
Grande) originates near the Atlantic Ocean and joins the Paranaíba after a
length of 1,306 km at the latitude of 20°S. At that point the river is named
“Paraná”.



1.4.2 The Megafan

Leaving the basaltic meset, the Paraná River enters the Argentine plains. In
the first segment, it generates a large alluvial fan (or megafan), which cov-
ers the NW half of the Corrientes Province in Argentina and the southern
part of eastern Paraguay. The fan is 260 km long and 500 km wide in the dis-
tal line, and is located at the Paraguay-Paraná left bank. The mega-fan has
been stable for most of the Upper Quaternary. Inside it, the river channel
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built relatively stable belts, occupied during some hundreds or thousands
of years, eventually abandoned by the main stream and replaced by large
swamps. A sequence of such intervals formed the present megafan. A few
extensive deposits produced by spill outs during dry climatic phases in the
Upper Quaternary are intercalated among the abandoned belts. Also during
dry phases, important deflation of sand occurred in the abandoned belts,
generating up to 80-km-long and 5-km-wide dune fields.

The present river belt crosses the fan in an east–west direction; the chan-
nel there is braided, with frequent elliptical islands and sand banks. The
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Fig. 1.6 Regions limiting the Middle Paraná



youngest abandoned belt in the megafan is Holocene in age and runs along
the eastern limit of the system and includes the Iberá and Luna lakes. The
ecological system of the megafan is similar to that of the Middle Paraná.

1.4.3 The Chaco

The Chaco is a large tropical plain located in the interior of South America,
which consists of sectors of Argentina, Paraguay, and Bolivia, and covers an
area of 840,000 km2 and is characterized by forests, savannas, and extensive
swamps, which give it a marked climatic and biogeographic identity. The
plain encompasses five huge alluvial fans built by the major rivers that cross
the region: the Salado, Bermejo, Pilcomayo, Parapetí and Grande Rivers. The
fans are composed of several sedimentary units deposited during different
times of the late Quaternary under diverse climates. Two fluvial terraces
appear at the apex of each fan; the older one is probably late Pleistocene in
age and the second was formed in postglacial times. Humid climates, such as
the present one, favored the generation of soils and stable fluvial belts; drier
climates led to widespread sedimentation along small ephemeral channels
and large spill-outs. During two intervals, one in the Late Glacial Maximum
and one in the Late Holocene, dry climates occurred in the region, leading to
the formation of dune fields and loess mantles (Fig. 1.7).

1.4.3.1 Western Chaco

The Western Chaco is dominated by the fluvial dynamics of allochthonous
rivers flowing from the humid Sierras Subandinas. The rivers cross the
mountains through deep transverse canyons and carry well-sorted, fine
quartz sands. In spite of the high transport capacity of the rivers, coarse sed-
iments are absent in the fluvial deposits. The only exception to this sedimen-
tological pattern is the Bermejo River, which conveys large pebbles and
boulders in the upper reach. The fluvial systems have developed two terraces
on the eastern slope of the Sierras.

Large rivers cross the region to the east along complex alluvial belts com-
posed of long old channels, oxbow lakes, swamps, and other minor landforms
built by the channel and related geomorphic agents. Occasionally, a major
avulsion occurs. About 100 years ago, the Bermejo River abandoned its for-
mer channel and shifted to a different location along a stretch of 200 km
(Iriondo 1974). The Pi1comayo River has been undergoing a similar process
since 1980. Such types of avulsion take several years until completed.

During past dry climates, the Chaco rivers were smaller and less stable
than they are at present. Numerous small paleochannels can be observed in
the plain, forming large-scale distributary patterns, which is especially evi-
dent in the Pi1comayo and Salado systems. Two arid episodes occurred in the
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late Quaternary, during which strong, dry northern winds formed dune fields
and loess mantles in western Chaco.

1.4.3.2 Eastern Chaco

The eastern Chaco is formed by the distal areas of the alluvial fans of the
major rivers: they are basically swamp environments, crossed by old fluvial
belts of the rivers. The climate is subhumid to humid, and the floods of the
allochthonous rivers discharge large volumes of water across the landscape.
Infiltration is practically nil because the terrain is composed of 12 to 20-m-
thick impervious silty clays. The extremely low regional slope does not favor
runoff of the excess water and, as a consequence, permanent and ephemeral
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swamps, densely covered by floating and paludal vegetation, cover broad
areas in the region.

Evapotranspiration in the swamps is several times higher than the poten-
tial evaporation, and organic matter accumulates in the anaerobic environ-
ment at the base of the swamps. Neiff (1986) described two types of swamp:

(a) Temporary swamps (“bañados”) are formed by rainwater and do not
accumulate sediments, water remains periodically for several months, form-
ing a 30 to 40-cm-deep layer on the surface of the plain. A short period of oxy-
gen deficiency appears at the beginning of the flooding, originated by the
decomposition of vegetation. (b) Permanent swamps (“esteros”) have well-
defined borders and are larger and deeper. The roots of the vegetation are
adapted to survive anaerobic conditions for long periods of time. A natural
mechanism in the swamp is the periodic occurrence of fires. Production of
organic matter is high in these tropical wet environments, and is estimated at
20 t ha−1 year (dry weight) according to Neiff (1986). Approximately 70% of
the organic matter accumulates at the bottom, forming a peat horizon that
degrades very slowly due to the oxygen deficiency and to a low C/N ratio.

The major swamps, 100–200 km long and 3 to 10 km wide, are typically less
than 1 m deep. The central area of the swamp is often free of vegetation and
forms an irregular belt of slowly flowing water (Iriondo 1989). The
Quaternary paludal deposits and present swamps cover an area of 125,000
km2 in the Bermejo and Pilcomayo fans.

Large swamps are the headwaters of local river networks, which have
developed on the large fans during the present humid climate. The collectors
of such systems are small tortuous channels, 2–5 m wide (Orfeo 1986). They
flow along abandoned channels of the major allochthonous rivers, which are
normally bordered by levees. They are a special type of underfit rivers
(Cucchi 1973; Iriondo 1974), with the former channel belonging to a river
basin several times larger than the present one. When major floods cover the
whole region, only the old levees remain above the water level.

A significant percentage of the sedimentary loads of local rivers are col-
loids, which form as much as 75% of the total weight of some samples.
Pedrozo and Orfeo (1986), in their study of several river systems, found
between 40 and 52% suspended solids composed of particles with diameters
ranging from 1.2 to 0.45 µm. Colloids are composed of clay minerals and
organic matter in different stages of evolution, probably resulting in the for-
mation of organic-clay complexes.

1.4.3.3 The Paraguay Belt

The Paraguay is one of the long rivers of the world. Its large basin (1,095,000
km2) begins at the Preneos Ranges 3,000 m a.s.l. and in the upper section it
drains the Mato Grosso meset. The most interesting sector of the river is the
Pantanal do Mato Grosso, a 60,000-km2 wetland that controls the runoff and
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delays the floods for 1–2 months. The lower reach (220 km long) crosses a
sector of the Paraná floodplain. The Paraguay channel there is very active
geomorphologically, resulting in a deep modification of the geoforms into a
young meander plain.

The primary component of the sediments is clean, fine-grained quartz
sand, originated in the erosion of Cretaceous sandstones in southern Brazil
and Paraguay. Silt and illitic and montmorillonitic clays are also found in
minor proportions. Sedimentary deposits are formed of coarse strata of
channel sand extending to several tens of meters in depth. Local relief is
moderate to low.

1.4.3.4 The Chaco Tributaries

The large tributaries crossing the Chaco have formed alluvial fans, which are
complex systems composed of numerous sedimentary and geomorphological
units that formed at different times and under different climatic conditions.
Although their general characteristics are similar, each shows unique fea-
tures. From south to north, the fluvial systems are the following: the Salado,
Bermejo, Pi1comayo, Parapetí and Grande.

The Río Grande River system. The Río Grande alluvial fan system enters
the plain at Puerto Camacho (Fig. 1.8). It forms a large alluvial fan, 65,000
km2 in area, 30% of which forms the northwestern corner of the Chaco, and
the rest belongs to the Amazonic Llanos. The Chaco sector of the system is
described as follows:

Two river terraces are conspicuous on the flanks of the Sierras. The oldest
one is 50 m above the present river level, its surface is modified by a tropical
half-orange morphology (characterized by rounded hills) and covered by a
yellowish brown loess. The terrace is equivalent to similar geoforms in the
Pilcomayo and Parapetí systems.

The lower terrace is 10 m high at the fan apex, near the mountain front,
diminishing to 3.30 m 700 m downstream. The stratigraphic section is com-
posed of channel sand at the base, and a sequence of a silty abandoned
channel infilling, with a brown soil at the top. Both beds correlate with the
lower terrace of the Pilcomayo. That sequence is buried by massive soft silt,
c1ear1y younger, corresponding to overflow sediments deposited simultaneously
with a Holocene sand mobilization occurred in the region.

The major bed of the river, which is active during floods, is 300 m wide at the
foot of the western mountains and 5 km wide 100 km downstream. It is covered
by ill-defined bars of very fine sand, which is composed of more than 95% quartz.
In some sectors, small accumulations of pebble-sized quartzites are frequent.
Minor overflow channels, partially filled with silt and [page no 6] c1ay, are
common. During the dry season, large desiccation polygons up to 1 m in diam-
eter are formed in the silt. Transverse and diagonal bars of quartzite pebbles
and blocks are visible every 100–300 m in the dry channels. Except for the
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pebble bars, the sedimentary characteristics of the major channel are similar to
those of the basal sand in the lower terrace. The minor channel is 80 m wide and
has a meandering pattern.

The river at Pailón, some 200 km downstream, is similar to the upstream
section. The major bed is composed of very fine sand and large planar bars.
A large amount of tree trunks, branches, and other vegetative debris is buried
in the sand. Overflows and paleochannels of the Río Grande cover the north-
western corner of the Chaco. Overflow deposits are composed of brown
quartz silt with subordinate illite; they extend to the very foothill of the
Precambrian Shield, at the northern boundary of the Chaco. Even as far as
San José de Chiquitos, Río Grande silts fill the valley, without any sedimen-
tary contribution from the surrounding low mountains. The unit is equiva-
lent to the Parapetí loess and the western Formosa general surface. Several
paleochannels of the Río Grande incise the surface and convey c1ean water
during the rainy season. They are 40–80 m wide, 2–3 m deep, and join the
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San Pablo River to the north. Such channels are locally named “cañadas”, the
most important of them are Los Aceites, Los Papagallos, and Kolla Muerto;
they have the same age as the paleochannels in the Bermejo and Pilcomayo
alluvial fan systems.

The Parapetí River system. The Parapetí River has formed an alluvial fan in
Bolivia and Paraguay, which has a surface area of several tens of thousands
square kilometers. Part of it is located in the Paraná basin, the remainder lies
within the Amazon basin. At present, the permanent channel flows into the
Izozog swamp, and eventually into the Mamoré River, a tributary of the
Amazon. During the rainy season an important water transfluence occurs,
forming the Timané River, which flows into the Paraguay River.

According to Huamán et al. (1975), four different units compose the sur-
face of the Parapetí alluvial system in Bolivia: (a) old alluvial deposits; (b) the
aeolian plain; (c) the present alluvial belt of the river; and (d) the Izozog
swamp (Fig. 1.9). Two terraces were formed at the fan apex, equivalent to
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those of the Pilcomayo system in Villa Montes. The old alluvial deposits form
a large plain with slopes below 1%, located between 62°15′ W and 62°30′ W
longitudes. Water drains very slowly and the surface is crossed by numerous
paleochannels. The sediment is clayey to sandy loam and is composed of
quartz and illite. In general, soils on this unit are deep and well developed,
with a Bt horizon; in the subsoil CaCO3 precipitates form pseudomycelia and
small patches. The sediment has been partially affected by local deflation. The
old alluvial deposits are equivalent to the western Formosa surface of the
Pilcomayo alluvial fan system.

The aeolian sand plain covers a surface area of 25,000 km2 in eastern
Bolivia and northwestern Paraguay and is formed by large parabolic dunes
oriented in a north–south direction. The individual dunes range up to 10 km
in length and are composed of fine sand (98% quartz, 2% felspars). The unit
was formed during a general aeolian mobilization in the late Holocene,
between 3400 B.P. and 1400 B.P. (Servant et al. 1981). The present alluvial belt
of the Parapetí River is formed by the river channel and a series of old chan-
nels abandoned by avulsion. It is 10 km wide at 63° W longitude, where it
turns to the north. When it reaches the Izozog swamp, its width has increased
up to 20 km. The wind forms sand shadows and small mounds at the south-
ern bank of the channels during the dry season. The unit is discordant with
the aeolian plain, hence, it is younger than 1,400 years.

The Izozog swamp has an area of 6,800 km2 and is located on a tectonic
depression. As the rivers enter the swamp, its channel divides into numerous
distributaries flanked by levees. The sedimentary load of the Parapetí River is
deposited in the swamp, where it is locally redistributed by the wind during
the dry winter. Most of the water infiltrates and is lost by evapotranspiration, the
rest slowly migrates to the Amazon River. In local depressions, the sedimentary
fill is composed of fine-grained stratified mud. The levees are composed of
coarser particles.

The Pilcomayo River system. The upper basin of this 1,070-km-long river
is developed in the Cordillera de Los Frailes, where the channels receive most
of their water from the melting of winter snow. Downstream, the valley
crosses the Subandean ranges to the east forming large incised meanders, in
a c1ear antecedent relationship. Hence, a Tertiary age, probably early
Pliocene, can be proposed for the Pi1comayo River. The Subandean tributar-
ies, on the contrary, are subsequent, young, and scarcely developed.

Entering the plain, the Pi1comayo River constructed the most important
alluvial fan in the Chaco. It is the almost unique case of an active alluvial fan
of a major South American river (Fig. 1.7). The total area is 210,000 km2. The
river reaches the plain at Villa Montes, forming the fan apex. The fluvial
deposits of the area are preserved in two terraces. The older one has a vari-
able altitude above the present channel (40 m in the upstream valley and
20 m in the piedmont); it is covered by 3-m-thick reddish aeolian silt with a
well-developed soil on the top. The younger terrace covers a large surface in the
region. In the upstream valley, near the road bridge (5 km from Villa
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Montes), it is 6 m thick and composed of two units. The lower one is com-
posed of pebbles and blocks, gray in color. The upper unit of the section is
composed of smaller pebbles and boulders in a red sandy matrix. The
Pi1comayo River presently transports very fine gray quartz sand at Villa
Montes. The sand accumulates in large bars, which also include small
deposits of isolated rounded pebbles. The maximum discharge of the channel
is 800 m3 sec−1, 45 times higher than the minimum; a really extreme condition
for a large river. Downstream, in the piedmont area, the lower terrace is 2 m
high and is formed by coarse and very coarse planar strata with sharp con-
tacts. The continuous surface of the terrace extends farther to the east, form-
ing a wide area in the Western Chaco. In west Formosa, 300 to 400 km to the
southeast, an older unit is present; it contains quartz silt and very fine quartz
sand. The grains are covered by hematite and large plates of illite. The sedi-
ment is yellowish brown in color, moderately plastic and compact. It is geo-
morphologically characterized by numerous ephemeral channels, 5–15 km in
visible length and with an irregular pattern. This unit extends to 60° W
longitude, forming a regional fan pattern.

An older sedimentary unit, probably equivalent to the upper terrace in
Villa Montes, appears on the surface to the east. It is composed of 10 to
20-m-thick paludal silty clay, covered at the present by temporary and per-
manent swamps. Fluvial belts, formed by paleochannels and levees, cross the
area in west-to-east and northwest-to-southeast directions; they transport
waters of local fluvial basins (Monte Lindo, Pilagá, Melo, and others) (Cucchi
1973; Iriondo 1974), whose main features are similar to those described for
the Los Amores basin. Such a unit composes the whole distal region of the
Pilcomayo fan, limited by the Paraguay-Paraná belt along 650 km. In western
Chaco, the Pi1comayo River changes its channel several times during the
present humid climate. Abandoned channels are filled with fine silty sand,
without clay or coarse clastics. Its internal relief is about 1 m. In some cases,
the channels convey considerable quantities of water during rainy seasons
(Rabicaluc 1986).

Over the last four or five centuries, the Upper Pi1comayo River discharged
its water into a 15,000-km2 tectonic depression, the Estero Patiño, located at
the Argentina/Paraguay border, 250 km upstream from the confluence with
the Paraguay River (Cordini 1947). The main channel deposited huge vol-
umes of silt and very fine sand in the area. Cordini (1947) measured very high
concentrations of suspended solids during floods (up to 40,000 ppm). Dikes
of vegetation debris, which accumulate during periods of high water, acted as
sediment traps, building up plugs of silt and sand, which frequently caused
channels to shift. Eventually, the wood and leaves disappear through oxida-
tion, resulting in a collapse of the overlying sand. Such a process produces a
landscape of “hoyales” (holes), which is characterized by numerous pits up to
5 m in diameter and 1.5 m in depth. In 1980, the river completed a century-
long sedimentation process by entirely filling the depression. Consequently,
the Pi1comayo began an avulsion process, depositing fine sand and silt in the
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lower reach of its channel, and with water overflowing into the surrounding
plain. In successive years, it occurs a channel filling migrating upstream,
leaving behind a rapidly enlarging sector abandoned by the main stream.

The velocity of retreat is 10 to 35 km yr–1, with a total of 160 km in 7 years.
The overflowing water in Argentina formed a swamp 250 km long and 7–12 km
wide, with paludal dynamics and geomorphology. Approximately the same
volume of water spilled to the north, into the Republic of Paraguay, forming
a similar swamp.

A few well-preserved paleochannels, cutting the general surface of the
region, were mapped in western Formosa. A well drilled in one of them showed
that the channel fill is composed of well-sorted very fine quartz sand, reddish
in color. It is most probable that the same sedimentary process active at pres-
ent times in the Pi1comayo filled the former channels during the Holocene.

As a first approximation, the Pi1comayo alluvial fan system was produced
by two contrasting processes: (a) development of stable fluvial belts during
humid periods, such as the present one, and (b) generalized sedimentation by
spillouts and ephemeral channels during periods of dry climate. In both
cases, swamps formed in tectonically sunken blocks.

The Bermejo River system. This river system is 1,450 km long, draining a
basin of 135,000 km2. The sources are located in the Eastern Cordillera in
Bolivia and Argentina and in the Argentine Puna; one of the tributaries, the
Iruya River, contributes 70% of the suspended load of the collector. The apex
of the Bermejo fan is located near Embarcación, in Bolivia. The system
extends 650 km to the east and southeast, as far as the Paraguay-Paraná belt.
In the western and central Chaco, a large number of Holocene paleochannels
can be observed in the plain. Their general orientation is northwest to south-
east. In the south, a large spillout lobe reaches the province of Santa Fe.
Farther east, in the Charadai area, swamps cover the region, probably since
Pleistocene times. The sediments are composed of 6–12 m of thick silty clays,
greenish-gray and reddish-brown in color, deposited in a depression formed
by a 5,000-km2 tectonically sunken block. The Bermejo River presently flows
in a several-kilometer-wide belt, which at Las Lomitas is discontinuous and
10 km in width. It is characterized by numerous minor abandoned channels
in different degrees of preservation. The oldest ones are hardly visible, oblit-
erated with overlying sediments. Several deflation depressions are located at
the central line in such paleochannels. The youngest channels are well pre-
served, 3–4 m deep, and transport water during floods. A hard reddish c1ayey
silt composed of quartz and illite forms the substratum of the belt. The young
deposits are formed of loose brown c1ayey silt with the same mineralogical
composition as the substratum. The paleochannels described here are formed
in 1 to 2-km-wide fringes composed of young deposits and separated from
each other by areas of reddish substratum.

In this area, the river is actively eroding a 4-m-high bank where the local
sedimentary column is well exposed. The upper section of the bank is com-
posed of sand bars deposited during floods and paleochannels filled with
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dark c1ayey silt containing 15–25% of very fine laminated sand. The silt is
rich in decomposed organic matter and leaf molds. Strata are plane, concor-
dant, 0.40 to 1 m thick and 50–300 m long. The lower section outcrops less
than 1 m above the mean water level. It is composed of reddish silty sand,
more compact than the upper section, with gray mottles and black patches of
manganese minerals; it probably represents the substratum of the present
fluvial belt.

The river flows through a very tortuous 1-km-wide channel with a high
load of suspended sediments and very fine sand transported as bedload.
The sand accumulates in planar bars several hundred meters long; numer-
ous trunks and branches of “palo bobo” (Tessaria integrifolia) are inc1uded
in the sand mass. Large desiccation polygons to 1 m in diameter and similar
depth appear in the sand when dry. Such contraction structures, common in
all Chaco rivers, are probably caused by the high percentages of colloids
in the sediments. Such colloids are probably composed of c1ay-organic
complexes.

Several local fluvial networks were developed in the eastern region of the
Bermejo alluvial fan system: Tapenagá, El Rey, Los Amores, Negro, all having
similar characteristics. The Los Amores River will be described as typical: The
upper basin, approximately 600 km2 in area, belongs to the western Chaco.
The area is underlain by pervious brown loess. Because it is dominated by
infiltration, with little runoff, there is virtually no contribution of sedimenta-
tion to the channels. The middle basin is located in the eastern Chaco. It cov-
ers an area of 4,000 km2, consisting of hard, impervious, grayish-green and
reddish-brown clays, paludal in origin. It is a slightly sunken block, covered
by large permanent swamps, and dense vegetation. Runoff is very slow,
resulting in generalized accumulation of organic matter and development of
tropical peat in some places. The region does not contribute clastic sediments
channel, but the volume of colloids entering the system is large.

The lower basin of Los Amores, 3,500 km2 in area, drains a sector of old
Paraná sediments. The relief is moderate to low and the fluvial system is com-
posed of a comparatively well-developed net of tributaries and an active col-
lector channel. The runoff is high, with bank erosion and sediment transport
(Iriondo 1987a).

The Salado River system. The southernmost tributary in the Chaco is the
Salado River, with an important basin of 247,000 km2 and 1,500 km longitude.
The upper basin is formed by numerous mountain creeks draining the south-
ern Puna (a 4,000 m high meset, characterized by salt lakes and playas). The
river crosses downstream the folded Subandean Ranges and forms a complex
alluvial fan in the plain. The fan system is 650 km long and 150 km wide in the
distal region and composed of several subsystems: minor fans, fluvial belts,
lacustrine, and swamp deposits. Silt, illite clay, and fine sand are the more
important clastic sediments; chlorides dominate among the soluble salts. The
minor fans were formed during dry periods on tectonically sunken blocks.
Such blocks are several thousand square kilometers in area (Iriondo 1987b).
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The uppermost fan of the Salado system is located in the provinces of
Salta and Chaco (Argentina). It is formed by a series of small, well-preserved
paleochannels cutting across late Pleistocene loess deposits in western
Chaco without accumulation of significant volumes of sediments. The most
probable age for the fan development is late Holocene, because channels
erode the late Pleistocene loess and the early Holocene was characterized
by channel stability in the region. At present, the segment of the Salado
crossing the region is a permanent, well-defined channel until it reaches the
latitude of 25°40′ S, where it enters into a large swamp (Bañado de Copo,
300 km2 in area).

The swamp affects the general characteristics of the Salado system.
Evapotranspiration reduces the water discharge by 50%, causing the diminu-
tion of the grain size of the sediments from coarse silt upstream to fine silt at
the edge of the swamp where the river lives the depression. Downstream, the
river is reconstituted by successive contributions of small channels origi-
nated inside the swamp.

The southeastern corner of the distal region of the Salado system, located
in the province of Santa Fe, is composed of a series of large, stable pale-
ochannels, formed during a late Pleistocene humid period. The channels are
buried by a 6 to 8-m-thick loess carpet; however, they are still visible in the
field and in aerial photographs. Their primary features are a well-sorted sand
content, marked tortuosity, and a width of up to 200 m. Paleochannels of dif-
ferent ages and directions can be seen partially superimposed and crossed in
an irregular pattern. The sand in the paleochannels constitutes reservoirs of
low salinity groundwater, a fact of high significance in a region with serious
water shortage.

The rest of the distal region is formed by clayey silt of swampy origin
containing high percentages of colloids. The area is flooded during several
months in humid years. The only features emerging in a very flat, tall
grass landscape are small surfaces covered by dense forest, named “isle-
tas” (little islands). Such mounds are built by the biological activity of
ants (gen. Atta). A colony of Atta ants can build a mound several meters
wide, with a system of chambers and galleries reaching as much as 3 m
under the surface (Bonetto 1959). The volume of sediment removed and
altered in each ant hill can total several cubic meters, resulting in a soft
and damp material composed of rounded clods smaller than 2 mm in
diameter and having high porosity. The accretion of successive colonies
can result in 40 to 80-m-long landforms providing a very good substratum
for trees and shrubs.

1.4.4 The Pampa

The Pampa is a large plain of eolian origin. It is formed by a sand sea (outside
of the Paraná basin) surrounded by a wide loess belt (Fig. 1.10). The loess,
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partially located in the basin, is rich in quartz, volcanic glass, and illitic clay;
it contains frequent carbonate concretions. It is poorly drained by river chan-
nels, the only important system is the allochthonous Carcarañá River. On the
other hand, this region is dominated by very interesting cases of “non-classical”
fluvial nets, characterized by diffuse divides, swampy low-order waterways
and other anomalous elements. The scenario was described as follows
(Iriondo and Drago 2004).

1.4.4.1 First Element - Water Divides

The nature of divides is probably the most complex and confusing problem
linked to water bodies in plains. The small slopes and poor divide definition
of the catchments sometimes allow that water masses flow towards one or
another drainage basin. In some cases, it is possible to define the water
divides according to the classical methods of geomorphology and hydrology.
In other cases, water divides are not well-defined borders on the terrain
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because they are located in large and flat surfaces. Therefore, water flows in
one or other direction according to wind, vegetation type, or hydraulic gra-
dient due to the differences in the rain distribution. This is a classical case of
a “fuzzy class”, i.e., the transition between a class and other (neighbor) class
is not neatly in one line but gradual in one long series, which ranks from
zero to one. From a point of view of surface hydrology, such areas have a
probabilistic structure, meaning the surficial waters at different points flow
with a higher frequency to one or another basin according to the distance to
the definite basin; the relative frequencies change from a border of the divi-
sory area to the opposite border.

Another type of undefined water divide is characterized by slight slopes
that are independent of a particular catchment, such areas are inclined
planes (shared by two adjacent catchments) that dip parallel to the collec-
tors. An example of this type is the divide of the Cululú River, a tributary
of the Salado River located in the central area of the Santa Fe Province.

Within this basic hydrological pattern, a typical case in sandy areas (such
as the Pampean Sand Sea) is the rapid infiltration of rainwater in the rela-
tively elevated sectors, followed by a sub-superficial flow to neighbor
depressed areas, which result afterwards very slowly flooded by seepage.

This process is a very important phenomenon in the hydrological behav-
ior of the Pampean Plain. In 1983, owing to a large El Niño, several thousand
square kilometers of the northern part of Santa Fe northwest of Buenos Aires
and south of Córdoba were flooded by this process. Studies made in the
province of Santa Fe (Iriondo 1983), allowed to group the water divides into
three types: (a) Clearly defined, linear segments; (b) High, plane and homo-
geneous undefined areas, without dells or any kind of irregularities, mainly
composed of loessic sediments, that is, highly permeable materials. Due to
this fact, there is no water storage on the surface, but a rapid infiltration;
(c) Small closed areas of recent tectonic origin.

1.4.4.2 Second Element - Transient Marshes (Bañados)

Drainage networks in the Pampa begin in a kind of non-permanent wetlands,
locally named “bañados”. These elements have a marked identity in the plain
and are well known in the region for centuries. They are relatively low and flat
surfaces periodically covered by water during larger or shorter time spells.
Such water bodies occupy large, gentle depressions of different origins, most
of them originated in the past eolian landscape. The flooding of large areas
(e.g., 20,000 km2) during large periods (weeks or months) is one of the most
important characteristics of the Pampean Plain.

The bañado is the typical case of unchanneled flow on the plain. It is a
temporary aquatic environment, mainly fed by local rains with an undefined
and variable perimeter and without its own sediments and a maxi-
mum depth less than 1 m. Such a phenomenon occurs at large intervals;
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recurrences have a minimum of several years; it is linked to extreme climatic
events such as the as El Niño phenomenon. A striking characteristic of these
inundations is that they leave no indications in the landscape once they dis-
appear. A typical bañado moves very slowly downwards along the gentle
relief, in terms of days or weeks, undergoing changes in surface area. It can
be described as a “transient marsh”.

An unchanneled flow has the following hydrological phases:

a) A water storage phase, with a very slow flow velocity (usually centripetal).
Here, the water stagnation predominate over the drainage.

b) A water drainage (first phase) arises after storage, lowering the residence
time in the storage areas.

c) A flood phase, results in flooding of the areas located downslope of the
storage areas.

d) A water drainage (second phase), which occurs when temporary inun-
dated areas are drained.

e) A channelization phase means that the residual waters are conveyed along
dells and fluvial channels.

Frequently, these phases show a partial simultaneity in this flat landscape.

1.4.4.3 Third Element – Dells

The water masses flowing slowly on the plain eventually occupy geomorpho-
logical elements named dells (or “cañadas” in Spanish). Dells are shallow lin-
ear depressions, most having straight and well-defined limits containing
permanent or temporary waters. Some dells include a small channel at the
center, but such a channel always is a minor feature, strongly subordinated to
the rest of the depression in the general hydrodynamics.

In many cases, dells are tectonic lineations located at parallel and regular
intervals. Most of them are asymmetrical in cross section; such a characteristic
is imperceptible to direct observation in the field, but it can be detected by
observing the different widths of the vegetation belts at both sides of the cen-
tral depression. The deeper dells can contain permanent water and paludal veg-
etation. At both sides are located semi-permanent wetlands with tall grasses
(“pajonal”). Frequently, the wetland on one side of the depression belt is two or
three times wider than that at the opposite side, composing an asymmetrical
cross section. Such a pattern is attributed to a tilting of small tectonic blocks.

The size of dells is variable, ranging between 200 and 400 m in width and
reaching usually more than 5 km in length, with maximum lengths up to 35 km.
In some areas in north Santa Fe appear parallel dells with 1.5–2.5 km equidis-
tance. Dells are scarce or absent on other areas. In Santa Fe Province
(Argentina), dells underwent the influence of hydric and eolian processes of
variable importance. Three different types can be recognized:
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a) Simple dells. Generated by neotectonic processes, without influence of
exogenic agents.

b) Dells with deflation hollows. Dells were favorable environments to the for-
mation of deflation hollows during arid climates. At present, the deflation
hollows (seasonally transformed in ponds) form long rows aligned along
the central line of the dells.

c) Dells with fluvial channels. This class has undergone a more advanced
hydric modelation. The channel is normally considerably narrower than
the dell width; it has little influence in the local drainage dynamics.

Dells collect the local surficial and hypodermic flow. The majority have tem-
porary or intermittent regime, conveying water only during the rain season
or after important storms. From a hydrological point of view, dells are char-
acterized by a high roughness, originated by dense mats of tall grasses as
Panicum prionitis (“pajonal”) or Spartina densiflora (“espartillar”) among
others. The high roughness and the low longitudinal slope strongly hinder the
movement of water. Second-rank differences among dells are visible. Each
type of dells show a different hydrological behavior; type “c” allows a com-
paratively rapid drainage whereas type “b” (with deflation hollows) shows the
lowest drainage capacity. The later have larger retention times, originating
larger infiltration, evaporation, and evapotranspiration rates.

During the present humid climate, dells tend to evolve into a fluvial land-
scape, integrating in some degree the drainage network. Such a process is
considerably evolutioned in the Cululú River basin (located in the center of
Santa Fe Province, Argentina), where dells developed to true fluvial channels
completely integrated in the Carcarañá fluvial net. On the other side, in the
north of the province, the process is less significant or absent; the basin of
the San Antonio River includes several dells directly connected with the col-
lector and other completely isolated. The Ceres-Tostado area (NW of the
Santa Fe Province) is characterized by a large number of dells without any
hydric evolution.

Frequently, dells function as headwaters of autochthonous rivers, which
means that they are the first-order channels (sensu Horton 1945; Strahler
1952) in such basins. The drainage pattern is parallel, without a dendritic
development, because the tectonic origin of the morphological elements. In
general, the total length of the small dells is commonly far larger than the
total length of the major ones.

1.4.4.4 Fourth Element – Fluvial Channels

A fluvial channel is easily distinguished from the above described elements; it
is a trench incised by the downslope flow of water. In an active channel, the
water velocity varies by some dm s−1 to several m s−1. Fluvial channels in
the aggradation plain are shaped by the water which conveys. The hydraulic
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geometry of the fluvial channel (cross section, longitudinal profile, depth,
banks, etc.) as well as the evolutionary mechanisms is very different to those in
dells. The nature of a channel is represented by the volume of water and sedi-
ment conveyed by processes of erosion and sedimentation in low gradients.

1.4.5 Connections with The Amazon Basin

The contact (sporadic or seasonal) of the Paraná and Amazon fluvial nets is
real. The divisory between both basins is around 2,000 km long, crossing sev-
eral geomorphological units of different characteristics. Some of these land-
scapes favor transfluences, captures, floods and spillouts to one or other side.
Two examples can illustrate this condition. The most important one is
located in eastern Bolivia, where the 65,000-km2 alluvial fan of the Río Grande
is crossed by the present divisory, 70% of them (including the main stream)
belongs to the Amazon, and the rest to the Paraná basin (Fig. 1.8). Overflows
and paleochannels of the Río Grande form the Paraná portion of the alluvial
fan; they extend to the foothill of the Bolivian Precambrian Shield, at the
northern border of the Chaco. Paleochanels are 40–80 m wide and 2–3 m
deep, dimensions suggesting considerable discharges.

The second example is provided by the sources of the Paraguay River. Small
first-order channels drain a meset of Cretacic/Tertiary age, where an old land-
scape is preserved in hard rocks. Paleochannels of this epoch are partially
occupied by tributaries of both sides of the divisory. The rivers Aguapehy
(Paraná basin) and Alegre (Amazon basin) flow in a parallel direction along
40 km, separated by a distance of only 1,000 m (Soldano 1947, Fig. 1.11).
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2 Geomorphology

MARTÍN H. IRIONDO

2.1 The Surrounding Regions

The Middle Paraná floodplain (Fig. 2.1) is surrounded by several regions that
influence the environment of the system in various ways. All of them, except
for one (the delta at the Río de la Plata) are located upstream, a condition that
reinforces the character of contributors that deliver water, sediments, salts
and heat into the plain (Fig. 2.2).

2.1.1 The Lower Paraguay River

The lower Paraná River flows inside an abandoned segment of the Paraná
floodplain which is 220 km long and 5 to 15 km wide (Drago 1975; Iriondo
1993). The intense morphogenetic activity of the Paraguay re-shaped the old
internal units of the plain; Drago (op. cit.) described three geomorphological
units: present meander plain, old meander plain, and hindered dranage plain,
all of them Holocene in age. The hindered dranage plain is the oldest, and is
characterized by numerous permanent and non-permanent swamps. It has
been partially eroded, remaining only a few relicts of the original surface. The
old-meander plain is located preferently on the right side of the valley, which
suggests a secular migration of the channel to the east. This river has a partic-
ular hydrological behavior owing to important natural perturbations occur-
ring in the basin. The annual flood has a long and shallow wave because the
attenuating and delaying effect in the runoff provoked by the interference of
the Pantanal. The Pantanal is a 60,000 km2 wetland formed by drowned eolian
dunes, paleochannels of alluvial fans, and other obstacles. A general delay of
1–2 months is registered in the peak.

The lower Paraguay receives two important tributaries that can duplicate the
discharge of water: the Bermejo River at the right bank, and the Tebicuary River
at the left bank; the Bermejo, besides, contributes with most of the discharge of
suspended sediment in the whole Middle Paraná system. The backwater effect of
the Paraná River at the confluence modifies the hydraulic slope at the Paraguay
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mouth with variable intensity, affecting all the segment in extreme cases (Paraná
flood with low waters in the Paraguay). The bed-load of the lower Paraguay is
formed by fine and very fine sand composed of more than 99% quartz. A terrace
4 m high above high waters appears at the right bank of the floodplain that is
composed of plastic grayish green clay covered by 30 cm of gray eolian silt.
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2.1.2 The Megafan

Leaving the basaltic meset, the Paraná River enters the Argentine plains. In the
first segment, it generated a large alluvial fan (or megafan), which covers the
NW half of the Corrientes province in Argentina and the southern part of east-
ern Paraguay. The fan is 260 km long and 500 km wide in the distal line and is
located at the Paraguay-Paraná left bank. The megafan has been stable for
most of the Upper Quaternary. Inside it, the river channel built relatively sta-
ble belts, occupied during some hundreds or thousands of years, eventually
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abandoned by the main stream and replaced by large swamps. A sequence of
such intervals formed the present megafan. A few extensive deposits produced
by spillouts during dry climatic phases in the Upper Quaternary are interca-
lated among the abandoned belts. Also during dry phases, important deflation
of sand occurred in the abandoned belts, generating up to 80-km-long and 
5-km-wide dune fields.

The present river belt crosses the fan in an east–west direction; the chan-
nel there is braided, with frequent elliptical islands and sand banks. The
youngest abandoned belt in the megafan is Holocene in age and runs along
the eastern limit of the system and includes the Iberá and Luna lakes. The
ecological system of the megafan is similar to that of the Middle Paraná.

2.1.3 The Chaco Old Belts

Downstream of the large fan, the river turns to the south and begins the
Middle Paraná reach. Several floodplains with north–south directions were
built by the stream along its geological history. Such belts were controlled by
tectonic fractures. Each position was occupied by the river for thousands of
years and eventually abandoned owing to tectonic movements in relatively
short-time shifts called “avulsion”. Old belts are preserved at the surface in
the SE of the Chaco region (province of Santa Fe) up to the latitude of 31°40’.
The region was subject to a humid climate during the middle Holocene (8,500
to 3,500 years B.P.). Local alluvial systems developed well-formed fluvial nets
on the inherited landscape abandoned by the Paraná. In some cases, the local
rivers flow in paleochannels, others have structural control; the most fre-
quent case is a sequence of both types of control. The major valleys are from
2,000 to 2,300 m wide.

The Chaco old belts compose a broad stripe along the right bank of the
Middle Paraná with a maximal width of 90 to 100 km; the downstream
extreme is located at the city of Santa Fe. This geomorphological unit is char-
acterized by paleochannels of different sizes formed by the main channel and
minor branches. Surficial paleochannels are Upper Pleistocene in age; most
of them have a meandering pattern (meaning different to the present main
channel) and have suffered variable degrees of destruction and infilling with
local sediments. The growing of tropical peat, although in lesser scale than in
the fan, is also common in swamps and paleochannels of this unit.

A few dune fields were accumulated by the wind at the fringe of the flood-
plain during a dry climatic phase that occurred in the Late Holocene (3,500 to
1,000/1,400 years B.P.); the northernmost (near the town of Alejandra), hav-
ing a 17-km N–S longitude and 5 km width, is the largest one. The eolian
dynamics has also produced deflation hollows several hundreds of meters in
diameter, in some cases flanked by lunettes or “clay dunes”. Frequently, such
depressions are transformed in shallow lakes.
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2.1.4 Eastern Highlands

This area is formed by old Quaternary sediment of the Uruguay River and
Last Glacial loess generated by SW winds. The Quaternary sediment is repre-
sented by the Hernandarias Formation, playa deposits characterized by
montmorillonite clays and very fine sands composed of mature quartz.
Abundant carbonate and gypsum precipitates appear in the sediments, par-
ticularly in the lower section of the formation and the thickness is between
20 and 40 m. The dominant colors are gray, green, and reddish brown. The
landscape is flat, covered by vertic soils and is prone to saturation by rains.
This system covers about 30,000 km2 in the Paraná basin and extends to the
east into the Uruguay River basin.

The Last Glacial loess is formally named the Tezanos Pinto Formation. It
covers a landscape of hills and valleys downstream from the former area. The
loess is composed of a loam formed by illitic clays mixed with felspars and
quartz. The color is pale brown and deep brunizem soils were formed at the
surface of the terrain. The original wood vegetation of the hills has been
replaced by agriculture in most of the area. This loess covers a surface of
20,000 km2 and is a sector of the Pampean sediments described in Chap. 1 of
this book.

2.1.5 The Pampa in South Santa Fe

This sector of the Pampa region limits the southwest half the Middle Paraná
floodplain at the right bank. An extended description of the Pampean geol-
ogy and hydrology can be found in Chap. 1 of this book. The area immediate
to the Middle Paraná is the northeastern corner of the system and is charac-
terized by an Upper Pleistocene sequence of loess and swamp sediments with
a thickness of 15 to 40 m. The relief is scarce, and is dominated by tectonic
tilting of small blocks. Few and small rivers reach the food plain in this area,
the largest among them is the Carcarañá. The contribution of chlorides and
others salts via fluvial and seepage waters into the Paraná system is probably
important.

2.1.6 The Littoral Complex at the Paraná Mouth

The Paraná River reaches the Atlantic Ocean in a 300-km-long and 80-km-
wide littoral complex. Most of its evolution occurred during the Holocene.
The development of this complex comprises four phases: (1) A fluvial period
represented by river flood deposits; (2) a marine ingression with develop-
ment of a sand barrier, a lagoon, minor tributary deltas and estuaries and
well-developed regression deposits; (3) an estuarine phase characterized by
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extensive tidal deposits in the central area; and (4) the present fluvial period,
with channel deposits and deltaic deposits advancing into the Río de la Plata.
The present dynamics of the complex is dominated by the Paraná floods, the
floods of the Uruguay and Gualeguay Rivers, tides, and inundations pro-
duced by a southeast wind.

2.2 Neotectonics

Plains are generally influenced by tectonic movements. Not only the regional
features but also minor forms (direction of channels, asymmetry of small
basins, etc.) frequently have structural control. The vertical component of the
movements is very small (no more than 6 m in the Paraná floodplain, for
example); however, it is significant because of the near horizontality of the
plains of South America.

Large rivers with high morphogenetic energy tend to make uniform the
inherited geological features. Therefore, most of the visible structural ele-
ments in the large floodplains are the consequence of present-day or recent
neotectonic processes. On raised blocks, the floodplain is narrow, the chan-
nel straight, and the older sedimentary deposits appear as terraces. On
sunken blocks, the longitudinal slope is very small, the floodplain is wide,
the channel shifts, and old sediments are permanently submerged. Evidence
of this tilting can be observed as in the case of the channel eroding only one
of the valley cliffs, and terraces on one side of the river, etc. (Iriondo and
Suguio 1981). Both the Amazon and Paraná Rivers are clearly influenced by
neotectonics.

The Paraná River flows across a region composed of several structural
blocks elongated in a N–S direction, and most of these are tilted to the east.
The blocks are superimposed on an old structural system characterized by
NW–SE and NE–SW alignments. In fact, the pattern is similar to the Amazon
region, but with the N–S components being more developed. In the Pampa
plain, west of the Paraná valley, small grabens with square or rectangular
shape are frequent. Typical dimensions for these structures are 50–200 km2 in
area and 2–5 m topographic difference in elevation.

The Paraná River flows 600 km from north to south along a tectonic lin-
eation. The lineation, which is probably Pleistocene in age, is a complex ele-
ment that crosses through minor blocks suffering independent vertical
movements. Most of the blocks are tilted to the east, and, consequently, the
main channel tends to flow along the eastern cliff of the floodplain. In con-
trast to the Amazon, in the Paraná we could not find any differences between
the present and other Holocene movements. In general, the upper reach of
the floodplain (from Corrientes to Bella Vista) is in process of subsidence.
The lower reach, between Santa Fe and Rosario, tends to rise. The intermedi-
ate sector is composed of several minor blocks with a non-uniform behavior.
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The hydraulic gradient of the river is composed of a sequence of segments of
different slope.

2.3 Climate

The important point to understand in this issue is that the Paraná floodplain
shapes its own climate, owing to the dominant influence of the huge volume of
water flowing in a north–south direction in channels, and in lakes and swamps.
Particularly, the large river discharge amounting to about 20,000 m3/s with
water flowing near 1 m/s produces a significant transport of heat from the trop-
ics to the temperate region. In synthesis, the climate of the Middle Paraná is
humid subtropical with hydric excess during the entire year, without forests,
1 to 5 storms per month, and moderate cloudiness (100–120 days/year).

2.4 Climatic Changes in the Quaternary

Important climatic changes that occurred over the last few thousand years
provoked modifications in the region and influenced the present ecology of
the Middle Paraná (in both physical characteristics and biological pattern).
The Quaternary was a period that produced strong climatic changes over the
entire earth. In the great South American plains, located at a low latitude, wet
and dry climates alternated. During the Pleistocene, the Argentine plains were
subject to two long humid periods followed by dry intervals (Iriondo 1984).
Data are lacking about the temperatures of each climate, but very probably
humid climates were warm and the dry intervals cooler than the present.

Large variations in precipitation also occurred in the Holocene. During the
humid periods, the fluvial nets developed and wide floodplains appeared in
the major tributaries and during the semiarid intervals, large alluvial fans and
swamp deposits developed. Extremely dry conditions also produced aeolian
erosion and deposition (Iriondo 1982).

During the late Pleistocene, the Argentine section of the Paraná River was
under an arid climate, with generalized loess deposition and disintegration of
the fluvial nets in the surrounding plains. In the northeastern provinces, an
area not reached by the loess sedimentation, the depressions were filled by
swamp environments (Iriondo 1984).

The lower and middle Holocene, including the Hypsithermal Episode, was
characterized by a humid climate that reactivated the hydrographic nets.
Deep soils developed on the interfluves, with well-defined B-horizons, indi-
cating good vegetal cover and landscape stability (Iriondo 1987).

Between 3500 B.P. and 1400 B.P. an arid episode occurred that provoked
wind erosion of the A-horizon of the soils and the sedimentation of a loess
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mantle a few decimeters thick (San Guillermo Fm.). The aeolian sedimenta-
tion advanced 300 km more to the northeast than the Pleistocene loess. The
dune fields located in the Paraná floodplain near Reconquista and northern
of Esquina also developed during that period.

The present subtropical humid climate stabilized around 1000 B.P. The
isohyets have a general NW–SE direction; the available information (Iriondo
1984, 1987) suggests a similar disposition during the upper Pleistocene.

2.5 The Sediments

In the Middle Paraná (Fig. 2.3), the river flows on a broad and thick carpet
formed by its own sediments in the typical pattern of floodplains. The bulk of
sediments is composed of well-sorted, fine quartz sand with grain sizes
between 0.2 and 0.3 mm. The sand was originated in the destruction of
Mesozoic eolian sandstones in the upper basin of the Paraná, so the high
degree of sorting of the sand is the result of the fluvial dynamics, but it is
inherited from the former sedimentary cycle. The thickness of the sand in the
floodplain is about 40 m, carved in erosive discordance on older floodplains.

Fine sediments have contrasting sources: most of them arrive from the
Cordilleran/Puna realm along the Bermejo River and other tributaries and
are formed by illitic clays. Another volume composed of kaolinite is conveyed
by the upper Paraná, and a small proportion dominated by montmorillonite
is contributed by small basins in the SE, developed in terrains derived from
the Uruguay River system.

Surficial sediments which compose the different geomorphological units of
the Middle Paraná are dominated by four sedimentary facies: (A) Channel
facies, which are composed of fine and very fine sand generally in 10 to 40-cm-
thick horizontal strata with diagonal structures; (B) levee facies, which are
characterized by silty-clayey very fine sand with intermediate plasticity; ochre
to greenish gray in color, mottled, with numerous pores, tubes and root molds.
Gley processes are frequent; (C) lake and swamp facies, composed of dark gray
silt with abundant organic matter in different degrees of decomposition. It is
compact, with a low porosity; sand and clay are scarce; and (D) facies of aeo-
lian dune, very fine sand, without visible internal structures, brown in color; it
appears in isolated spots in the northern half of the floodplain.

2.6 Geomorphology

The morphology and sedimentary deposits of floodplains are determined by
the flow regime, which in turn depends on the hydrological pattern of the basin.
Two groups of mechanisms operate in floodplains: channel processes and flood
processes. Channel processes deposit sand and pebbles in elliptic of arcuate
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banks; they develop at maximum in humid climates. Typical flood deposits, on
the other hand, derive from the deposition of fine sediments transported as
wash load and form a landscape with swamps and lakes. Flood deposits develop
better in semi-arid climates characterized by uneven distribution of rains.
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The most striking point in the comparison between the Amazon and
Paraná Rivers is the similarity of both floodplains. Their general evolution
during the Holocene and the local characteristics of the geomorphological
units are very similar, with only second-order differences.
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2.6.1 Geometry

The Paraná floodplain is approximately 600 km long, reaching from the con-
fluence Paraná-Paraguay, 27°25′ S to 33°S, south of Rosario. Downstream it
passes transitionally to a well-developed Holocene delta. The general direc-
tion of the plain is north–south, crossing perpendicularly or diagonally sev-
eral tectonic blocks. This relationship has generated local segment within the
floodplain, with different directions and slopes.

From the confluence of Paraná-Paraguay until 28°10′ S, the Paraná flows
75 km on a sunken block, widening the floodplain from 13 to 45 km; the
hydraulic slope of the channel is 4.45 × 10-5. The segment that follows is 150 km
long and steeper, with a hydraulic slope of 5.80 × 10-5; the width of the plain
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varies between 25 and 35 km. From Goya to Esquina (30°S), the plain passes
through an elevated block with a 6.37 × 10-5 slope. Downstream from here, the
floodplain passes across several minar blocks and narrows from 40 to 8 km at
Santa Fe, a section which owes its origin to a regionally important fracture.

In most of the reach, Confluencia-Santa Fe the main channel flows along
the left cliff of the plain, indicating a west–east tilting of the tectonic blocks.
From Santa Fe to the delta apex, on the contrary, the channel crosses the
floodplain and flows along the right margin. The plain widens to 40 km at the
delta apex and the total area of the floodplain is 19,290 km2.

There are two major groups of geomorphological units inside the flood-
plain; one of them directly linked to the main channel and the other formed
or influenced by the tributaries. Those directly depending on the main chan-
nel are the channel itself, the bar-plain, the hindered-drainage plain and
meander-plain of the Colastiné branch. Units influenced by the more impor-
tant tributaries form delta-like areas at the confluences of the rivers Salado,
San Javier, Corrientes, El Rey, and others.

2.6.2 The Eastern Cliff

The left cliff of the floodplain is an imposing geographic element 1,200 km in
length and 30–50 m in height. It begins in the apex of the alluvial fan (27°30’S
and 56°W), crosses the entire Middle Paraná, and ends at the littoral complex
of the Paraná mouth at 34°S. The cliff is formed by a sequence of geological
formations. The long-term evolution of this feature is the retreat by means of
mass movements, triggered during sporadic long rainy seasons. Each geolog-
ical formation has a particular “equilibrium profile”, which is the maximal
angle that can resist the weight of the own formation plus the above column
of sediments. When the slope is higher than this, a mass movement occurs
until the equilibrium profile is reached.

The active factor in the Middle Paraná is the main channel of the river,
which flows along the left margin of the floodplain; the stream slowly erodes
the base of such equilibrium profile, provoking a rejuvenation of the retreat-
ing process. Sectors of high instability are intercalated with other more stable
ones, depending on the different clay minerals included in the sediments.

A second mechanism of cliff retreat with important ecological and biogeo-
graphic influence is the development of gullies. Those grow by rill erosion
caused by the rain in the neighboring high terrains. A typical gully is
500–2,000 m long, 100–300 m wide, and 10–30 m deep, with a plane bottom
and vertical margins. Such gullies serve as warm ecological niches where the
tropical vegetation advances to the southern temperate latitudes.

2.6.3 The Main Channel

The main channel of the Paraná is typically braided and composed of a
sequence of wide segments that are characterized by two or more branches
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with lateral erosion and sedimentation activity forming an unstable island.
Such segments are limited by short and well-defined contractions, in which
the river flows in a single channel. The contractions, determined by trans-
verse fractures, are planimetrically stable sections where the channel has not
shifted over the last 80 years.

The wide segments are 20–30 km long and 4–8 km wide inc1uding islands
and sand bars. The summed width of the channel branches is 2–5 km and the
typical depth oscillates between 5 and 10 m. In the contractions, the width of the
single channel is smaller, measuring between 0.5 and 1.5 km; the depth oscillates
between 15 and 30 m. The total surface of the main channel is 1,803 km.

2.6.4 The Bar Plain

A belt of elliptic bars composed of fine sand enc1oses the main channel
along the entire floodplain. This belt is permanently modified by erosion
and sedimentation and has a width of 2–7 km and a total area of approxi-
mately 4,150 km. The bar-plain is formed by islands inside the major chan-
nel and sand bars developed at the channel margins. Most islands began to
form and grow as a juxtaposition of individual bars, which are 500–1,000 m
long and 200–500 m wide. The islands are up to 5–6 km long and 2–3 km
wide in the area of Bella Vista, and larger in the south (up to 35 km long and
7 km wide). This difference in size suggests a tendency towards a neotectonic
sinking in the south. The islands are crossed by minor active channels, most
of them with intense lateral migration, resulting in irregular belts of small
meanders.

At both sides of the channel, this geomorphological unit has the same pat-
tern as the islands, with irregularly juxtaposed bars and active minor chan-
nels originated in the collector and that join it downstream.

2.6.5 Large Branches

The main channel originates a few large branches that flow on the right
side of the floodplain, such as the San Javier and Colastiné “rivers”. These
convey large discharges on the order of 1,000 m2/s and produce an intense
morphogenesis.

The San Javier branch flows near the west cliff of the floodplain from
Reconquista (28°20’S) to the south, along more than 200 km. It crosses low-
lying, almost permanent drowned terrains, forming an entanglement of small
anastomosing channels linked to 200 to 300-m-long shallow lakes. Near
Romang, such lakes are well defined, and in other places they pass in a tran-
sition to swamps. The channels are fixed, without lateral migration, and are
100 m wide. This unit is characterized by organic sediments and clays, form-
ing a 4 to 5-km-wide belt.
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The Colastiné branch is 39 km long and appears at the same latitude as
Santa Fe city. The discharge of the channel is 1,400 m3/s. It is a typical mean-
dering channel with intense morphogenic activity; some meanders migrate
laterally several meters per year. The channel constructed a 60-km-long and
6 to 8-km-wide meander plain, characterized by 0.8–1.5 m deep meander
scrolls, transformed in shallow lakes and seasonal swamps. Meanders cut and
form ox-bow lakes in processes that take several years of progressive capture
of the water discharge and closing of the old segment (Iriondo 1975). The
sediment is fine, well-sorted quartz sand and 0.2–0.3 mm in diameter. The
channel is formed by a regular sequence of riffles and pools with a depth
ranging from 7.3–11 m. The grain-size of the sediment in the ox-bow lakes is
clearly finer, with a mean between 10 and 20 µm (silt) in some points.

2.6.6 The Meander Plain

Along the right margin of the floodplain, on the opposite side of the main
channel, flow-active secondary channels of the meander type (Fig. 2.4) are
develop significant meander plains in several areas. The largest meander
plain is located north of Santa Fe city, where an important branch of the river
(the Colastiné “river”) flows for 60 km. The plain is 60 km long and 6–8 km
wide. This geomorphologic unit is composed of fine silty sand at the surface.
The total area of the meander plains is 2,917 km2 (Iriondo 1972).
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2.6.7 Hindered Drainage Plain

This unit is characterized by a morphology of flat areas with numerous shal-
low ponds, swamps, and small adventitious channels. Such channels are
active only at the beginning and end of the floods. Flood deposits are located
at the right bank of the main channel along the entire floodplain. The intri-
cate topography hinders the downstream flow. Water moves very slowly,
practically in laminar flow, and follows minor tracts, sometimes in different
directions depending on the state of the channel. Some areas of this type were
slightly sunken by tectonics. The numerous shallow lakes are irregular in
shape and 400 to 1,000 m long; adventitious channels are tortuous and about
100 m wide. They are also numerous, and were generated in the past under a
hydric regimen different than the present one. The channels are intercon-
nected in a chaotic way: some of them have well-formed levees at the banks,
a feature that impedes the flow even more. This geomorphological unit forms
wide belts at both sides of the bar plain. The sediments are mainly composed
of two sedimentary facies: (a) levee facies, characterized by very fine sand
with silt and c1ay admixtures, an ochre and greenish gray color, mottled, with
abundant pores, tubes and root moulds. It shows an intermediate plasticity
and gleying processes are evident; (b) pond facies, composed of dark gray silt
with a high percentage of organic matter at different degrees of decomposi-
tion. It contains small percentages of c1ay and very fine sand. The sediment
is compact, with low porosity, except in very recent deposits.

An important area is located south of Goya city, with a longitude of 50 km
and 6–8 km in width. At the right side of the system, a similar surface appears
at the latitude of Alejandra with 8–10 km width and extends for dozens of
kilometers to the south; there, the lakes are larger (1–3 km long) and less
numerous. Adventitious channels are numerous, small, and frequently inter-
connected; some of them flow in an east–west direction transversal to the val-
ley. Most of the surface is covered by swamps and ponds characterized by
vegetation decomposed in various degrees.

The flood deposits cover an area of 6,048 km. The mapping at 1:100,000
and 1:20,000 scales permitted the recognition of several minor units, each of
them representing a particular state of evolution from the original channel
morphology towards a definite flood morphology. The evolution shows two
diverging lines, one of them in areas subject to tectonic rising and the other
in subsident blocks.

The first state of the flood morphology is the same in both lines. The
minor channels crossing the bar plain are isolated from the general water
circulation and begin to widen in some places, appearing as small ponds. In
the raised blocks the channels gradually disappear, and the ponds change
according to lenitic dynamics, resulting in the following sequence: areas
with widened channels/areas with ponds and lakes/elevated areas with lakes.

In the subsident blocks the surface covered by ponds and swamps gradu-
ally increases. The morphological sequence is as follows: areas with widened
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channels/areas with lakes and associated channels/permanently submerged
areas. One important case is the area crossed by the “Río San Javier”, a
branch of the main channel.

2.6.8 The Ancient Deposits

Ancient deposits of the Paraná form terraces that flank both sides of the
floodplain in the upper half of the Middle Paraná. These terraces are charac-
terized principally by a flat surface with extremely low relief mostly not visi-
ble in the field. Only scarce swamps 100–300 m in diameter and irregular in
shape are detectable in such areas. The ancient deposits forming the eastern
terrace are composed of medium-gray green sand with calcareous concre-
tions; small pores and tubes are common. Gray sandy silt intercalations with
salt efflorescences can be observed in outcrops.

The ancient deposits are present from Confluencia (where the Middle
Paraná begins) reaching a latitude of 30°40′S and forming two discontinuous
belts on both sides of the floodplain. In the northern sector (up to a latitude
of 28°30′3S) they are sunken, with the ancient surface at lower levels than the
modern geomorphological units. In the southern sector, the ancient deposits
have been raised up, so that they presently form a terrace. The difference in
level between both sectors is more than 4 m.

The ancient sediments were deposited during a hydrological phase drier
than the present one in which the Paraná had a reduced discharge and a water
salinity higher than today. The age of the ancient deposits can be estimated
as middle to upper Holocene, probably contemporaneous to the amazonic
ancient geomorphological units, since the aeolian sediments covering the flu-
vial surface are dated from 3000 to 1000 B.P. (Iriondo 1981).

The Reconquista-Villa Ocampo terrace extends 60 km along the west cliff
of the floodplain. It is 2–5 km wide with a flat, generally swampy surface and
scarce morphological features. A gentle tectonic tilting originates the exis-
tence of small shallow lakes on the west side. The Goya terrace is located at
the left bank, a sector of an elevated old floodplain, partially eroded. At pres-
ent, it is not reached by the river dynamics, but undergoes floods and
sedimentation originated in small local basins developed in the eastern areas.
This terrace is different and looks older than the Reconquista counterpart.
The Goya terrace extends for about 100 km, is 5–11 km wide, is crossed by
meandering paleochannels of 2–4 km wavelength, which are quite large fea-
tures. Such paleochannels belong to the Santa Lucía river system, an impor-
tant tributary that drains an area of several thousand square kilometers in the
Corrientes province. In the southern half of the terrace, several minor local
basins contribute with modest volumes of water and sediments during spo-
radic floods. Permanent water bodies are absent, probably owing to the sandy
subsoil. Such subsoil sediments were originated in the large Iberá Wetlands
located at the center of the Corrientes province.
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The Goya terrace is crossed by a younger branch of the Paraná main
channel. This branch is now abandoned and forms a 45-km-long, 1.5 to
2-km-wide swampy depression that ends at the mouth of the Corrientes
River. The existence of this feature suggests a tectonic elevation of the ter-
race (which is several meters high and also tilted) synchronic with the
fluvial activity of the river branch.

2.6.9 Deltas of Tributaries

These are areas of sedimentation formed inside the floodplain during a dry
climate that has recently occurred (probably from 3500 to 1000/1400 years
B.P.). Water discharges were lower than today in all the system and tributar-
ies did not reach the collector, deposing the sediment loads in lateral positions
inside the floodplain. The Paraná was also smaller then than it is today. That
resulted in relatively short and wide delta-like sedimentary bodies. The
basins of western tributaries belong to the Chaco region, and convey a differ-
ent type of sediments than the main channel; hence, the deltas have a definite
signal in the Middle Paraná. Reworking and modifications of the original
geoforms were important in some of them. Larger discharges presently allow
a permanent connection with the main channel. In consequence, the deltas
are now inactive as sedimentation systems, but undergo several fluvial
processes. Each of them has particular characteristics.

The Arroyo del Rey River (right bank) generated a 45-km-wide and 8-km-
long delta. It is formed by low-lying, swampy terrains with scarce well-
defined shallow lakes. Small channels cross the area; the channel of Arroyo
del Rey (50 m wide) is characterized by contorted curves about 100 m long.
An abandoned channel of similar characteristics formed a narrow belt. Both
channels finish into an area of lakes located along the Correntoso branch of
the main channel, which is separated from the lakes by a wide levee.

The Los Amores River enters the Middle Paraná floodplain south of Villa
Ocampo and flows near the right bank of the plain for 50 km inside a narrow
(500–1,000 m wide) belt. The channel forms closed curves and is flanked by
numerous oxbow lakes. The sediment in the belt is predominantly sand; it
ends in a small delta 20 km wide and 5 km long at the latitude of the
Reconquista. The delta is occupied by several large, well-defined lakes 600 to
1,500 m long, which are connected by numerous well-formed adventitious
channels. It is also markedly sandy.

The Corrientes River drains a large area of the Paraná alluvial fan along
280 km and joins the floodplain at the left bank. It formed a fan-shaped
deposit 46 km wide in north–south direction, and 6 km wide in east–west
direction. The area is a meander plain crossed by channels originated in the
Corrientes River and also in the Paraná main channel. The sediment is dom-
inated by well-sorted fine quartz sand, kaolinite, montmorillonite, and
organic debris. A few eolian dune fields were formed in this area in recent
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times. The largest one is 12 km long and 2–3 km wide; it extends in a
north–south direction. Dunes are several meters high and are formed by
loose, well-sorted fine sand originated in the Corrientes River.
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3 Origin, Evolution, and Types of Floodplain 
Water Bodies

ALDO R. PAIRA1 AND EDMUNDO C. DRAGO

3.1 Introduction

The interest from geomorphological and limnological standpoints is the analy-
sis of the origin, evolution, morphometry, and abundance of floodplains lakes,
which provides relevant information about the management of these wetland
ecosystems. The Middle Paraná River contains a heterogeneous mosaic of lotic
and lentic water bodies with changing shapes and areas according to the variable
dynamics of the fluvial processes and the short- and long-term evolution of the
different portions of the river floodplain. Thus, floodplain lotic and lentic envi-
ronments can be eroded, filled, or enlarged at each flood event. The field data
obtained from more than 30 years of the last century to the beginning ones, and
the interpretation and analysis of the morphological structure of the floodplain
lakes were accomplished using aerial photographs scaled from 1:20,000 to
1:50,000, Landsat satellite images and topographic charts (Paira 2003; Paira and
Drago 2006). The aerial photographs and satellite images used were taken dur-
ing mean and low water stages of the Paraná River. The aim of this chapter is to
summarize a basin-wide characterization of the origin, shape, and morphologi-
cal evolution of the floodplain lakes and its relationships with the aquatic and
terrestrial vegetation and river dynamics.

3.2 The Middle Paraná Floodplain

3.2.1 Floodplain Characteristics

The areas geomorphologically more active of the composite fringing floodplain
of the Middle Paraná River are those located near the main channel or along the
larger secondary channels. Due to the braided pattern of the main channel, the
adjacent floodplain areas usually depict a morphology classified by Iriondo
(1988) as the modern sand bar-meander plain (Fig. 3.1A). The evolution of this
morphology is the evolved bar-meander plain unit (Fig. 3.1B), which is very
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recent and was also probably formed during the present water regime (Iriondo
1988). The old portion of the floodplain is composed by the anastomosed unit
(Fig. 3.1C), which has been built by flood deposits (Drago 1976; Iriondo 1972,
1988) located on the right margin of the alluvial valley, far away of the main
channel. In short, the modern and evolved bar-meander plains have been built
by channel deposits and are representative of the younger stages of the flood-
plain, while the anastomosed unit represents the late phase of the alluvial ter-
rain. Moreover, the anastomosed unit is characterized by areas affected by
neotectonic deformation (Iriondo 1988; Ramonell et al. 2000). Thus, there is a
sequence of raised and subsided blocks, each one displaying different hydro-
graphic patterns. The uplifted blocks show a major development of large and
small meanders together with a great number of scroll lakes and irregular
lakes (Fig. 3.2A), whereas the sunken blocks display a complex anastomosing
drainage pattern with a high density of large and irregular interconnected
lakes (Fig. 3.2B).
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Fig. 3.1 Examples of the three main geomorphological units. A Modern sand bar-meander
plain; B Evolved bar-meander plain; C Anastomosed plain. Note the differences in shape types
and densities of the floodplain lakes for each unit



3.2.2 Main Channel

Channel shape is a contributing factor in the distribution of depth and veloc-
ity of the water and is a function of the overall basin hydrology and geology.
The main channel of the Middle Paraná River has a braided pattern showing
a sequence of wide segments characterized by two or more anabranches and
narrow and short reaches in which the river flows in a single channel. The
channels divided by islands and bars within the main channel are termed
anabranches (Drago et al. 2003), whereas secondary channels form the flood-
plain drainage system. Thus, the floodplain channels branch and rejoin, but
each is a distinct channel bounded by the surface of the alluvial plain (“anas-
tomosing”, sensu Schumm 1971) showing sometimes different plan form pat-
terns (Table 3.1, Fig. 3.2).

The braided reaches are the most unstable and wide cross sections of the
main channel (Drago 1977a, 1990; Figs. 3.3 and 3.4). Channels islands and
sand bars are unstable and sometimes change their location quickly (Drago
1977a, 1990). The channel division is associated with increased width of water
surface, increased slope, and decreased depth. The ratio of depths in the
divided reaches to depth in the undivided reaches ranges from 0.3 to 0.9
(mean 0.6), similar to the data given by Leopold and Wolman (1957) for nat-
ural rivers (0.6–0.9). The main channel and its anabranches carry the 80–85%
of the total discharge flowing throughout the valley. Measurements of the
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Fig. 3.2 Satellite image of different floodplain water networks in uplifted block (A) and sunken
block (B) sectors and nodal points (1 and 2)



number of anabranches in the main channel of the Middle Paraná River per-
formed every 20 km along a reach of 800 km showed reaches with maximum
division of six channels and a mean of two anabranches in the overall length
of main channel. The channel narrowing is called nodal points or primary
control points (Coleman 1969). At these points, the Paraná main channel is
narrow (700–1,500 m in width) and quite deep, ranging the maximum depths
between 30 and 45 m, in contrast to less than 30 m in the wide or non-
restricted areas. At a nodal point, the bed water velocity measured over a
5-year period ranged from 0.44 to 1.11 m s−1. Nodal points are the most stable

56 Aldo R. Paira and Edmundo C. Drago

Table 3.1 Different floodplain drainage structure according to their
location in old floodplain area (OFA) and in a new floodplain area
(NFA). The data were obtained from an area of 4,000 km2

Parameter OFA NFA

Channel number per km2 2.5 1.0

Drainage density (km/km2) 2.3 1.0

Mean channel width (km) 0.03 0.06

Number of channel junctions per km2 30 12

Angles of channel junctions (°) 85 45

Radius of curvature (km) 0.32 2.5

Amplitude range of channel bearings (°) 160 77

Main vector bearing (°) 240 247

Fig. 3.3 Shiftings of the thalweg and floodplain bankline in two cross-sections. A narrow section or
nodal point (Toma de Aguas Corrientes, upstream Paraná city, 1); B wide section (see also Fig. 3.4)



cross sections and usually remain rather fixed through long periods of time.
An example is the Toma de Aguas Corrientes cross section, located 3 km
upriver from the Paraná city, which has showed only small variations since
1847 (Figs. 3.3 and 3.4; Drago 1977a, 1990). The Tertiary sandstone deposits
on the left margin have not allowed the river to migrate as freely in this area
as in others, where the main channel flows between alluvial banks. In most of
the reach from the Paraguay River confluence to Paraná city, the main chan-
nel flows along the left cliff of the plain, indicating a west–east tilting of the
tectonic blocks (Iriondo 1988, see Chap. 2; Fig. 3.1). Nodal points having
some of the deeper points of the main channel could be also related to neo-
tectonic processes, as fault systems and sunken blocks (Fig. 3.2: points 1, 2).
Usually, the deep holes of tectonic origin are more than 30 m in depth in con-
trast with the shallow scour holes originated by fluvial processes, which show
depths lower than 20 m (Drago unpubl.). Ephemeral sand bars exist in the
nodal points and channel cross sections and are either U-shaped or asym-
metrically V-shaped. The narrow and wide cross sections of the main chan-
nel show also two clearly different areas, the central strip and the bank strip
along the banklines. The former occupied 90–95% of the wetted perimeter,
being the more barren and homogeneous area of the river, with mobile sandy
bed materials and where the river bottom is seldom flat. Physically, the central
strip habitat changes little with the season or river stage. Current speeds are
always high, ranging from 0.5–2.6 m s−1 under low to moderate discharges
and often exceeding 3 m s−1 during high flows. The bank strips are the zones
adjacent to the central strip and the boundary between these habitats is not
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Fig. 3.4 Bankline migration, shifting of the thalweg and main sites of erosion and deposition
during the 1901–1966 period. A narrow cross section or nodal point (Toma de Aguas Corrientes
cross section); B wide cross section. The reach is just located downriver of the Aguas Corrientes
nodal point (see Fig. 3.3)



always easily determined. Slopes of natural banks are usually >25–35° and are
often nearly vertical in the upper portions of the banks. In the wide cross sec-
tions, the steep banks as well as low ones sometimes are associated with sand
bars, being areas with different physical pattern in water depth, current speed
and substrate. Furthermore, the bankline can be associated with high cliffs
(>5 to 80 m) or with low cliffs (<5 m). Large segments of the main channel
left bank are faulted-raised cliffs (Iriondo 1988), where sometimes very nar-
row beaches are developed but usually there are great depths immediately
offshore of the bankline. Drago (1977a, 1990) measured maximum bankline
extension and retreat averages of 139 m year−1 and 78 m year−1, respectively.
Usually, the maximum bankline migrations are detected on the floodplain
border and the minimum on the high fault-raised cliffs composed of Tertiary
sandstone (Figs. 3.3, 3.4). As much as 20,000 m3 of sediment may be involved
in a single bank failure of 200 m length, changing drastically the onshore strip
area (Drago unpubl.). The complexity of the bank structure is due to several
factors, such as different high-low water level fluctuations, scalloping caused
by block slumping, irregularities caused by the differential erodability of
bank materials, fallen trees and brush, and mixing of allochthonous and
autochthonous sediments (bad-sorting sediment). The accumulation of
woody debris (mainly large snags) accelerated the sedimentation in the
mouths of the anabranches, also fixing the bedforms and originating the join-
ing of channel sand bars and islands on the banks. This process results in the
loss of a portion of channel and the formation of a floodplain lake (Drago
1976, 1989, 1990).

The bedforms of the Middle Paraná River were classified by Drago (1977b)
in four groups: ripples, with wave height <0.30 m; megaripples, have a wave
height ranging from 0.3–1.5 m; dunes, the third category, range in wave
height from 1.5–7.5 m; and sand waves, which have a wave height of over 7.5
m. At high water stages the dunes move downriver at a mean velocity of 12 m
d−1 and the average rate of movement of the superimposed ripples and
megaripples reaches 37 m d−1. During low stages, the rate of movement
decreases to 3.3 m d−1 for dunes, and 9.9 m d−1 for the superimposed ripples
and megaripples (Lima et al. 1990; Fig. 3.5). Substrates at the channel center
uniformly consist of sand (Table 3.2) and are constantly shifting. The bedload
movement near Paraná city (Entre Ríos Province) ranged between 20 and 30
million metric tons per year (Amsler and Prendes 2000). Based on data cover-
ing 66 years of surveying in the same area, Drago (1977a, 1990) calculated a
mean annual deposition of 5.5 million m3 of sediment (Fig. 3.4). The wash load
transported by the river averages 100 million metric tons per year, with most
of the transport occurring in the main channel (Drago and Amsler 1988).

3.2.3 Floodplain Network: Secondary Channels

As in many alluvial large rivers, the Middle Paraná shows elements of both
braiding and anastomosing at the same time and in the same reach. The
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floodplain channels or secondary channels conformed the drainage network
of the floodplain complex and their hydromorphological dynamics origi-
nated a large heterogeneity at the riverscape scale (Drago et al. 2003; Fig. 3.2).

The drainage pattern of the Paraná floodplain depicts a predominant
anastomosing pattern that includes a large number of sinuous, low-energy
channels following flow-paths across the alluvial terrain that operate inde-
pendently over considerable distances (Figs. 3.1C, 3.2B). These secondary
channels usually meander, often with the highly sinuous, even tortuous plan
form associated with low-energy streams flowing through predominantly
cohesive sediments. Except in the major secondary channels where mid-
channel and point bars are common and the small islands are uncommon, in
the minor meandering courses the typical aggradational forms are the point
bars (Fig. 3.1A, B). Dunes and ripples are mainly associated with the largest
floodplain channels, i.e., in courses with mean discharges over 800–1,000 m3 s−1

(Tables 3.2, 3.3; Drago et al. 2003). The mobile sand bed configuration is
similar to the one detected in the main channel, but showing dunes with
lower wave heights less than 3 m (Fig. 3.5). They also shows deep scour holes
and meander scour pools, which ranges from 5 m to 17 m in depth at
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Table 3.2 Mean (x) and standard deviation (s) of river bed sediments in the Middle Paraná
River hydrosystem

Paraná River main Main secondary Minor secondary 
channel channels channels

x s x s x s

Sand (%) 98.97 1.671 97.50 2.646 17.25 14.033

Silt (%) 0.70 1.922 1.50 1.290 51.50 12.014

Clay (%) 0.19 0.431 1.00 1.414 31.25 9.179

Table 3.3 Hierarchical/functional classification of the floodplain channels according to their
mean annual discharge (QSC) in relation to the mean annual discharge of the Paraná main
channel (QMC=17,000 m3 s−1) and its degree of intermittency

Channel Months 
classification % of QMC Example QSC(m3 s−1) without flow

Colastiné River 2,200 0
Permanent channel >5

Coronda River 1,125 0

Low-intermittency >1–<5 Tiradero Viejo 500 1–2
channel River

Middle-intermittency <1 Correntoso 94 2–4
channel River

High intermittency <0.5 Yacaré River 35 >4

{



mid-water river stage. We found some of the deepest scour holes immediately
located downstream of the entrance mouth of several floodplain channels
when they flow to the floodplain from others majors secondary channels. We
stated that their origin is due to the hydraulic vortices formed when the water
flow across the scoured submerged levees during the floods.

The lower hierarchy channels with mean discharges less than 200 m3 s−1

(Table 3.3) sometimes present ephemeral small ripples (wave heights <0.30 m)
along their straight reaches. Conversely, the minor hierarchy channels have a
dominant silt-clay size composition in their beds (Table 3.2) with inserted
large or small sandy reaches on which small ripples are common (Fig. 3.5).
The characteristic feature along the longitudinal profiles of the minor chan-
nels is the alternation of shallow reaches and meander- and confluence-scour
holes (Fig. 3.5).

Some areas of the alluvial terrain show a marked ridge and swale topogra-
phy as a product of the meandering channels, whereas other areas display a
very complex drainage pattern of lentic water bodies associated with the
anastomosing-meandering network (Figs. 3.1, 3.2). The floodplain streams
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Fig. 3.5 Reproduction of hydrograph tracings from the center of the main channel showing
well-developed dunes and their migration in a 30-day period (1–2), and during a rising river
stage, showing the strong change in the bedforms in a 73-day period (3–4) (redrawn from Lima
et al. 1990); fd flow direction



show a wide range in their mean discharges as well as in their degree of inter-
mittence. Drago et al. (2003) have distinguished floodplain channels from the
main channel and its anabranches by defining floodplain channels that have
several order of magnitude smaller discharge than the main channel flow.
Channels with higher discharges are annually active or perennials, whereas
the minor hierarchies channels are not active during low-water periods.
Thus, the floodplain channels of the Middle Paraná valley have been classi-
fied according to their mean annual discharges (QSC) in relation to the mean
annual discharge of the main channel cross section (QMC) and their degree
of intermittence (Drago et al. 2003; Table 3.3). According to our experience,
the discharge is one of the main physical factors both in relation to the per-
manency-intermittency degree of the channel flow and also in the distribu-
tion, for example, of the benthic macroinvertebrates (Marchese and Ezcurra
de Drago 1992; Marchese et al. 2002). Floodplain channels with mean annual
discharges over 850 m3 s−1 have a permanent flow throughout the year, while
the minor channels (mainly those with less of 100 m3 s−1 in annual average)
show a strong reduction of discharges with temporal dry reaches and
ponded water in the scour holes and meander pools during the lowest stages
of severe droughts. Permanent secondary channels maintain the annual lotic
connectivity between the parent river and its floodplain. On the contrary,
during drought phases, the smaller intermittent channels ceased their flow,
beginning the short-or long-term “lentification processes” according to the
duration of the low-water phases (Drago et al. 2003).

Scour holes and meander pools are the lotic zones that display the maxi-
mum depths during the lower water level phases (about 5–8 m), showing
physical behaviors similar to that of the adjacent floodplain lakes. The same
effect is also detected in the shallow reaches of the minor channels where the
flow ceased temporally. These areas show a temporary lentification process,
which is maintained until the beginning of the flood phase (Drago et al. 2003).
Furthermore, during the drought phases, we have found strong physical bars
(temperature, suspended sediment, transparency) in the junctions between
flowing and no-flowing streams (Table 3.4).
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Table 3.4 Typical physical/chemical bar at the confluence of a low intermittent channel
(Correntoso River) and an high intermittent channel (Yacaré River) during low water stage. 
V Water velocity, SD Secchi disk, SSC Suspended sediment concentration, TW Water tempera-
ture, K Conductivity, (1): Water condition during high level (see Table 3.3)

River V (cm s−1) SD (m) SSC (mg l−1) TW (°C) K (µS cm−1)

Correntoso <2 0.22 81 29.0 487

Yacaré 0 0.90 17 23.0 344

Correntoso (1) 34 0.17 130 27.7 90

Yacaré (1) 20 0.15 100 27.6 90



In the old floodplain areas far away from the main channel, the number of
channels per square kilometer is twofold greater than in areas near the main-
stem channel, showing a greater degree of the fluvialscape dissection (Drago
et al. 2003; Figs. 3.1C, 3.2B). This fact is due to the evolution of the floodplain
drainage network, which shows from the main channel to the old areas, a pro-
gressive change in their hydrographic structure, from braided and meander-
ing to anastomosed patterns (Fig. 3.1). The average channel width at the old
floodplain is lower (27 m) than those closer to the Paraná mainstem (55 m).
These narrower channels can be completely covered by aquatic macrophytes
during the summer. The vegetation in turn changes the hydraulic conditions
of these lotic habitats, driving thus the rate of the erosion-deposition
processes of the channels, the vertical and transverse water velocities and the
distribution of the channel bed sediments. These features explain the differ-
ences in the benthic communities (Marchese and Ezcurra de Drago 1992;
Marchese et al. 2002; see Chap. 10). The increase of the drainage network
complexity according to the increasing the distance between the main chan-
nel and the alluvial terrains is described in Table 3.1. Thus, in the large river-
floodplain hydrosystems the spatio-temporal heterogeneity of the lotic-lentic
connectivity increases with the increasing of the distance from the main
course. We define as hydromorphological complexity concept of the riverine
floodplains (HCC) to this relationship between the major and permanent
running waters pathways and the minor floodplain lotic and lentic waters
within a large alluvial river valley (Fig. 3.2). This concept is strongly linked to
the flood pulse concept (FPC; Junk et al. 1989) and also with the expansion-
contraction cycles or “flow pulses” described by Tockner et al. (2000).

The hydraulic conditions in the floodplain channels are reflected in the
different erosion rates of their banks and in the diverse textural composition
of their channel beds. The high-hierarchy channels present mobile sandy
beds with a predominance of medium and coarse grain sizes. Sand-silty or
silt-sandy patches are found in the slackwater areas, mainly in that located
upstream or downstream of the point bars. Sand fractions always total more
than 90% of the samples and silt and clay show similar percentages, although
the silt contents are usually higher (Table 3.2). The grain size distribution of
bed sediments along the low-hierarchy channels is quite variable, according
to the different intermittence degree, position in the drainage network and
aquatic vegetation cover of the streams. The intermittence degree is closely
related with the position of the channel in the floodplain network. Thus, the
directly connected with the larger courses or the main channel present higher
percentages of sand or directly sandy reaches, while those connected with the
minor floodplain streams, will have silt-clayed beds (Table 3.2). Therefore,
the hydrological strength of the connection between the floodplain channels
is a very important factor in the distribution of the bed sediments from the
main channel to the floodplain channels. Despite that it is possible to remark
the existence of a decreasing gradient in the bed grain-sizes from the main
channel to the minor floodplain channels, such gradient it is not present as a
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continuum from the main stem to the more distant floodplain channel. In
fact, the floodplain dynamics and evolution creates different network struc-
tures along the river where other factors, as tectonic influences or nodal
points, determinate different floodplain channel densities and patterns and
consequently, different hydraulic connections between lotic water bodies.
These features exert a noticeable influence on the channel morphometry and
bed sediment distribution. The typical sequence of shallow reaches and scour
holes in the minor channels is depicted in Fig. 3.6, where it is possible to
detect different bed grain-size composition according the channel morphol-
ogy. Thus, in the first scour hole nearest to the connection with a major chan-
nel the amounts of sand are predominant as well as at the downstream
confluence with a larger channel. In the last case, the large proportions of
sands are related to the sand bar formed at the mouth of the confluence. On
the contrary, in the scour holes and bendway pools as well as in the interven-
ing straight shallow reaches, the bed texture changes to a marked silty-clayed
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Fig. 3.6 Longitudinal echogram of the secondary channel Correntoso River showing the hole-
step sequences, depth, and bed granulometry variation in a mid-water stage; fd flow direction



substrate. This change is generated by the current velocity diminution and
the competence loss of the channel. Channels of minor hierarchies fed by
streams similar to the example previously mentioned, display silt-clayed beds
with small scattered sand patches (Table 3.2).

The particulate organic matter that is carried on the beds of the intermit-
tent channels, is trapped in large quantities before it can conveyed into the
permanent larger channels. The sand bars built at the outlets of the minor
floodplain streams with larger channels are efficient traps for the coarse
organic matter flowing from the floodplain. Nevertheless, during highest
flows, a large portion of that organic matter accumulations is transported
downriver. A part of this organic material forms the organic beds of the aban-
doned channels (e.g., oxbow lakes, meander scroll swale lakes, etc.).

3.3 Origin and Shape of Lentic Water Bodies

The information on the origin, shape, and evolution of the floodplain lakes
has been gathered from several published and unpublished studies on flood-
plain lakes morphology (Drago 1973, 1976, 1981, 1989; Drago and Paira 1987;
Drago et al. 2003; Paira 2003; Paira and Drago 2006). These works encompass
morphometrical analysis of more than 2,000 lentic water bodies scattered on
the alluvial areas from the main channel islands to the older zones of the
Middle Paraná river floodplain. Nearly 50% of the floodplain surface was
embraced in these studies and the selected alluvial sectors were located in the
different geomorphological units classified by Iriondo (1972, 1988; Sect.
3.2.1). In this way, the 59.2% of the surveyed lakes were located in the mod-
ern sand bar-meander unit, the 28.7% in the evolved bar-meander unit and
the 12.1% in the anastomosed unit. In these studies, special emphasis was
given to the longitudinal and lateral distribution of the lakes (Paira 2003;
Paira and Drago 2006; Fig. 3.1).

Floodplain lakes of the Middle Paraná River are defined here as permanent
or temporary basins that may present their surfaces free or covered totally or
partially by emergent vegetation (Drago et al. 2003; Paira 2003; Paira and
Drago 2006). The assemblage of braided islands and the consequent isolation
of the anabranches in the main channel originated the large and irregular
lakes located in the modern sand bar-meander plain (Fig. 3.1A, B; Sect. 3.2.1).
The three floodplain units developed numerous oxbows and scroll lakes due
to the migration of the secondary channels. These elongated channel-shaped
basins do not have the dimensions of the Paraná main channel because the
major and minor floodplain channels created most of the meander scrolls
and their associated lentic water bodies (Paira and Drago 2006).

The Middle Paraná, with its high sediments load has nearly filled up its val-
ley, forming a very complex floodplain with island, bars, levees, secondary
channels, shallow lakes and swamps (Drago 1989, 1990; Drago et al. 2003;
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Iriondo 1972, 1988). About 40% of the alluvialscape is interspersed with dif-
ferent permanent and temporary lentic water bodies during mean river stage,
being also composed by a complex lotic drainage pattern, dense fields of
aquatic and palustrine plants and alluvial forests.

More than of 90% of the lakes in the Paraná floodplain have been active
channels that developed into lakes by the abandonment of the channels (e.g.,
oxbow lakes) or by the isolation of a channel reach by avulsion and bars and
islands assemblages. The latest process is common in the main channel and
floodplain border, while the formers are typical in the floodplain streams. A
very low number of temporary lakes had been formed by the accumulation of
water in small and shallow depressions built on the floodplain by the uneven
aggradation during floods.

Here we also differentiated between external and internal floodplain lakes.
External lakes are those basins formed in the channel islands as well as along
the floodplain-main channel border. On the other hand, internal lakes are
water bodies originated within the floodplain (e.g., oxbows and scroll lakes).
This division was based on the predominance of the evolution of the channels
in the generation of floodplain lakes as well as in their hydrological connec-
tivity (Paira 2003; Paira and Drago 2006; Sects. 3.2.2 and 3.2.3). Thus, lakes
associated with the main channel support the strongest hydrosedimentologi-
cal changes. Moreover, external lakes may change to internal lake conditions
due to the floodplain evolution.

The origin of some kinds of floodplain lakes can be recognized through
their basin shape. In the lake population analyzed in the three geomorpho-
logical units, we divided the lake basins in the following main shapes: round-
oval, elongated, and irregular (Table 3.5). Round-oval lakes encompassing
circular, elliptical and “drop” shape basins. We called “drop” shape-lake to
the basins formed in the single young channel-islands, similar to the islands
built at the front of the river deltas. A large number of round-oval lakes are
located in the older areas of the floodplain (Figs. 3.2B, 3.7A1). However, many
recent round-elliptical and drop lakes are formed in the main channel islands
of the braided reaches, here called “island levee lakes” or “island lakes”.
Despite that these basins are generated by the same processes that form the
deltaic levee lakes (Hutchinson 1957; Timms 1992), the location and hydrol-
ogy of the basins are different. Old round lakes are usually associated with
swamps, showing shorelines with very gentle slopes covered with aquatic and
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Table 3.5 Classification of lake shapes in the Middle
Paraná floodplain

1. Round-oval

2.1. Thin elongated
2. Elongated

2.2. Wide elongated

3. Irregular

{



palustrine vegetation (Fig. 3.7A1). They are isolated from the running water
for long periods of time. On the contrary, the island lakes are located in the
channel islands and are entirely surrounded by levees, therefore their isola-
tion phases are short (Fig. 3.7B1). Elongated lakes are those with channel-
shaped basins that show “wide” and “thin” basins. They are well-defined
channel-shaped basins formed by the abandonment of braided reaches of the
main river or stretches of the floodplain channels (Fig. 3.1A). Meander loops
(wide basins) and others abandoned straight and sinuous secondary chan-
nels, maintain their channel shape over long periods of their morphological
evolution, mainly in that wide channels with higher depths. There are numer-
ous lakes formed in abandoned river channels that did not originate from
abandonment of a single meander (Fig. 3.8A1, 2). Such channels represent
former sinuous or meander courses abandoned following siltation and the
cutting of new channels and are common within the anastomosing complex.
Some of these genetical shallower lakes are much subject to sedimentation as
small oxbow lakes, but are for less sinuous and are often scoured during
floods when they have their main axis paralleling the active secondary chan-
nels. On the contrary, very shallow scroll lakes lost their channel shape more
rapidly due to their low depths and also by the fusion of several swale depres-
sions, usually belonging to the same meander scroll set. Due to their plan
form pattern, we call the longest and narrowest scroll lakes “fishbone lakes”
(Fig. 3.1B). As noted by Mertes (1985) for the Amazon floodplain, the dimen-
sions of the oxbow and scroll lakes in the Paraná floodplain are also a conse-
quence of the floodplain channels shifting more than of the main channel
dynamics. Meander scroll topography is very common in the three morpho-
logical units forming the alluvial terrain where small and medium elongated
lakes frequently occur in the swales between concentric levees. A particular
fact is that the “wide elongated” and “thin elongated” lake basins of the
Paraná riverscape have been created by the abandonment of floodplain
meandering channels in an average proportion of three scroll lakes by each
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Fig. 3.7 Round lake shapes. A1 Circular and elliptical lakes shapes in older areas of the flood-
plain; B1 Drop lake shape in main channel island; fd flow direction



oxbow lake (Figs. 3.1B, 3.8B). In the maximum amplitude of this process we
measured a proportion of a 25 scroll lakes by each abandoned meander loop.

Irregular lakes are formed by the fusion of two or more lake basins. Typical
examples are the large irregular lakes formed by the fusion of several scroll
lakes as well as by the coupling process of large bars and islands of the main
channel (Figs. 3.1A, 3.9A1, B1). They show higher densities in the floodplain
areas affected by neotectonics (Iriondo 1988; Ramonell et al. 2000; Orfeo and
Stevaux 2002), where there is a marked development of the anastomosing net-
work (Figs. 3.1C, 3.2B). A striking example is the Laguna Coronda, the largest
lake of the Middle Paraná floodplain, located 50 km downriver of Santa Fe
(Fig. 3.10). This tectonic-fluvial lake has a surface area of 128 km2 and irregular
basin shape (DL = 4.5), which is enhanced by numerous affluent and effluent
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Fig. 3.8 A Lakes in abandoned river channels (1 and 2); B Lunate lake (1) and fishbone lake
shapes (2)

Fig. 3.9 A Irregular lake basin formed by fusion of several scroll lakes (1), erosion relicts of the
scroll ridges of meander sets (2); B Irregular lakes formed by coupling of channels bars and
islands (1 and 2), fd flow direction



floodplain channels, small bird’s-foot deltas, wide bays and annexed lake
basins (Paira and Drago 2006). This complex lake basin also contains
drowned channels, discontinuous or flying levees, channels with anomalous
curves or turns, which are also indicators of tectonic subsidence (Schumm
et al. 2002). A less common basin type is the water body formed between a
levee and the higher plain and cliff forming the right and left valley margins,
respectively.

3.4 Lake Morphometry

The mean area of the computed lakes was 0.32 km2, being the 78.7% the lakes
with areas between 0.01 and 0.40 km2 (Sect. 3.3, Table 3.6, Fig. 3.11A), while
basins with areas from 0.40 to 0.78 km2 showed a decrease to 12.7%. The 99.1%
of the lakes not overcome 3.10 km2 in surface area, however have the largest
coefficient of variation (Cv) of the overall measured parameters (Cv = 217%).
However, as was stressed by Sippel et al. (1992), the mean lake area is an
inappropriate statistic to describe the lake population, mainly due to the
large number of smallest lakes with areas lower than 0.01 km2 that are not
easy to measure from aerial photographs. Lake perimeters present a mean of
3.10 km and 39.6% of the lakes have perimeters ranging from 1.80 to 3.24 km,
whereas 31% of these show perimeters between 0.36 and 1.8 km. Of the total
lake perimeters 70.7% were smaller than or equal to 3.24 km, while 99.3% of
the lakes display perimeters smaller or equal to 17.61 km (Table 3.6,
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Fig. 3.10 A tectonic-alluvial lake “Laguna Coronda” (32°05′S–60°55′W), fd flow direction



Fig. 3.11B). Fetch is closely related with the maximum effective length and is
a very valuable parameter in the sedimentation-bottom sediment resuspen-
sion studies. Most of the Middle Paraná floodplain lakes have fetches between
0.12 and 1.91 km (95.7%) and about 99.5% are smaller than or equal to 3.47 km
(Table 3.6, Fig. 3.11C; Paira 2003; Paira and Drago 2006). According to these
values, the majority of lakes show high rates of sediment resuspension
because the shallowness of the alluvial basins in relation to their large fetches.
Lakes with fetches lower than 0.2 km and perimeters supporting dense gallery
forests have high water transparency and minimum rates of bottom sediment
resuspension (Drago and Vassallo 1980; Drago 1989). The maximum width
average of lake basins is 0.23 km, and 63% of the water bodies have a mean
width ranging from 0.01 to 0.38 km. These data indicate the abundance of
elongated basins. This fact is also marked because 35% of the lakes show a
length-width ratio over 4.50, being similar to the mean length-width ratio of
4.27 obtained for overall lakes population. However, it must be stressed that
81.6% of the lakes have a wide range of length-width ratio, which encom-
passed from 1.00 to 6.04 (Table 3.6, Fig. 3.11D; Paira 2003; Paira and Drago
2006).

The shoreline development (DL) is a measure of the degree of irregularity
of the shoreline. In the Paraná floodplain lakes, the mean DL is 1.84 and 89.5%
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Table 3.6 Ranges of the morphometric parameters of the surveyed lakes

Parameter Unit/categories Range

Surface area (A) km2 0.01–14.68

Perimeter (P) km 0.36–55.00

Maximum length km 0.12–9.20

Maximum width km 0.03–3.10

Mean width km 0.01–2.04

Length-width ratio Dimensionless 0.92–33.33

Shoreline development (DL) Dimensionless 1.00–7.61

Fetch km 0.12–7.20

Maximum depth m 0.20–5.30

* Round-oval

Basin shape * Elongated (thin and wide basins)

* Irregular

Distance to main channel km 0.00–28.00

Distance to floodplain channel km 0.00–28.00

Aquatic plant cover % 0–100

Shoreline forest cover % 0–100

Shoreline shrub cover % 0–100
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Fig. 3.11 Morphometric parameters of floodplain lakes. Number of lakes in relation with
ranges in lake area (A), perimeter (B), fetch (C), and length-width ratio (D). Total number of
lakes: 1,500



of the lakes range from 1.00 to 2.74. Despite the large diversity in lake shapes
and areas DL shows the lowermost coefficient of variation (Cv = 41.6%) of the
overall analyzed morphological parameters (Table 3.6). This fact may be
because lakes with different areas and shapes can have similar DL values.
There is a large group of lakes within low DL ranges (1 to 3) and a very low
number of basins with high DL ranges (4 to 7). Thus, the most abundant lake
basins (20.3%) have DL ranges between 1.00 and 1.22 and 99.2% of lakes have
DL equal to or lower than 4.48 (Table 3.6, Fig. 3.12A; Paira 2003; Paira and
Drago 2006). Despite DL is largely applied in Limnology (Hutchinson 1957;
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Fig. 3.12 Morphometric parameters in floodplain lakes. Number of lakes and shoreline develop-
ment ranges relationship in 1,500 lakes (A) and maximum depth ranges in 830 lakes (B)



Hakanson 1981; Timms 1992), from our field experience and data lake sets we
have found that the DL is not a reliable parameter to infer consistently the
degree of irregularity of the lake shorelines in the Middle Paraná River flood-
plain (Fig. 3.13). This fact permit to assert that this conclusion can be applied
to the other water bodies of large river-floodplain existing all over the world.

The mean maximum depth of the Middle Paraná floodplain lakes is about
1.46 m (Cv = 63.9%) and the maximum lake depth detected during mean
river stages was 5.30 m and 95% of the basins show maximum depths equal
to or lower than 3.11 m (Table 3.6, Fig. 3.12B). However, few lakes with max-
imum depths over 5 m can be found in areas where the annexation processes
have recently occurred (e.g., the coupling of deep anabranches to the flood-
plain, Fig. 3.1A). Round-oval and irregular lakes tend to show flat bottoms
with gentle slopes to the center of the water bodies because the higher sedi-
mentation rates, overgrow of rooted hydrophytes and helophytes and the
accumulation of autogenic organic matter are mainly produced along lake
shorelines. These processes progress from the shoreline toward the center of
the basins, causing the progressive elimination of the shoreline irregularities
(e.g., inlets and bays) and increasing the circularity as well as the decreasing
of the lake areas. Figure 3.9A clearly depicts the evolution of an irregular lake
originated by fusion of scroll lakes to several rounded lakes. We call this type
of morphological evolution the “roundness process” (Fig. 3.14; Paira and
Drago 2006).

These processes are usually faster in round-oval lakes than in elongated
basins, which are deeper and with steep slopes due to their origin (abandoned
channels and meanders). In the channel-lakes, the terrestrialization process
mainly begins from the alluvial plugs to downstream of dead channels. A very
common fact is that the downriver open mouth of a recent lake, directly con-
nected with an active channel, begins to be closed by sand bars mainly when
they are overgrown by pioneer trees such as Tessaria integrifolia and Salix
humboldtiana. On the contrary, elongated basins as scroll swale or “fish-
bone” lakes everywhere show higher terrestrialization rates due to their shal-
lower and flatter basins. Due to their origin, the terrestrialization process in
the scroll lakes usually begins from both ends. The narrowest channel lakes
are commonly covered by dense floating meadows, which strongly contribute
to the increase the sedimentation rates magnify by the coarse organic matter
(see Chap. 4). These water bodies present layers up to 0.7 m of organic mud
on their bottoms. In this case, the paramount factors are the area encom-
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Fig. 3.13 Graphical representation of shoreline development for four lake shapes



passed by deep waters and the major or minor slope of the basin. However,
the influence of these factors is overcome by the orientation of the lake basins
in relation to the active channels. Thus, the lakes orientated parallel to the
active channels are exposed to periodic rejuvenation processes (Paira and
Drago 2006).

3.4.1 Analysis of Lake Shape

Table 3.7 depicts the mean morphometrical and associated parameters of the
Middle Paraná floodplain. Elongated lakes are the most predominant shapes
with 55.1%, whereas the round-oval and irregular lakes present 24.2 and
20.7%, respectively (Table 3.8). From the statistical analysis of the morpho-
metrical parameters and the lake typology (Tables 3.5, 3.6, 3.8), we concluded
that the Middle Paraná river network floodplain are mainly formed by mean-
dering channels. Due to this characteristic, i.e., by the wandering of the flood-
plain channels, there are a large number of elongated basins as scroll and
fishbone meander lakes. These types of lakes are narrower and shallower,
their maximum width being five times lower than their length channels. They
do not have tributaries or drainage channels and are usually densely (more
than 50%) covered by aquatic vegetation. Moreover, they mostly present
more than of the 60% of their perimeter with gallery forest and shrubs. Thus,
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Fig. 3.14 Lake basin roundness process through the elimination of the shoreline irregularities
by the aquatic and palustrine vegetation overgrown, siltation, etc., in Lake Cañas, Cañas Island,
Santa Fe, Argentina (31°40′S–60°37′W). Arrows indicate the general directions of the shoreline
progradation



the evolution of this type of lakes to a swamp condition is faster than other
type of lakes (Paira 2003).

Irregular lakes commonly show the largest and deeper basins with
extended perimeters and abundant tributaries and emissaries. The aquatic
vegetation usually covers 33% of their surface and their perimeters present
33% covered by trees and more than 60% by shrubs. Irregular basins formed
by annexation of meander scroll (e.g., fishbone and meander scroll lakes) are
recognized because of the small, elongated and narrow islands scattered on
their surfaces. These islands are erosion relicts of the scroll ridges belonging
to the old meander sets and are principally overgrown by shrubs (Fig. 3.9A2).
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Table 3.7 Mean data of morphometrical parameters in lakes of the Middle Paraná floodplain

Round-oval Elongated Irregular

Area (km2) 0.27 0.20 0.74

Perimeter (km) 2.20 2.47 6.05

Depth (m) 1.56 1.26 1.89

Fetch (km) 0.78 0.82 1.34

Length (km) 0.85 0.94 1.64

Width (km) 0.34 0.29 0.61

Mean width (km) 0.27 0.19 0.33

Length/width radio (dimensionless) 3.43 4.54 3.55

Shoreline development (dimensionless) 1.43 1.76 2.44

Number of tributaries 1.00 1.03 1.77

Number of emissaries 0.95 1.04 1.77

Aquatic cover vegetation (%) 39.45 34.80 32.7

Distribution of surrounding forests (%) 37.50 34.95 35.2

Distribution of surrounding shrubs (%) 60.90 64.55 64.6

Distance from main channel (km) 7.79 9.34 6.36

Distance from secondary channel (km) 1.21 1.35 1.27

Table 3.8 Percentage and number of lakes for each basin-shape
types in the Middle Paraná floodplain

Shape % Number of lakes

Round-oval 24.2 363

Elongated 55.1 827

Irregular 20.7 310

Total 100.0 1,500



On the contrary, irregular lakes formed by the coupling of channels bars and
islands do not have islands and present twice the depth compared to the
annexation scroll meander lakes (Fig. 3.9B1, 2; Paira 2003).

The meander scroll lakes as well as the irregular annexation scroll lakes are
closely linked to oxbow lakes, due to the fact that the former was originated
during the meander evolution. Comparing the oxbow lakes and the scroll
basins we found that the width of the oxbows was 33% larger in length and
show a larger area than the scroll lakes. Moreover, oxbow lakes present more
tributaries and emissaries. Twenty-five percent of the oxbow area is usually
covered with aquatic vegetation and 33% of the perimeter is overgrown by
tall trees due to the high elevation and consolidation of the levees, which
allows the development of dense gallery forests (Paira 2003).

3.5 Lake Evolution

The morphology and evolution of alluvial lakes is driven by river dynamics
as a consequence of the annual inputs of water and sediment to the floodplain
drainage system. Some floodplain sectors are also affected by neotectonics,
which sometimes strongly change both the longitudinal continuum of the
alluvial area and the morphological evolution of the lake basins.

Lake evolution also largely depends on three main factors: spatial posi-
tion or the major or minor distance to the main channel and floodplain
channels, orientation or the transversal or parallel position of lake basins
in relation with the main flows and their elevation or topographic altitude
on the active channels. Lake basins parallel to the largest active channels
may show periodic rejuvenation processes and consequently, a decrease in
their evolution progress to terrestrialization. In fact, the elongated basins
that are transversal to the main flow of the active channels and with their
perimeters covered by gallery forests, may overcome the strong wash out
action during floods. Thus, these basins can maintain their aquatic plant
covers for several years, which accelerates the siltation process. On the con-
trary, these types of channel shape basin usually completely or partially lose
their aquatic vegetation cover in high floods (Drago et al. 2003). However,
we observed during the highest flood periods similar processes in lakes with
the same vegetation coverage located far away from the active channels and
with a very low elevation within the general floodplain topography.

By means of measurements of lake sedimentation rates, the higher deposition
values as well as the accumulation of coarse sediment and coarse organic par-
ticulate matter carried by floodwaters were usually detected on the shallow
perimetral areas (Drago unpubl.). In the case of the studied lake of Fig. 3.14
(Cañas Island, 31°40′S–60°37′W), the roundness process, i.e., the basin area con-
traction, was ca. 61% in 43 years, while the migration of the shoreline towards
the center of the basin reached a mean rate of 5 m year−1 (Paira and Drago 2006).
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In the evolution of a meandering sector, the generation of one oxbow lake
involved the formation of several scroll lakes, originating the typical ridge
and swale topography. Moreover, in these areas, two evolution patterns can
be detected. One of these is originated when very narrow and shallow scroll
lakes show a rapid evolution to swamp conditions and terrestrialization.
Thus, the majority of these basins are completely covered by recent stands of
aquatic and palustrine vegetation, with the shallower areas beginning to be
overgrown by dense stands of Tessaria integrifolia and Salix humboldtiana.
The second evolution pattern is developed when the erosion of the ridges
allows the annexation of two or more scroll swale lakes, thus forming an
irregular lake basin. This kind of irregular lakes shows some morphological
features that allow their genetic interpretation, as the narrow islands that are
relicts of the erosioned scroll levees. Sometimes these islands maintain the
alignment in the direction of the former scroll ridges (Fig. 3.9A2; Paira 2003;
Paira and Drago 2006).

3.6 Aquatic and Riparian Vegetation 
as a Morphological Factor

A significant physical factor in floodplain building as well as in the evolution
of their drainage channels is aquatic and riparian vegetation (Marston et al.
1995; Knighton 1998). In fact, as is well known, hydrophytes, helophytes, and
inundation forests are closely related to aggradation processes and the stabil-
ity of the stream banks, lake shorelines, bars, and islands. In many floodplain
lakes during drought phases, a zonation of terrestrial and aquatic and semi-
aquatic vegetation along the flood gradient can be observed. These aquatic
grasses are effective tools in the deposition of sediments during the flood
phases, and large stands of these aquatic and semiaquatic plants can remain
on the lake shorelines during drought phases, thus enhancing the deposition
rates (Figs. 3.9A, 3.14). Nearly 25% of the Middle Paraná floodplain lakes have
only 5% of their surfaces covered with free or rooted macrophytes
(Eichhornia crassipes, E. azurea, Pistia stratiotes, Panicum elephantipes,
Echhinocloa polystachya, Ludwigia peploides, Nymphoides indica, etc.).
However, the cover of aquatic vegetation ranges from 0 to 100% in lakes with
areas less than 2 km2 (Fig. 3.15; Paira 2003; Paira and Drago 2006). This large
amplitude in the coverage variation is due to the small areas shown by the
large number of levee and scroll lakes at the beginning of their formation.
The alluvial forest is mainly represented by the species developed on the lev-
ees, being the major species richness detected on the older levees. The typical
landscape is the riparian forests covering the banks of the floodplain chan-
nels. Species as Tessaria integrifolia and Salix humboldtiana are the pioneer
trees covering the levees as well as the alluvial plugs, bars, and islands.
Twenty-five percent of the floodplain lakes have 10% of their shorelines
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covered by alluvial forests, and more than 30% of the basins show their shore-
lines 90–100% covered by dense stands of Schoenoplectus californicus,
Polygonum spp., Panicum prionitis, Echinodorus grandiflora, Sagittaria mon-
tevidensis, etc. (Fig. 3.16A, B; Paira 2003; Paira and Drago 2006). The gallery
forests and shrubs also have an important role in the morphological evolu-
tion of the floodplain lakes because they act as physical barriers against the
strong currents during flood phases. Long and narrow lakes, mainly those
transversal to the major floodplain channels, are protected from the dragging
of their aquatic and semiaquatic vegetation cover by the gallery forests and
shrubs, even during larger floods. Thus, these lentic environments present a
more continuous process of terrestrialization. On the contrary, in the chan-
nel-shaped lakes orientated parallel to the active channels, the free-floating
and rooting hydrophytes as well as large portions of the thick organic matter
deposited on their bottoms can be completely carried away during large
floods, delaying the terrestrialization (Drago et al. 2003).

3.7 Concluding Remarks

River dynamics through scouring and filling processes together with long-
term channel evolution at the riverscape scale generate and change lentic
water bodies giving rise to a diverse morphology and hydrologic behavior.
Thus, in a lake-rich terrain as river floodplains, the lakes are essentially the
short- and long-term residual landforms of the river dynamics (Drago 1976,
1989). The origin of many kinds of floodplain lakes can be defined by their
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basin size and shape, e.g., oxbow and island levee lakes, which are created by
migrating channels and by the evolution of river bars and islands, respectively.
However, due to the results of more than one fluvial process that gives rise to
irregular and complex lake basins, the determination of their origin is some-
time difficult to distinguish from the aerial photographs and satellite images.
Our morphometric measurements of the Middle Paraná floodplain lakes
suggest the following lotic-lentic hydrogeomorphological characteristics
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Fig. 3.16 Number of lakes relationship with shoreline forest cover ranges for 937 lakes (A) and
with shoreline shrub cover ranges for 784 lakes (B)



which may be applied to other similar large river floodplains. The majority of
floodplain lentic environments have been formed from abandoned fluvial
channels and therefore, elongated lake basins predominates on the floodplain.
However, most round-oval lakes have also been old stream beds. Channel
lakes on the Paraná main channel–floodplain border occur principally in asso-
ciation with scroll bars. Therefore, the morphology of the alluvial lakes gener-
ally allows one to determine their genetic processes. The floodplain is
dominated by ridge and swale topography, which also contributes to the pre-
dominance of the narrow elongated lakes and therefore few channel lakes have
dimensions that approach those of the main river channel or their
anabranches. We concluded from this assessment that the wandering of the
floodplain channels create most of the oxbows and scroll lakes of the Paraná
alluvial plain.

The lake basin evolution is closely related to the distance to the main channel
or active floodplain channels as well as with the connectivity degree between the
lotic and lentic environments. The key factors in the morphological evolution
are the parallel or perpendicular orientation and elevation of the lake basins
in relation to the active channels. The evolution of the lakes through the
“roundness process” tends to the generation of a large number of round-oval
basins; therefore, higher densities of this shape basin are detected in the old-
est areas of the floodplain. The largest and more irregular lake basins in the
floodplain have been originated by neotectonic processes, fusion of several
basins, or by the abandonment of the main channel anabranches by the
islands and sand bars assemblages. Lakes with genetically shallow basins and
that are isolated from active channels show the highest evolution rates to
palustrine and terrestrial conditions. Due to their genesis, oxbow lakes and
annexation lakes by island assemblages display the major maximum depths,
and the scroll swale lakes and island levee lakes show the minor maximum
depths. Elongated lakes transversal to the active channels and surrounded by
gallery forests usually show dense floating meadows and a faster evolution to
the terrestrialization. Lakes with large isolation phases usually hold higher
biomass of aquatic and palustrine vegetation, which also contributes to a
higher basin siltation.

The riverscape diversity is enhanced by active channel migration and
flooding which creates, modifies, and destroys fluvial landforms.
Furthermore, the annual alternation of flood and drought phases with differ-
ent spatio-temporal magnitude, also contribute to enhance the biological
diversity of these fluvialscapes. Thus, by preserving this mosaic of habitats
and their hydrological connectivity we will preserve the integrity of the eco-
logic hydrodynamics of these important fluvial hydrosystems.
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4 The Physical Dynamics of the River–Lake 
Floodplain System

EDMUNDO C. DRAGO

4.1 Introduction

The Paraná River is the second largest river in South America in terms of
catchment area (1.51 million km2), the second longest (4,400 km from the
headwaters of Grande River in Brazil to the Río de la Plata estuary), and the
third in terms of discharge (about 470 km3 of freshwater carried to the sea
annually). Within this fluvial hydrosystem, the segment of the Middle Paraná
encompasses 700 km upstream from the Paraguay outlet to the apex of the
delta upstream from Rosario city (Santa Fe Province, Argentina) (Chap. 1,
Fig. 1.5). Along its main channel, the Middle Paraná has built a relatively wide
fringing floodplain with a surface of ca. 20,000 km2. This floodplain resembles
other large tropical and temperate floodplains in its amplitude and duration
of flooding, and in many of its ecological characteristics. The annual phases
of flood and drought and the complex hydrological connectivity between
lotic and lentic waters are the major variables driving the lateral and longitu-
dinal exchanges of sediments, organic matter and organisms at the riverscape
scale. Moreover, the hydrology of the floodplain lakes, as well as the sedi-
mentation-resuspension processes, the thermal behavior and the heat con-
tent variations are closely linked with the flood and drought phases. The aim
of this chapter is to extend the knowledge on the hydro-sedimentological
dynamics, as well as the thermal structures and mixing processes that occur
in the river–floodplain lake systems of the Middle Paraná during the annual
connection and disconnection phases.

4.2 Water Regime of the Floodplain Lakes

4.2.1 Degrees and Types of Connection

The geomorphology and the evolutional dynamics in different areas of the
floodplain drive the origin, evolution and connectivity degree of the flood-
plain lakes. Figure 4.1 depicts the interrelationships between hydrological,
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morphological and vegetational components that drive the in-lake
hydraulic dynamics of the Middle Paraná floodplain lakes. Three main
degrees of hydrological connectivity between lotic and lentic waters can be
distinguished according to the morphological connection type (Drago
1981): (a) Direct connection: permanent connection through a mouth, an
erosion ditch levee or a short channel less than one kilometer in length.
This length is adopted because a major channel longitude commonly
implicates a stronger influence of the aquatic/terrestrial transition zone
(ATTZ; Junk et al. 1989) or other water bodies, which sometimes markedly
change the characteristics of the river water. Mouth and channel crevasse
are detected in a major number in the less evolutioned floodplain areas,
i.e., in the modern sand bar and meander areas located along the border of
the main stem and the floodplain. The levee island lakes (Paira and Drago
2006) usually present a connection mouth at the downstream ends of the
levees which allows the immediate response of the lake levels to the river
stage variations. This connection mouth is progressively filled by sedi-
ments due to the formation of sand bars. Aquatic macrophytes and large
woody debris stranded at the mouth during the river falling stages and
overgrowth of helophytes accelerate the deposition process. Crevasse
chutes are channel-side ridges ranging from less than 0.1 to 1 km in length,
usually with sediments of sand size, fining away from the active channels.
Some erosion levee ditches are strongly scoured during the falling water
phases and vertical cutting. For example, in a levee break connecting a lake
with a floodplain channel, 0.8 m of vertical cutting was measured in 15
days (Drago 1981). The back-and-forth flow can maintain an open connection
for several years between the lotic and lentic environments. Direct
connections are commonly observed in the levee island lakes and obstruc-
tion lakes. (b) Indirect connection: occurring from the rising phase up to
the bankfull river stage, i.e., the lotic water has not overflowed the levees yet.
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Fig. 4.1 Diagram illustrating the interactions between river regime and connection degrees, mor-
phological, and vegetational lake components and their incidence on the in-lake hydrodynamics



Lakes are connected with the river through a mouth or erosion ditch levee
with intervening lake(s) or swamp(s), temporary floodplain channels of
more than 1 km in length with intervening lake(s) or through a silted
channel. It is typical of the more evolutioned floodplain areas and it can be
permanent or temporary (Drago 1976, 1981, 1989). In tectonic sunken
floodplain areas (Iriondo 1988), the indirect connectivity increases in density
and pattern complexity. Large and irregular lakes can be fed and drained
by several channels, some of them flowing from other interconnected
lakes, while channels draining the same lake can join downstream and also
feed other lakes (Chap. 3, Figs. 3.1C, 3.10), and (c) Overbank connection:
overspill connection that occurs during the overbank phases. Lakes do not
present any morphological connection, i.e., inflow of river water occurs
only during the peaks of inundation phases through the floodplain surface.

The hydrological response to the rising channeled phase of the lakes with
indirect connection is markedly slower than in those with direct communica-
tion, even between adjacent lakes (Chap. 3, Fig. 3.7A). Thus, the inflow of flood
water is delayed for several weeks in relation to the lakes with direct a connection
(Fig. 4.2). Completely isolated lakes, surrounded by swamps or marshes, only
receive flood waters during the inundation phases (Figs. 4.2, 4.3). Therefore, the
hydrology of the isolated lakes during prolonged drought periods is driven by
the rainfall-evapotranspiration budget. As the rainfall is not important in the
lentic hydrology, compared with the high evapotranspiration rates, some shallow
isolated lakes (mean depth ca. 1 m) usually dry during the longest drought
periods. There are also two levels of lateral-vertical subsurficial connectivity:
(i) water river infiltration through levees and lake bottoms (aquifer-lake), that
may be important during the first time of the river rising phase, originating
small elevations of the lake levels, when the river is still under the bankfull stage,
and (ii) the groundwater contribution from terrestrial aquifers.

The communication systems between lotic and lentic environments are
usually more complex with increasing distance to the river main channel.
This complexity is enhanced in the areas with tectonic influence where there
are several large and irregular lakes interconnected by a dense anastomosed
drainage network (Chap. 3).

4.2.2 Hydrological Lake Phases

The annual water regime in the floodplain lakes can be divided into four
phases (Drago 1980, 1981): (1) The rising-channeled water phase,
embraced from the inflow of channeled flood waters into the lakes until
the river reaches the bankfull stage. The annual supply of allochthonous
material to the lakes begins with this phase. During this phase, the diffuse
inundation of the ATTZ from the internal part of the floodplain also starts
(Drago et al. 2003). When the river inundates the floodplain lakes in the
onset of this phase, mixing between the local lentic waters and the regional
lotic waters begins. Afterwards, by the time the river floods its levees, the
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floodplain is only partially flooded by river water, and several patterns of
mixing occur. This mixing of the surface waters on the floodplain was
defined as the “perirheic zone” (Mertes 1997). Several and irregular areas
of mixing are usually formed according to the degree of connectivity
between the channels and the “lentic water bodies-flatlands-forests” com-
plex. In large and irregular lakes with direct connection it is possible to
detect parallel bands of mixing, located progressively away from the con-
nection point, which show sharp borders of mixing between local and
regional waters (mainly in turbidity), and others nearest the lotic water
inflow, which show a lesser contrasting physical border condition. (2) The
inundation phase begins when the river overcomes the bankfull level and
flood water spreads over the levees, flats and water bodies, and the major-
ity of the lakes lose their lentic identity, attaining their maximum depths.
Organic and inorganic materials of the floodplain flats become suspended
and are carried into the lakes. Mixing between lotic and lentic waters
reaches its maximum intensity during this phase. The shape, spatial posi-
tion, and orientation of the lake basins in relation to the main water

86 Edmundo C. Drago

Fig. 4.2 Hydrographs of the height stage for the Paraná River at Santa Fe (1) and Los Matadores
(2) and El Tigre (3) lakes, showing the duration of inundation and isolation phases in relation to
the river level and the mean annual low water level of the Paraná River (4). The lakes are 500 m
apart
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Fig. 4.3 Variation of suspended sediment concentrations during isolation and inundation
phases in the Cordobés River–El Negro Lake system. Note the variations of suspended sediment
concentrations due to the indirect influence of wind by the movements of the floating meadows
during isolation phases. The winds are also strongly linked with the rainfall



courses promote completely or partially the temporary acquisition of
some lotic characteristics, as current velocities of ca. 1 m s−1. Figure 4.2
depicts the duration of the inundation and isolation phases in lakes with
different connection degrees. (3) The falling-drainage water phase starts
when the river stage falls below the bankfull level, originating a flow from
the lentic water bodies and flatlands to the main stem and floodplain chan-
nels. The lotic waters will again be confined progressively to the channel
banklines, and the lentic water bodies will return to their lacustrine condi-
tions. (4) The isolation phase means a lack of communication between
lotic and lentic water bodies, and the running waters are confined in their
channels well down the bankfull level. Connections as mouths, levee
ditches and short channels usually dry up completely if the river level is
very low. If this phase is largely extended, the shallowest lentic water bod-
ies may dry up wholly, sometimes producing massive fish mortalities.
Furthermore, limnological conditions in the lakes may be influenced by
meteorological factors, such as air temperature, wind, and rainfall. In El
Negro Lake, for example, some daily rains, recorded during 1975–1977,
ranged between 51 and 94 mm, giving rise to an average increment of 16
mg l−1 in the suspended sediment concentrations (Fig. 4.3). The rising-
channeled and drainage water phases are important components of the
expansion-contraction cycles occurring below and near the bankfull level
(Tockner et al. 2000).

The river fluctuations and the communication systems between lotic and
lentic components will determine the amplitude, duration, frequency, pre-
dictability, and the time of the year of each water phase. Clearly, the stage
limits will not be the same for lakes with different types and degrees of con-
nection (Tables 4.1, 4.2). Hence, it is possible to find isolated, as well as con-
nected lakes, with the same river level. Furthermore, the persistence of a
specific gauge height will determine the duration of the corresponding
phase. The lake isolation phases are usually from July to December, while
the flooding phases are between January and June. However, particularly
low or high water level periods can strongly deflect this regime pattern (e.g.,
the ENSO events). Table 4.2 shows different annual water phases in Los
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Table 4.1 Water stage heights of Paraná River at Santa Fe and for hydrological phases in dif-
ferent lakes (in meters a.s.l.) according to direct (DC) and indirect connections (IC) and isolated
conditions (I) with stream channels

Lake phase Los Matadores Lake (D.C.) El Negro Lake (I.C.) El Tigre Lake (I)

Isolation phase <10.5 <12.3 <12.3

Rising-water phase 10.5–12.3 12.3–12.7 12.3–13.2

Inundation phase >12.3 >12.7 >13.2

Falling-water phase 12.3–10.5 12.7–12.3 13.2–12.7



Matadores and El Negro lakes, 7 km apart; one of them was isolated about
61% of the year and the other one only 5% of the year. The hydrographs of
the Paraná River sometimes vary considerably from year to year. The
amplitude of these annual variations drives the frequency and degree of
mixing between lotic and lentic waters. The minimum river level and its
duration specify the magnitude of the contraction or expansion of the lakes,
and the maximum river level determines the intensity of mixing of local and
regional waters.

4.2.3 Lake Level Variations

During the rising and inundation phases, the flood water firstly enters into
the floodplain through the floodplain channels, and then by overflowing the
levees (Figs. 4.2, 4.4). Due to the flow across the levees, flatlands and lentic
environments, flood waters usually reach the lakes with their physical and
chemical conditions strongly modified. Furthermore, with the increasing
river stage, the groundwater level rises, feeding the lakes (Fig. 4.4A, B). This
fact is better detected in lakes with indirect connection (Fig. 4.4B), since
groundwater seepage is masked by the inflow of river flood water in lakes
with direct connection. Thus, lake levels are regulated by the river behavior
which, in turn, controls the velocity of the underground seepage.

The stage hydrographs of Los Matadores Lake (direct connection) and El
Tigre Lake (indirect connection) show the typical different influence of the
Paraná River level changes (Santa Fe harbor staff gauge) on the selected lakes
(Fig. 4.2). Both lakes are fed by the Correntoso River and are only 500 m
apart. Los Matadores Lake was connected with the Correntoso River when the
Paraná River overcame the level of 10.4 m a.s.l., while El Tigre Lake was con-
nected at a river stage of 12.2 m a.s.l. Due to the close connection with the
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Table 4.2 Annual isolation and connection phases in three floodplain lakes (time in days)

Year 1975 1976 1977

Los Matadores Lake

Isolated 19 0 17

Connected 346 366 348

El Negro Lake

Isolated 354 243 224

Connected 11 123 141

El Tigre Lake

Isolated 356 300 260

Connected 9 66 105



river, the water level in Los Matadores Lake follows closely the stage fluctua-
tions of the Paraná River (r = 0.99, P < 0.001). Some lakes, such as El Tigre, were
isolated from the river for 437 days, i.e., 60% of the time (1987–1988). At the
same time, other lakes, such as Los Matadores, were isolated from the river
for only 75 days and connected during 674 days, i.e., 8% and 92% of the time,
respectively, for the considered period (Fig. 4.2). Several lakes of this last type
are connected with the rivers for more than 50% of the year. Owing to their
indirect connection, some lakes, as El Tigre, present diverse water regimes.
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Fig. 4.4  A Hydrographs of the height stage for the Paraná River at Santa Fe and El Tigre Lake
and the variation of the river (filled circles) and lake (empty circles) transparencies. B River water
(filled circles) and lake bottom water (empty circles) conductivities during rising water and inun-
dation phases. Note during the peak stage levels the complete mixing of the lake water column
detected through the transparency and conductivity data



Nevertheless, the correlation between river and lake levels is good (r = 0.70,
P < 0.001), being the lower figure the result of the incidence of the isolation
periods. In turn, when lakes and river levels are correlated over the connec-
tion stage of 12.2 m a.s.l., the correlation rises up to r = 0.93 (P < 0.001).
Conversely, the correlation is negative and non-significant (r = −0.31) under
the river stage of 12.2 m a.s.l., showing a complete independence of the lake
from the river. Changes in the lake level are due to seepage and evapotran-
spiration. River fluctuations over 10.2 m a.s.l. but under the level connection
of 12.2 m a.s.l. have no effects on these types of isolated lakes. During a long
isolation period from August 1987 to June 1988 (278 days), some lakes, as El
Tigre, decreased their level in about 1 m, i.e., a daily average falling of 3.6 mm.
In a second isolation period from August to December 1988 (131 days), the
decreasing lake-level was 0.5 m, with an average of 3.8 mm d−1. Data about
lake levels changes during rising, inundation and drainage phases were
obtained in El Tigre Lake during the 1987 flood (February–August) over the
connection level of 12.2 m a.s.l. During the rising curve, from 12.2 to 14.2 m
a.s.l. (maximum flood peak), the river level increased 17.5 mm d−1 in average,
and the lake increased at a rate of 21.5 mm d−1. For the same river level range,
the curve of the drainage phase showed a falling rate of river and lake levels
of 29.3 mm d−1 and 23.5 mm d−1, respectively (Fig. 4.2).

The highest rising rate in the lake levels when they are compared to the
increase in the river level occurs because the river continues “injecting” water
to the aquifer, even if the river level is falling, but always over 12.2 m a.s.l. Thus,
the major supply of the groundwater to the lakes accelerates the rising of lake
levels in relation to the river stage (Figs. 4.2, 4.4). On the other hand, the
decrease in the river stage presents higher rates, because its level falls almost
without interruptions while the lakes drain into the river channels firstly over
the levees, then across other water bodies and flats, and finally by seepage. The
maximum level amplitude in El Tigre Lake was 2.55 m, with maximum and
minimum depths during the inundation and isolation phases of 3.4 m and
0.85 m, respectively. During extended drought periods, the maximum depth
decreases to around 0.40 m at the center of the shallower permanent lakes.

El Tigre Lake and the Correntoso River showed three annual variable peri-
ods of hydrological connectivity: (i) very indirect connection, when the river
was at the rising phase (river stage over 12.2 m a.s.l.), raising the lake level by
the entrance of groundwater through the lake bottom, with a rate of 15 mm d−1

(Figs. 4.2, 4.4A); (ii) indirect connection, when the river stage overcame 12.7 m
a.s.l., originating the inflow of lotic waters through small swamps, increasing the
lake level in about 20 mm d−1; (iii) direct connection, when the river stage was
over 13.2 m a.s.l. and lotic waters overflowed the levees. At this river stage
(13.2 m a.s.l.), the lake increased its level at a rate of 45 mm d−1 (Figs. 4.2,
4.4A). When the floodplain became completely inundated, the maximum
river and lake level peaks were coincident. Figure 4.4A, B depicts the three
periods of connection levels and their influence on the changes in water
stages, conductivity and transparency. It is possible to observe that from a
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river stage of 12.2 m a.s.l., the lake level begins to increase and, at the same
time, as a result of the groundwater seepage, there is an increase in the bot-
tom water conductivity. Meanwhile, the river conductivity is in average
100 µS cm−1 lower than the lentic bottom water. Figure 4.2 illustrates that the
level of the El Tigre Lake decreases very slowly when the river level falls under
12.2 m a.s.l. Strong fluctuations of the river level during its decrease from 12.2 m
to 10.2 m a.s.l. are not detected at the lake level. In turn, during the same period,
some lakes with direct connection, as Los Matadores Lake, show the same level
fluctuations than the river. In spite of the decrease in the river level from 12.2 m
to 10.7 m a.s.l., the lake loses water by seepage and evapotranspiration, with an
average level falling of 7.5 mm d−1. From October (spring), in spite of the increase
in the river stage but without overcoming the level of 12.2 m a.s.l., the lake con-
tinues losing water, mainly by evapotranspiration, decreasing about 3.2 mm d−1.
This date coincides with the evapotranspiration rates (2.7 mm d−1) measured
experimentally by Lallana et al. (1987) during a similar seasonal period. The iso-
lation period coincides with the maximum air temperatures (spring-summer),
increasing the water loss by evapotranspiration (Figs. 4.2, 4.3).

4.2.4 Residence Time

The current velocities in the floodplain lakes are driven by the shape and
bottom morphology of the basins (e.g., shore irregularity and depth of the old
thalwegs), the river level, the type and degree of connection with the main
and floodplain channels, the spatial location of the lakes into the floodplain,
their topographic altitude, the orientation of the basin axes in relation to the
nearest major lotic flow and the aquatic vegetation (Table 4.3). Drainage
density of the floodplain network developed in different areas of the val-
ley is also a relevant factor (Table 4.4). The basin shape will have a strong
influence on the in-lake water velocities and current patterns. Less variation
will be found in round or elongated lakes than in irregular lakes, both dur-
ing high and low river levels.

During the lowest river stages, the lakes remain isolated from the running
waters. Therefore, only the strong winds originate currents, mainly in the larger
lakes, so fringing forests become important as shelters. At high river level, the
entrance of flood waters promotes strong currents, mainly near the connection
points, or when the channel-shaped lakes are located near, and parallel to, the
active channels (Fig. 4.5). A channel-shaped El Negro Lake, for example, with a
maximum length of 790 m, was isolated from the river during a long period of
2 years, lasting with 100 % of its surface covered predominantly by Eichhornia
crassipes and aquatic grasses, forming a dense floating meadow where it was
possible to walk on its surface. During the next 77 days of inundation, the
aquatic plants were completely carried out of the lake and the thick mantle of
organic matter and fine sediment deposited on its bottom was also washed
away, allowing the exposure of the former sand bed channel. The maximum
surficial current velocity reached was 0.95 m s−1 and the minimum retention
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Table 4.3 Residence time at different sites of La Cuarentena Lake and other lakes according
to connection degree and distance from the main stem and floodplain channels (m minutes;
h hours; d days)

Distance Distance 
from from

Connection Residence

mail secondary
degree time

Lake channel (m) channel (m) Direct Indirect Connect. Isolat.

La Cuarentena (main basin) 2,500 - X 7 d 50 d

La Cuarentena (secondary 3,600 - X 15 d 130 d
basin)

La Cuarentena (small bay) 1,000 - X 30 d 180 d

La Cuarentena (large bay) 1,500 - X 50 d 230 d

La Torre 200 - X 3 h 150 d

Los Matadores 10,000 20 X 8 d 19 d

El Tigre 10,000 30 X 23 d 365 d

El Negro 15,000 40 X 20 m 354 d

El Alemán 11,000 50 X 10 d 310 d

Victoria 10,000 20 X 20 d 280 d

La Tina 11,000 100 X 15 d 306 d

Table 4.4 Interrelationships between lotic and lentic components at the Middle Paraná river-
floodplain showing the increasing hydrographical-connectivity complexity from a young sector
near of main channel (A) to an old sector away from the main channel (B). Surveyed area: 
100 km2. Tested area: 5,000 km2

A B

Number of lakes by km2 0.11 2.53

Number of swamps by km2 0.75 3.55

Number of channels by km2 1.02 2.41

Drainage density (km/km2) 0.95 3.20

Number of lakes with tributaries or emissaries 3 18

Number or tributaries or emissaries of lakes 10 22

Number of marshes and swamps with tributaries or emissaries 2 12

Number of tributaries or emissaries of marshes and swamps 2 14

Number of lakes with associated marshes and swamps 4 29

Number of marshes and swamps associated with lakes 8 32

Number of junctions between secondary channels 13 29



time of the lake water during this inundation phase was 23 min (Santa Fe
stage: 14.1 m a.s.l.; March 1977). On the other hand, large irregular lakes, as
La Cuarentena (Table 4.3), have their main basins and larger embayments
free of aquatic vegetation, and the smaller narrow bays are usually 60–100%
covered by dense floating meadows of Paspalum repens, Panicum elephan-
tipes, Echinochloa polystachya, Polygonum spp., Eichhornia crassipes and
E. azurea. Thus, currents that do not exceed 0.10–0.15 m s−1 are developed only
in the largest and open basins during the isolation phase, whereas the water
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Fig. 4.5 Spatial variations of current directions and velocities during the start of an inundation
phase in El Tigre Lake (June 9, 1987)



velocity is negligible in the bays. At high waters, the main basin of La
Cuarentena Lake is directly connected with the Paraná main stem through a
short connecting channel (Table 4.3). In-lake strong differences in current
velocities and in the water renewal times occurred in that period. Thus, the
embayments that were far away from the river connection, received flood
waters from the main basin during the channeled rising phase, and then from
other lakes and inundated flatlands. Therefore, they had very slow currents,
reaching ca. 0.10 m s−1. In these cases, the residence time of water is about one
month or more. On the other hand, in the main basin, flood waters flow firstly
along the old thalweg, reaching maximum current velocities of 0.5 m s−1 and
the retention time is between 5 and 7 days. During the rising and falling
phases, the current velocities of these water bodies do not exceed 0.4 m s−1,
and the retention times vary between 7–10 days (Table 4.3).

In isolated lakes or with indirect lotic connection, the current velocities
and retention times change sharply when the river waters rise above the lev-
ees. Small shallow lakes such as El Tigre have wind-driven currents, with
maximum velocities of 0.02–0.03 m s−1 during the isolation phase. Five days
after the start of the inundation phase, the current velocities reached 0.5 m s−1

(Fig. 4.5). During this period, the residence time in El Tigre Lake was 23 days,
and its volume increased approximately tenfold. In contrast to non-floodplain
lakes, the water residence time in floodplain lakes varies greatly according to
the magnitude of the inundation or isolation phases. Thus, in extreme cases,
some isolated lakes, as El Negro, have a residence time of 354 days (isolation
phase) or 23 min (inundation phase). Between these extremes, the retention
times vary according to the river level, the degree of connection with the
river, the spatial location, and the orientation of the lake within the flood-
plain drainage network (Table 4.3).

The lakes with a direct connection have the shortest water retention times
during flood peaks, and rapid changes in lake volumes occur during inunda-
tion phases. Conversely, the volume changes are slow in the rising and
drainage phases. The volume variations during isolation periods are very
slow, being determined mainly by the evapotranspiration rates. During the
falling phases, the lake boundaries retract from the forested area. Drainage
flow decreases gradually throughout the falling phase, until it ceases, usually
1 or 2 months later. The lake volumes decrease by about 50% or more during
the isolation phase because evaporative water loss exceeds rainfall on the
lakes. In this process, the rains are unimportant.

4.3 Suspended Sediments

The spatial distribution of the suspended sediment concentrations in the
floodplain lakes varies according to external factors and to an in-lake set of
factors. The external factors are the duration and magnitude of the hydrological
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phases, the sediment amounts introduced into the lakes by the inflowing
waters, the riparian vegetation, and the wind speed. The in-lake factors are
the shore irregularities, depth, fetch, type of connection, current speed,
hydrophyte coverage, and bottom composition. During the inundation, the
inflow of river waters with high concentrations of suspended sediments orig-
inates temporal and spatial variations (Figs. 4.3, 4.6, 4.7). In large irregular
lakes, the highest concentrations are usually detected toward the center of the
open-water areas, because flood waters with the highest velocities follow the
old thalwegs. The lowest concentrations are recorded in the narrow channel-
shaped embayments and sheltered inlets covered by aquatic plants. These areas
maintain fairly high transparency during inundation, quite similar to that meas-
ured during the isolation periods. Noticeable spatial variations in the sediment
concentrations also occur during the developing and evolution of the perirheic
zones. Rounded lakes with fetches over 300 m develop hydrophytes and helo-
phytes only along the shorelines, owing to the following wind actions: (a) free-
floating plants are destroyed or carried away by the mechanical action of waves
and currents, and (b) the bottom sediment resuspension strongly increases tur-
bidity, which has negative consequences on growth of rooted aquatic macro-
phytes (Jupp and Spence 1977; Spence 1982; Chambers and Kalff 1985;
Chambers 1987). In irregular lakes, the narrow channel-form embayments are
densely encroached by aquatic and palustrine vegetation, which covers up to
100% of their surfaces, showing high transparencies and, consequently, similar
conditions to lakes with smaller areas and fetches lower than 300 m.
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Fig. 4.6 Annual variation of the suspended sediment concentration in the surficial water across
the main axis of El Tigre Lake basin during isolation and inundation phases. Northern (crosses),
central (empty circles) and southern (filled circles) basin areas



During isolation, the direct or indirect action of the wind is the main fac-
tor producing temporal and spatial variations in the suspended sediment
concentrations. In lakes with large areas and fetches, the wind-generated tur-
bulence causes sediment resuspension. In smaller water bodies with vegeta-
tion cover, even with 100% of covering, the movement of the aquatic plants
by high winds promotes the release of the sediment attached to the roots and
stems, increasing temporarily the sediment concentration. However, high
levees, with trees and shrubs surrounding narrow channel-shaped basins,
prevent bottom sediment resuspension.

In lakes with indirect connections, the communication between rivers and
lakes starts when the Paraná level rises up to 12.2 m a.s.l. at the Santa Fe staff
gauge (Figs. 4.2, 4.3, 4.7; Table 4.1). For example, in El Tigre Lake, the river
water enters by direct seepage through the levee or by a rising water table
when the river level is between 12.2 and 12.7 m a.s.l. (Figs. 4.4, 4.7). During
this period, suspended sediment concentrations decrease by dilution. Some
small fluctuations in the concentrations may be caused by the sediment
released from the floating meadow movements. When the river level
increases from 12.7 to 13.1 m a.s.l., the flood water enters into the lake
through swamps, and is strongly filtered by the palustrine and aquatic vege-
tation, also decreasing its sediment load (Figs. 4.4, 4.6). Therefore, when the
river level is between 12.2 and 13.1 m a.s.l., the increase in sediment concen-
tration in the lake water is not very important (Figs. 4.4, 4.6, 4.7). When the
river rises above 13.1 m a.s.l., the inundation phase begins, increasing conse-
quently the suspended sediment concentrations (Figs. 4.4, 4.6, 4.7). During
this short period (01–07 July, 1987), the northern part of the lake did not
receive the direct influence of lotic waters because they flowed through dense
vegetated flatlands and other lentic environments (Fig. 4.6). During isolation
periods, variations in lake suspended sediments are mainly caused by bottom
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Fig. 4.7 Relationships between hydrological phases and the variation of suspended sediment
concentrations in lotic and lentic waters in the Correntoso River-El Tigre Lake system



sediment resuspension because the surficial fine sediment layer is frequently
in suspension. Wave action is usually effective over almost the entire lake
bottom in the very shallow lakes. Nearshore areas, in particular, are often
characterized by wide variations in suspended sediment concentrations
due to localized belts of floating vegetation and shallow shores with large
accumulation of fine materials. The important effect of the wind-induced
currents in the resuspension process is to transport suspended materials
over the lake.

4.3.1 Relationships between Suspended Sediment, Lake Morphology,
Wind and Aquatic Vegetation

Temporal and spatial fluctuations of suspended sediment concentrations by
wind action are linked with two main mechanisms: (1) in large lakes with
effective fetch over 300 m and without surrounding forest, the wind generates
wave-turbulence and bottom resuspension; (2) in lakes with effective fetch
lower than 300 m and shorelines with forests and dense floating meadows, the
turbulence caused by light winds is not sufficient to originate bottom sedi-
ment resuspension (wind speeds <30 km h−1). The sporadic increase in sus-
pended sediment concentrations originates in the supplies of materials from
the aquatic vegetation due to the “shaking effect” of the wind. For example, in
lakes areas 1–2 m in depth and covered by aquatic vegetation, wind speeds
over 50 km h−1 increased the suspended sediments from 38 to 60 mg l−1.
However, it is possible to state that bottom resuspension is not a common fea-
ture in lakes with small areas, short effective fetch, large cover of aquatic and
semiaquatic plants, and sheltered by forests. In small lakes with fetches lower
than 300 m and surrounded by high levees, with trees and shrubs and large
coverage of floating and rooted macrophytes, bottom sediment resuspension
only occurs during strong rainstorms. Samplings and visual observations
allowed us to verify these processes. Thus, samples obtained before and after a
rainstorm with strong winds of 100 km h−1 and a shower of 39 mm (11:00 pm–8:00
am; 17/18-11-88) showed resuspension in a water column of 1.3 m depth. At the
same time, the increase in suspended particulate and dissolved organic mat-
ter concentrations originated a sharp decrease in the dissolved oxygen con-
centration in the bottom water layer (Table 4.5). The resuspension processes
are clearly observed during isolation periods. The inflow of sediment-laden
river waters and the mixing processes generated during the overflow usually
masked the above-mentioned features during the inundation phase.

The significance of the fetch is illustrated in Figs. 4.3 and 4.8. In small lakes,
similar suspended sediment concentrations were detected between sampling sta-
tions. For example, in El Tigre Lake, where the effective fetch is 110 m, there are
no important spatial variations in resuspended material concentrations (Fig. 4.6).
In larger lakes, a common fact is to detect important spatial variations in the sus-
pended sediment concentrations, even during inundation phases. During these
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phases, differences in concentrations mainly depend on the location of the
sampling sites in relation to the inflow points of the river waters. A sampling sta-
tion near the direct input of the river water will show higher concentration and
current velocity than other site located where the river water has previously
crossed vegetated levees, flatlands or other lentic environments (Fig. 4.6).

The Physical Dynamics of the River–Lake Floodplain System 99

Table 4.5 Changes in some physical and chemical parameters measured in El Tigre Lake before
and after a spring storm originated from 11:00 pm to 8:00 am (November 17/18, 1987). Tw water
temperature; K conductivity; O2 dissolved oxygen; SSC suspended sediment concentration;
POM suspended particulate organic matter concentration; DOM dissolved organic matter 
concentration

Tw K O2 SSC POM TDS DOM 
Date (°C) (µS cm−1) (mg l−1) pH (mg l−1) (mg l−1) (mg l−1) (mg l−1)

Surface 25.4 263 4.8 6.2 28.0 1.1 132 12.6

17-Nov-87

Bottom 24.8 259 2.8 6.3 50.0 2.1 130 12.0

Surface 26.7 258 6.7 6.3 40.0 6.3 129 17.8

18-Nov-87

Bottom 25.4 253 0.4 5.7 69.0 6.2 124 16.6

Fig. 4.8 Mean depth (z) and wave-mixed depth (zw) during the 1987–1988 isolation-resuspension
phase in El Tigre Lake



4.4 Bottom Sediment Resuspension, Mixing Depth, 
and Sedimentation Rate

As seen in Sect. 4.3, the intensity of the resuspension-sedimentation process is
a function of several variables, including wind velocity, effective fetch, depth
of water column, aquatic-terrestrial vegetation cover, physical properties of bot-
tom sediments and their distribution on the basin. Despite the complexity of
the phenomenon, Carper and Bachmann (1984) demonstrated that sediment
resuspension in an open small lake was predictable from wind velocity. In the
Paraná floodplain lakes, sediment resuspension may be predictable if the
effective fetch, depth and aquatic-terrestrial vegetation are considered simul-
taneously. Fetch and aquatic-terrestrial vegetation determine the degree of
wind-driven turbulence at the lake surface, while depth gives the degree to
which this turbulent energy contacts the bottom surface.

The relationship between wind action and basin morphometry was used to
survey bottom resuspension. The wave-mixed depth (zw) data during the sam-
pling date were compared to the lake mean depths (z) (Fig. 4.8). Wind speed
reached values for the generation of turbulence with sufficient strength to pro-
mote sediment resuspension (Figs. 4.3, 4.8). The small waves generated in these
lakes are the so-called “deepwater waves”, i.e., the waves that travel in water
with a depth greater than one-half of their wavelength; the wave is said to “feel”
the bottom (Carper and Bachmann 1984; Fig. 4.8). This means that there is an
oscillatory horizontal motion of the water immediately over the bottom surface
which may be sufficient to resuspend bottom sediments. In lakes with effective
fetches over 300 m, these processes were detected during storms with wind
speeds ranging from 30 to 50 km h−1, while in small lakes, as El Tigre, this kind
of waves are only generated during wind velocities over 50 km h−1.

In small lakes, the deepwater wave exceeded the mean depth throughout the
isolation phases, indicating that sediments could have been resuspended from
much of the lake bottom (Fig. 4.8; Table 4.6). Figure 4.9 shows how sediment
resuspension and sedimentation rate increased in intensity over the course
of the isolation phase. As expected, the zw/z ratio is directly related to the
intensity of sediment resuspension because it reflects the increasing pro-
portion of the lake bottom from which sediments could be resuspended
(Häkanson 1981). At the same time, it is possible to detect a marked process
of sedimentation that coincides with the highest suspended sediment con-
centrations and the lowest lake water transparencies (Fig. 4.9). Lakes with
an indirect connection to the active channels show higher values of sus-
pended sediment concentrations by resuspension, more than by the entrance
of the sediment-laden river flood-waters. The “filtration” action of the levees,
the aquatic-terrestrial vegetation and other lentic water bodies is very effec-
tive, decreasing the suspended sediment concentrations of the river water
during its flow across the floodplain (Fig. 4.6; Drago 1989). During a sampling
period from July 1987 to March 1989, the average sedimentation rate was
31.6 g m2 d−1, with maximum rates during the isolation periods (spring 87 and
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Table 4.6 Composition of deposited material in a sediment trap located at the center of El Tigre
Lake basin. Cg% grams carbon; OM organic matter; IM inorganic material

Date Cg% OM% IM%

11-Sep-87 2.879 4.96 95.04

24-Apr-87 2.458 4.24 95.76

13-Oct-87 1.805 3.11 96.89

03-Nov-87 2.680 4.62 95.38

17-Nov-87 2.606 4.49 95.51

30-Nov-87 2.815 4.85 95.15

18-Dec-87 2.465 4.25 95.75

30-Dec-87 1.509 2.60 97.40

15-Jan-88 2.007 3.46 96.54

29-Jan-88 3.306 5.70 94.30

10-Feb-88 2.855 4.92 95.08

25-Feb-88 3.394 5.85 94.15

15-Mar-88 3.488 6.01 93.99

05-Apr-88 1.953 3.37 96.63

21-Apr-88 4.486 7.73 92.27

05-May-88 3.342 5.76 94.24

26-May-88 2.589 4.46 95.54

07-Sep-88 5.555 9.58 90.42

22-Sep-88 4.728 8.15 91.85

06-Oct-88 0.140 0.24 99.76

20-Oct-88 0.154 0.26 99.74

04-Nov-88 2.885 4.97 95.03

17-Nov-88 2.575 1.44 98.56

01-Dec-88 2.427 4.18 95.82

15-Nov-88 2.467 4.25 95.75

29-Dec-88 2.133 3.68 96.32

12-Jan-89 1.853 3.19 96.81

27-Jan-89 2.387 4.11 95.89

10-Feb-89 1.693 2.92 97.08

24-Feb-89 10.667 18.32 81.61

10-Mar-89 11.300 19.48 80.52



summer-autumn 88) of 92 g m2 d−1 (March 88; Fig. 4.9). Minimum sedimentation
rates were measured during the inundation phases, reaching 4.4 g m2 d−1 (June
88; Fig. 4.9). The sedimentated material was composed of 80–99% of inorganic
fraction, and the organic material ranged from 0.14 to 11.3 C g % (Table 4.6).

During floods, the currents originated in the lakes are the main factor pre-
venting the sedimentation of fluvial sediments, whereas the increase in lake
depth decreases the probability of resuspension of lake bottom sediments.
These processes were tested in the laboratory and in the field, during studies
on sediment traps dynamics (Gardner 1980a, 1980b). Furthermore, floating
macrophytes are another factor contributing to decrease resuspension of lake
bottom sediments, as was demonstrated by Drago and Vassallo (1980), who
found a high correlation between aquatic plant cover and Secchi disk trans-
parency (r = 0.82, P < 0.001).

4.5 Water Temperature

4.5.1 Annual Variation

Water temperatures of the Middle Paraná River and its floodplain streams
and lakes mainly follow the fluctuations imposed by solar radiation and air
temperature (Drago 1984; Drago and Paira 1987; Figs. 4.10, 4.11A).
Furthermore, the small depths of the lakes markedly enhance the immediate
response of the entire water column to the atmospheric changes, even during
maximum river levels. Figures 4.10 and 4.11A, B, show the strong dependency
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Fig. 4.9 Maximum depth (water level), transparency, suspended sediment concentration and sed-
imentation rate during isolation (streaky bars) and inundation (empty bars) phases in El Tigre Lake



of surface and bottom water temperatures to air temperatures in a floodplain
lake. Thus, the correlation between the mean daily air temperature and mean
water column temperature for each sampling date was r = 0.82 (P < 0.001).
Likewise, it was possible to observe that the difference between surficial
and bottom water temperatures does not rise above 2°C (November 1987;
Fig. 4. 10B), which demonstrates the polymictic character of these lakes. The
annual amplitude in open water areas of the studied lake reached about
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Fig. 4.10 Time diagrams for daily mean air temperature (A) and surficial (full dots) and bottom
(empty circles) water temperatures (B) in El Tigre Lake



23°C, with maximum and minimum water temperatures of 30°C and 7°C,
respectively (Figs. 4.10, 4. 11A, B).

Single linear correlations were estimated using daily mean water tempera-
tures and daily mean air temperatures (air temperature values from 1 day to the
mean of the 12 days before the sampling date were used). All the correlation
coefficients were higher than r = 0.86 (P < 0.001), but the highest positive corre-
lation was obtained by testing the relationship between the average of the daily
mean air temperature of the 2 days previous to the sampling date and the mean
temperature of the water column (r = 0.91, P < 0.001). Values of the coefficient
of determination (r2) indicated that the calculated regression coefficients
accounted for a high proportion of the variance in water temperature (usually
never lower than 74%). In this way, it is reasonable to stress that air temperature
is the best single estimator of the floodplain lake water temperature (Table 4.7).

4.5.2 Seasonal Variation

Daily mean air and water temperature variations during the months with
maximum (February 1987) and minimum (August 1987) air temperatures are
illustrated in Fig. 4.12A, B. Air temperature is driven by active components as
solar radiation and wind. In summer, the entrance of southern cold-dry polar
air to the region originates strong fluctuations in insolation, air temperature,
wind, and rainfall, sometimes producing marked changes in lake water

104 Edmundo C. Drago

Fig. 4.11 A Monthly mean air (empty circles) and surficial water (filled circles) temperatures in
El Tigre Lake. B Surficial water temperature in Correntoso River (empty circles) and El Tigre
Lake (filled circles)
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Table 4.7 Correlation coefficients showing the rela-
tionships between monthly mean lake water tempera-
ture (TW) and maxima (Tamin), mean (Tame), minima
(Tamin), absolute maxima (Tamax-a) and absolute 
minima (Tamin-a) air temperatures in El Tigre Lake

Tw - Tamax r = 0.95, P < 0.001

Tw - Tame r = 0.95, P < 0.001

Tw - Tamin r = 0.93, P < 0.001

Tw - Tamax-a r = 0.92, P < 0.001

Tw - Tamin-a r = 0.94, P < 0.001

Fig. 4.12 Daily solar radiation (filled triangles), daily mean air temperature (empty circles),
daily mean of the water column (filled circles), daily mean wind speed and direction (sticks) and
rainfall (bars) during summer (A) and winter (B) in El Tigre Lake



temperatures. Storms coming from the north and northeast sectors of the
country, with hot and humid winds, affect mainly the insolation and, to a lesser
degree, the air temperatures. The low insolation, combined with cold winds
and rains, originates sharp fallings in air temperatures (Fig. 4.12A). Thus,
during the first days of February, the meteorological conditions presented a
warm north wind and a mean air temperature of 28.1°C, but, subsequently,
the temperature decreased to 23.5°C on February 6, and to 18.7°C on
February 7, as a consequence of a squall with strong south cold wind and
heavy showers. At the same time, there was a lowering in the isolation due to
the high cloudiness. The cold and dry southwest wind “Pampero” lowered
even more the air temperature, reaching 13.7°C on February 8. However, the
decrease in the water column temperature was slower and of lesser magni-
tude, delaying 1 day in relation to the minimum air temperatures. During
those days, the water temperature decreased 9.8°C (Fig. 4.12A). Turning to
the normal summer weather conditions with high insolation originated the
immediate response of air and water temperatures (Fig. 4.12A). After such a
cooling episode, a rapid increase in air and water temperatures was measured
in the middle of February, as well as some day-to-day variations at the end of
the month, related to the unstable weather conditions and the decrease in the
incident solar radiation. Water temperatures were always warmer than air
temperatures during the winter months, as in August (Fig. 4.12B). South and
southwest cold winds originate a strong lowering of air and water tempera-
tures and north and northeast winds show the opposite effects. Despite the
high insolation occurring from 16 to 21 August, for example, continuous
cold-dry south–southwest winds lowered the water temperatures (Fig. 4.12B).
These conditions indicate that solar radiation and air temperature are
strongly associated with the type of winds which, in turn, generate different
cloudiness and air temperature variations. Several authors stressed the
importance of these active components on the thermal regimes of both lotic
and lentic waters (Smith 1975; Timms 1975; Walker and Lawson 1977; Crisp
et al. 1982; Lewis 1973, 1983, 1984; Melack 1984; McIntyre and Melack 1984;
Ward 1985).

The interaction of maritime and continental influences under which the
climate of the region is exposed turns it quite variable, with seasonal sharp
changes, and also with changes within every season. Furthermore, the valley
of the Middle Paraná River is located in a “corridor” through which the
Atlantic anticyclonic warm-humid winds from the north-northeast, as well as
the polar cold-dry winds from south-southwest zones of South America, are
conveyed. Water temperatures during summer are usually the same or
slightly lower than air temperatures, except during the installation of south-
southwest cold air masses. In winter, water temperatures are usually higher
than air temperatures (Fig. 4.12B). The strong climatic influence on the ther-
mal behavior of floodplain lakes is also demonstrated by the similarity
between air temperature values of the July winter isotherm (11°C) and the
January summer isotherm (26°C) and the mean lake water temperatures for
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those months (Fig. 4.11A). Time series of stream and lake water temperatures,
depicted in Fig. 4.11B, also demonstrated the similar thermal behavior
between lotic and lentic floodplain water bodies. At the same time, these data
showed a prevailing tendency of a slightly higher temperature of lotic water,
which can be explained by the turbulence and continued vertical mixing
showed by flowing water. Furthermore, temperature of lotic water is unlikely
to be much affected by shading, as the rivers’ size conveys considerable ther-
mal inertia and virtually ensures that they are largely exposed to the sun.
Lotic temperatures in the Middle Paraná River rarely exceed 30–32°C under
normal weather conditions (Drago 1984). In the main channel, the maximum
difference measured between surficial and near-bed waters (24 m depth) was
2.5°C. The average water temperature in the main channel was 21.84°C for a
period of 5 years (1977–1981), the highest summer temperatures ranged from
28 to 30°C, and the minimum winter water temperature detected was 12.9°C
(Drago 1984). Drago (1984) found the best linear correlation between the
mean temperature of the water column at the channel center and the averages
of the daily maximum air temperatures of the 15 days previous to the sam-
pling date (r = 0.95, P < 0.001). The monthly average air temperature was also
closely related to the mean water temperature (r = 0.93, P < 0.001). The max-
imum extent of diel river temperatures in the Middle Paraná main channel
ranged from 0.5 to 1.5°C, which is according to the temperate climate of the
region and its drainage basin hierarchy, greater than tenth order (sensu
Strahler 1957). Thus, seasonal changes in water temperature of the river-
floodplain water bodies follow seasonal trends in monthly air temperatures.
The annual degree-day (above 0°C) calculated for the river is around 7,600,
which is in agreement with values estimated for streams located at a latitude
of 28°–32°S, and is also typical of rivers flowing through temperate and low
altitude areas (Allan 1995; Vannote and Sweeney 1980). Furthermore, it must
be stressed that the northern part of the Middle Paraná fluvial segment is
under the subtropical climate influence.

4.5.3 Diel Variations

It is a well-known fact that stratification is more easily destroyed by noctur-
nal cooling in tropical lakes than in temperate lakes (Drago and Paira 1987;
Lewis 1973, 1983a, 1983b, 1984; MacIntyre and Melack 1984, 1988). Usually, it
is assumed that there is more or less a permanent stratification if the ther-
mocline is detected under the surficial temperature gradient. For example,
Froehlich et al. (1978) considered the thermocline as “a temperature discon-
tinuity located below the level of diurnal warming and nocturnal cooling and
sufficient to constitute an effective barrier to mixing”. In the Middle Paraná
floodplain lakes, a typical localized thermal discontinuity does not exist.
According to a large number of vertical profiles of water temperature meas-
ured in these alluvial lakes (Drago and Vassallo 1980; Drago 1984; Bonetto
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et al. 1984; Drago and Paira 1987), the shallowness of the lakes prevents the
formation of a permanent discontinuity layer. Therefore, the existence of a
thermocline “sensu lato” in the lakes of the Paraná floodplain is discarded.
However, it is very common to detect temporary thermal discontinuity layers
that could be defined as “tropical thermoclines” (sensu Coche 1974).
Furthermore, the effect of such tropical thermoclines is only temporary
because they are mere products of diurnal heating and are periodically bro-
ken down by nightly cooling. In Amazonian floodplain lakes, McIntyre and
Melack (1984, 1988) showed that the persistent stratification begins when
maximum depths of 6 m or more are reached, and it ceases with depths lower
than 3.5 m. The Orinoco lakes show a similar thermal behavior when they are
compared to the Paraná lakes (Vásquez 1992).

Several features of the thermal structure show the variety of responses of
the lakes to insolation, air temperature, wind, and type and cover degree of
aquatic vegetation. Detailed diel measurements in open and vegetated lake
areas for different seasonal periods show a diurnal stratification with a strong
warming in the first 0.5 m depth, a parallel warming in the intermediate lay-
ers, and a slight variation in bottom waters (Figs. 4.13, 4.14).

The daily period of warming and stratification (if there is one) begins early
in the morning (8:00 am), with maximum temperatures at the first hours in
the afternoon (12:00 am–4:00 pm) and a later development of stratification.
Maximum air temperature arises about 3:00 pm; therefore, the maximum
water temperature delay is of about an hour. The layers lower than 1 m depth
presented a lag of their maximum temperatures of 1 or 2 h in relation to the
maximum surficial temperatures. From 8:00 am to 4:00 pm, the surface water
temperature raises about 5°C. The preceding features are detected only dur-
ing extended periods of high insolation and slight or calm winds. During
these periods, the maximum water temperature within the first meter depth
begins to decrease around 4:00 pm (Figs. 4.13, 4.14). If the weather shows no
change, an isothermal condition will be established at all levels, which will be
maintained until ca. 8:00 am. During the night, thermal values of the most
surficial layers usually present the same or lower temperatures than those of
bottom waters. This condition is driven by the heat flux from the lakes sur-
face to the atmosphere by conduction. The amplitude of thermal fluctuations
is similar both in surficial and bottom waters (Figs. 4.13, 4.14).

This kind of thermal stratification and the daily mixing patterns are usually
observed in the Middle Paraná floodplain lakes. Particular meteorological
conditions, as cloudiness or gusty winds, can decrease water temperature dur-
ing the day, producing free convection and avoiding the formation of tempo-
rary stratification. Cloudiness associated to winds prevents or destroys the
thermal stratification, while winds associated with unstable density gradients
cause forced convections. Likewise, free convections can only be originated by
unstable thermal stratification. In the Paraná floodplain lakes, the seasonality
of the stratification and circulation processes is not very marked as in the
stratified deeper lakes, but thermal differences are stronger in spring and
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Fig. 4.13 End-winter diel variation of water temperature at different depths in open water and
under an on-shoreline floating meadow in El Tigre Lake. Ta air temperature
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Fig. 4.14 End-summer diel variation of water temperature at different depths in open water and
under a shoreline floating meadow in El Tigre Lake. Ta air temperature



summer during short stratification periods. Water temperature stratification
in the Middle Paraná lakes is unstable and shows swift and strong changes
according to the water level, periodical and rather short weather changes and
the daily rate of insolation and air temperature. The impossibility of main-
taining a direct stratification beyond 24 h, and the irregularity of the density
changes caused by nocturnal cooling, rainfall and winds, are the characteris-
tics of these continuous warm polymictic lakes (Drago and Paira 1987).

4.5.4 Lake Thermal Microstructures

The type and coverage density of aquatic vegetation in floodplain lakes are
responsible for diverse thermal microstructures that are mainly detected dur-
ing spring, summer, and at the beginning of autumn (from September to
March), when hydrophytes are plentiful. The aquatic vegetation is one of the
internal factors that influence the amplitude and rate of fluctuations in water
temperature (Martin 1972). The longest stratification periods are observed in
lakes with more than 80% of vegetation cover because there is a decrease in
wind stress. Species as Panicum elephantipes, Echinochloa polystachya and
Polygonum spp. also cover quite large percentages of water surface in some
lakes during winter, and important thermal microstructures can be generated
during periods with several sunny and calm days. During winter and spring,
noticeable high water temperatures (20°C in sunny winter days) can be
recorded in narrow-elongated lakes, with very shallow depths (<0.4 m) and
covered by dense stands of Paspalum repens, Panicum elephantipes,
Eichhornia crassipes, Pistia stratiotes, Limnobium spongia, Enydra anagallis,
Ludwigia peploides, and Azolla filiculoides (Figs. 4.13, 4.14). Overgrowth of
aquatic plants in these lakes produces the interception of light before it
impinges on the bottom. A small fraction of this light is used in the photo-
synthetic process, but a much larger proportion is converted into heat at the
leaf surface where it causes a localized rise in water temperature (Dale and
Gillespie 1976, 1977; Drago and Paira 1987; Vásquez 1992). These authors
have shown that floating hydrophytes may have a strong influence on the
diurnal temperature fluctuation at, and close to, the air–water interface.
Moreover, the daily cycle of increasing and decreasing radiant energy
impinging on the aquatic plants results in changes in the temperature profile
of the water column below them. Different thermal values are generated at
the same time of the day according to the type of vegetation, surface cover
and, especially, density. Spatial variations in lake water temperature under
different stands of aquatic plants, from the shore to the center, during a sum-
mer day are very marked. These differences are usually reflected in the verti-
cal thermal structure. Water temperatures ranging from 34–45°C were
measured in the first 0.10 m under Salvinia biloba, 32–34°C in Azolla filicu-
loides, 30–31°C in Panicum elephantipes and Echinochloa polystachya and
28°C in open water along a cross section of 60 m (2:00 pm; 01/03/88).
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The maximum temperatures reached by surficial waters covered by
hydrophytes are detected from 2:00 pm to 6:00 pm (Figs. 4.13, 4.14). There
is a clear tendency in the dense floating masses of Salvinia biloba, Azolla
filiculoides and Pistia stratiotes that the maximum temperatures are
reached around 2:00 pm, with the development of a strong vertical stratifi-
cation. Floating carpets of the above-mentioned floating species show a
daily fluctuation of the superficial water temperatures of 9.5°C. The vertical
gradient is also noteworthy, with differences of 4.8°C at 5 cm depth, i.e.,
with gradients of 0.96°C cm−1. Furthermore, a difference of 5.6°C at 25 cm
depth was measured in Azolla filiculoides (Fig. 4.14). In the deeper layers,
the daily amplitude reached 6.7 and 3.0°C under floating carpets of Salvinia
minima, S. biloba and Azolla filiculoides, respectively (Figs. 4.13, 4.14).
Below these floating carpets, thermal stratifications with profiles and daily
cycles similar to the annual cycles showed by the temperate deep lakes were
observed. The striking difference is that in spite of the strong density gra-
dients, the stratification is destroyed during the night and there is a com-
plete mixing of the entire water column (Figs. 4.13, 4.14). Furthermore,
thermal inversions could be measured. For example, at the end of spring
(December), the surficial temperature was 1°C lower than at the 5 cm
deeper layer. In floodplain lakes that support dense aquatic plant popula-
tions, vertical profiles of light and water temperature are roughly similar
one to another. This feature has been demonstrated by Dale and Gillespie
(1977), Bowes et al. (1979), Barko et al. (1982), Drago and Paira (1987),
Hamilton et al. (1990) and Vásquez (1992).

4.6 Lake Heat Content

The heat content of the floodplain lakes displays a complex behavior due to
the coupling of active (climatologic-hydrological) and passive (morphologi-
cal) factors. The Paraná regime, one of the active factors, has and indirect
influence on the caloric content fluctuations through the driving of the lake
level regimes. A noteworthy example is the heat content evolution during the
riverine flood inflows to the lakes. Thus, the entrance of flood waters to the El
Tigre Lake changed the heat pattern, delaying the maximum heat peaks to the
winter and spring months (Fig. 4.15A; June–July 1987 and August,
November–December 1988).

During the two studied years at that lake, the heat content ranged from
3,154 cal cm−2 (June 1987) to 480 cal cm−2 (May 1988), i.e., a heat budget for
the complete period of 2,674 cal cm−2. A value of 3,000 cal cm−2 was also cal-
culated by Drago and Paira (1987) in another lake of the Paraná River
floodplain. The peak of maximum heat content in El Tigre Lake was in June
1987 (Fig. 4.15A), as a consequence of the relatively high temperature of the
water column to the end of autumn and the beginning of winter (16.6°C).
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Other important factors were the high mean depth and volume of the lake
when the maximum values were reached during the 2 years of lake moni-
toring, as a consequence of uncommon higher lake water levels imposed by
the river regime. The Paraná River usually shows low water stages in June,
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Fig. 4.15 Annual evolution of heat content (A) and the work of the wind (B) in El Tigre Lake



and lakes having indirect connections with the lotic environments also
show low water levels (Drago 1980, 1989). For example, in 1987, the water
stage of the river-lake systems was quite unusual (Fig. 4.2). As it has been
shown by Gorham (1964) and Timms (1975), volume and mean depth are
the main regulators of heat content in large lakes. Timms (1975) stated that
the morphometric parameters should be passive components, while active
components would include the climatologic factors and the protection from
the wind. Timms (1975) also stressed that passive components should be
more important in the heat budgets of lakes, because the efficacy of heat
distribution by the wind in a lake depends on its basin morphology. For
floodplain lakes of the Paraná River, the above conclusions are valid,
although the river regime must also be considered as a main factor because
it can originate noticeable changes on the physical dynamics of these shal-
low lakes (Drago 1980, 1981; Drago and Paira 1987). Similar features were
demonstrated for lakes of the Orinoco floodplain (Hamilton et al. 1990;
Hamilton and Lewis 1987, 1990a; Vásquez 1992). Therefore, in these water
bodies, the air temperature and the river stage would be the active factors
that determine the heat content fluctuations. Considering mean depth, vol-
ume and lake surface as independent variables, they account for 55% of the
variance in heat content. The regression coefficients of heat content with
mean depth and volume are r = 0.67 (P < 0.001) and r = 0.60 (P < 0.001), respec-
tively. Insolation and air temperature would be completing the explanation
for such variations. Thus, it is possible to observe that with similar mean
depth, an increase in air temperature and, consequently, an increase in
water temperature, account for an increment of the heat content of the
lakes (Figs. 4.10, 4.11A, B, 4.15A).

The calculated tropicality index (TI) (Coche 1974) was 545.5 cal cm−2 m−1,
lower than those recorded for tropical lakes (Hutchinson 1957; Coche 1974;
Wood et al. 1976; Heide van der 1982; Lewis 1983, 1984; Henry and Barbosa
1989). This TI value would place the Paraná floodplain lakes closer to the sub-
tropical lakes than the temperate ones.

4.7 Work of the Wind and Stability of Stratification

The work of the wind (B) in heat distribution (in the Birgean concept) is the
work to heat the lake from an isothermal condition (determined by the ther-
mal profile in winter) to the stratified condition. In the Paraná lakes, B attains
the highest values during the periods of highest water temperatures, and usu-
ally coincides with the heat content fluctuations (Fig. 4.15A, B). During spring
and summer, it is evident that wind must overcome higher density gradients
and, therefore, a greater mechanical work. A very good correlation between
water temperatures and the work of the wind is seen when Figs. 4.12 and 4.15A
are compared. The greater B value (1.62 g cm cm−2) was coincident with the
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highest water temperature (29.9°C), measured in February 1988, and the
lower B value (0.08 g cm cm−2) was coincident with the lowest detected water
temperature (7.9°C), in July 1988. Stability (S) variations follow the same
trend as heat content, with a maximum in spring and summer and zero or
lightly negative values in winter (Figs. 4.15A, 4.16).

Similar stability fluctuations had been found in other floodplain lakes
(Melack 1984; MacIntyre and Melack 1984). Quite large modifications of sta-
bility occur from week to week, and this has been attributed to variations in
wind stress (Lewis 1983). Nevertheless, a rather complicate behavior of S,
deflected from the common trend, has sometimes been observed. Thus, a lack
of S was detected in summer (February 1987; Fig. 4.16) as a consequence of an
isothermal condition, where the whole water column (zm = 0.95 m) showed
25°C. During summer, S accounts for the amount of work necessary to prevent
the entire water column from developing a thermal stratification. The maxi-
mum S was found in spring (November 1987), reaching 0.06 g cm cm−2

(Fig. 4.16). These variations in B and S may be explained by the morphometry
and hydrology of the lakes, and also by their continuous warm polymictic con-
dition (sensu Lewis 1983). In these water bodies, the work of the wind is a very
important factor, whether to develop or to destroy a thermal stratification.
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Fig. 4.16 Annual evolution of the stability in El Tigre Lake. The vertical profiles of water 
temperatures belong to the highest lake stability conditions



4.8 Conclusions

The Paraná fringing floodplain is annually inundated either partially or com-
pletely by the overflow of the main channel and the floodplain drainage network.
The seasonal water regime behavior has changed over the last three decades of
the last century, as well as at the beginning of the present one. Thus, the increase
in discharges since about 1970 was very noticeable, with regard to the historical
mean discharges, and they were even more evident if the 1944–1970 period is
taken as a reference (García and Vargas 1998). The 1944–1970 period was char-
acterized as the driest one, and the period that began in 1970 presented
hyperhumid characteristics, a tendency that according to García and Vargas
(1998), does not seem to revert. The data presented by these authors show an
increase in the mean discharges of the Paraná River and its main tributary, the
Paraguay River, that is 50% on average. Moreover, Paoli and Cacik (2000)
stressed that during the last 25 years of the last century the highest discharges
(>30,000 m3 s−1) occurred not only in the high-water phase (February–March)
but also during some months of the low-water phase (May, June, July). These
changes in the magnitude and distribution of discharges have been attributed
to a climatic change in a regional scale (García and Vargas 1998). For example,
as a consequence of this variation in the Paraná River regime, the mean water
stage in Santa Fe increased ca. 0.45 m. The above-mentioned facts indicate an
increase in time and magnitude of the connectivity between the lotic and lentic
components of the Middle Paraná floodplain. However, from 1999 up to the
present, the mean water levels of the river at Paraná Harbor began to show a
decreasing trend (Cristina 2006), showing a mean value for the 1999–2005
period of 13.4 m a.s.l., similar to that presented by the river in the 1970s (12.5 m
a.s.l) (Fig. 4.17). This fact demonstrates the complexity and variability of the
global climatic change.

The most active boundaries of the channels are usually located where the
floodplain is being built or eroded, i.e., at the floodplain-main channel bor-
der, although during the largest floods this activity can be extended across
most of the floodplain surface. During the highest floods, the entire flood-
plain is covered by the river water and we can therefore define it as a geo-
morphologic active floodplain. In this way, it is necessary to recognize the
genetic association between rivers and the floodplain they construct. Because
of this, we stressed to differentiate the river floodplain from other areas inun-
dated by overflow of lakes, reservoirs, direct precipitation, or groundwater
that had been defined as inundation plains (Junk et al. 1989). Thus, the
Paraná floodplain, as well as other river floodplains, has a typical river-lake
system, which shows particular physical, chemical and biological behaviors
that markedly differentiate them from other periodically inundated areas
(Drago et al. 2003).

The relationship between the floodplain drainage network and its lakes
with different connection degrees is very important for the floodplain
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dynamics. Furthermore, this means that the main river and its secondary
channels, through erosion and deposition processes, can modify those hydro-
logical relationships between floodplain lotic and lentic environments.
Therefore, lakes with direct connection may lose that condition by deposi-
tion, or lakes with indirect connection may be reconnected with the river by
fluvial erosion.

The different type and degree of lotic-lentic connections will give a differ-
ent time span for each hydrological phase, even during the same river stage.
Because of this, in the Paraná floodplain lakes, as well as in the majority of
these types of water bodies, it is necessary to differentiate the water renewal
time during the isolation and inundation phases. The extremes were ranged
from minutes to about 1 year or more. The amplitude, duration, frequency,
regularity, and period of the year of the high, middle, and low water phases
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Fig. 4.17 Historical evolution of water stage heights at Paraná Harbour (Entre Ríos Province,
Argentina)



drive the hydro-sedimentological behavior of the lakes. These changes affect
the floodplain habitats. Thus, in the Paraná floodplain, the expansion and
contraction of the lake basin are different according to the lake morphology
and its connection degree with the channels. In large water bodies with a
direct connection, this process shows a strong dynamics but, at the same
time, presents the shortest lifespan. On the other hand, small and shallow
lakes with an indirect connection are less dynamic, but show a longer period
of existence. Some of these may temporarily disappear by desiccation during
pronounced isolation phases.

The banks of the main stem and floodplain channels change continuously
by erosion or deposition, sometimes showing a strong shifting according to
the river level and the movements of the thalweg (Drago 1990). The main
stem and the floodplain channels of the highest hierarchies show mobile sand
beds and the formation of sand bars and islands. Some of the secondary
channels present well-developed meander sets and their migrations originate
new lotic and lentic habitats. Small secondary channels have silted-clayed
beds with sand patches and deep and shoal sequences. All floodplain chan-
nels present meander pools with different sizes and depths at the bends and
scour holes at the confluence with other secondary channels. The bank
slumping is a very common feature and it also causes changes, not only in the
secondary channels, but also in the levees and flatlands. Owing to these
processes, lakes with indirect connection change to a direct connection with
the active channels or vice versa. This means a noticeable change of the phys-
ical, chemical, and biological lake dynamics.

The inflow of running water with diverse suspended sediment concentrations
affects light and sediment patterns of the lakes. The amounts of suspended solid
inputs received by lakes are variable, depending on their shape, spatial position,
and orientation into the floodplain (Chap. 3). Strong differences of suspended
sediment concentrations and water transparency are detected in large and
irregular lakes or in those lakes far away from the rivers. In small lakes with
a direct connection, small spatial variations in suspended solids were usually
observed across the lake surface. The indirect wind action, causing the move-
ment of the floating meadows or rooted hydrophytes, sometimes promotes
large fluctuations of suspended sediment concentrations. This material is
released from roots and stems of aquatic plants.

During low waters, the largest floodplain channels follow the main river
suspended sediment pattern variations. Smaller secondary channels show
a noteworthy decrease in current velocity until the flow ceases in some of
them, achieving temporal lentic characteristics, with a high decrease in
suspended sediment concentration. Thus, in the stream confluences
between major and minor floodplain channels, we measured strong gradi-
ents of suspended sediment concentrations, transparency, and tempera-
ture. Sedimentation-rate data allow us to know only a part of their
dynamics. Sedimentation rates measured in a small lake with indirect con-
nection with the river showed larger increments during isolation periods.
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This fact supports the conclusion that when the lakes are not disturbed by
the currents generated by flood waters or high speed winds, a strong
period of sedimentation begins. Moreover, the highest rates of deposition
are presented immediately after the connection with the river ceases. The
intensity of sediment-resuspension in the Paraná floodplain lakes may be
predictable if the wind, effective fetch, depth, and aquatic-terrestrial vege-
tation are considered simultaneously. Riparian vegetation, helophytes and
hydrophytes prevent the wind action on the lake surfaces and the develop-
ment of deep waves. Nevertheless, small- and medium-sized lakes could
present bottom sediment resuspension during periods of strong winds.
In large lakes with effective fetches over 300 m, it is possible to detect
resuspension during isolation phases, and mainly during periods with
wind velocities over 30–40 km h−1. Fetch determines the degree of wind-
driven turbulence at the lake surface, while depth determines the degree in
which this turbulent energy contacts the bottom sediment. Aquatic and
riparian vegetation acting as shelter is another main factor to avoid resus-
pension from the bottom. However, some of the largest lakes may be too
deep for sediment resuspension in some areas and the fetch of the shal-
lowest lakes may be too small for large waves to develop. The Paraná River
floodplain lakes are continuous warm polymictic lakes without permanent
thermal stratification. Under floating meadows, thermal microstructures
were detected, although they are usually daily broken by wind action or
nocturnal cooling. The heat budget ranges from 2,000 to 3,000 cal cm−2,
being the air temperature and the river regime the main factors that regu-
late their temporal fluctuations. B and S variations may be explained by
the morphometry and hydrology of the lakes and mainly by their thermal
condition of continuous warm polymixis. Both parameters usually follow
the heat budget trends. The tropicality index shows values around 545.5 cal
cm−2 m−1, which would place them closer to the subtropical lakes than to
the temperate ones.
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5 Fluvial Sediments: Main Channel and Floodplain
Interrelationships

MARIO L. AMSLER1,2, EDMUNDO C. DRAGO2 AND ALDO R. PAIRA2

5.1 Introduction

The quantity and quality of sediments supplied to such a large and complex
system as the middle Paraná River, its differential transport through the
drainage network, and the eventual sedimentation rates on the adjacent allu-
vial plain, are all variables that need to be known due to their crucial role on
the type and survival of communities characterizing certain environments
and on the possible interrelationships among them. Since the water trans-
parency, the transfer of some nutrients and salts, the periodical renovation of
alluvial plain surface soils, and the substratum features of lotic and lentic
environments are all factors (processes) closely related to sediment, its pon-
dering as a key variable for the state regulation of complex fluvial ecosystems
has a sound justification.

This chapter will address the topic of sediment. The amount of the total
sediment transport in the main channel and the principal secondary streams
of the alluvial plain is focused distinguishing between the two fractions com-
posing the solid discharge: the bed sediment (fine and medium sands in this
case), and the finer sizes, silts and clays. These small particles predominate in
the sediment transported through the system. They are essentially supplied
by the Bermejo River from the Andean range, on the west side of the Paraná
River basin. The silts and clays transport is considered with certain detail due
to its quantity as well as the reductions verified in the amounts supplied by
the upper Paraná River owing to anthropogenic factors occurred in the
Brazilian areas of the basin. Those reductions reflected on the periodical
sedimentation along the alluvial valley of the middle reach at several
hydrological circumstances. This fact is stressed within the chapter conclu-
sions together with the necessity of preserving the Bermejo River sediment
supply, in order to assure the large wetland that involves the middle Paraná
River reach.

1Facultad de Ingeniería y Ciencias Hídricas (UNL), CC 217, 3000 Santa Fe, Argentina, 
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2Instituto Nacional de Limnología (CONICET-UNL), J. Maciá 1933, 3016 Santo Tomé, Argentina
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5.2 Basic Concepts

Some basic concepts used throughout this chapter are covered for any read-
ers unfamiliar with the symbols and topics commonly cited in civil engineer-
ing literature that refer to fluvial hydraulics and sediment transport. The list
below (or similar ones) should be found in any of the well-known textbooks
and/or manuals of the specialty (e.g., Vanoni 1975):

Bed material transport. This term refers to that transport made up of parti-
cles found in appreciable quantities in the shifting portions of the bed. A cer-
tain part of this is transported as bed load (Gsf), which is defined as material
moving on or near the bed jumping, rolling, and sliding. The rest moves as
suspended bed material (Gss). Summing Gsf and Gss, gives the total bed
material load (Gs).

Wash load (Gw). The moving particle sizes found in very small quantities
in the active areas of the bed constitute the wash load. Obviously, both the
bed sediment load and the wash load may move partially as bed load and
partially as suspended load, although by definition, practically all the wash
load is carried in suspension. Moreover, in many alluvial streams with sand
bed channels the limiting size between the wash load and bed sediment is
taken at the lower limit of the sand size, i.e., ds = 0.062 mm, which means that
Gw is made up of the finer particles, in the order of silt and clay sizes, trans-
ported normally in suspension and with nearly uniform concentrations at a
given cross section. Finally, by adding Gs and Gw, the total sediment load (GT)
of an alluvial river is obtained.

5.3 The Main Channel

5.3.1 The Bed Sediment

5.3.1.1 Bed Material Size

The Paraná River in its middle reach is a large alluvial sand bed channel as is
shown by Drago and Amsler (1998). These authors reported that the bed sed-
iment is composed mainly of strongly unimodal and moderate to well-sorted
medium sands (Table 5.1; Fig. 5.1).

Though the available samples that allowed these features to be known were
taken along the river thalweg, they represent the sand of the entire active chan-
nel bed. Close to the banks, the percentages of silts and clays increase markedly
since the stream velocity reduces significantly allowing deposits of the finer
suspended sizes. Drago and Amsler (1998) also report the results of a study of
62 bed material samples obtained systematically in the Aguas Corrientes cross
section (Fig. 5.2) over 5 years from 1976 to 1981, and discharges varying
between 10,000 and 24,900 m3 s−1.
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The analysis, carried out with the median sizes of the bed material, did not
reveal any correlation with the river stage, something that relates with the
characteristics of the upper sandy strata where the main channel is carved
(Chap. 2).

5.3.1.2 Bed Material Transport

In spite of the importance of reliable information concerning the sand trans-
ported in the Paraná River for scientific as well as engineering purposes, the
available studies and specific data on this topic were rather scarce or covered
only limited river stages (Amsler and Prendes 2000). Only recently did
Alarcon et al. (2003) report a comprehensive analysis concerning the bottom
sediment transport at a reach ≈15 km long immediately upstream of Paraná
City (Fig. 5.2), based on detailed data sets gathered over the last 19 years at
several cross sections of the reach. These data showed that the Engelund-
Hansen (1967) and Engelund-Fredsøe (1976) formulas yield reliable predic-
tions of the total sand transport (Gs) and bed load transport (Gsf) in the Paraná
River (Prendes et al. 1994; Amsler and Prendes 2000; see also Pujol et al. 1985).

The average values of Gsf , Gss, and Gs in certain periods between 1976 and
1998, together with those for particular years, are given next (Table 5.2).

Note that the total sand transport in the main channel averaged 25.24 × 106

t/year in front of Paraná city, nearly at the end of the middle reach and 9% of
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Table 5.1 Granulometric characteristics of the bed sediment at the Paraná River thalweg in its
middle reach (from: Drago and Amsler 1998)

Km from
Size percentages of sand

mouth Site dg
a (mm) σg

b Coarse Medium Fine V. Fine

605 T. Subfluvial 0.316 1.29 6.8 63 28 0.5

680 - 0.260 1.21 1.4 77 20 0.2

745 La Paz 0.371 1.99 22 49 22 2.2

867 Esquina 0.316 1.27 10 82 6.2 0.2

1,008 - 0.363 1.51 14 69 13 0.5

1,060 - 0.323 1.65 18 38 40 1.6

1,140 Empedrado 0.281 1.44 7 46 45 2

1,170 - 0.224 1.69 3 47 32 15

1,208 Corrientes 0.306 1.57 66 27 2.3 1.0

1,244 P. de la Patria 0.444 2.04 29 52 12.2 0.7

aMean diameter
bGeometric standard deviation of the size distribution
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Fig. 5.1 Granulometric distributions of channel bed sands at several locations in the Paraná
River thalweg (from: Drago and Amsler 1998)



this is transported as bed load and the rest as suspended load. In 1983, when the
largest flood of the last 100 years occurred (discharges larger than 30,000 m3 s−1

during 9 months and maximums up to 60,000 m3 s−1), the total bed sediment
transport was more than twice the average.
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Fig. 5.2 Map with locations of the main secondary channels in the Santa Fe and Paraná cities area

Table 5.2 Annual averages of bed sediment transport in the Paraná River. Reach: Villa Urquiza-
Paraná city. Period: 1976–1998 (from: Alarcón et al. 2003)

Period Gsf (×106) (t year−1) Gss (×106) (t year−1) Gs (×106) (t year−1)

1976–1980 1.995 19.945 21.940

1981–1990 2.568 25.866 28.434

1991–1998 1.933 21.374 23.307

1976–1998 2.223 23.016 25.239

Years of minimum and maximum bed sediment transport

1978 1.534 15.153 16.687

1983 4.931 53.106 58.037



5.3.2 The Wash Load

5.3.2.1 Origin

The finer fractions transported in suspension by the middle Paraná are sup-
plied by the Bermejo River (Fig. 1.5) as was reported by several authors a long
time ago (Soldano 1947; Cotta 1963). The Bermejo discharges are only ca. 5%
of those of the Paraná in its middle reach but the sediment that supplies may
be more than 80% of the total volumes transported downstream (Sect. 5.3.3).
A large amount of very fine particles are eroded annually by the summer heavy
precipitations between October and April in the upper basin of the Bermejo
River on the east side of the sub-Andean range (Chap. 1, Sects. 1.2, 1.3). The
largest sediment yield occurs from December to February when 3–6 monthly
storms give rise to important flows with sediment concentrations sometimes
higher than 100 g l−1. This fine sediment is transported along the middle and
lower Bermejo River reaching its mouth at the Paraguay River. Then, they con-
tinue until the confluence of this stream with the Paraná River. As shown in
Fig. 5.3, the main stream’s distinct colors clearly indicate the way followed by
the finer particles from the lower Bermejo River. Also note the difference in
water color between the right and left banks of the Paraná River downstream
from the Paraguay confluence. Prendes et al. (1996) reported concentrations
of 1.15 g l−1 and less than 0.05 g l−1 near both banks, respectively, from meas-
urements performed in front of Corrientes on 28/03/95 and 04/04/95. Bonetto
and Orfeo (1984) found similar values at the same site during March and April
from samples taken monthly in 1981–1982. These authors also showed that as
far as 200 km downstream a complete mixing of water with uniform wash load
concentrations across the channel had not been reached.

5.3.2.2 Granulometric and Mineralogic Features

Although in sand bed rivers the wash load is defined broadly as the part of
suspended load composed mainly by silts and clays, Drago and Amsler (1988)
determined the separation between bed material and wash load specifically
for the Paraná River. Based on bottom sediment samples taken along the
middle reach and at the cross section of Aguas Corrientes (5.3.1.1), they con-
cluded that the 31.2 µm diameter is the limit between wash load and the sus-
pended coarser fractions. This size is quite similar to that specified by
Lelievre and Navntoft (1980) (37 µm) in a study conducted in front of
Corrientes City. Drago and Amsler (1988) also analyzed the size distribution
of suspended sediment samples obtained monthly (and twice a month in the
periods of maximum concentrations) during 1977 and 1978 at the Aguas
Corrientes section. These authors showed that 60.8% of the mean diameter
values of the single granulometric distributions fall within the fine silt range
(8–16 µm). Moreover, their results (depicted in Fig. 5.4a, b, c) reveal that the
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finest and best sorted suspended sediment is transported when the concen-
tration peaks flow through the Aguas Corrientes section. Simultaneously, the
maximum washload and clay percentages were also recorded (Table 5.3).

Amsler and Prendes (2000) reported also similar values related with the
wash load particle sizes from frequent measurements performed between
February of 1980 and April of 1981 at a cross section 30 km upstream of
Paraná city. During this year, 92% of the total suspended transport was wash
load with the following composition:
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Fig. 5.3 Confluences of the Bermejo-Paraguay rivers and Paraguay-Paraná rivers during a
period of maximum wash load supply. See the difference in the water color downstream the
confluence of the Bermejo River
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Fig. 5.4 Fluctuations of (a) mean diameters and (b) standard deviations at mid-channel (-.-.-),
right bank (—-), left bank (– – – –), cross section ( ___ ); (c) concentrations (– – –) and water
level ( ___ ). Section: Aguas Corrientes (from: Drago and Amsler 1988)

50 µm>d >10 µm: 32%
d<10 µm: 60%
(d is the particle diameter. Note that particles lower than 50 µm were consid-
ered as wash load in this case).
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Again, maximum concentrations and very fine (d <10 µm) suspended sed-
iment proportions were observed in April (see Fig. 5.4a, b, c). 

Though there is limited information regarding the mineralogic composi-
tion of wash load, it is valuable to throw light on this topic and on its
relationship with the river behavior. Depetris and Griffin (1968), reported
qualitatively that the suspended silts of the Paraná River near Santa Fe city
were composed of abundant quartz, mica, plagioclase and K-feldspar.
Referring the minerals of the suspended clays at the same site, these authors
presented the following results of two samples taken on June and July of 1967:

Illite Montmorillonite Kaolinite Chlorite

June 1967 38% 14% 33% 15%

July 1967 34% 18% 31% 17%

Mangini et al. (2003) studied the composition of clay minerals of the wash
load sampled in the inflow of a lake directly connected to the main channel
in the alluvial plain of the Paraná River (see 5.4.3). The samples were taken in
eight field trips performed between March 15 and May 15 of 1999. The aver-
age percentages were:

Table 5.3 Maximum and minimum percentages of wash load and clay fraction with the corre-
sponding mean diameters and standard deviations (averages at the sampling vertical in the mid
channel) (from: Drago and Amsler 1988)

Wash load parameters

Date dg
a (µm) σg

b Wash load (%) Clay fraction (%)

28/10/76 16 3.07 66 22

27/01/77 12 3.25 73 36

01/03/77 14 3.34 66 31

28/03/77 6 2.08 97 55

13/04/77 7 2.39 93 51

25/04/77 7 2.46 92 51

09/05/77 7 2.51 92 49

23/05/77 7 2.41 94 47

06/06/77 7 2.48 92 47

25/07/77 12 2.87 77 31

08/08/77 14 2.87 73 23

31/10/77 15 2.99 67 22

14/11/77 11 2.77 81 26

aMean diameter
bGeometric standard deviation of the size distribution



Illite Montmorillonite Kaolinite Chlorite Other minerals

50% 24% 10% 10% 6%

Note the differences in the amounts of illite, montmorillonite, and kaolinite
between the two data sources. According to Depetris and Griffin (1968), the
illite is provided mainly by the Bermejo River when it drains the Andean range
environments, which would tentatively be an explanation of the larger per-
centages detected by Mangini et al. (2003), since their sampling period coin-
cides with the maximum clay supplies coming from that site. In relation to
kaolinite, Depetris and Griffin (1968) suggest that the Paraguay and upper
Paraná rivers basins could be the principal furnishing areas. In the last case,
the numerous reservoirs (some of them very large) built since 1965 until now
retain large amounts of the wash load annual supplies to the middle reach (see
5.4.2), which would account for the kaolinite percentages reduction at present.
Possible reasons for the differences in the montmorillonite quantities cannot
yet be proposed.

5.3.2.3 Wash Load Discharges

Amsler and Drago (2007) updated the sediment budget (essentially wash
load) at the entrance of the Paraná River middle reach based on concen-
tration data obtained during 1993–2003. Their results are shown in Fig. 5.5.

Two facts are clearly noticeable in Fig. 5.5: first, the decisive, already
stated, role of the Bermejo River supplies on the wash load concentrations in
the Paraná River, downstream from the confluence with the Paraguay River,
for the 1970s data as well as for the new ones and, secondly, the smaller wash
load concentrations coming from the upper Paraná River at present, cited
above and further discussed in 5.4.2.

Figure 5.4c shows another distinctive feature of the wash load peak
concentrations in the middle reach that stands out: they normally lag
behind the highest streamflows, since the sediment wave coming from the
Bermejo River arrives at the Paraguay-Paraná confluence after the annual
flood of the latter river and is detected downstream with delays of 10 days
on average (Drago and Amsler 1988; Alarcón et al. 2003). This lack of coin-
cidence gives rise to the known hysteretic effects when concentrations and
discharges are related (Walling 1974), which may prevent the application
of the classic sediment rating curve method to compute the annual
fine sediment transport in a given river. Alarcón et al. (2003) solved this
problem by designing a procedure based on a combination of 8 years of
concentration data obtained near Paraná City and at a section of the
Bermejo River. They finally successfully appraised the wash load transport
(Gw) in the Paraná River at the end of its middle reach between 1991 and
1998 (Table 5.4).
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5.3.3 Total Sediment Transport

In Table 5.4, the bed material transport and, thus, the total sediment trans-
port during the same period at the Túnel Subfluvial cross section, have also
been included (see Fig. 5.2). It is seen that the Paraná River had been trans-
porting an average of 130–135 × 106 t year−1 of sediment through that section.
The wash load represented 80% of the total amount. These figures may
change slightly since sand, derived through the Colastiné and Leyes Rivers
(Fig. 5.2), is not included in the computation of the annual Gs values. Some
information about the sand transported in these secondary channels of the
alluvial plain is given in 5.4.1.
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Fig. 5.5 Suspended sediment concentration changes along the Bermejo-Paraguay-Paraná
hydrosystem during the period of maximum solid discharges. C: mean value for each group of
total concentrations for a seventies’ set of data and the new (between brackets) set of 1993–2003
(from: Amsler and Drago 2007)



5.4 Sediment Transport and Processes in the Alluvial Plain

5.4.1 Sediment Transport in the Secondary Channels

The available information concerning the sediment transport along the
secondary channels of diverse hierarchy which drains the Paraná River
alluvial plain is extremely scarce compared to that for the main channel.
Notwithstanding, based on suspended sediment concentrations and instan-
taneous values of sediment transport measured (and/or computed) princi-
pally in the main secondary channels over the last 30 years, it is possible to
obtain an approach of the sediments amounts derived through them and of
their proportions respecting the main channel transport. This topic is treated
next for rivers ordered from north to south according to its general position
in the alluvial plain (Fig. 5.2).

San Javier River. This stream flows along the west border of the Middle
Paraná floodplain and shows a planform pattern that varies between anasto-
mosing and meandering. The channel has a very small slope (1–1.5 cm/km
for mean stages) and divides into minor courses that derive discharges
towards a system of lakes and swamps particularly complex near its mouth.
These features reduce the sediment transport capacity of the river preventing
the sand to be carried to the mouth where the channel perimeter is com-
pletely cohesive (Ramonell and Amsler 2005).

The total sand transport, Gs, was computed by means of the Engelund-
Hansen (1967) formula at sand bed reaches near Helvecia and Cayastá Cities
with geometric, sedimentologic and hydraulic parameters measured at those
sites (Schreider et al. 2004; Ramonell and Amsler 2005). For a mean discharge
of 616 m3 s−1 and a median diameter of 0.250 mm for the bed sediment,
resulted:
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Table 5.4 Bed material (sand), wash load and total sediment transport in the Paraná River in its
middle reach (Section: Túnel subfluvial) (from: Alarcón et al. 2003)

Year Gs (t year−1) Gw (t year−1) GT (t year−1) Gw/ GT

1991 18.2 × 106 220.8 × 106 239.0 × 106 0.92

1992 29.1 120.9 150.0 0.81

1993 21.4 85.7 107.1 0.80

1994 18.9 78.7 97.6 0.81

1995 21.1 88.6 109.7 0.81

1996 19.1 78.7 97.8 0.80

1997 24.8 130.4 155.2 0.84

1998 34.0 78.0 112.0 0.70

Averages 23.3 × 106 110.2 × 106 133.5 × 106 0.81



Gs = 53,700−73,800 t year−1 (slope: 0.9 cm/km and 1.1 cm/km, respectively)

Regarding the wash load, 11 values of total mean concentrations measured
during 1971 and 1972 (LHA 1974) at a cross section near the mouth,
revealed:

Cmax = 230 mg l−1 Cmin = 80 mg l−1 Cav = 130 mg l−1

where Cmax, Cmin, and Cav are the maximum, minimum, and average values of
the concentration data.

Considering the same mean discharge and the Cav value, an annual wash
load transport may be estimated:

Gw = 2.5 × 106 t year−1

These figures show that Gs would represent less than 5% of the total sediment
transport in the San Javier River.

Leyes River. An old branch of the Colastiné River together with the San
Javier River supply the water and sediment discharges of the Leyes River, an
important sand bedded channel flowing across the Paraná alluvial valley
nearly perpendicular to its general direction. At the end of the Leyes channel,
those discharges have built an enormous internal delta that increases its sur-
face continuously into a vast lake system surrounding the east side of Santa
Fe City. The largest recorded flood of the Paraná River in 1982–1983 changed
the Leyes River morphology very much by increasing its cross section in such
a way that the mean discharges varied from ≈1,000 m3 s−1 before the flood to
1,550 m3 s−1 after it.

In spite of recent key studies concerning the hydrology, geology, and geo-
morphology of the Leyes area (Ceirano et al. 2000; Ramonell 2005; Montagnini
et al. 2005), little is known about its sediment transport. Montagnini et al. (2005)
report only a rough estimation of the relative average increase in the total bed
material load due to the changes resulting from the 1982–1983 flood. The lack of
proper hydraulic information prevents any reliable computation of Gs. Perhaps
the total mean concentrations obtained from seven suspended sediment meas-
urements performed during 1971 and 1972 reported in LHA (1974) may be the
single data set available to approach a fair estimation of the total sediment
transport. The extreme and average values of those concentrations are:

Cmax = 190 mg l−1 Cmin = 80 mg l−1 Cav = 135 mg l−1

Combining Cav with the mean discharges referred to above, GT in the Leyes
River amounts to:

GT ≈ 4.3 × 106 t year−1 (before 1982–1983)
6.6 × 106 t year−1 (after 1982–1983)
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Note that a certain (yet for the moment unknown) percentage of
these quantities is suspended bed material transport and the rest is wash
load.

Colastiné River. This is one of the most important secondary channels
draining the Paraná River floodplain. It shows a meandering planform pat-
tern, a sandy bottom throughout its extension, and, due its higher slope
(2–4.5 cm/km) and mean discharge (~1,700 m3 s−1 for the series 1904–2000),
a bed sediment transport capacity markedly larger than that of the San
Javier River. The median of the bottom sand size distribution varies
between 0.150 and 0.400 mm, according to measurements performed at a
reach immediately upstream from the RN 168 (National Road 168; Fig. 5.2).
The most frequent sizes, on the order of 0.200 mm, correspond to the river
thalweg.

The annual transports Gs and Gsf in the Colastiné River for its mean dis-
charge were computed with the Engelund-Hansen (1967) and Engelund-
Fredsøe (1976) formulas applied at the RN 168 reach. Hydraulic and
sedimentologic measurements performed during 2001 and 2005 were used in
the computation. The results were as follows:

Gs = 1.4−1.6 × 106 t year−1

Gsf = 0.19−0.22 × 106 t year−1

In relation to the mean total concentrations in this reach, LHA (1974) and
Szupiany et al. (2005) reported results of measurements performed between
1971–1973 and 2004, respectively. From this information, the following
results were obtained:

Cmax = 215 mg l−1 Cmin = 100 mg l−1 Cav = 155 mg l−1

Szupiany et al. (2005), also showed that an average of ~15% of the total con-
centrations is suspended bed material, i.e., ~130 mg l−1 would be wash load
for a total Cav=155 mg l−1. Thus the annual transport of wash load for the
mean discharge in the Colastiné River is:

Gw = 7.0 × 106 t year−1

This amount involves 82% of the total sediment transported annually on
average by the Colastiné River, a percentage similar to that reported for the
main channel (Table 5.4).

Coronda River. The sand bed channel of the Coronda River, which mainly
drains the discharges flowing out of the lake system on the east side of the city
(see “Leyes River”), and those supplied by the canal connecting the Paraná
River with the city harbor, begins south of Santa Fe city. This stream also
flows along the west border of the Paraná alluvial plain but on the south end
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of its middle reach. The mean discharges of the Coronda River increased after
the 1982–1983 large flood due to the morphologic changes (described above)
that occurred in the Leyes River, the entrance to the system. If the 1950–2000
series is considered, a mean discharge of 1,062 m3 s−1 is obtained. But com-
parisons of some recent stream flow measurements with similar information
taken during the seventies (LHA 1974) suggest a mean discharge of 1,950 m3 s−1

at present.
Regarding the channel bed sediment, fine and medium sands with

median diameters between 0.200 and 0.300 mm prevail, at least, along the
first 10 km of the river. The knowledge concerning the bed material trans-
port is also nearly nonexistent in the Coronda River. Applying the
Engelund-Hansen (1967) formula with recent hydraulic measurements
made at a straight reach near the river beginning, a total bed sediment
transport (Gs) of 1.56 kg s−1 was computed (discharge: 1,130 m3 s−1).
In principle this value suggests a rather small bed sediment transport
capacity of the Coronda River in spite of its relatively high mean water
discharges i.e., in the same order than those of the Colastiné River.
However, that capacity would be compatible with its lower water surface
slope (≈1 cm/km).

The wash load transport may also be estimated in this case through the
LHAs set of total concentration data (LHA 1974) measured during
1971–1972. The extreme and average values of the 11 suspended sediment
measurements performed in the Coronda River, were:

Cmax = 195 mg l−1 Cmin = 90 mg l−1 Cav = 140 mg l−1

Thus:

Gw ≈ 4.7 × 106 t year−1 (mean discharge: 1,062 m3 s−1)
8.6 × 106 t year−1 (mean discharge: 1,950 m3 s−1)

Note that Gw would be comparable to GT viewing the negligible amount of bed
sediment transport for mean stages in the Coronda River.

5.4.2 Suspended Sediment Budget in the Middle Paraná River 
and its Alluvial Plain

The results presented in Fig. 5.4 show the decisive role of the Bermejo
River on the wash load concentrations in the Middle Paraná River as well
as the notable supply reduction occurring in the Upper Paraná River over
the last ~10 years. This study was expanded recently by Amsler (2006), in
order to quantify the general wash load sedimentation in the flood plain
of the Middle Paraná River and the influence on the sedimentation rates
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of the referred reduction at the entrance of the middle alluvial valley. The
main results are presented in Table 5.5.

The reduction in the wash load supply from the Upper Paraná River would
have begun in the early 1990s. Amsler and Drago (in press) and Amsler
(2006), show that the large number of dams built in the Paraná River upper
basin since the late 1960s and, particularly during the 1970s and 1980s, in the
past century would account for this reduction. When comparing the average
values of 1968–1974, 1979–1982 and 1993–2004, note that the sedimentation
on the alluvial plain does not decrease due to the larger wash load supplies of
the Bermejo River, which compensates the remarkable decrement in the
Upper Paraná. But when specific years with similar wash load discharges in
the Bermejo River are considered, the sedimentation reduction becomes
clearly depicted: six times when comparing 1972–1973 with 1995–1996 and
50% if 1981–1982 and 1998–1999 are compared. An extreme event verified
in 1997–1998 when the fourth largest flood in 100 years occurred and coin-
cided with a minimum wash load supply from the Bermejo River. The result
was a degradation in the order of 10 million t of the alluvial plain surface soil
in the middle reach.
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Table 5.5 Sedimentation of wash load in the alluvial plain of the middle Paraná River between
Paso de la Patria and Paraná city during the months of maximum sediment discharges (from:
Amsler 2006)

Bermejoa Upper Middle Deposition 
Period Gw (×106) [t] Paraguayb Paranác Paranád (×106) [t]

Averages in the period

1968–1974 52.69 1.44 14.60 53.55 15.18

1979–1982 142.20 2.69 12.50 96.69 60.70

1993–2004 95.27 2.63 2.67 82.89 17.70

Years with similar sediment discharges in the Bermejo River

1972–1973 73.72 1.51 22.71 73.58 24.36

1981–1982 138.35 2.90 14.19 96.59 58.85

1995–1996 74.59 2.76 2.27 75.32 4.30

1998–1999 134.99 3.54 3.51 110.70 31.34

1997–1998 large flood

1997–1998 51.62 3.62 3.58 68.62 −9.80

aEl Colorado Section
bPuerto Pilcomayo Section
cItatí Section
dTúnel Subfluvial Section (Fig. 5.2)



5.4.3 Additional Remarks about the Sedimentation Processes 
on the Alluvial Plain

Amsler et al. (unpublished) quantified the ~300-km sedimentation area of
the alluvial plain north of Paraná City when the sediment is transferred from
the main channel and its principal secondary streams through the mecha-
nisms described in Chap. 4. These authors measured the surface of the
colored incoming water on satellite images taken on February 1994 and
March 1997 when the maximum wash load discharges supplied from the
Bermejo River flowed through the system with a stage near to bankfull level.
From their measurements, they concluded that approximately 28% of the
investigated floodplain area would be the most affected annually by sedi-
mentation, at mean rates of 4 to 8 mm year−1 over the last 15 years.

Considering the prevailing type of sediment transported by the Paraná
River and the explanations given above, the deposits on the alluvial plain con-
tain large proportions of silts and clays, i.e., the particles transported as wash
load. This is particularly true for the bottom sediments of the floodplain lentic
environments (their lakes), as stated in Chap. 4. Mangini et al. (2003) made
detailed studies of the mechanisms intervening in the sediment deposition
transported into one of these lakes, the Lake Mendieta (Fig. 5.2), which is con-
nected directly to the main channel. As was stated in 5.3.2.2, suspended and
bed material samples were taken during field trips performed during maxi-
mum wash load discharges in 1999. Some important conclusions of this
investigation are as follows:

(1) It is necessary to divide the Paraná River wash load into two fractions in
order to study its deposition. One fraction is composed by the coarser
particles that deposit individually without interacting with each other; the
other, involving the finer sizes, is affected by flocculation and aggregates
formation, which account for their sedimentation. The limit diameter
between the two fractions would be 13–18 µm (15 µm in average).

(2) An average of 68% of the total wash load deposited into the lake pertained
to the fraction lower than 15 µm, i.e., fine silts and clays, proving that floc-
culation is an important mechanism for the finest particle sedimentation
in the lentic environments of the Paraná River.

(3) Montmorillonite content found in the lake bed sediment was nearly 38%
larger than the one observed in the suspended sediment (see 5.3.2.2). This
fact agrees with the properties of this type of clays that show a strong ten-
dency to form flocs even in waters with low salt concentrations, e.g., the
Paraná River.

(4) Nearly all the particles lower than 11–15 µm remain in suspension till the
flow velocity decreases under a critical value of 0.15–0.20 m s−1. When this
condition is reached a sudden, massive and intense sedimentation occurs
due to flocculation.

Fluvial Sediments: Main Channel and Floodplain Interrelationships 139



5.5 Conclusions

The Paraná River middle reach transports annually an average of 130–135
million tons of sediment. Near 80% of this amount is “wash load” made up by
the finest particles with sizes in the order of silts and clays. The rest are
fine and medium sands supplied by its own bed and carried as “bed load”
(2.2 million tons) and “suspended load” (23 million tons).

In the main secondary channels of its alluvial plain (San Javier, Leyes,
Colastiné and Coronda rivers), fed by the own main channel directly or indi-
rectly, the proportion of transported wash load is also absolutely predomi-
nant (between 2.5 and 9 millions of tons per year). In these cases, the capacity
of bed sand transport varies according to the respective drainage slopes and
flows. The few available estimates of sand annual discharges range between
ca. 50 thousands tons per year in the San Javier River and 1.5 million tons per
year in the Colastiné River.

The Bermejo River, through the Paraguay River, gives the middle reach the
major proportion of wash load during the December–May period of each
hydrological year. Maximum concentrations of this type of sediment in all the
system of the Middle Paraná River occur usually in March and April, lagging
behind the peak flows, since these peaks, originated in the upper basin of the
Paraná River, reach the confluence with the Paraguay River before the high
concentrations coming from the Bermejo River.

The clay content (with illite and montmorillonite as predominant miner-
als) increases notably in the wash load during maximum concentrations, so
during that period the minimum transparency of waters is recorded in all
channels of the system and lakes connected directly to them. In Fig. 5.6, this
phenomenon can be observed for the main channel during 1977.
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Fig. 5.6 Temporal variation of the water transparency (T), discharge (Q), total concentration of
suspended sediments (TCS), concentration of clay fraction (CC) and silt fraction (CS).
Concentrations represent surface water values at mid channel (from: Drago 1984).



The anthropic action shown in the construction of numerous reservoirs
in the upper basin of the Paraná River during the last 30 years has decreased
drastically the wash load supplies coming from that area. Though the
Bermejo River supplies have counterbalanced the consequences of this fact
in the alluvial valley of the middle Paraná River, a decrease in the deposits of
fine sediments was detected given certain circumstances. Surface soils
degradation during an extraordinary flood was the extreme result derived
from the upper Paraná wash load deliveries reduction. Considering the role
of the Bermejo River as the main source supplying silt and clay downstream,
the eventual management of its basin should be conceived very carefully to
avoid the irreversible alteration of the transference of that sediment to the
Middle Paraná River system.

It is inferred that the wash load, the predominant sediment transported
by the Paraná River, implies a renovation of surface soils of its alluvial plain
through its already mentioned periodical deposition. Moreover, strongly
positive correlations have been recently informed between sediments of the
Bermejo River and concentrations of calcium and phosphorus in the Lower
Paraná River (De Cabo and Seoane 2005). These facts imply key factors to
preserve if this huge wetland is intended to be sustained.
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6 The Geochemistry of the Paraná River: 
An Overview

PEDRO J. DEPETRIS1 AND ANDREA I. PASQUINI

6.1 Introduction

River basins are not inert continental features. Moreover, it can be said that
rivers have a life, and their evolution is usually predictable. In biological
terms, for example, rivers are processors of materials as the biota they
contain take up, convert, use, and release resources that come to them. In
other words, rivers are active biological systems that metabolize the organic
matter they transport. From a geological point of view, rivers transport
sediments and solutes whose dynamics is also determined by a set of complex
interacting variables, such as lithology, climate, and relief. Consequently, the
water that reaches a river’s mouth is far different, both qualitatively and
quantitatively, from the water that entered the system as rain or snowfall.
Summarizing, the chemical signatures of rivers are reflections of complex
natural and interdependent relationships involving the chemistry of precipi-
tation, the weathering of minerals, the cycling of vegetation, and the evolu-
tion or history of its water. The recently published geochemical treatise
(Drever 2005) is a major step towards the elucidation of such complexities.

Not only natural factors intervene in the functioning of river basins.
Human activities also affect rivers in many ways: directly, through dams,
pollution, or eutrophication; indirectly, through the use of the land; and in
much more subtle ways, by means of global warming and acid rain. Built to
foster increased development, the Upper Paraná River, for example, has in
operation about 130 reservoir dams (dam height >10 m), of which 14 are
considered “major dams” (dam height >150 m) (Ravenga et al. 1998) that
modulate its discharge, sequestrate sediments, and alter its biogeochemistry.

In this chapter on the Paraná’s geochemical character, we wish to overview
what we consider the major aspects that determine the geochemical nature of
a river, probing into its natural functioning: the dynamics of its dissolved
components, the chemical imprint of weathering, the provenance of its sedi-
ments, and its more conspicuous biogeochemical nature. In this manner, we
expect to contribute to the better understanding of its natural functioning
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as well as on the impact of anthropogenic alterations, which have been
occurring in the Paraná River with increasing rate for the last 40 years.

6.2 Geological and Hydrological Framework

The Paraná River drainage basin (Fig. 6.1), with an area of 2.783 × 106 km2

(Tossini 1959), is the most important river system in the Río de la Plata basin
because it accounts for about 88% of its drainage area (3.170 × 106 km2;
Tossini 1959) and almost 80% of its total discharge to the SW Atlantic Ocean
(~21,500 m3 s−1). The Paraná’s drainage covers almost the entire South
American continental width at 21°S. Its northernmost water sources are
located in Brazil, at ~15°S, and ~45°W, whereas the western water sources are
close to the Andes, at ~65°W, in the headwaters of the Pilcomayo and
Bermejo Rivers. The Paraguay’s upper catchments are in the Gran Pantanal
(Brazilian Mato Grosso, ~15°S, and ~55° to ~60°W). The Salado (or
Juramento) River is a middle-sized tributary with sources by the Eastern
Cordillera that joins the Paraná in its middle course. Finally, the Carcarañá
River has its headwaters in the Sierras Pampeanas of Córdoba, ~33°S, and
meets the Paraná north of the city of Rosario, in the lower reach. Several
authors have considered the geomorphological features of the Paraná River
(e.g., Iriondo 1972, 1988; Orfeo and Stevaux 2002; Thorne 2002). Araújo et al.
(1999) examined the characteristics of the Guaraní aquifer system, which is
closely associated with the Paraná drainage basin. More information on other
physical features of the Paraná River can be found elsewhere in this volume.

As it happened with the remaining of South America’s major drainage
nets, the Paraná’s developed after South America’s separation from Africa,
130 My ago (Early Cretaceous). In the initial syn-rift phase, extension was
accompanied by strike-slip faulting and block rotation; subsequent extension
went together with the extrusion of very large volumes of basaltic lava (i.e.,
the Serra Geral Formation), in the Late Cretaceous (Potter 1997; Potter and
Hamblin 2006). Clearly, such extended flood basalts and the adjoining
Cretaceous sandstones are the most conspicuous features of the Phanerozoic
mantle that covers a significant portion of the Río de la Plata drainage basin
(Fig. 6.1). Another outstanding attribute is the thick Quaternary layer of sed-
iments that extends from Mato Grosso and the Gran Pantanal, in the north
(~18°S), to the loess-mantled Pampa plains in the south (~35°S). The head-
waters of the Bermejo and Pilcomayo Rivers exhibit thick beds of marine and
continental sediments as well as outcrops of Precambrian metamorphic
rocks, along with volcanic rocks of Quaternary age. Steep slopes, along with
the abundance of friable sedimentary formations in humid to semiarid
climates, are crucial factors determining the high sediment load that has been
recorded mainly in the Bermejo drainage basin. The most important geologic
characteristics are schematically presented in Fig. 6.1.
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Fig. 6.1 Schematic geological map of the Paraná River drainage basin



The Paraná River currently delivers a discharge (mean for the period
2000–2003) of ~510 km3 (annual mean discharge of ~16,400 m3 s−1). Mean
annual rainfall is unevenly distributed over the entire drainage basin.
Maximum recorded precipitation (~2,400 mm y−1) occurs along the eastern
edge of the basin, near the city of Sao Paulo (Brazil) and over the upper
Iguaçu drainage basin. Rainfall decreases markedly (800 to 400 mm y−1)
towards the western edge of the basin, along the 60° to 65°W strip. The
western tributaries (Bermejo and Pilcomayo) reach maximum discharges in
February–March (end of southern summer); the Paraguay River reaches
maximum discharge in June–July (southern winter), and lastly, the Iguaçu
River resembles the Paraná’s main stem, with top discharges during February
(southern summer) and low waters during the southern spring.

The mean historical (i.e., the 20th century) contribution of the Paraná’s
upper stretch to the total annual freshwater discharge that eventually reaches
the Río de la Plata is about 73%, with the remaining fraction supplied by the
Paraguay River. However, the breakdown of the Middle Paraná’s mean
hydrograph to unveil the relative significance of its sources shows that the
Paraguay usually supplies a minimum of 19% of the Middle Paraná discharge
during the Paraná’s high waters (January, southern summer), and a maxi-
mum of 34% during the low waters (July, southern winter). Moreover, the
complete historical time series shows that Paraguay’s relative contribution to
the total Paraná River discharge was as low as 1% (as in the mid-1940s) and
as high as 50% (as in the early 1960s).

The summer circulation over South America is dominated by a monsoonal
system whose major seasonal feature is the South Atlantic Convergence Zone
(SACZ), placed along the north-eastern boundary of the Río de la Plata
drainage basin (e.g., Robertson and Mechoso 2000). Another important
feature in the climatic control of the region is a low-level northerly/north-
easterly jet that flows east of the Andes and transports moisture along the
corridor placed between the Andes and the Brazilian Altiplano (e.g., Wang
and Fu 2004).

There is evidence that regional rainfall and river runoff has increased
significantly in the Río de la Plata drainage basin during the 20th century. The
flow increase in the Paraná and Paraguay Rivers, for example, has been pointed
out by several workers (e.g., Genta et al. 1998; Robertson and Mechoso 1998;
Collischonn et al. 2001; Boulanger et al. 2005; Dore 2005; García and Mechoso
2005); most authors place the breaking point around the early 1970s.

In a recent contribution (Pasquini and Depetris 2007), we employed the
non-parametric Mann-Kendall trend test (Mann 1945; Kendall 1975) on
discharge time series and found out that some of Paraná’s tributaries
(Bermejo, Paraguay, Iguaçu, and Salado Rivers) and the lowermost Paraná
main stem station (at Paraná) (Fig. 6.2a) exhibit significant positive trends
(p<0.001). Other gagging stations along the Paraná River main channel (i.e.,
Posadas and Corrientes) exhibited lesser levels of significance.

We also applied the seasonal Kendall test (Hirsch et al. 1982) to monthly
flow data from rivers in the Río de la Plata drainage basin (Pasquini and
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Depetris 2007). Interestingly, the months that showed a significant flow
increase were those of low flow (southern winter). When high water months
(southern summer) displayed an increase, they were the least statistically
significant. Further, the Paraná and all its tributaries have clearly reversed a
negative discharge trend, discernible until about the mid-20th century, for
the currently recorded increasing trend.

The Geochemistry of the Paraná River: An Overview 147

Fig. 6.2  a Mann-Kendall trend test for the mean annual discharge series of the Paraná River (at
Paraná, ~600 km upstream the mouth), b Real part of the continuous Morlet wavelet spectrum
of Paraná River deseasonalized monthly mean discharge. Dark colors represent high power
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Figure 6.2b also shows the application of the continuous wavelet transform
(CWT) (e.g., Nakken 1999) spectral analysis to the Paraná River (at Paraná,
600 km upstream the mouth) deseasonalized discharge time series for a
period of almost 100 years (1904–2003). As pointed out by other authors (e.g.,
Labat et al. 2005; García and Mechoso 2005) the diagram shows a strong
quasi-decadal frequency that has been linked to sea-surface temperature
anomalies over the northern tropical Atlantic Ocean (Robertson and
Mechoso 1998). It also shows potent interannual oscillations in the 2–7 year
range that are in phase with El Niño events in the equatorial Pacific. The
wavelet spectra become very useful in illustrating the shifting in frequencies
of interannual periodicities throughout the 20th century. The 2 to 5-year
analysis shows maximum power peaks for 1928 and 1980. Power drops
markedly for the range ~1935–1970 but, precisely for that time range, power
increases in the 5 to 7-year band.

The occurrence of exceptional flooding events, such as those triggered by
the El Niño, determines the occurrence of significant changes in the compo-
sition and concentration of dissolved and suspended phases (e.g., Depetris
and Kempe 1990; Depetris and Gaiero 1998; Villar and Bonetto 2000).

6.3 The Chemistry of Dissolved Components

In the Earth’s surface system, water plays a central role because it operates as
both a reactant and as a transporting agent of dissolved and particulate
components from land to sea (Gaillardet et al. 2005; Meybeck 2005). The
processes collectively known as chemical weathering (see Sect. 6.4) controls
the global hydrogeochemical cycle of elements transforming rocks and
primary minerals to solutes and soils and eventually to sediments and
sedimentary rocks. In rivers, as in the ocean, lakes, and the atmosphere, the
hydrogeochemistry is largely governed by chemical equilibrium in solution or
at the water–mineral interface (e.g., Stumm and Morgan 1996).

The water supply is unequally distributed in the Paraná River drainage
basin, and weathering exerts an uneven control on the different upper catch-
ments. Therefore, the dissolved chemical nature of the middle and lower
Paraná River is determined not only by the dissimilar water volume contri-
bution from the Paraná’s two main tributaries (i.e., the Upper Paraná and the
Paraguay, Fig. 6.1) but also by various processes that govern their dissolved
species concentrations.

After Livingstone’s (1963) early hydrochemical report, several authors
have examined over the past 30 years the main chemical characteristics of the
Paraná River dissolved load (e.g., Maglianesi 1973; Depetris 1976; Drago and
Vassallo 1980; Bonetto et al. 1998; Villar et al. 1999; Villar and Bonetto 2000).
In general, in Paraná River waters, the order of abundance of major anions is
HCO3

− >Cl− >SO4
2−, and of major cations is (Na+ + K+)>Ca2+ >Mg2+. The



Middle Paraná preserves an asymmetric chemical cross section throughout
its middle course because the water flowing along its western margin is saltier
than the eastern one (Drago and Vassallo 1980). This characteristic is not
only determined by the differing chemical signature of both the Paraguay and
the Upper Paraná Rivers but also by the combined influx of surface and
groundwater flow originating in the sediment-mantled Chaco-Pampa plain.

The total dissolved solids (TDS) load estimate for the Middle Paraná River
is ~25 Tg y−1 (1 Tg = 109g) (Depetris and Kempe 1993), about three times
lower than what appears to be its total mean sediment load. The Upper
Paraná delivers more diluted waters than the Paraguay whose mean TDS con-
centration is usually twice that of the Paraná. If we consider their mean dis-
charge ratio (~2.3:1), we end up with a TDS load for the Middle Paraná
supplied in about equal proportions by both major tributaries. Exceptional
flooding appears to trigger significant dilution and increased the TDS export
rate—during the 1982–1983 ENSO-triggered flood—only up to ~26 Tg y−1

(Depetris and Kempe 1993).
Figure 6.3 presents a Piper diagram with chemical data from various

sources that corroborates some of the above assertions by showing that the
Middle Paraná River (besides departures triggered by anomalous hydrology)
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Fig. 6.3 Piper diagram of Paraná River major ions. The data for the Lower Paraná was taken
from Villar et al. (1999b) and Villar and Bonetto (2000). The data for the Middle Paraná was
collected during the SCOPE-UNEP International Carbon Project



is of the mixed-type in cationic terms and bicarbonate-type in anionic terms.
In contrast, the river appears to switch to the mixed-anion-type and to the
sodium-potassium-type in the lower reach.

Figure 6.4 shows the variation of a set of parameters measured between
1981 and 1984 at the city of Paraná (600 km upstream the mouth) within the
framework of the SCOPE-UNEP International Carbon Project. The
1982–1983 El Niño took place during the sampling period (Fig. 6.4d, e) and
caused significant TDS dilution, oxygen supersaturation and a discernible
impact during both, the ascending and descending limbs of the hydrograph
(Fig. 6.4). Oxidation and reduction reactions mediate the behavior of many
chemical constituents in most aquatic compartments of the environment.
The joint variation of Eh and pH throughout the flooding event showed val-
ues that are normal for rivers and streams (Fig. 6.4b). Oxygen supersaturation
indicates the occurrence of photosynthesis because the equilibrium in the
following reaction is displaced to the right-hand side,

nH2O + nCO2 ⇔ (CH2O)n + nO2

In the Paraná, this situation was not necessarily coherent with increased
water transparency (Fig. 6.4c). Likewise, low water transparency did not
always convey a displacement of the equilibrium to the left-hand side of the
above equation (i.e., biological respiration). Moreover, Secchi measurements
(i.e., water transparency) exhibited a conflicting association with the prevail-
ing hydrological conditions, which seems to be related to the river stage (i.e.,
there is a different response if a certain gage height occurs during the
descending or ascending limb of the hydrograph).

Figure 6.5 shows the downriver variation of selected parameters measured
in 1985 during the SCOPE-UNEP-sponsored International Carbon Project.
Most variables showed a significant trend: conductivity increased, along with
alkalinity, total hardness, and silica, largely due to the effect of the Paraguay
River and tributaries. Dissolved oxygen failed to produce a significant trend
and phosphorous was clearly consumed in the downriver direction. Drago
and Vassallo (1980) found similar results during a 1975 scientific cruise.

Figure 6.6 shows a variation diagram (or spidergram) for dissolved rare
earth elements (REE) in Paraná River water, main tributaries, and the
Uruguay (for comparison). This group of elements is one of the least mobile
in the weathering of minerals and transport by waters (e.g., Sholkovitz 1995;
Gaillardet et al. 2005) and, in a qualitative way, their concentrations and
fractionation is the result of pH-dependant reactions in solution or at the
interface with colloids. Table 6.1 displays mean REE concentrations measured
in the Paraná River basin.

Considering that the raw analytical data has been normalized, it becomes
evident that concentrations fluctuate between 105 and 107 times lower that the
Upper Continental Crust (Taylor and McLennan 1985). World mean dissolved
REE concentrations (Gaillardet et al. 2005) are higher than the concentrations
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Fig. 6.4 Selected parameters determined in samples collected in the Paraná River at Paraná
(~600 km upstream the mouth) during the SCOPE-UNEP International Carbon Project.
Absolute and relative discharges (split into contributing tributaries) at Corrientes (~1,200 km
upstream the mouth)



measured at the Río de la Plata drainage basin. Also, with the exception of the
Uruguay River, which does not show a clear europium anomaly (Eu/Eu*= EuN/
(SmN.GdN)1/2, McLennan 1989), which is discernible in the suspended sediment
fraction, as will be seen in Sect. 6.4), the remaining samples exhibit a sharp
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Fig. 6.5 Downstream variation of selected chemical parameters determined in the Upper and
Middle Paraná River in July 1985 (SCOPE-UNEP International Carbon Project). Filled circles
correspond to mainstream samples; triangles to indicated tributaries; diamonds to ponds and
ox-bows

Fig. 6.6 UCC-normalized dissolved REE spidergram for the Paraná River (shadowed area),
tributaries, the Uruguay River, and the world’s average (Gaillardet et al. 2005)
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anomaly that is surely associated with the weathering of feldspars (e.g., Taylor
and Mc Lennan 1985). In as much as light REE (LREE, La to Nd) are preferen-
tially adsorbed onto colloidal particles, the Paraná and tributaries show a clear
fractionation of LREE to heavy REE (HREE, Ho to Lu). Finally, dissolved REE
concentrations in the Uruguay, Paraguay, Salado, and Corrientes Rivers are
clearly higher than in the Paraná (Fig. 6.6).

6.4 The Signature of Weathering in the Drainage Basin

The term weathering is used in the earth sciences to denote the physical and
chemical processes that disaggregate and leach rocks exposed on the surface
of the Earth, and end up generating clays and soils that are chemically
adjusted to the prevailing environmental conditions. Silicates formed at high
temperatures in igneous or metamorphic environments (feldspars, olivine,
pyroxenes, and micas) are metastable in such conditions, and the more
soluble elements (e.g., Na+, K+, Ca2+, Mg2+) are selectively removed from the
mineral debris, leaving behind soils relatively enriched in alumina and iron.
It is known that in order to see the effects of weathering, the region in
question must be in equilibrium with tectonics, so as to allow soil formation

Table 6.1 Dissolved REE in the Paraná River, tributaries and Uruguay Rivera

Middle 
Paraná Paraguay Pilcomayo Bermejo Iguaçu Corrientes Salado Uruguay

River n = 4 n = 2 n = 1 n = 1 n = 1 n = 1 n = 1 n = 2

La 0.026 0.049 0.027 0.015 0.016 0.082 0.071 0.050

Ce 0.053 0.090 0.047 0.024 0.029 0.137 0.123 0.080

Pr 0.008 0.016 0.009 0.002 0.004 0.024 0.017 0.015

Nd 0.031 0.067 0.042 0.014 0.016 0.124 0.084 0.064

Sm 0.007 0.018 0.006 0.003 0.007 0.025 0.028 0.017

Eu 0.007 0.010 0.004 0.013 0.005 0.009 0.011 0.007

Gd 0.007 0.019 0.009 0.004 0.008 0.033 0.026 0.019

Tb 0.001 0.002 0.001 <0.001 0.002 0.003 0.003 0.004

Dy 0.005 0.013 0.005 0.003 0.004 0.017 0.021 0.013

Ho 0.002 0.003 0.001 0.001 <0.001 0.004 0.006 0.004

Er 0.003 0.007 0.003 0.001 0.003 0.011 0.011 0.008

Tm <0.001 0.001 <0.001 <0.001 <0.001 0.001 0.002 0.002

Yb 0.005 0.007 0.005 0.003 0.004 0.010 0.013 0.011

Lu <0.001 0.002 <0.001 <0.001 <0.001 0.002 0.003 0.002

aConcentrations in µg L-1



(i.e., transport-limited regime, Stallard and Edmond 1983). If, in contrast, the
region is not in equilibrium with tectonics, and mineral debris is removed as
soon as it is generated, the resulting sediment bears a chemical/mineralogical
signature that is close to the original rocks due to insufficient weathering (i.e.,
weathering-limited regime, Stallard and Edmond 1983). Clearly, the
sediments exported from continents to oceans should convey the chemical/
mineralogical mark that is relevant to the dominating denudation regime.
The situation, however, is complicated in systems such as the Paraná, with
headwaters in tectonically active orogenic areas, often dominated by sedi-
mentary rocks that export mineral debris that has been subjected to one or
several paleoweathering cycles. There are recent studies that claim that about
75% of the Amazon’s and 86% of the Paraná River’s sediment load are recy-
cled sedimentary material (Gaillardet et al. 1999). Sediments are recycled
when, in the geological past, they underwent two or more passages through
the exogenous cycle. In tropical climates, such repeated passing leaves a
perceptible geochemical/mineralogical imprint in the sediments, but in tem-
perate areas, such as in the southern Andes, the cannibalization of exposed
sediments to form younger formations does not seem to leave a discernible
geochemical signature (Pasquini et al. 2005).

Figure 6.7 includes compositional triangles (Nesbitt et al. 1996) that show the
weathering evolutionary paths determined for suspended sediment samples
collected in the Paraná, its tributaries, and in the Uruguay River. In Fig. 6.7a, the
K-feldspar-plagioclase segment, close to the plot of the Upper Continental Crust
(UCC) (Taylor and McLennan 1985), defines the starting point of arrow A, the
theoretical evolutionary path of granite, which aims to the alumina-rich
extreme. The Upper Bermejo’s tributaries and the Bermejo and Pilcomayo
Rivers plot at the beginning of the path, close to the granitic composition
whereas samples from the Middle Paraná tend to concentrate on the more
weathered extreme. Figure 6.7b includes a mafic term (iron + magnesium) and
further shows that the evolutionary path falls halfway between the theoretical
evolution of weathered granite, and the evolution of weathered basalt. Figure
6.7a includes a 0-100 CIA (chemical index of alteration) scale on the left-hand
side of the figure. The CIA (Nebitt and Young 1982) was defined in molecular
proportions as:

CIA = 100 [Al2O3/(Al2O3 + CaO* + Na2O + K2O)],

where CaO* represents the Ca in the silicate fraction only. The UCC has a
mean CIA of 47 (McLennan 1993), and significantly weathered materials,
such as the suspended load of large river systems, have CIAs between 70 and
80. Clearly, in the CIA, soluble elements, significantly depleted in weathered
sediments, are compared with Al2O3, which is a ubiquitous hydrolysate in
deeply weathered tropical environments. The chemical index of weathering
(CIW) is similar to the CIA, but it does not include K2O in its computation
(Harnois 1988).

154 Pedro J. Depetris and Andrea I. Pasquini



The Geochemistry of the Paraná River: An Overview 155

Fig. 6.7 Ternary diagrams after Nesbitt et al. (1996) showing weathering trends. a A-CN-K
(Al2O3-CaO*+Na2O-K2O) diagram displaying the felsic chemical composition of Paraná
drainage basin sediments. The supplementary vertical axis shows the variability of CIA in the
samples. b A-CNK-FM (Al2O3-CaO*+Na2O-K2O-FeO+MgO) diagram, same as (a) but for mafic
components. The theoretical mineral composition is from McLennan (1993) and Nesbitt et al.
(1996). The UCC composition is from Taylor and McLennan (1985)



Figure 6.8a shows, by means of a box and whiskers plot, the CIA TSS
variability in the Paraná system. There is a general increasing trend in the
medians of each group of samples, as the sampling moves downriver. We feel
that this trend is a clear effect of particle sorting in as much as the lower
water velocities in the Paraná’s lower stretch result in finer particle size
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Fig. 6.8  a Box-and-whiskers diagram showing downriver CIA variability in TSS. The lower and
upper boundaries in boxes indicate the 25th and 75th percentile, respectively. The lines within
the box mark the median. Whiskers above and below the box indicate the 90th and 10th per-
centiles. Dots are outlying points. b TSS CIA and ICV scatter plot. AAA Average Andean arc
(http://geokem.com)



distributions in the suspended sediment load. The median CIA of the Middle
Paraná’s TSS load seems to be in the vicinity of 72, which is somewhat lower
than the CIAs determined for other major world rivers and corresponds to
moderately weathered debris.

Another ratio, similar to the CIA, was defined as the index of composi-
tional variability (ICV) by Cox et al. (1995), and measures the abundance of
alumina relative to the other major cations in rocks or minerals:

ICV = (Fe2O3 + K2O + Na2O + CaO + MgO + MnO + TiO2)/Al2O3

Silica is excluded to eliminate problems with quartz dilution.
The consideration of the above equation leads to the conclusion that nonclay

silicates have a higher ICV than clay minerals do. Compositionally mature fine-
grained sediments, such as mudrocks, dominated by clays and poor in nonclay
silicates, will exhibit a low ICV. In contrast, immature muds or mudrocks that
contain a high proportion of nonclay silicate minerals, or that are rich in clay
minerals such as smectites, will have high ICVs (Cox et al. 1995).

Figure 6.8b is a bivariate plot of CIAs and ICVs determined in TSS samples
collected in the Paraná River and its main tributaries. Two samples of
Uruguay’s TSS are also included. As a reference, the segments depict the the-
oretical evolution of a mean Paraná tholeiite (Iacumin et al. 2003) and a mean
Andean andesite (http://www.geokem.com). In general, most Paraná samples
are clustered around the theoretical andesitic line. Departures from the clus-
ter may be explained by variations in the sediment-supplying source.

The question of measuring weathering was approached ingeniously by
Gaillardet et al. (1999) by defining a separate index for each mobile ele-
ment whose concentration in the sediment was compared with that of an
immobile element whose magmatic compatibility is close to that of the
mobile element (Hofmann 1988). For example, ratios of elements with
similar magmatic compatibilities, such as Sm/Na, are expected to be less
variable than ratios of elements whose magmatic compatibilities are con-
trasting (e.g., Th/Na). Gaillardet et al. (1999) defined indexes for all the
mobile elements, but in this chapter we are going to use only the indexes
for Na and for Ca:

αNa = [Sm/Na]sed/[Sm/Na]UCC
αCa = [Ti/Ca]sed/[Ti/Ca]UCC

A value αi = 1 means that there is no net chemical weathering, whereas αi >1
corresponds to a depletion with respect to the UCC, and αi < 1 to an enrich-
ment of element i.

Figure 6.9 shows a bivariate plot of αNa and αCa. Most values lie in the <10
interval, and several values determined for the Bermejo, Pilcomayo and their
tributaries plot within the <5 framework. These values are significantly lower
than the mean αNa determined for tropical rivers, like the Orinoco (αNa = 25)
and the Amazon (αNa =15–20) (Gaillardet et al. 1999).
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These rather low αNa and αCa values in the Paraná River and in its head-
water tributaries reinforce the notion of a dominant weathering-limited
regime and suggest, further, the likelihood of significant recycling occurred
in the mountainous (Andean) upper catchments.

Figure 6.10 depicts a Zr/Sc versus Th/Sc bivariate plot that has been used
to show the likelihood of sediment recycling in turbidites placed along active
margins (McLennan et al. 2003). In such a framework, the enrichment of Zr
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Fig. 6.9 Weathering alpha index values for Ca and Na in the Paraná drainage basin and the
Uruguay River. αi = 1 means than river-borne particles have a composition similar to UCC

Fig. 6.10 Th/Sc and Zr/Sc ratios in Paraná River drainage basin’s TSS. Anomalous zircon addi-
tion reflects sediment recycling (McLennan et al. 1993)



is often interpreted as a clear signal of recycling, as it happens with some
samples collected in the Bermejo and Pilcomayo upper catchments.

6.5 The Provenance of Sediments

Although the Upper Paraná is the most significant contributor to the system’s
water budget, the largest proportion of the transported suspended sediment
mass originates in the Bermejo River drainage basin. Various studies (e.g.,
Drago and Amsler 1988, 1998; Depetris et al. 2003) have shown that the
Bermejo supplies most (50–70%) of the Paraná’s sediment load. Moreover, the
main sediment sources are located in the Bermejo’s upper catchments (Upper
Bermejo, Iruya-Pescado, Grande de Tarija, and San Francisco Rivers), which
account for less than 2% of the Paraná’s total drainage area. Total suspended
sediment concentrations of 7 to 8 gL−1 are frequent, and even concentrations
exceeding 20 gL−1 were recorded at the Iruya River. Consequently, sediment
yields in the upper catchments reach ~12,000 t km−2 y−1 (at the Iruya River),
~3,000 t km−2 y−1 (at the Pescado River) and ~740 t km−2 y−1 (at the San
Francisco River) (http://www.corebe.org.ar).

By means of TSS’s major composition determined in the Paraná River
main stem and in major tributaries (Table 6.2), we inspected their geochemical
classification following Herron’s (1988) approach. Figure 6.11 shows
that most samples collected in the Middle Paraná, and some in the Paraguay,
classify as unambiguous mudstones, whereas the Upper Paraná, the Bermejo
and Pilcomayo, and the Uruguay (included for comparison) plot as iron
mudstones. The geochemical classification of TSS samples also allows per-
ceiving the capacity of high-energy tributaries (i.e., Bermejo tributaries) to
transport coarser mineral suites that plot as coarser-grained, more mature
associations (Fig. 6.11). The Paraguay samples plotting as arenites probably
convey the mature mineralogical nature of Mato Grosso’s soils.

Major oxides have also been successfully used to infer the tectonic setting of
sandstone-mudstone suites (Roser and Korsch 1986), interpreting that the
defined categories reflect the composition of rocks in the source areas. The sam-
ples employed to produce a tectonic discrimination diagram (Fig. 6.12) are
sediments transported in suspension, subjected to sorting, and—as in
Patagonian rivers (Pasquini et al. 2005)—to a limited chemical weathering. Most
samples from the Paraná and its tributaries plot as a tight cluster within the field
ascribed to active continental margins (ACM), thus indicating that the provenance
signature of the major sediment supplier (i.e. the Bermejo river) is preserved
(after sorting) in the resulting fine-grained debris. Roser and Korsch (1986) made
the point that this category, ACMs, includes complex active margins that may
have material derived from continental margin magmatic arcs, which may have
been deposited in a variety of basins (i.e., trench, fore arc, intra arc, and back arc).

Ternary diagrams that involve the use of lanthanides or trace elements
allow the fine-tuning of sediment provenance in the Paraná River drainage

The Geochemistry of the Paraná River: An Overview 159



160 Pedro J. Depetris and Andrea I. Pasquini

Table 6.2 TSS chemical composition in the Paraná River, tributaries and Uruguay Rivera

Bermejo’s 
River tributaries Bermejo Pilcomayo Paraguay Middle Paraná Uruguay
Components n = 14 n = 7 n = 5 n = 9 n = 35 n = 3

SiO2 54.78 62.96 52.43 61.66 59.06 54.50

Al2O3 12.59 15.26 14.21 13.86 16.76 17.33

Fe3O2 4.37 4.98 5.09 5.42 7.87 13.07

CaO 6.29 1.28 5.25 1.41 1.04 1.40

Na2O 1.84 1.51 1.09 2.44 1.21 0.69

K2O 2.93 3.29 2.92 3.10 2.90 0.97

MgO 4.35 1.73 6.21 1.55 1.59 1.13

TiO2 0.56 0.69 0.69 0.74 1.11 1.72

MnO 0.08 0.08 0.07 0.08 0.12 0.21

P2O5 0.25 0.39 0.21 0.18 0.28 0.22

Ba 629 640 615 538 597 459

Co 14 12 14 15 17 22

Cr 54 66 98 68 159 67

Cs 8.5 9.4 19.0 9.3 9.5 4.6

Cu 28 31 45 72 109 115

Hf 7.2 6.7 6.5 5.9 5.4 4.7

Nb 15 14 20 15 16

Ni 40 29 43 35 67 42

Pb 23 29 57 25 45 69

Rb 133 134 170 127 126 73

Sc 11 14 12 12 22 19

Sr 412 102 220 156 125 123

Ta 1.2 1.2 1.8 1.3 1.2 1.3

Th 13 14 17 13 12 6

Tl 0.4 0.6 0.6 0.4 1.1

U 2.9 2.9 3.5 3.1 3.2 3.1

Y 26 32 28 30 32 35

Zr 197 212 222 208 234 264

La 126.8 198.6 50.6 76.7 37.2 22.4

Ce 79.2 81.5 96.6 78.7 75.7 45.9

Pr 1.2 1.2 1.8 1.2 1.2 1.3

Nd 34.1 35.0 42.3 34.7 34.3 32.0

Sm 6.4 6.7 7.9 6.5 5.9 4.4

Eu 1.2 1.3 1.5 1.3 1.4 1.2

(Continued)
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Table 6.2 TSS chemical composition in the Paraná River, tributaries and Uruguay Rivera —
Continued

Bermejo’s 
River tributaries Bermejo Pilcomayo Paraguay Middle Paraná Uruguay
Components n = 14 n = 7 n = 5 n = 9 n = 35 n = 3

Gd 5.9 6.0 7.1 5.9 5.7 6.1

Tb 1.0 1.0 1.1 1.0 2.8 1.0

Dy 5.4 5.3 6.4 5.5 5.2 5.6

Ho 1.1 1.0 1.2 1.1 1.2 1.3

Er 3.2 3.1 3.9 3.2 2.9 3.2

Tm 0.5 0.5 0.6 0.5 0.5 0.4

Yb 3.0 2.9 3.5 3.0 2.6 3.2

Lu 0.5 0.4 0.5 0.4 0.4 0.5

CIA 61.6 72 67.1 65.1 72.5 81.2

ICV 1.5 0.99 1.8 0.98 0.9 1.14

αNa 4.1 5.4 7.7 3.4 6.5 10.4

αCa 2.8 7.0 3.3 6.7 9.3 10.3

aMajor oxides in %, trace and rare earth elements in µg g−1

basin (Fig. 6.13). On the left-hand side La-Th-Sc diagram, the Paraná and
tributaries form a tight cluster, along with the UCC, crossing the field
borderline of continental island arcs. This sample clustering contrasts with
the Uruguay River samples, dominated by the weathering products of Paraná

Fig. 6.11 Geochemical classification diagram for muds and mudstones (Herron 1988), applied
to TSS from the Paraná River drainage basin and the Uruguay River
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Fig. 6.12 Major oxides diagram for Paraná River drainage basin’s TSS showing main fields for
tectonic setting discrimination (Roser and Korsch 1986). Uruguay River samples are included
form comparison. PM passive margin; ACM active continental margin; OIA oceanic islands arc

flood basalts (tholeiitic). Continental island arcs are sedimentary basins
adjacent to island arcs that formed on a well-developed continental crust
(e.g., Bathia 1983). The right-hand side diagram shows clearly the varied
nature (i.e., from granitic to basaltic) of the ultimate igneous sources.

Rare earth elements are often used to fingerprint sediment sources (e.g.,
Cullers et al. 1987; Cullers 1994). Figure 6.14a shows the mean UCC-normalized

Fig. 6.13 Ternary diagrams depicting trace elemental composition of Paraná River drainage
basin’s TSS. Data for Uruguay River’s TSS, a typical laterite, the volcanic ash of Hudson volcano
(eruption of 1991), and UCC have been included for comparison. The tectonic setting discrim-
ination fields are from Bathia and Crook (1986)



Fig. 6.14 a UCC-normalized REE spidergram for Paraná River sediments (shadowed area)
including for comparison the Post Achaean Australian Shale (PAAS), Average Andean Arc
(AAA), and a typical laterite. b UCC-normalized REE spidergram for Paraná River sediments
(shadowed area) and for other world rivers included for comparison. c HREE and LREE frac-
tionation (LaN vs. LaN/YbN) in the Paraná River drainage basin’s TSS. Uruguay River, PAAS, and
AAA are included for comparison
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Table 6.3 REE parameters in TSS from Paraná River, tributaries and Uruguay River

Bermejo’s Bermejo Paraguay Middle Paraná Uruguay
River tributaries n = 5 n = 6 n = 8 n = 5 n = 2

LaN/YbN
a 1.03±0.01 1.13±0.09 1.11±0.08 1.03±0.05 0.74±0.05

Eu/Eu* 0.96±0.03 0.96±0.03 1.08±0.02 1.119±0.05 1.28±0.05

Σ REE 277.09±169.74 332.56±173.95 227.34±60.46 188.27±20.5 170.65±4.14

LREE/HREE 13.14 ±10.51 16.08±11.10 10.70±6.28 8.56±0.30 6.70±0.11

aSubscript N denotes UCC-normalization

variation diagram of Middle Paraná River TSS samples. The pattern is similar
to the PAAS (Post-Archean Australian Shale) (Taylor and McLennan 1985)
for the LREE, and HREE, but Paraná’s is enriched in the middle REE (MREE:
Sm to Dy). The reason for this special feature may be connected to the selec-
tive weathering of phosphates (Hannigan and Sholkovitz 2001). A lateritic
soil (from Misiones, Argentina) is also included in the figure for comparison, as
well as an Andean andesite (http://www.geokem.com). These last two patterns
show, like the Paraná’s, a clear-cut Eu anomaly. The TSS’s REE fingerprint of
other world rivers is shown in Fig. 6.14b. Some rivers (i.e., Uruguay,
Chiangjiang), like the Paraná, exhibit a significant Eu anomaly, a feature that
is determined by the TSS mineralogy. Another interesting attribute is that in
some rivers, due to pH-controlled differential adsorption, UCC-normalized
spidergrams show depleted LREE with respect to the MREE and HREE.

Figure 6.14c shows the HREE and LREE fractionation through the ratio of
UCC-normalized La and Yb (e.g., Taylor and McLennan 1985). The Paraguay
and Bermejo Rivers exhibit a moderate fractionation that is not visible in the
Middle Paraná and is reversed in the Uruguay River, thus suggesting that the
contribution of the Paraná flood basalts’ weathering products to the Paraná
suspended load is unimportant. This fractionation has been also linked to the
age of the rock sources: ancient rocks produce high LaN/YbN ratios in
suspended sediments (Goldstein and Jacobsen 1988). This is also seen in Table
6.3, where mean values for several parameters linked to REE abundance are
listed. All of them project a trend that suggests that the final REE signature in
the Paraná is a weighted mean between the Bermejo-Paraguay signal and what
appears to be the pattern delivered by the Jurassic-Cretaceous flood basalts,
clearly depicted by the Uruguay River TSS. Simple calculations again reveal
the importance of the Bermejo in the final Paraná geochemical TSS signature.

The isotopes of Sr and Nd have proved useful in sediment provenance
studies (e.g., Mc Lennan et al. 1990).Concluding our consideration of the
Paraná’s sediment provenance, Fig. 6.15 shows a plot of 143Nd/144Nd and
87Sr/86Sr ratios obtained in the Paraná and Uruguay rivers’ TSS samples
(Henry et al. 1996). Unequivocally, the Uruguay’s TSS plot next to the field
defined for Paraná tholeiites, whose weathering products cover most of
Uruguay’s drainage basin. In contrast, Paraná’s TSS clearly plot within the



boundaries of silicic rock sources, thus suggesting that sediment beds in
the Upper Bermejo drainage basin, which (as seen above) supply most of
the Paraná’s sediment load, appear to bear the dominant signature of an
acid-intermediate source. The Upper Paraná which, like the Uruguay, also
has a significant proportion of its drainage covered with soils developed on
tholeiitic basalts, does not convey (as pointed out above) a tholeiitic signature
to the TSS in the middle reach.

6.6 Main Biogeochemical Characteristics

The cycling of carbon involves complex processes by means of which it is
transformed from organic carbon (the form found in living organisms) to
inorganic carbon and back again to the organic realm. Most of the carbon in
rivers originates as atmospheric CO2 and either cycles back to the atmosphere
or is finally buried, mostly as organic matter, along with marine sediments.
In the majority of the world’s large rivers, CO2 exhibits a significant super-
saturation, thus indicating a net flux of CO2 towards the atmosphere (i.e.,
through riverine outgassing). Clearly, nutrients and carbon are essential
participants in the riverine biogeochemical scenario (e.g., Degens et al. 1991).
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Fig. 6.15 Plot of Nd and Sr isotopes for Paraná and Uruguay TSS showing likely sediment
sources. Other rocks are included for comparison: tholeiites (Iacumin et al. 2003); Paraná basin
sedimentary rocks (Sallet et al. 2005); Eocambrian sediments, Andean gneisses and granites
(Lucassen et al. 2001); cratonic granites (de Assis Janasi 2002; Sallet et al. 2005)



Carbon in water bodies is usually reported as total organic carbon (TOC),
which is the sum of particulate organic carbon (POC), and dissolved organic
carbon (DOC). The separation of TOC into its components is accomplished
by filtration through glass-fiber filters.

DOC is organic material from plants and animals broken down into such
a small size that it is “dissolved” into water. Some DOC molecules have a rec-
ognizable chemical structure that can easily be defined as “labile” (such as
carbohydrates, fatty acids, and proteins), often created within the river from
animal feces or decomposition of organic tissue (i.e., autochthonous carbon).
Most molecules, however, have no readily identifiable structure and are
lumped under the term humic or fulvic substances, often yellow to dark
brown in color. DOC imported from outside a river or lake is created by the
decomposition of organic debris that has fallen around or in the water (i.e.,
allochthonous carbon). As it happens with DOC, POC can be autochthonous
or allochthonous, and each fraction can be labile (i.e., available for biologic
consumption) or refractory in nature. Perdue and Ritchie (2005) published a
comprehensive overview on organic matter in freshwaters.

On the basis of a set of measurements performed between 1981 and 1984
within the framework of the SCOPE-UNEP International Carbon Project, it was
possible to establish for the Paraná a TOC mean transport rate of 8–9 Tg y−1, of
which ~7 Tg y−1 (~85%) correspond to DOC and ~1 Tg y−1(~15%) to POC.
This sampling period included the extraordinary ENSO-triggered flood of
1982–1983 (Depetris and Kempe 1993). Earlier studies showed that during the
exceptional flooding the river exported a higher proportion of DOC than
during the normal hydrological functioning (Depetris and Kempe 1993).
These findings were corroborated for the lower reach by Villar and Bonetto
(2000) for the 1997–1998 ENSO flooding event.

The dynamics and sources of carbon in the Paraná River were treated in
several papers published during the last decade (e.g., Depetris and Kempe
1990, 1993; Villar and Bonetto 2000; Depetris 2005). In this section, we will
review what is currently known about both aspects.

6.6.1 Organic Matter Sources

Paraná’s POC is, in general, dominantly autochthonous (i.e., the outcome of
riverine biological production). This is confirmed by several biogeochemical
variables determined in the Paraná, among which we can mention δ13C in
POC, which fluctuated between –20 and –25 per mil (Depetris 2005). Dissolved
and particulate amino acids and carbohydrates (Depetris and Kempe 1993)
showed that during the customary functioning, the relatively clear waters of
the Upper Paraná mostly transported a relatively organic-rich TSS load, with
POC contents of 4–10% of noticeably labile nature (20–40% of POC).
Carbohydrate analyses further suggested a dominantly autochthonous nature
(i.e., phytoplankton) for the organic load, with mannose:xylose ratios of
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1.8–2.6. Figure 6.16, however, also shows that POC receives a complementary
contribution from non-woody angiosperms (i.e., grasses and deciduous
trees), discernible in both, the mainstream and tributaries.

In contrast, the Paraguay River, which is the most significant TSS and POC
supplier in the system, appears to deliver a more refractory organic load (the
labile fraction is ~18% of POC) with a more significant contribution from
soil-derived materials and bacteria than the Upper Paraná. The middle reach
and its well-developed floodplain appear to contribute labile POC and also
material that has undergone significant biological degradation, as suggested
by the relative abundances of ribose (~21%) and arabinose + galactose
(~19%) (Depetris and Kempe 1993).

The C:N ratio in POC can also be used to characterize the origin of
organic debris. In general, ratios >20 can be taken as indicators of vascular
plan material, those between 15 and 8 seem to indicate eroded soil humus,
and lower values (i.e., <8) represent planktonic sources. Figure 6.17 shows
the variation of POC:PN in the Paraná during 1981–1984, as a function of
discharge. Data was separated into decreasing and increasing discharges.
Clearly, ponds and streams were flushed out during descending water levels
(i.e., discharges) and hence delivered debris derived from higher plants
(POC:PN >20) as well as plankton (POC:PN<8). Increasingly high dis-
charges (as during the 1982–1983 ENSO event) mostly transported soil-
derived materials. Villar and Bonetto (2000) also highlighted the
significance of floodplain lotic environments in the overall carbon and
nutrient budgets.
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Fig. 6.16 Differentiation of non-woody angiosperms debris in Paraná’s POC. Sugars are 
calculated on a glucose-free basis (Killops and Killops 1994)



6.6.2 Dynamics

Dissolved organic carbon (DOC) was the only biogeochemical variable whose
mass transport rate increased significantly during the 1982–1983 ENSO flood
with both, high (>20 mg L−1) and low (<5 mg L−1) concentrations occurring
during very high discharges (>22,000 m3 s−1) (Fig. 6.18). Such oscillatory
behavior was probably determined by the contrasting nature of different
DOC sources, which became operative during different stages of the flood
(e.g., nearby ponds, which are seasonally inundated, or far-off ponds that are
only subjected to exceptional flooding).

Figure 6.19a shows the variation of POC both, in concentration and as a
percent of TSS. The specialized literature shows that increasing TSS concen-
trations are normally accompanied by a relative decrease of POC. This seems
to be the case in the Paraná at the beginning (i.e., 1981–1982) and the end of
the ENSO-triggered event. During the period of high waters (i.e., 1982–1983)
there is a significant covariation in both parameters.

Phosphorous and silicon are elements that mediate between the biotic and
non biotic realms. P-PO4

3− concentration markedly oscillated during low
waters, probably as a result of variable contributions from the flood valley’s
lotic and lentic domains, but, as expected, maintained low concentrations
throughout the flooding event due to biological consumption and dilution
(Fig. 6.19b). Villar and Bonetto (2000) found a similar pattern in the Lower
Paraná during the 1997–1998 ENSO flooding, although the mass transport
rate of total phosphorous and soluble reactive phosphorous showed a net
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Fig. 6.17 POC:PN ratio variability as a function of discharge in the Middle Paraná River
mainstream. Dotted lines separate likely organic sources. Data are split into increasing and
decreasing discharges



The Geochemistry of the Paraná River: An Overview 169

Fig. 6.18 Scatterplot for Middle Paraná River dissolved organic carbon (DOC) and river 
discharge. Data separated into increasing and decreasing discharges

Fig. 6.19 Biogeochemical data collected in the Paraná River mainstream (at Paraná, ~600 km
upstream from mouth) during the SCOPE-UNEP International Carbon Project. a Absolute and
relative (i.e., % of TSS) POC concentrations. b Dissolved P-PO4

3− and SiO2



increase during the high waters season. In contrast, SiO2 is usually free from
a hydrological control; in the Middle Paraná, decreasing concentrations seem
to be associated with the transfer to the mainstream of silicon-depleted
waters, which have been affected by the biological consumption of freshwater
sponges and diatoms in ponds and ox-bow lakes (Fig. 6.19b).

6.7 Conclusions

The foremost aspect that arises in the integral investigation of the Paraná
River is that the prevailing climatic system has a significant teleconnection
with the Equatorial Pacific, which results in exceptional flooding that period-
ically occurs in coherence with the El Niño events. The hydrological feature
that immediately follows in scientific importance is that the analysis of the his-
torical discharge record shows a statistically significant increase in discharge
that is discernible, according to several authors, since the early 1970s. Further,
trend analysis shows that this increase in mean discharge is mostly happening
during the seasonal low-water period (i.e., southern winter months).
Therefore, the Paraná River is showing clear signs of the impact of change on
its hydrology that, in turn, currently affects the biogeochemical dynamics of
the whole fluvial system, and probably more so in the foreseeable future.

The two main upper course tributaries, the Upper Paraná and the
Paraguay Rivers exhibit differing dissolved chemical signals. The latter has a
TDS mean concentration that is roughly twice as high as the one measured in
the former. The two rivers meet near the city of Corrientes (~1,200 km
upstream from the Paraná mouth) and persist separated (i.e., the western
margin has a higher TDS concentration than the eastern one) for many
kilometers. The uneven chemical cross section, however, is preserved throughout
the river’s middle reach, not necessarily because the Middle Paraná main-
tains the original chemical signatures of the tributaries but, more likely, due
to the significant dissolved solids supply (via surface or ground waters) that
originates in the extensive sediment-mantled plain that frames the Paraná on
its western side.

All the different approaches that are usually employed to evaluate de degree
of weathering reached by soils and sediments (e.g., CIA, ICV, alpha indexes)
show that the Paraná’s suspended load is the result of moderately leached
inorganic debris. Most Paraná River sediments are supplied by the Bermejo
River system, which is clearly subjected to a weathering-limited denudation
regime (i.e., due to tectonic disequilibrium, the rate of soil physical removal is
faster than soil formation) and debris is supplied to the fluvial system by
exposed friable sediment beds at a very high rate. The resulting geochemical
data leads to the conclusion that Paraná River sediments, like in other
drainage systems with Andean headwaters, are mostly recycled material (i.e.,
sediments that have passed more than once through the exogenous cycle).
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The Paraná River delivers freshwaters and particulate matter that ultimately
find their way to South America’s Atlantic coastal zone. Following the previously
mentioned findings, the geochemical signature exhibited by its sediments, how-
ever, does not correspond to a passive continental margin (such as South
America’s Atlantic edge) and bears the clear signature of an active continental
margin. Although it may be anticipated by the extraordinary sediment yield
(e.g., over 1,000 t km−2 y−1) of the Bermejo’s upper catchments, it is clear then
that the weathering products of the extensive Serra Geral Formation (i.e., tholei-
ites) play a lesser role in the overall Paraná sediment budget. Clearly, most
sediments originating at or close to the Andean backbone, preserve an interme-
diate geochemical signature that is discernible in the Paraná’s suspended load.

Finally, closing this bio-geochemical image for the Paraná River, we can
summarize that (a) although most transported organic matter is autoch-
thonous, debris originating in grasses and higher plants is sometimes dis-
cernible in the POC load; (b) debris with a high C:N ratio (e.g., >20) is
exported from the flood valley during exceptional flooding, such as ENSO-
triggered floods; (c) most of the Middle Paraná’s organic load is supplied by
the Paraguay River, which delivers a more refractory POC than the Upper
Paraná River; and (d) several biogeochemical parameters indicate that the
system’s behavior is different during the ascending or descending limbs of
the hydrograph.
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7 Phytoplankton

YOLANDA ZALOCAR DE DOMITROVIC1, M. DEVERCELLI2,
AND M.O. GARCÍA DE EMILIANI2

7.1 Introduction

Phytoplankton composition and population density are mainly controlled by
water discharge, turbidity, and temperature in most large rivers, as men-
tioned in early studies (Welch 1952; Hynes 1970). These rivers show a similar
phytoplankton community structure characterized by the dominance of centric
diatoms, sub- or co-dominance of other taxonomic groups, especially coccal
green algae, and lots of sporadic species (Rojo et al. 1994). Although the envi-
ronmental conditions in turbid and deep river channels are not favorable for
(eu-or meroplanktonic) algal growth, fluvial retentivity and fluid exchange seem
to be the mechanisms that explain the potamoplankton maintenance in lowland
rivers. Thus, the phytoplankton content of the main flow may be augmented by
temporary recruitment of individuals from storage zones within the main river
channel, side-arms or intermediate lakes (Reynolds and Descy 1996).

Concerning the Paraná River, as well as other major South American fluvial
systems (Amazon, Orinoco), the numerous and diverse water bodies located in
the extensive floodplain probably play a bigger role as storage zones for fluvial
algae than those within the mainstream, judging by the ratio between flood-
plain and mainstream areas (Bonetto and Wais 1990; Lewis et al. 1995; Junk
1996). In these fluvial systems, the annual flood is the major driving force for
river–floodplain interactions, including algal exchanges (Junk et al. 1989).

The studies carried out on the phytoplankton community of the Middle
Paraná River system are summarized in some reviews (García de Emiliani
1990; Bonetto and Wais 1990). Other information was analyzed in unpub-
lished papers or published in local journals in Spanish.

Consequently, this synthesis includes the whole data of the phytoplankton
community, covering hydrologically normal annual periods and anomalous
hydrological cycles, induced by the El Niño Southern Oscillation (ENSO).
Most of the information is based on the main channel, side channels and
floodplain lakes of the upstream stretch (near Corrientes city) and the down-
stream stretch (near Paraná city) of the Middle Paraná River.

M.H. Iriondo, J.C. Paggi, and M.J. Parma (Eds.)
The Middle Paraná River: Limnology of a Subtropical Wetland
© Springer-Verlag Berlin Heidelberg 2007

1Centro de Ecología Aplicada del Litoral (CONICET), Corrientes, Argentina, 
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2Instituto Nacional de Limnología (CONICET) J. Maciá 1933, 3016 Santo Tomé, Argentina



7.2 Phytoplankton Distribution Along the Main River 
and at Cross Channel

Differences in biotic and abiotic variables between the left and right banks are
observed in the upstream stretch of the Middle Paraná River main channel and
in the downstream confluence of the High Paraná and the Paraguay Rivers. These
differences are because the Paraguay River’s water runs by the right bank and the
High Paraná River’s water runs by the left bank. The Bermejo River (principal trib-
utary of the Lower Paraguay River) gives to the Middle Paraná River more than
60% of the suspended inorganic load (Drago and Amsler 1988). In consequence,
at Corrientes city (30 km downstream of confluence), water transparency and
dissolved oxygen are higher in the left bank than in the right bank, whereas the
inverse situation occurs with suspended solids and conductivity.

In this sector (near Corrientes City), phytoplankton density and composi-
tion show significant differences in a transversal section. Phytoplankton den-
sity is higher on the left bank than on the opposite bank (Table 7.1). This
asymmetrical distribution remains constant during the entire annual hydro-
logical cycle and continues for about 400 km downstream of the Confluence
(Corrientes City to Esquina) (Fig. 7.1). The lowest density value and the great-
est transversal differences are associated with the flood period of the Bermejo
River. Intermediate and variable values along the section are observed in the
center of the main channel in function of the dynamics of the own commu-
nity and the relative influence of the flow in both rivers.

In the lower stretch (near Paraná City), that shows homogeneous physical
and chemical characteristics in a transversal section, no significant differ-
ences were found in phytoplankton density and structure between both
banks (Table 7.1). Although turbulence is enough to maintain a relative
homogeneity, some variations are observed at the banks in relation to the
center of the channel, especially on the right bank, in periods of alluvial plain
drainage.

The main channel shows typical potamoplankton, characterized by low den-
sity and concentration of chlorophyll a, high diversity and specific richness.
Bacillariophyceae (50%, mostly represented by Aulacoseira granulata and its
bioforms) dominate; in the upper stretch, there is a sub-dominance of
Chlorophyceae, followed by Cyanobacteria (coming from the High Paraná River)
(Fig. 7.2), whereas in the lower stretch, Chlorophyceae and Cryptophyceae share
alternatively the sub-dominance. These changes downstream would be explained by
the increasing dilution of the contributions by both rivers and the gradual influence
of the alluvial plain, since the water residence time in the main channel (5–20
days), profound and turbid, is not favorable for the development of its popula-
tions. The predominance corresponds to (acclimatable) R-strategist species,
adapted to variations in turbulence and light intensity (Aulacoseira granulata),
and, in a lower number, to associations of a few quantitatively important C- or
R-C- strategist species (Chlorococcales and Cryptomonadales). The constancy
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of a few abundant species with the same life strategy is a common feature in
large rivers, where there are strong selective influences for algal growth.

Mean annual biomass (between 0.1 and 1.2 mm3 l−1) is similar throughout
the stretch, mainly due to the high biovolume of Aulacoseira. Rojo et al. (1994)
pointed out high maximum biomass values (between 0.06 and 25 mm3 l−1) for
other rivers of the world, in relation to that registered in the Paraná River
until now. Near Corrientes City, the diversity and specific richness also
show differences between the two banks. The diversity index oscillates
between 2.9 and 4.1 bits ind.−1 at the left bank, and between 1.1 and 3.7 bits
ind.−1 at the right bank. The mean value for the lower stretch (near Paraná
City) is 3.2 bits ind.−1.

Fig. 7.1 Phytoplankton density in the Middle Paraná River main channel at downstream cross
sections (RB right bank, C center, LB left bank, at Corrientes (a), Bella Vista (b), Esquina (c)
(March 1981–March 1982), and Paraná (d) (March 1978–January 1979)

Fig. 7.2 Relative density of the main taxonomic phytoplankton groups in the left and right
banks of the Middle Paraná River main channel near Corrientes (February 1978–January 1980)
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7.3 Temporary Variations during Normal Hydrological
Cycles and Extraordinary Periods in the Main Channel

Temporary variations in phytoplankton structure are more or less constant
due to the persistence of potamoplanktonic species adapted to develop under
restrictive conditions in large rivers. However, fluctuations in the hydrologi-
cal cycle produce changes in the structure and abundance of the community.
The dominance of centric Bacillariophyceae, and the sub-dominance of
Chlorococcales or Cryptophyceae, coincides with what was observed for
other large rivers (Rojo et al. 1994; Reynolds and Descy 1996), except for the
sub-dominance of Cryptophyceae, characteristic of the Middle Paraná River
last stretch.

Density is frequently inversely related to flux by effects of dilution
and physical changes produced by this factor (in the velocity, turbulence,
water residence time and degree of connectivity with the alluvial plain).
Moreover, the coupling of hydrosedimentological pulse and thermal
cycle with flow are important combinations that act on phytoplankton
development.

In low waters of normal hydrological cycles there is a higher density of
Bacillariophyceae, with a high proportion of Aulacoseira granulata (and its
bioforms) in relation to A. distans and Cyclotella. During high waters, density
of Chlorococcales increases (Fig. 7.3). The participation of these (invasive)
C-strategists would be associated to their inoculation from other habitats,
since they are small species with a high reproductive rate but that require a
high radiation and nutrients to develop. Cryptophyceae present a low per-
centage of participation, although with a higher contribution during higher
flows. Their variations are due to several species of Cryptomonas, in high
waters, and to Rhodomonas minuta, in low waters.

During extraordinary hydrological fluctuations, the flow does not always
predict the changes in phytoplankton density through a direct relationship.
This is due to the fact that high flow episodes, where plankton is transported
at a high velocity, and low flow episodes, where restrictions occur (lack of
inoculum, loss of organisms by sedimentation), act by limiting phytoplank-
ton development (Reynolds 2000). The physical changes in the system and
the effects of temperature and sediment transport on the community increase
or decrease as a result of the extreme flows.

During El Niño, phytoplankton is homogeneous throughout the transver-
sal section (Table 7.1). During La Niña, in the lower stretch, differences in
density are observed between the center of the river and the banks. This
would be due to a higher proliferation of small flagellates and Cyanobacteria
at riverbank sites where the hydraulic retention time increases.

During the ENSO phases, phytoplankton presents a similar specific com-
position than in normal periods, but shows a higher richness due to the
increase in the number of sporadic species. Density (Table 7.1) and algal
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mean transport are lower during El Niño and higher during La Niña, com-
pared with the normal period (3,890, 9,030, and 6,340 × 109 ind. s−1, respec-
tively). However, when analyzing temporal variations, the highest density is
observed during mid waters, when the exchange between the main channel
and the alluvial plain is permanent.

A distinctive characteristic of the two periods is the higher development of
unicellular Volvocales and Cryptophyceae (Fig. 7.3). Their high density dur-
ing the flood, at the beginning of the pulse, could be due to their incorpora-
tion from alluvial plain environments where they develop efficiently. After a
prolonged high intensity flooding or an isolation period, the plain does not
act as recruitment site of organisms any more, and its maintenance depends
on the life strategies they have to survive. The high reproduction rate of these
flagellated forms allows them to counteract the dilution effect, and their high
area/volume relationship contributes to decrease losses by sedimentation.
During La Niña, unicellular Volvocales (C-strategists) are favored by the bet-
ter conditions of transparency and hydraulic stability. The dominance of
Cryptophyceae shows the capacity of these species to exploit and adapt to
varied environmental conditions (C-R-S-strategists). Moreover, the alterna-
tive nutritional strategy they have could constitute a competitive advantage
in relation to other species (Jones 2000), although not much is known on het-
erotrophic feeding mechanisms in rivers.

Fig. 7.3 Relative density of the main taxonomic phytoplankton groups in the Middle Paraná
River main channel (central site), near Paraná City, during “normal” (a) and anomalous hydro-
logical periods (b, c)
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Bacillariophyceae decrease markedly their density during periods with
hydrological anomalies (Fig. 7.3). They are sub-dominant during El Niño and
numerically not much relevant during La Niña. In the latter, small centric
diatoms (smaller than 7 µm) and Skeletonema spp. predominate. The low den-
sity of Aulacoseira is explained by sedimentation processes in both periods
and by retention of organisms by topographic obstacles and/or vegetation
when water displacement is produced in the plain during the flood. However,
the absence of A. granulata during peaks of floods and droughts, its lower
density after prolonged hydrological anomalies, and its constant presence in
low flow side channels indicate that it needs the input from other environ-
ments to develop in the main channel (García de Emiliani 1990).

Considering that El Niño and La Niña provoke changes in the proportion
of species characteristic of normal hydrological cycles and not their substitu-
tion by others, it is possible to think that the community can be re-structured
rapidly when the event ends, due to its structural resilience (Reynolds 1997).
However, variations in the structure and, particularly, the scarce participa-
tion of Aulacoseira persist, even when the anomalous periods end. An expla-
nation could be that the magnitude and duration of extreme flows govern the
intensity of physical changes and, consequently, the duration of changes in
the community structure. The selection would operate favoring C-strategists
and species adapted to live in heterogeneous conditions (C-R-S-strategists),
and not favoring the typical R-strategists that predominate during normal
hydrological conditions. However, the information is not enough to evaluate
if anomalous hydrological phases affect temporarily the density and structure
of phytoplankton or if they act as a disturbance, altering the community dur-
ing a more prolonged time lapse (Sparks et al. 1990).

7.4 Temporary Changes in Side Channels of Different Size
and Connectivity Degree

Side channels in the lower section of the Middle Paraná River cover a wide
range of sizes, but because of their differences in flow they can be divided into
small- and medium-size. The physical and chemical characteristics show
wider ranges of variation than in the main channel (Table 7.2). Nutrients (as
in the main channel) are not limiting for phytoplankton development.

As was previously observed, the turbid plain rivers do not offer appropri-
ate environmental conditions for growth of potamophytoplankton, and the
origin and surviving mechanisms of eu or meroplanktonic algal populations
remain in doubt. The algal storage riverbank zones in the own channel and
the incorporation of populations to the main flux when the water level varies
explain the maintenance of phytoplankton in European rivers with a strong
anthropogenic impact (Reynolds and Descy 1996).
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Fig. 7.4 Relative density of the main taxonomic phytoplankton groups in small- (no. 1–6 in
Table 7.2) and medium-sized channels (no. 7–10 in Table 7.2) of the Middle Paraná River,
in comparison with the main-channel, near Paraná (June 1984–March 1986), based on mean
values for each river size group

The water bodies of the Paraná’s alluvial plain could act as wide zones of
fluvial algal storage. The side channels, with a lower dilution power and more
distant from the main channel, could receive the higher impact of algal
recruitment. The higher exchange of organisms between channels and plain
is produced during the main flood pulse, but small fluctuations in the hydro-
gram also produce exchanges with adjacent zones (Junk et al. 1989; Lewis
et al. 1995). The repetition of these mechanisms of temporary loss and rein-
corporation of larger size populations would explain the maintenance of
phytoplankton in large rivers.

Phytoplankton of main and side channels shows a similar structure
(Fig. 7.4), with an increasing mean density in side channels as the degree of
connection with the main channel decreases. The increasing zeu/zmax relation-
ship as depth decreases could be the most favorable environmental change
for algal growth, particularly in low waters, when the water residence time is
higher.

The specific richness is high, although only a low proportion of species is
relatively constant (35%). It increases from the main channel to the small side
channels, as well as from low waters to high waters, probably due to the grad-
ual recruitment of species from close storage zones (in the connected channels
and lakes) until the most distant and diverse zones. Specific diversity remains
high (~3 bits ind.−1), with increments in periods of plain drainage (~4), and
with less pronounced decreases in side channels (~2.5) than in the main
channel (~2), in high waters.
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Annual mean density in side channels does not show significant differ-
ences in relation to the main channel. Changes in density between low and
high waters are more marked in side channels (where dilution is of approxi-
mately 3 times) than in the main channel (dilution lower than 1) (Table 7.2).
These differences in the side channels are due to the increase of Aulacoseira
granulata in low waters and its reduction in high waters (probably by sedi-
mentation and/or retention among alluvial plain macrophytes). Small algae
increase their density from low to high waters. This would probably be due to
their capacity to counteract the dilution effects with a higher growth and
reproduction velocity, as have the Chlorococcales (C-strategists) and
Crytophyceae (R-C-strategists).

Algal mean transport in medium channels (Santa Fe = 860 × 109 ind. s−1;
Coronda = 610 × 109 ind. s−1) and small channels (Cordobés = 20 × 109 ind. s−1;
Correntoso = 40 × 109 ind. s−1) is significantly lower than in the main chan-
nel (6,340 ind. s−1, November 1977–December 1978). In the Correntoso River,
mean density (Table 7.2) and transport values were higher (82 × 109 ind. s−1)
for another normal hydrological period (February 1987–July 1988). When
comparing this period to El Niño, changes are more marked in the
Correntoso River than in the main channel, decreasing mean phytoplankton
density by four times (225 versus 904 ind. ml−1). The flood favors the domi-
nance of Cryptophyceae in both channels, although with the same mean den-
sity than in the normal period. Bacillariophyceae (mainly A. granulata)
decrease in almost one order of magnitude in relation to the normal period
(82 versus 695 ind. ml−1).

These results show that side channels offer better conditions for algal
growth than the main channel (>zeu/zmix), and that turbulence allows to main-
tain great diatoms in suspension, even in low waters of the smallest rivers.
Since phytoplankton density in alluvial plain environments increases with
increasing distance from the main channel, side channels would have a
greater capacity of species recruitment. Most abundant and typically fluvial
species are from the family Bacillariophyceae and orders Cryptomonadales
and Chlorococcales.

7.5 Temporary Variations in Floodplain Lakes with Different
Water Residence Time and Vegetation

Several studies emphasize the influence of the river hydrological cycle on lim-
nology and aquatic communities of floodplain water bodies. Although floods
produce the most important disturbances in these systems, the impact on
phytoplankton may be extremely variable as a result of the interaction
between river waters and local environmental conditions, such as the lake
distance to the main channel, topographic position, type of connection with
the river (direct or indirect), lake morphometry, water residence time, and
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development of macrophyte cover and biomass (García de Emiliani 1997;
Zalocar de Domitrovic 2003).

In normal hydrological cycles, the lake limnetic zone shows a low depth
(zmax = 2 or 3 m) and varied physical and chemical water conditions (Table
7.3). Most limnological differences among these water bodies are explained
by variations in the hydrometric level which determine the intensity and
duration of isolation and connection phases.

Density, biomass, diversity and specific richness of phytoplankton are
higher in isolation periods (higher water residence time) than in connection
periods (in relation to the disturbance and dilution produced by the river).

During isolation, there is a higher number of dominant groups in relation
to the connection periods (5 versus 2), since there is a wide environmental
variability. In general, there is a predominance of Chlorophyceae (lakes no. 3,
4, and 8, Table 7.3) or Bacillariophyceae (lakes no. 6 and 7, Table 7.3), with
sub-dominance of Cryptophyceae, except for some environments where
Cryptophyceae, Euglenophyceae or Cyanobacteria predominate (lakes no. 1,
2 and 5, Table 7.3, respectively). During connection periods, in contrast, only
two groups are dominant: Cryptophyceae (lakes no. 2, 4–7) or Chlorophyceae
(lakes no. 1, 3 and 8, Table 7.3). The sub-dominance of Bacillariophyceae,
with Aulacoseira, is more related to environments with a higher degree of
connection with the river (lakes no. 1, 2, 6 and 7, Table 7.3).

In the El Puente and San Nicolás lakes (no. 3 and 4, Table 7.3), located
upstream in the Middle Paraná River (near Corrientes City), Chlorophyceae
show high density in both hydrological phases (Fig. 7.5), represented by uni-
cellular Volvocales and small Chlorococcales. The former show predominance
of Chlamydomonas (Ch. leptobasis and Ch. microsphaera), and the latter
show predominance of Monoraphidium minutum, M. contortum, Schroederia
antillarum, Choricystis cylindracea and Chlorella vulgaris. Cryptophyceae, rep-
resented by Cryptomonas (C. marssonii and C. ovata), Chroomonas and
Rhodomonas, are dominant and sub-dominant in density. These species, due
to their small size, are not dominant in biomass. Only exceptionally both
groups can reach an important percentage of biomass when, in addition to
their high density, they are associated to other large species, such as
Pyrobotris squarrosa (e.g., in the San Nicolás Lake), during the connection
period, or Cryptomonas rostratiformis, during the isolation period
(Fig. 7.5).

Euglenophyceae (Euglena spp. and Trachelomonas spp.), represented in
low density, reach important percentages in biomass, particularly during the
gradual decrease of waters in the connection period. This group, characteris-
tic of rich organic matter environments, reaches higher biomass in environ-
ments farther from the main channel and with a higher macrophyte cover
(e.g., El Puente Norte and San Nicolás lakes, Fig. 7.5).

A low density of Cyanobacteria is found in the upper section, in contrast
with the lower section, where blooms are more frequent. Only exceptionally
they increase in density and biomass with the river input (Fig. 7.5), probably
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incorporated by horizontal dragging from other environments (represented
by Merismopedia tenuissima, Aphanocapsa elachista, Microcystis pulverea
and M. aeruginosa).

In general, there is a predominance of nanoplanktonic organisms, with sizes
between 1 and 20 µm (C-strategists), mainly Chlorophyceae and Cryptophyceae.
These organisms fluctuate through time and alternate with larger ones
(between 20 and 100 µm), such as Euglenophyceae, Dinophyceae and
Chrysophyceae (R- and S-strategists). These groups show a gradual increase
during isolation, due to nutrient enrichment, produced during the flood.
Growth is produced rapidly and “explosively” (Chrysophyceae), or slowly and
gradually, as waters decrease (e.g., dinoflagellates, Euglenophyceae or
Cyanobacteria, in the lower section).

Phytoplankton attributes are reduced during river connection periods,
showing a relative homogeneity. This is not always due to a dilution effect or

Fig. 7.5 Relative density and biomass of the main taxonomic phytoplankton groups in flood-
plain lakes (near Corrientes City) during isolation and connection periods (September
1995–June 1996)
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to a reduction in transparency, but to profound changes in the physical and
chemical conditions during the plain filling, generally adverse for life of
organisms, as, for example, for Cryptophyceae, Chrysophyceae and
Dinophyceae during the first two weeks of flooding (Zalocar de Domitrovic
1999). In such a situation, only organisms morphologically and/or physio-
logically adapted to particular environmental conditions can survive: e.g.,
Cyanobacteria and small flagellated and coccoid species with a high competitive
ability (C-strategists).

In addition to nutrient enrichment during flooding, typically fluvial algae
that get into river waters (R- or R-C-strategists) reach high density when
water residence time and temperature increase. The river transports vegeta-
tive, reproductive and/or dispersal cells, acting as inocula in plain environ-
ments, where they contribute to biodiversity conservation when they find
appropriate environmental conditions to flourish. The concept of “ecological
memory” (sensu Padisák 1992), applied to fluvial phytoplankton (Rojo et al.
1994), indicates that rivers interacting with the plain are receptors and dis-
tributors of such species memory.

Variations in the hydrogram allow the enrichment of river waters with
more abundant algal populations than those introduced previously, so these
environments act as storage zones. The gradual increase in algal concentra-
tion as the hydrometric level decreases, and the alternation of dominant tax-
onomic groups are compatible with what was proposed by Huszar and
Reynolds (1997) as a “gradual hydroclimatic change”, conducted by internal
processes, as the plankton analogous of the “gradual climatic change”, pro-
posed by Wilson (1994).

Anomalous hydrological states affect phytoplankton structure and den-
sity. For example, these phases are compared to normal periods in two
lakes, one of them (Los Matadores Lake, N° 6, Table 7.3) directly connected
to the Correntoso River (small size, no. 1, Table 7.2), and the other one
(El Tigre Lake, no. 8, Table 7.3) indirectly connected to it. These environ-
ments, located in the lower section of the Middle Paraná River, illustrate
the extreme variations in the degree and type of connection to the river.

In the Los Matadores Lake, phytoplankton composition is similar to that
of the river during a normal period, but density is ~3 times higher. In general,
Cryptophyceae dominate in high waters and Bacillariophyceae dominate in
low waters (Fig. 7.6a). During El Niño, density is notably reduced in relation
to the normal period (Table 7.3), and is similar to those of the Correntoso
River and the main channel. In both types of environments, the dominant
groups are replaced by Cryptophyceae (Fig. 7.6b). The highest density is
registered during La Niña, with dominance of Chlorophyceae, and sub-
dominance of Cryptophyceae (Fig 7.6c).

In the El Tigre Lake, phytoplankton density shows marked variations
between the connection and isolation periods during a normal period
(Fig. 7.6d). During El Niño, mean density decreases in one order of magni-
tude in relation to the normal period (Table 7.3). Chlorophyceae, the
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Fig. 7.6 Relative density of the main taxonomic phytoplankton groups in floodplain lakes near
Santa Fe and Paraná (Los Matadores and El Tigre lakes) during normal hydrological cycles
(a, d) and anomalous hydrological periods (b, c, e, f)

dominant group during the normal period, are replaced by Cryptophyceae
(Cryptomonas and Chroomonas) (Fig. 7.6e). In this situation, phytoplankton
density and composition are similar to those of the river. During La Niña, in
contrast, density values are intermediate, with dominance of Chlorophyceae,
and sub-dominance of Cryptophyceae (Fig. 7.6f). In this period, the most
drastic changes in the community are produced due to the scarce water level
of this environment, silted by vegetation.

In normal periods, and during the scarce lotic influence, the dominance
of Bacillariophyceae in the Los Matadores Lake is due to the high concen-
trations of centric forms of Aulacoseira granulata, A. distans and
Cyclotella meneghiniana (connected floodplain: CFL(6), Table 7.4). The
large populations of these species coincide with high temperatures and a
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Table 7.4 Main species or algal groups during an annual period (June 84–March 86) in sam-
pling sites of the main-channel (MCH), medium (MSC: 5–10 in Table 2) and small side-channels
(SSC: 1–4 in Table 2) and connected and isolated floodplain (CFL, IFL), selected by their occur-
rence: + ≥ 30; � ≥ 50; ■ ≥ 80% of the samples, and mean annual density (mad): ¥ ≥ 50; ●● ≥ 100;
● ≥ 500 org.ml−1. Presence: _

MCH MSC SSC CFL(6) IFL(8)
% - mad % - mad % - mad % - mad % - mad

Chroococcales - - + - + - �- ●

Aphanocapsa delicatissima West - - - + - + - ●●
& West

Merismopedia tenuissima Lemm. - - + - - -

Nostocales � - + - + - + - - ●

Anabaena planctonica Brunth. - - - + - - ●

Raphidiopsis spp. � - - + - - -

Chlorococcales ■-¥ ■-¥ ■-¥ ■ - ●● ■ - ●

Chlorella spp. � - �- � - - -

Crucigenia+Crucigeniella + - + - �- + - �- ●●

Crucigenia quadrata Morr. - - - _ _

Crucigenia tetrapedia (Kirchn.) + - + - + - _
West & West

Crucigeniella rectangularis (Näg.) Kom. - - - - _

Dictyosphaerium spp. - - - + - + - ●●

Dictyosphaerium ehrenbergianum Näg. - - - _ _

Dictyosphaerium pulchellum Wood. - - - _ _

Monoraphidium spp. ■ - ■ - � - � - ¥ ■ - ●

Monoraphidium circinale (Nyg.) Nyg. - - - - _

Monoraphidium contortum (Thur.) ■ - ■ - � - _ _
Kom.-Legn.

Monoraphidium griffithii (Berk.) - - - _ _
Kom.-Legn.

Monoraphidium minutum (Näg.) - - - _ _
Kom.-Legn.

Scenedemus spp. + - + - + - ■ - ¥ ■ - ●

Scenedesmus ecornis (Ehr.) Chod. - - - _ _

Scenedesmus intermedius Chod. - - - _ _

Scenedesmus nanus Chod. - - - _ _

Scenedesmus quadricauda (Turp.) - - - _ _

Bréb.

Volvocales + - + - + - � - ¥ � - ●●

Chlamydomonas spp. + - + - + - _ _

Spermatozopsis exsultans Kors. - - - - + - ¥

(Continued)



198 Yolanda Zalocar de Domitrovic et al.

Table 7.4 Main species or algal groups during an annual period (June 84–March 86) in sam-
pling sites of the main-channel (MCH), medium (MSC: 5–10 in Table 2) and small side-channels
(SSC: 1–4 in Table 2) and connected and isolated floodplain (CFL, IFL), selected by their occur-
rence: + ≥ 30; � ≥ 50; ■ ≥ 80% of the samples, and mean annual density (mad): ¥ ≥ 50; ●● ≥ 100;
● ≥ 500 org.ml−1. Presence: _—Continued 

MCH MSC SSC CFL(6) IFL(8)
% - mad % - mad % - mad % - mad % - mad

Ulothricophyceae - + - - - -

Planctonema lauterbornii Schmid. - + - - - -
Chrysophyceae - - - � - ¥ � - ●●

Synura echinulata Kors. - - - + - _

Mallomonas akrokomos Ruttner - - - � - + - ¥
+ 2 species n.i.

Bacillariophyceae Centrales ■ -● ■ -● ■ -● ■ - ● � - ●●

Aulacoseira distans (Ehr.) Sim. ■ -¥ � -●● � -●● ■ - ●● � - ●●

Aulacoseira granulata (Ehr.) Sim. + var. ■ -● ■ -● ■ -● � - ●● -

Cyclotella meneghiniana Kütz. - � -¥ + - � - ●● + - ¥
Bacillariophyceae Pennales � - � - � - � - ●● ■ - ●●

Navicula spp. - + - + - + - + -

Nitzschia spp. - - - � - ●● � - ●●

Nitzschia acicularis (Kütz.) W. Smith - - - _ _

Nitzschia apiculata (Greg.) Grun. - - - _ _

Nitzschia reversa W. Smith - - - _ _

Synedra acus Kütz. - + - - - -

Cryptophyceae ■ -¥ ■ -●● ■ -●● ■ - ●● ■ - ●

Chroomonas + Rhodomonas � - � - � - ■ - ●● � - ●●

Chroomonas acuta Uterm. - + - + - _ _

Rhodomonas minuta Skuja � - � - � - _ _

Cryptomonas (small size) - - - ■ - ●● ■ - ●●

Cryptomonas tenuis Pascher - - - - _

Cryptomonas pusilla Bachm. - - - _ _

Cryptomonas (large size) ■ -¥ ■ -¥ - ■ -¥ ■ -●●

Cryptomonas ovata Ehr. + - + - - _ _

Cryptomonas erosa Ehr. ■ - ■ -¥ - _ _

Dinophyceae + - + - + - - -

Gymnodinium sp. - + - + - - -

Euglenophyceae + - + - + - ■ - ¥ ■ - ●●

Euglena spp. - - - + - + - ¥
Euglena acus Ehr. - - - - _

Euglena pusilla Playf. - - - _ _

Strombomonas verrucosa (Daday) Defl. - + - + - - -

(Continued)



Phytoplankton 199

Table 7.4 Main species or algal groups during an annual period (June 84–March 86) in sam-
pling sites of the main-channel (MCH), medium (MSC: 5–10 in Table 2) and small side-channels
(SSC: 1–4 in Table 2) and connected and isolated floodplain (CFL, IFL), selected by their occur-
rence: + ≥ 30; � ≥ 50; ■ ≥ 80% of the samples, and mean annual density (mad): ¥ ≥ 50; ●● ≥ 100;
● ≥ 500 org.ml−1. Presence: _—Continued 

MCH MSC SSC CFL(6) IFL(8)
% - mad % - mad % - mad % - mad % - mad

Trachelomonas spp. - - - � - � - ¥
Trachelomonas oblonga Lemm. - - - _ _

Trachelomonas volvocina Ehr. - - - _ _

Trachelomonas volvocinopsis Swir. - - - _ _

decrease in nutrient concentrations when water level decreases. In con-
trast, high biovolume (S-strategists) and nitrogen fixing Cyanobacteria
(Anabaena planctonica) predominate in the El Tigre Lake (isolated
floodplain: IFL(8), Table 7.4).

Constant and/or dominating Chlorophyceae, according to their annual
mean in both lakes (CFL (6) and IFL (8), Table 7.4), are represented by
small Chlorococcales (C-strategists) of genera Monoraphidium and
Scenedesmus. The sub-dominance corresponds to Cryptophyceae
(Cryptomonas and Chroomonas), during the periods of connection, and to
Cyanobacteria (S-strategists, e.g., Anabaena planctonica), during isolation.
Sporadic high densities of Chrysophyceae, Euglenophyceae and
Dinophyceae, related to variations in the hydrometric level and nutrient
availability, alternated. The former are associated to an activation of
statospores, probably distributed by the river (i.e., Synura equinulata,
Mallomonas spp. and M. akrokomos) (Table 7.4).

Specific diversity also increases significantly in the period of relative isola-
tion and decreases to similar values than those from the river when the water
input increases, so the annual mean is slightly higher in lakes (3 bits ind.−1)
than in the river (2.8 bits ind.−1).

During the isolation phases, “microsuccessions” are registered, with
their own characteristics for each water body, depending on the environ-
mental conditions. Every successional process is interrupted by the flood-
ing, perceived as an intense disturbance by the community, and allowing
the input of R-strategist species, especially Cryptophyceae and
Bacillariophyceae. During a new period of isolation the community
begins a new successional process, which starts with the dominance of
C-strategists and pulses of S-strategists, with species belonging to different
taxonomic groups, controlled by their particular nutritive requirements.
Moreover, lower magnitude hydrological pulses produce the reversion of
the successional process to a former state during this period (García de
Emiliani 1993).
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Extreme high waters states (El Niño) affect the community density and
structure. The permanence of species representative of normal hydrological
cycles and the rapid recovery of the own characteristics of these environ-
ments when the water level decreases induce to think that it is a temporary
alteration of the community and cannot be interpreted as a severe distur-
bance (Sparks et al. 1990). In contrast, in environments that are generally iso-
lated from the main channel, as the case of the El Tigre Lake, the flooding is
perceived as an intense disturbance due to the profound changes produced
by El Niño, being more severe during La Niña.

The daily rate of change in alluvial plain environments is higher during
connection periods (with a strong increase at the beginning of the pulse: max-
imum 0.33 day−1) than during isolation (lower than 0.1 day−1) (García de
Emiliani 1997; Zalocar de Domitrovic 2003), which suggests a great environ-
mental variability (Reynolds 1992) and a higher velocity of biogeochemical
processes (Estéves 1988).

Approximately 600 algal taxa were observed in the Middle Paraná alluvial
river-plain system during more than 30 years of study records (Zalocar de
Domitrovic 2005). In the Middle Paraná River lower section, there is a higher
number of species of Chlorophyceae and Chlorococcales. Upstream of the
Middle Paraná River, however, where there is a mixed hydrological regime,
there is a higher number of species of Euglenophyceae and Chlorococcales,
according to the influence of the Paraguay or Paraná rivers, respectively. Rojo
et al. (1994) pointed out that Desmidiaceae are typical of tropical environ-
ments. However, in the Paraná River (where Chlorococcales predominate
qualitatively), they never reach a qualitative dominance as that described, for
example, for the Amazon River (Uherkovich 1984) or for the alluvial valley of
the Magela Creek, a tributary of the Alligator River in Australia (Filayson
et al. 1990).

7.6 Conclusions

In normal hydrological periods, the asymmetry of the phytoplanktonic com-
munity between the two banks of the main channel, upstream of the Middle
Paraná River, is related to the different physical and chemical water quality of
the Paraguay and High Paraná rivers. In the lower section, where mixing of
both rivers is completed, there is a relative homogeneity of the community
throughout the transversal section.

In the main channel and the alluvial plain, the spatiotemporal changes of
the phytoplanktonic community are associated to the hydrosedimentological
regime. Regular variations in the hydrological phases, and shorter permanent
fluctuations are essential for phytoplankton maintenance, since they allow
the lateral exchange with zones of higher algal accumulation in the own chan-
nel and with alluvial plain environments.
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Between the main channel and the external limit of the alluvial plain there
is a complex combination of lenitic and lotic environments with different
conditions of flux and water quality. During isolation, these water bodies
show clear differences with the main channel due to the higher number of
species, diversity, density and biovolume. These environments, temporarily
linked to the river flux, act as refuge areas for species storage.

Waters that drain from the upper sections of the river and that run
towards plain environments by overflow, find appropriate environmental
conditions (scarce horizontal flux, high thermal amplitude, high organic
matter content, etc.) that favor a rapid re-organization in the pattern of inte-
gration of the phytoplanktonic community. The alluvial plain plays an
essential role in maintaining algal populations and incorporating them
towards or from the main flux, depending on the hydrological fluctuations
and on the occurrence of appropriate environmental conditions for their
development.

During normal hydrological periods, the main channel shows typical flu-
vial phytoplankton, dominated by central Bacillariophyceae (Aulacoseira
granulata) and, alternatively, with sub-dominance of Chlorococcales,
Cryptophyceae or Cyanobacteria.

In anomalous hydrological cycles, there are differences in the abundance
and structure of the community in relation to normal hydrological cycles, as
a consequence of the ENSO phenomenon, attributed to the loss of normal
exchange of organisms between the main flux and the areas with higher water
residence time, that function as storage zones of fluvial species.

During El Niño, the main channel maintains a relative homogeneity of the
community, although mean density values are significantly lower than those
registered in normal hydrological cycles. The dominant and sub-dominant
classes change to Cryptophyceae and Bacillariophyceae, respectively. During
La Niña, the scarce contribution of large Bacillariophyceae species
(Aulacoseira) to density demonstrates a profound change in the community
structure, probably due to the inaccessibility of inocula from other sites.

In high waters of normal periods and in extraordinary flood and drought
periods, the predominance of Cryptophyceae and small unicellular green
algae would be related to the capacity of these species to adapt to conditions
of variable intensity of mixing and light, maintaining a high reproductive
rate, so they would have intermediate features between the (acclimatable-
invasive) R-C primary strategists.

During La Niña, the differences between the center of the main channel
and the banks in the lower section can be attributed to a higher proliferation
of species in the banks and a higher water retention time. In the side channels
and environments of the alluvial plain, La Niña provokes a more drastic
change in the community, due to the relative hydraulic stability, mainly in the
lakes, where the variation in the proportion of species is caused by their adap-
tations to a great environmental variability, related to a reduction in the
water level and the advance of vegetation.
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8 Aquatic Macrophytes

RAFAEL A. SABATTINI1 AND VICTOR H. LALLANA

8.1 Introduction

The vegetation of Middle Paraná River flooding environments has been stud-
ied from different points of view. In particular, there are numerous studies
related to composition, structure and successional dynamics (Neiff 1975,
1979, 1986a; Lewis and Franceschi 1979; Franceschi and Lewis 1979; Sabattini
et al. 1983; Aceñolaza et al. 2004). These studies show a great variety of meth-
ods, approaches, and working scales, which make the interpretation and
delimitation of communities difficult. Few studies approach methodological
aspects for these environments (Sabattini and Lallana 1998).

Since 1980, studies on floristic surveys and cover of aquatic, marshy and
flooding-land plant communities (levees, sand banks), carried out using aerial
pictures and fieldwork, became important in this area due to the perspective of
a dam construction in the Middle Paraná River (Bayo et al. 1981; Lallana and
Sabattini 1989; Brizuela et al. 1992). The new working tools, i.e., satellite
images, multispectral scanning, and color slides, allowed new appreciations
of the distribution of plant communities at other scales, from generation and
uses of similarity patterns, approaching the landscape description based on
homogeneous plant units (Lallana and Sabattini 1989; Brizuela et al. 1992;
Sabattini and Lallana 1993; Kandus 1997; Aceñolaza et al. 2005; Marchetti and
Aceñolaza 2005; Ginsburg et al. 2005).

A wide revision on the use of these technologies for the delimitation of
communities and identification of species was carried out by Lallana (1997),
where it was established reflectance and visual patterns for 42 species, being
the most studied ones the water hyacinth Eichhornia crassipes (“camalote”),
Hydrilla verticillata, Potamogeton spp., the water milfoil Myriophyllum spi-
catum (“cola de zorro”), Ceratophyllum demersum, the tall grass Panicum
prionitis (“paja brava”), the Humboldt’s willow Salix humboldtiana, the river
alder Tessaria integrifolia, and the “canutillos”: the water paspalum
Paspalum repens, the elephant panicgrass Panicum elephantipes, and the ale-
man grass Echinochloa polystachya.

M.H. Iriondo, J.C. Paggi, and M.J. Parma (Eds.)
The Middle Paraná River: Limnology of a Subtropical Wetland
© Springer-Verlag Berlin Heidelberg 2007
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One of the basic studies of community mapping at a large scale was carried
out in 1979 by Masera (unpublished), covering an extensive area of 300 km in
length by approximately 31 km in width, including a great part of the Middle
Paraná River. In this study, 45% of the total area (9,070 km2) was found to be
totally flooded or with some water, water channels, lagoons and floating
aquatic vegetation, and the remaining 55% maintained conditions of variable
hydromorphy that in some seasons, were subjected to floods. In these areas,
gallery forests grow in the levees and extensive pastures (savannahs or flooding
scrublands) cover the low areas, where the dominant species is P. prionitis,
always maintaining some water on the surface or groundwater very close to
it. These pastures occupy 30.7% of the cover, and forests, scrubs (bushes),
and forests close to channel islands cover 23.9% of the area.

At another detail level, plant communities from two large channel islands
have been identified using Landsat 7 images (Brizuela et al. 1992; Marchetti
and Aceñolaza 2005). In the study of Carabajal Island, covering 3,868 ha, two
hydrometric situations were compared: high waters (Brizuela et al. 1992) and
low waters (Bayo et al. 1981), with 40.8 and 72% of emergent lands for both
situations. These hydrometric changes lead to great modifications in the
island landscape in relation to environments and plant covers (Table 8.1),
significantly modifying the mainland areas, lakes and flooding planes (scrub-
lands). The Chapetón Island, located 30 km north of the Carabajal Island,
showed a greater forest area and a lower lake area (Table 8.1).

Since 1960, river hydrometric fluctuations constitute the most important
macrofactor to explain richness, distribution, and abundance of organisms
(Junk 1970; Bonetto 1975; Junk and Howard-Williams 1984; Lewis et al. 1987),
although procedures to relate quantitatively changes in biodiversity with the
hydrological variation regime have been tested only recently (Neiff 1999;
Casco et al. 2005). On the other hand, as pointed out by Neiff (1996) and
Casco (2003), floristic surveys in different hydrological moments change the
number and type of species, and only a few can bear both phases (flood and
drought).

From a floristic point of view, there are records for the Paraná River and
related basins (Iberá marshes and Los Saladillos system). Species richness has
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Table 8.1 Percentage of cover for environment and plant communities in the Carabajal and
Chapetón Islands according to hydrometric situations

Floating 
aquatic Ingrained 

Carabajal Island Lake Flood plane Trees plants vegetation Others

High water 33 15 25.81 14.5 10.2 1.7

Low water 21 43 26.2 16.7 nd 24

Chapetón Island 6 24 45 19 6

nd not determined



been determined by different authors, and even today it remains in revision.
There are 277 species for the Upper Paraná River (Neiff 1986b), 75 species for
the Middle Paraná River, in a Santa Rosa (province of Santa Fe) - Pueblo
Brugo (province of Entre Ríos) transect (Manzi and Fritschy, unpublished),
and 94 species in an island in front of the city of Paraná (Peltzer 1998),
whereas 259 species were surveyed in the Lower Paraná River (Franceschi
et al. 1985). Aceñolaza et al. (2004) pointed out that more than 372 species
have been registered in the Pre-Delta National Park (Diamante, province of
Entre Ríos), the lower limit of the Paraná River middle section. In the Iberá
marshes (province of Corrientes), 126 species were cited (Neiff 1981). A more
recent study (Arbo and Tressens 2002) registered 1,516 species of vascular
plants, from which hydrophytic and marshy plants were similar to those of
the Middle Paraná River. On the other hand, 133 species were cited for the
system of Saladillos rivers (province of Santa Fe), showing low similarity with
the flora of the Paraná River.

From a phytogeographical point of view, the area of the Middle Paraná
River belongs to the Amazon dominion, “Paranense” (i.e., Paraná River)
province, and Mixed Rainforests district. In Argentina, it covers the whole
province of Misiones, the northeast of the province of Corrientes, and it
extends to the south, constituting narrow galleries along the Paraná and
Uruguay Rivers and their tributaries (Cabrera 1976). The climax rainforest is
the maximum expression of vegetation, characterized by the presence of
lianas, epiphytes and ferns. As it advances to the south, the rainforest
becomes poor in species and only constitutes fringes along the riverbanks.
The rainforest southern limit is found in Punta Lara, in the province of
Buenos Aires (Cabrera 1976). Among the tree species of the Middle Paraná
River sector, the most representative ones are S. humboltiana (the native wil-
low), Erytrina crista-galli (the cockspur coral tree or “seibo”, national
flower), Myrsine laetevirens (“canelón”), Sapium haematospermun
(“curupí”); Cathornium polyantum (white “timbó”), Inga vena (red “ingá”),
Croton urucurana (“dragon’s blood”), Nectandra falsifolia (“laurel”), T. integrifolia
(river alder) and Acacia caven (“espinillo”).

8.2 Plant Communities and Succession

Numerous descriptions and longitudinal profiles of the Middle Paraná River
have been carried out (Bonetto 1975; Manzi unpublished), but a description
or general model of the environments and their main associated communi-
ties is proposed with functional purposes and following the criterion by Lugo
et al. 1986 (Fig. 8.1). Lotic and lentic environments of the Middle Paraná
River show a great taxonomic and ecological diversity of hydrophytes
(Burkart 1957; Schulz 1961; Franceschi et al. 1985; Neiff 1986a), constituting
an important portion of the system biomass (Bayo et al. 1980; Sabattini et al.
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1983). According to Burkart (1957), in the Paraná’s Delta floodplains, two
large geomorphological units are differentiated: a high one (levee), and a low
one, characterized physiognomically by the white forest and the scrubland,
respectively. This situation, in turn, is found in the Middle Paraná River, but
the second area has received other denominations, as flooding plane and
accumulation spring (Tur and de Orellana 1970).

Lallana and Sabattini (1986) characterized the environments of the Middle
Paraná River, stressing the scrublands (P. prionitis), “cataizales” (Polygonum,
ferrugineum, P. acuminatum), “verdolagales” (Ludwigia peloides), “canuti-
llares” (P. elephantipes, P. repens and E. polystachya) and water hyacinth beds
or “camalotales” (E. crassipes) as the most conspicuous communities, consti-
tuting different areas along a topographic gradient from the levee to the
lagoons or old river channels.

From a functional point of view, the hydrosedimentological dynamics of the
Paraná River, with its annual periods of high and low waters, is the determining
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Fig. 8.1 Hierarchical characterization of ecosystems of the Middle Paraná River basin at the
main plant community level (1–6) and their relative location in the island environments



factor of visible and/or quantifying changes in the biotic communities and,
particularly, in the aquatic macrophytes. Other authors call the high water
period potamophase and the low water period limnophase, and indicate the
flood periods as river “pulses”; this theory is widely documented by Neiff (1990,
1996, 1999), and its influence on plant communities has also been modeled
(Casco et al. 2005).

These phenomena of periodic or extraordinary recurrence, with periods of
decades or greater, provoke the displacement of a great quantity of plant bio-
mass that drifts by the island environments until reaching the main river current
and continue their trajectory even until the Río de la Plata.

The dispersing units of aquatic plants play an important role in the island
ecosystems of the Middle Paraná River, since they assure life continuity, allow
the establishment of new plant populations in the pioneer stages of the riparian
succession, and give highly energetic food to numerous fish (Lallana 1990).
Hydrocores and phytohydrocores predominate as the dispersing mechanisms
in these environments (Lallana 1990). The quantity of seeds (of their own and
from other species of the alluvial plain) that can be transported by the aquatic
plants among their roots varies according to the environments, type of substrate
and season of the year: the range goes from a few seeds per m2 (100–200) to sev-
eral thousands (2,000–5,000). The highest seed diversity is found in the roots of
E. crassipes, followed by Pistia stratiotes and Salvinia spp. (Lallana 1990).

The recurrent phenomenon of the flood pulses produces a profound reno-
vation in the lentic and lotic water bodies of the floodplain, which implies the
beginning, from an initial stage, of new successional processes of riparian veg-
etation. These processes are very dynamic and shorter than terrestrial ones.

Sabattini and Marta (1988 unpublished), through a phytosociological study
carried out in a 5.75-ha lake (El Tigre, province of Santa Fe), between March
1987 and April 1988, evaluated the successional changes of aquatic vegetation in
three areas (aquatic, marginal and levee), according to the topographic gradient.

At the beginning of the samplings, the lagoon remained isolated from the
river (maximum depth, Z=0.94 m), and vegetated in all its sides (650 m), with
the exception of a sector (50 m). Forty-five percent of vegetation was found
in the water and the rest in the marginal area between the aquatic area and
the levee. In the aquatic area, P. repens, Ludwigia peploides and E. crassipes
were mostly observed, representing 30% of the total lagoon area.

The dominant vegetation of the marginal area was Polygonum acuminatum,
E. polystachya, Echinochloa helodes, Hymenachne amplexicaulis and Panicum
rivulare. The situation in May 1987 (Z=2.21 m) is represented in Fig. 8.2.

Afterwards, the water level increased until June (Z = 3.10 m), exceeding in
0.50 m the height of the island levee; before this situation, there was only a lit-
tle area emerging from the levee (Z = 2.21 m) and a lower number of species
was observed, since some of them could not adapt to the new hydrometric sit-
uation. Others, that were also flooded, began a period of decomposition, for
example, P. repens, L. peploides and Enhydra anagalllis, which are substrate-
rooted species.
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Since July and until the end of the studied cycle, the water level decreased.
Table 8.2 shows the dominant species, according to season and hydrometric
level, observed by areas (topographic gradient) in autumn-winter. A differ-
entiation by areas was observed with increasing hydrometric levels; P. repens,
E. crassipes and L. peploides predominated from the water mirror to the
bank, respectively, with different variants. In turn, there were other less
important species (covers <5%), indicated in parentheses in Table 8.2. On
the contrary, when the low water began, L. peploides dominated in the three
areas, together with other free-floating hydrophytes.
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Fig. 8.2 Plant zonation of the El Tigre Lake (province of Santa Fe) in an hydrometric situation
of low waters



In May, P. repens, E. crassipes, L. peploides and P. acuminatum dominated
in each area; the last two species dominated in the area towards the bank, with
Salvinia herzogii as accompanying species. Afterwards, small free-floating
plants were retained in the lagoon due to the flood, most of all in the interme-
diate to marginal area. The area towards the water mirror was dominated by
P. repens, and the marginal area by L. peploides and Azolla caroliniana; the
intermediate one, in addition to E. crassipes, showed physiognomic features of
other areas, since L. peploides and P. repens appeared as accompanying
species, whereas P. acuminatum remained totally flooded until August.

In July, P. repens, E. crassipes and L. peploides still dominated, but S. herzoggi
and A. caroliniana were observed as accompanying species in the three areas,
the latter in the intermediate to marginal area. In both areas, other macro-
phytes, as Lemnaceae, E. anagallis and P. elephantipes, were found as accom-
panying species.
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Table 8.2 Physiognomic characteristic of aquatic and marsh vegetation of a pond in relation to
hydroperiod and topographic gradient, (z depth)

Towards the mirror Intermediate Towards the margen

May Z=2.21 m Paspalum repens Eichhornia crassipes Ludwigia peploides +
Polygonum 
acuminatum
(Salvinia herzogii)

Mean z (m) 1.55 1.33 0.92

June Z=3.10 m P. repens + (S. herzogii) E. crassipes + L. peploides + Azolla 
(L. peploides, caroliniana
P. repens)

Mean z (m) 2.46 1.90 1.82

July Z =2.92 P. repens + E. crassipes + L. peploides +
A. caroliniana Lemnaceae (Enhidra anagallis, 

Panicum elephantipes)

... ... ... ... ... ... ... ... ... (S. herzogii) ... ... ... ... ... ... ... ... ... ... ...

... ... ... ... (A. caroliniana) ... ... ... .... ....

Mean z (m) 2.05 1.91 1.62

August Z =2.34 m ... ... ... ... ... ... ... ... ... .. (L. peploides) ...........................

(A. caroliniana, S. herzogii, Pistia stratiotes, Lemnaceae)
P. repens L. peploides P. acuminatum +

E. crassipes

Mean z (m) 1.35 1.24 1.15

September ................. L. peploides + A. caroliniana .....................

Z=1.69 m P. repens + S. herzogii P. acuminatum +
S. herzogii E. crassipes

Mean z (m) 0.78 0.70 0.42



Since August, L. peploides (with low cover) dominated the three areas and
small free-floating plants were also observed. The differentiation of each area
was observed by the presence of P. repens, L. peploides and P. acuminatum,
together with E. crassipes. This species, because of the low water effect, was
occupying the marginal position.

In September, the dominance of L. peploides and A. caroliniana was more
conspicuous in the three areas and the differentiation per areas was similar to
the previous month, except for the intermediate area, where the high cover of
S. herzogii delimited this sector, extending towards the water mirror, together
with P. repens.

We concluded that rooted-plant species showed changes in cover, depend-
ing on the topographic position where they were rooted, and on the effect of
their growth cycle and the variations in the hydrometric level. On the other
hand, the free-floating plants occupied intermediate positions or showed dis-
placements towards the bank or the water mirror, according to the hydro-
metric level and wind effect.

8.3 Habitat Characteristics and Ecological Factors

The main plant communities of the Middle Paraná River were already
pointed out previously; thus, in this section, we include a data analysis of the
main environmental physical factors for a particular situation of mid and
high waters. Sabattini and Lallana (1998) surveyed more than 40 island envi-
ronments of the Middle Paraná River, including 20 lagoons, 12 brooks and
11 rivers, with a total of 152 floristic censuses to establish a minimum sampling
area for this type of environments. The greatest number of censuses per sam-
pling station occurred in lagoons, together with the greatest specific richness.
This might be partly related to the water retention time, the gradual slope in
those environments and the shallow depths. In rivers and brooks, richness is
low, and rooted plants predominate (e.g., P. elephantipes and Polygonum fer-
rugineum) since they can bear their high stream velocities. The development
of a sampling method based on transect length and on the presence of new
species, might allow the quantification, in a systematic and reliable way, of
the aquatic vegetation in flooding areas, establishing a representative sam-
pling size, resulting in three censuses per sampling station for rivers and
brooks, and in 11 censuses per sampling station for lagoons.

The ten most frequent species were the following: S. herzogii (58.5%);
P. elephantipes (53%); A. caroliniana (49%); P. repens (46.5%); Polygonum
punctatum (46.5%); P. ferrugineum (42%); E. crassipes (37%); Mikania sp.
(35%); Eichhornia azurea (28%) and L. peploides (28%) (Table 8.3). The rel-
ative frequency of environments (rivers, brook and lagoons) allows to see the
trends of species distribution (Table 8.3). For example, P. elephantipes and
P. ferrugineum are more frequent in lotic environments, E. crassipes and
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Mikania spp. have the same distribution in all environments, and the rest of
species increase their presence in lagoons (Table 8.3).

The sampled brooks were generally located along the left bank of the
Paraná River. They were characterized by reduced width (<40 m), slow to
zero flow velocity, a water depth of no more than 1.5 m at the center, and no
dominant vegetation. The alluvial valley rivers were 2–5 m deep, 30–300 m
wide, with a mean flow velocity of 0.50 m s−1 (Table 8.4).

A great variation in vegetation was noticed in the lagoons according to the
topographic gradient, usually showing two co-dominating species; the
“cataizal” community (P. ferrugineum and P. punctatum), the “canutillar”
community (P. elephantipes and P. repens), the “verdolagal” community
(L. peploides), and other free-floating species (E. crassipes, A. caroliniana and
S. herzogii) were specially important. The physical characteristics of the
lagoons (Table 8.4) were the following: variable width, up to 500 m; depth at
the center: between 1 and 2 m, and stream velocity: less than 0.40 m s−1.

Eight significant correlations for lagoons and four significant correlations
for rivers and brooks (Table 8.5) were observed through the correlation matrix
analysis among the physical variables of the environment and vegetation
(Table 8.4). In the case of rivers and brooks (Table 8.5), number of censuses by
station was positively correlated with species richness, and negatively corre-
lated with vegetation height. On the other hand, height was positively corre-
lated with depth. In the lagoons, the number of censuses by station was
positively correlated with species richness and vegetation zone length. Species
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Table 8.3 Total and relative frequency of species per kind of environment

Relative frequency per environment

Frequency Rivers Streams Lake *Growth 
Species (%) (n=11) (n =12) (n = 20) form

Salvinia herzogii 58 18.2 58.3 80 FF

Panicum elephantipes 53.5 81.8 58.3 35 E

Azolla caroliniana 49 18.2 41.6 70 FF

Paspalum repens 46.5 18.2 41.6 65 E

Polygonum puntactum 46.5 18.2 41.6 65 E

Polygonum ferrugineum 42 54.5 41.6 35 E

Eichhornia crassipes 37 36.6 50 30 FF

Mikania sp. 35 36.6 25 40 E

Eichhornia azurea 28 0 8.3 55 RF

Ludwigia peploides 28 9 16.6 45 RF

Hydrocotyle sp. 20.9 9 16.6 30 RF

Myriophyllum sp. 18.6 0 0 40 S/E

* S submerged; FF free floating; RF rooted; floating leaves; E emergent
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richness was negatively correlated with height and positively correlated with
depth of the vegetated zone. Height of vegetation was positively correlated
with depth of vegetation zone and Z (centre of the water body). Furthermore,
there was a positive correlation between depth and Z (centre of the lagoon)
and between the vegetated zone length and the lagoon width (Table 8.5).

Therefore, when the number of censuses increases, the species richness for
rivers, brooks and lagoons also increases (Table 8.4). Species richness for the
analyzed environments showed a negative correlation with vegetation height.
This may be explained by the predominance of tall species that would suppress
the specific diversity, especially in the case of rivers and brooks (Table 8.5).

One of the visible consequences of all floods and/or low waters of the
Paraná River is the drift of quite compact aquatic vegetation masses, consti-
tuted by one or more species, known as camalotes, “camalotales” (i.e., float-
ing islands on river) or “embalsados” (i.e., masses of floating water plants)
(Fig. 8.3). Their shape and area are very variable, as well as their specific com-
position. The following species are the most commonly observed constituting
“camalotales”: E. crassipes, E azurea, Pontederia rotundifolia, and these species
were observed associated or alone: Salvinia spp., Polygonum spp., P. stratiotes
and Azolla sp., in a lower amount. Associations of aquatic gramineae (“canutil-
los”) of genera Echinochloa, Paspalum and Panicum were also observed, usually
covering large extensions in lentic environments and secondary rivers, and
drifting together with “camalotales” or independently. The dragging of these
“camalotales” occurs periodically and is related to periods of river floods, the
morphology of water bodies and islands, and the action of climatic agents,
mainly winds and precipitations (Boneto 1975; Fernández et al. 1990). The daily
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Table 8.5 Significant correlations between pairs of variables (other correlations NS: P>0.05).
NCE number of censuses; SRI species richness; HEV height of vegetation; DEP depth; VZL veg-
etated zone length; WID, width of river, stream or lake

Variable 1 Variable 2 R Significance

Rivers and streams SRI NCE .8616 ***

SRI HEV −.4968 *

SRI VZL .6958 ***

NCE VZL .7236 ***

VZL WID .6119 **

HEV ZCE .5031 *

DEP ZCE .6903 **

Lake NCE SRI .8296 ***

HEV SRI −.5953 **

HEV DEP .5915 **

WID ZCE .4980 *

Key: *(P<0.05); **(P<0.01) and ***(P<0.001)



fluxes are not constant and fluctuate in a few hours, so it is difficult to establish
mean times, since they do not reflect what occurs during the day. Anyway, and
to illustrate the situation, minimum and maximum values for 1979/80/81, oscil-
lating between 9 and 2,000 m2 h−1, are presented, with an estimation of the daily
mean values of 0.15 ha d−1, and minimum and maximum values of 0.01 and 4.51
ha d−1 (Fernández et al. 1990). The periodical displacements of the “camalotales”
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Fig. 8.3 a Water hyacinth “camalotales” of E. crassipes in the Paraná River (18/02/81) and 
b “camalotales” of Salvinia sp. in the Santa Fe River, after a morning wind storm (24/02/06)



and “embalsados” produce navigation problems in the Paraná River and its
tributaries, sometimes blocking the passage in low flow brooks and rivers, and
even putting small bridges or civil works in danger (Fernández et al. 1990).

8.4 Plant Dynamics and Growth

The Middle Paraná River shows an aquatic vegetation dynamics that is
closely related with the evolution and development of islands, where flood
pulses and low waters determine shapes and structures adopted by the dif-
ferent areas of an island (levee and flooding areas). Studies carried out in an
island near the main channel (San Javier River, province of Santa Fe) are pre-
sented to visualize vegetation dynamics and growth.

The island environments present abundant aquatic and marshy vegeta-
tion, constituting the basic sustenance of the food chain; thus, it is important
to know the cover and productivity of aquatic plant species in a lagoon in
relation to hydrometric fluctuations, because this is the main factor condi-
tioning the ecosystem. In a 1.5-ha lagoon near Santa Rosa (province of Santa
Fe), biomass and plant cover were evaluated during an annual period
(September/1986–August/1987). The depth to the center of the lagoon, the
area covered by vegetation and its biomass were measured monthly on three
transects perpendicular to the lagoon-side to estimate productivity.

During the first months, the water level decreased from 2.05 to 1.48 m,
and then it increased from the beginning of the summer until reaching 4.75
m in winter (Fig. 8.4). The vegetated area fluctuated between 1,154 and
7,693 m2 ha−1, and its spatial distribution and cover were related with the
hydrometric level: the highest vegetated area corresponded to the low water
period; on the contrary, the vegetation began to loose structure and was
fractioned during the flood, so those fractioned parts drifted as “embalsa-
dos” (Fig. 8.4).

The biomass fluctuated between 4.18 and 59.04 t fresh weight ha−1, and
between 0.30 and 8.67 t dry weight ha−1. The highest biomass was observed in
the following species (60 to 80%): P. repens, P. stratiotes and L. peploides, and,
to a lower extent (10% or lower), in A. caroliniana, E. anagalis, Limnobium
laevigatum, P. elephantipes, H. amplexicaulis, E. azurea, E. crassipes, P. rotundifolia,
S. herzogii, Scirpus cubensis and Utricularia spp. Species richness varied
between 6 and 21.

The minimum and maximum productivity values were 0.0308 and
0.0817 t dry weight ha−1 day−1, and the primary productivity was 0.023 t dry
weight ha−1 day−1, representing 8.39 t dry weight ha−1 year−1. There was no
correlation (P<0.95) between depth (Z) and fresh weight (r = 0.20), depth
and dry weight (r = −0.43), and between Z and the vegetated area (r = 0.10).
Growth was independent from the hydrometric level (Fig. 8.5), depending
on the plant species cycle (spring-summer-autumn), mostly constituted by
P. repens and L. peploides, both rooted to the substrate.
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8.5 Biomass and Productivity

E. crassipes is one of the most representative species within the hygrophilous
plants in island environments of the Middle Paraná River, according to Bayo
et al. (1981). These authors have done a detailed study of its population
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Fig. 8.4 Relative plant cover and plant section in a lake of the Middle Paraná River floodplain
(Santa Rosa, province of Santa Fe)

Fig. 8.5 Annual fluctuation of the area (m2), plant biomass (WW wet weight) and depth (Z) of
a lake-(Santa Rosa, province of Santa Fe)



growth in three islands of the Middle Paraná River, evaluating bimonthly
hydrophyte cover in 127 water bodies. The area of the surveyed water bodies
reached 1,177 ha, with mean lagoon areas varying between 2.6 and 21.17 ha,
according to the islands (Table 8.6). Maximum biomass values for E. crassipes
(90% of surveyed hydrophytes) occurred in January and February (summer),
and minimum values in May and July (winter), showing an inverse relation-
ship between the mean area of the islands water bodies and the biomass val-
ues (Table 8.6).

The net production of aquatic macrophytes in the Middle Paraná River
has been considered in numerous studies, and the minimum and maximum
values are shown in Table 8.7. Two to three species usually dominate the bio-
mass of aquatic plant communities in Paraná River lentic environments,
which is observed in Table 8.8, referring to ten samples of different plant
communities.

The ash contents of the main macrophyte species are very variable
according to the sampling sites, the condition of the environment
and the state of plant development. The minimum and maximum values
(% ashes on dry matter) have been determined in nine macrophytes of
the Middle Paraná River: L. peploides (9.99–18.05%), Schoenoplectus
californicus (5.57–18.05%), E. crassipes (17.29–27.40%), S. herzogii
(14.06–29.12%), Hydrocotyle ranunculoides (18.44–27.00%), Nymphoides
humboltianum (13.13–20.07%), Limnobium laeivigatum (17.59–32.77%),
Polygonum hidropiperoides (8.98–24.53%) and P. stratiotes (22.76–
28.72%).

In the particular case of aquatic gramineae, mean ash values were 19.48,
10.09, and 10.74 for P. repens, P. elephantipes and E. polystachya, respec-
tively. Determinations of productivity in natural conditions have been
done in a few species, in particular in the largest and most representative
ones, as the “canutillares”, with mean values of 0.036 t ha−1 d−1 in P. repens
and 0.067 t ha−1 d−1 in P. elephantipes (Sabattini 1985), and in water
hyacinth “camalotales” of E. crassipes, with values of 0.050 t ha−1 d−1

(Lallana 1980, 1981).
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Table 8.6 Number and surface of water bodies and biomass (t ha−1) of water hyacinth
“camalotales” (Eichhornia crassipes) in three islands of the Middle Paraná River

Water bodies E. crassipes biomass

Total Average Minimum Maximum 
Island Number surface (ha) surface (ha) (t ha−1) (t ha−1)

Carabajal 35 741 21.17 0.31 1.10

Sirgadero 20 249 12.45 0.42 1.44

Clucellas 72 187 2.60 2.31 6.15



Table 8.7 Net production (minimum and maximum values) of aquatic macrophytes in lentic
and lotic environments of the Middle Paraná River, according to data of various authors

Net production 
dry weight (g m−2)

Species Minimum Maximum Location Author

Paspalum repens 215 867 Carabajal Sabattini 1985; 
Island Sabattini y 

Lorenzatti 1987

Panicum elephantipes 350 1,520

Echinochloa polystachya 420 1,600

Panicum rivulare 600 1,800

Eichhornia crassipes

Plants (<30 cm tall) 315 1,076 Island lake Lallana 1980

Plants (>30 cm tall) 1,020 2,213

Eichhornia azurea 275 832 Aquatic vegetation Lallana 
floating Middle unpublished
Paraná River

Salvinia herzogii 70 202

Hydrocotyle ranunculoides 42 192

Ludwigia peploides 78 712

Polygonum ferrugineum 546 1,267

Eichhornia azurea 180 1,000 Middle Paraná River Sabattini et al. 
alluvial valley 1983

Paspalum repens 700 1,020

Polygonum acuminatum 600 2,040

Panicum elephantipes 340 2,640

Polygonum ferrugineum 744 2,000 La Cuarentena Lallana 
Carabajal Island unpublished

Salvinia herzogii 102 229

Ludwigia peploides 70 533

Paspalum repens 271 481

Miriophyllum sp. 141 561

Scirpus californicus 271 601

Pistia stratiotes 192 230

Nymphoides indica 74 227

Limnobium laevigatum 126 457

Hydrocotyle ranunculoides 243 427

Polygonum acumninatum 466 1,264

Panicum prionitis (n=45) 5,690 Middle Paraná Manzi 
River islands unpublished

Solunum glaucophyllum (n=10) 6,140

Eichhornia crassipes (n=30) 2,000

Paspalum repens (n=20) 2,200

Polygonum ferrugineum 4,500 5,500



8.6 Use of Resources

The islands and flooded lands of the Middle Paraná River represent an
important natural resource for cattle and forest production. Management of
these environments mainly depends on the location of the island in relation
to the distance of the Paraná River main channel. The channel islands pres-
ent a high topography and are very dynamic. Marginal accumulation of sed-
iments and erosion are permanently observed. Islands far from the main
channel usually show low topography but are linked to cattle management
of mainland fields. Thus, “channel-bank fields” are adjacent to them, sub-
jected to the hydrological regime, and showing plant communities of
island environments.

In the Middle Paraná River area, there are approximately 1,500,000 ha of
islands, flooded lands and alluvial lands, where the preponderant activity is
the extensive and seasonal cattle raising (winter or fattening up cattle). The
particular environmental conditions of the Gallery Rainforest zones (Cabrera
1976) favor the implantation of an hygrophilous flora and, specially, of an
abundant specific richness of herbaceous plants, constituting grasslands,
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Table 8.8 Biomass as dry weight (g m−2) of ten samples (M) of aquatic plant communities in a
Middle Paraná River lake (Carabajal Island, Santa Fe, Argentina). Lallana, unpublished data,
1981–1983

Species M1 M2 M3 M4 M5 M6 M7 M8 M9 M10

Azolla carolianana 99

Eicchornia azurea 337 517 336

Eichhornia crassipes 821 387 513 10 421

Hydrocotyle ranunculoides 40 5 27 44 16 126 119

Limnobium laevigatum 55 51 87

Ludwigia peploides 37 6 51 360 173

Mikania periplocifolia 24

Miriophyllum brasiliense 141

Panicum elephantipes 147 70

Paspalum repens

Pistia stratiotes 12 2

Polygonum ferrugineum 1264 1472

Polygonum punctatum 504 65

Salvinia herzogii 97 9 216 81 137 105 57 6 585

Scirpus cubensis 12 25 8 146

TOTAL 315 512 1,601 609 1,550 1,095 246 1,542 892 1,461



“canutillares” and “camalotales”, very valuable natural resources from the
foraging point of view.

Due to the conditions of flooding environments, we worked on studies and
projects to improve productivity, based on the rational use of flooding pas-
tures. One of the objectives is land recovery, with greater fertility and cover
of foraging species, providing the environment with a higher probability and
security of use and management. Thus, experiences for grass harvest and for-
age conditioning on “canutillares” have begun in the province of Entre Ríos,
obtaining rolls with high yield and quality.

Moreover, scrublands of P. prionitis and Elionurus spp. appear as marshy
communities of greater extension in islands and flooded lands; the latter have
an important role in island fires (Ragonese 1967). The burning-off as a clean-
ing practice, carried out at the end of winter and coinciding with low waters,
is a common activity used by islanders, that usually favors the rejuvenation
of “enriedales” (Solanum amigdalifolium) and scrubland zones, allowing to
decrease the plant cover and favoring the entrance of light and, thus, the
growth of other plant species in those areas.

The scrubland bushes of P. prionitis, which are thermal insulators and
waterproof, are used for housing construction in the island environments, usu-
ally in roofs. A great part of the vegetation, in turn, has ornamental, craft, and
medicinal uses. Thus, the plant species as the native willow, the “timbó”, the
laurel, the wicker and reeds are relevant in the production of furniture, canoes,
drawers, baskets and curtains.

8.7 Conclusions

Aquatic macrophytes constitute habitat and refuge for a great part of aquatic
communities and contribute with biomass and nutrients to the trophic
chains of the Middle Paraná River ecosystem. Emerging rooted plant species
and free-floating plants stand out for their biomass, productivity, and plant
cover. Although species richness is important and varies according to the
topography, the season of the year and the hydrological regime, there are
only a few dominant species that determine the zones of perilacustrine
vegetation and the successional processes in lentic environments. The
Middle Paraná River, due to the latitude where it is located, shows vegetal
species common to the High Paraná River and Delta (Lower Paraná River),
establishing a continuum or biological corridor, but biotic components
show a higher number and diversity of habitats than in the High Paraná
River. The drifting aquatic vegetation (“camalotales” and “embalsados”)
represents an important biomass, mobilized by flood pulses and climatic
factors, and its drift moves organic matter, disseminules, insects or other
organisms from one place to another in the ecological system. In
this sense, the displacements of aquatic vegetation contributes to the
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dispersion of species, a primary stage for the beginning of riparian plant
successions and that, on the other hand, can cause problems for navigation
and for civil works in the Middle Paraná River.
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Part III
Invertebrate Animal Life



9 Zooplankton

SUSANA JOSÉ DE PAGGI1 AND JUAN CÉSAR PAGGI

9.1 Introduction

The information on zooplankton of the Middle Paraná River comes from
studies based on samplings of different intensity carried out in its 707-km
reach. Studies were carried out in sections of the main channel, secondary
channels, tributaries and lentic environments of the floodplain valley. The
longitudinal distribution of zooplankton along the reach and some shorter
extensions was investigated considering different hydrometric levels.

The taxonomic composition has been analyzed in diverse studies on
rotifers (José de Paggi 1978, 1979, 1982; Martínez and José de Paggi 1988; Paggi
and José de Paggi 1973; Paggi 1973a, 1973b, 1973c; Paggi 1978a, among others),
cladocerans and copepods (Martínez de Ferrato 1966, 1967; Paggi 1972, 1973b,
1973c, 1978b, among others). A total of 230 species of rotifers, 125 species of
cladocerans and 87 species of copepods were estimated in the main channel
and aquatic floodplain environments (José de Paggi 1990, 2004a; Paggi 2004).

Among rotifers, the highest diversity was in genera Brachionus, Lecane
and Trichocerca. Most species are cosmopolitan in distribution, but there are
some species considered endemic to the Neotropical region, such as
Brachionus dolabratus Harring, B. mirus (Daday), B. zahniseri Ahlstrom,
Lecane proiecta Hauer, Hexarthra intermedia braziliensis (Hauer).
Testudinella ohlei Koste and Lepadella donneri Koste, among others. Most
species that were initially considered as endemic Amazonian species, as
Lecane amazonica (Murray) and L. braziliensis Segers, were gradually
appearing in the Paraná River, as more studies were being carried out.

Among cladocerans, the highest diversity corresponded to Diaphanosoma,
followed by Ceriodaphnia, Moina, Bosmina and Daphnia. In contrast with
rotifers, most cladoceran species are endemic to the Neotropical
region, including the Caribbean and the southeast of North America; for
example, Diaphanosoma brevirreme Sars, D. fluviatile Hansen, Moina minuta
Hansen, M. reticulata (Daday) Daphnia gessneri Herbst, Bosmina hagmani
Stingelin and B. huaronensis Delachaux.
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Among calanoid copepods, the highest diversity corresponded to
Notodiaptomus, an endemic genus of the Neotropical region, while among
cyclopoid copepods, the most diverse genera were Mesocyclops, Thermocyclops,
and Microcyclops.

The three large South American basins, Orinoco, Amazon, and del Plata,
from which the Paraná River is part, are found in the same biogeographical
Guyano-Brazilian sub-region and share many zooplankton species. It is prob-
able that the communication among the three fluvial systems does not allow
the existence of many endemisms restricted to one basin. Their floodplains are
hydrologically connected, since the water sheds do not constitute permanent
barriers and can communicate themselves, at least during some hours
(Morello 1984). Connections among basins and connections intra-basins, acti-
vated by the flood pulse, would be an excellent dispersal mechanism for
rotifers (José de Paggi 2004a), as well as for other groups. Among cladocerans,
there are also many species in common, except for a few taxa which seem to
be restricted to the Orinoco and Amazon basins, as Bosminopsis negrensis
Brandorff, Moina rostrata MacNair and Holopedium amazonicum Stingelin,
and are not present in the Paraná River. The three basins share most copepod
genera, with the exception of Rhacodiaptomus and Oithona, which are absent
in the Paraná River and are present in the Amazon and Orinoco Rivers.

The qualification of a taxon as endemic depends, to a great extent, on the
relative knowledge of the fauna in diverse areas, e.g., Onchobunops tuber-
culatus Fryer and Paggi, originally recorded in the Paraná River, has been
found in Mexico and Central America; in contrast, the distribution of
Ilyocryptus elegans Paggi, until the present, seems to be limited to the waters
of the Paraná River main channel in its middle reach (Paggi 2004).

9.2 Zooplankton of Rivers and Floodplain Shallow Lakes:
Similarities and Differences

Although aquatic environments of the Paraná River could be basically
classified as rivers or lakes, there is a gradient between and within each group.
Among the rivers, we should consider the main channel, with rigorous physical
conditions, and the secondary channels and tributaries that run in the flood-
plain and generally have a comparatively lower flow and current velocity.
Among the floodplain lakes, in addition to variations in shape, size, and
degree of marginal cover, there are differences in the degree of connection to
the river: there are lakes that are directly connected to it through a short
channel of reversible flux, and others that are connected through intermediate,
generally temporary water bodies, activated by the flood pulse (Drago 1981).
The former are almost permanently connected to the river and suffer rapid
changes at the hydrometric level, sometimes behaving as semi-lotic systems;
the latter, in contrast, have a higher water residence time.
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In lotic environments, rotifers and nauplii dominate, and low density of
individuals is observed. These characteristics are more notorious in the main
channel than in the secondary channels (José de Paggi 1981, 1983, 1984).
Zooplankton in the main channel is comparatively less abundant and shows
a higher predominance of rotifers than in the secondary channels and tribu-
taries of the Paraná River middle reach. Some of these differences were
observed during a sampling in medium and high waters at 25 stations belong-
ing to different channels along a reach of 440 km (José de Paggi 1983, 1988,
Table 9.1). Annual studies carried out in secondary channels near the
Resistencia City-Corrientes City and Paraná City-Santa Fe City cross sections
also showed that maximum densities were higher than those of the main
channel (José de Paggi 1981; Martínez and Frutos 1986; Frutos 1998).

Among the lentic environments, indirectly connected lakes show a
comparatively higher mean abundance than those with direct connection to
the river, as observed between the El Tigre and Los Matadores lakes, located
near the city of Santa Fe (José de Paggi and Paggi, unpublished). El Tigre
Lake, indirectly connected to the river, showed an annual mean abundance of
605.5 ind./L (CV 144) for 1987–1988 (samplings every fortnight). The Los
Matadores Lake, directly connected to the river, showed annual means of 169.2
and 306 ind./L (CV 177 and 132), for 1974–1975 and 1977–1978, respectively
(samplings every fortnight).

Generally, lakes show a comparatively higher zooplankton density than
that of the river Fig. 9.1; they also have a comparatively higher proportion of
adult copepods, which increases the mean size. On the other hand, larger
rotifers, as Asplanchna spp. and Brachionus calyciflorus, are more frequent in
lakes than in the main channel (José de Paggi 1980; Paggi 1980).
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Table 9.1 Mean values of environmental factors, richness, and zooplancton density in medium
water (1) and high water (2) section km 971–531 (José de Paggi 1988)

Discharge Current flow Conductivity Zooplancton 
(m3/s) (m/sc) (µS/cm) Richness density (Ind./L)

1 2 1 2 1 2 1 2 1 2

Main 8.733.3 12.000 0.87 1.16 74.19 80.00 20 27 54.37 10.72
channel 
(6)

Scondary 248 475 0.52 0.55 445.00 203.00 45 45 122.34 15.19
channels (8)

Tributaries 13.9 9 0.33 0.08 3.960.00 3.082.00 30 39 153.77 387.89
on right 
margin (7)

Tributaries 19.25 46 0.26 0.27 1.030.00 841.20 32 41 147.38 252.98
on left 
margin (4)

( ) Study localities number



Zooplankton composition is similar between rivers and lakes, but some
species are more frequent and abundant in a certain type of environment.
Bosminopsis deitersi is more frequent and abundant in the main channel,
while Diaphanosoma spp. is more frequent in lakes (Paggi 1980). A higher
number of littoral planktonic species is observed in lakes, particularly in the
most shallow and vegetated ones (José de Paggi 1984; José de Paggi and Paggi,
unpublished). The proportion of limnetic species is directly related to depth
of water bodies (Paggi 1980).

Lakes show higher richness than rivers; alpha or local diversity for a given
moment can vary from very few species in non-vegetated lakes to more than
50 rotifer species in only one sampling, as in Junco and Concepción lakes,
near the mouth of the Corriente River (José de Paggi 1996). The higher
instantaneous richness in floodplain lakes can be related to environmental
heterogeneity (José de Paggi 1984), as well as to morphometric parameters.
Paggi (1980) found a relationship between size of the area and number of
species in 21 flooding valley lakes (r= 0.57, p = 0.01).

There is a transversal gradient of water bodies from the main channel to
the floodplain lakes. The water residence time, very low in an extreme
(main channel) and high in the other one (more isolated lakes) determines
the gradient of abundance, the proportion of crustaceans, and zooplank-
ton species richness (José de Paggi 1988; Paggi and José de Paggi 1990; José
de Paggi 2004b, Fig. 9.2). Mean nutrient levels, total organic matter, bio-
mass, and complexity of phytoplankton, benthos and fish communities
also increase towards the main channel-secondary channels direction, and
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even more if plain lentic environments are included in the analysis (differ-
ent authors in Quiros and Cuch 1989).

9.3 Factors Regulating Zooplankton Abundance and Seasonal
Distribution in Floodplain Lakes

Seasonal distribution of zooplankton in shallow lakes has been investigated
in water bodies close to the beginning and the end of the Paraná River middle
reach. In these studies, zooplankton showed marked temporal and spatial
variations in abundance.

In Laguna Turbia and Los Pájaros lakes (27°25′S and 58°45′W), indirectly
connected to the river, near the Resistencia-Corrientes section, Frutos
(1993a 1993b, 1996) found the lowest zooplankton densities in the isolation
periods, being microcrustaceans the most abundant group. When the lakes
were connected to the river, there was an increase in transparency and
depth, and the highest zooplankton abundance was recorded (700 ind./L). In
contrast, in the Catay Lake, directly and closely connected to the other lakes,
abundance varied inversely to the river hydrometric level (Frutos 1993a).
Monthly or fortnightly surface samples were obtained in the limnetic zone of
these lakes.

In the lakes near to the Paraná-Santa Fe section, the highest zooplankton
abundance was observed in the isolation phases (Bonetto and Martínez de
Ferrato 1966; José de Paggi 1993; Paggi unpublished). In the small El Tigre
Lake (31°41′S/60°40′W), indirectly connected to the river (3.35 ha in isolation
period) and sampled every fortnight taking the whole water column from
surface to bottom, there was an increase in conductivity, phytoplankton and

Zooplankton 233

ABUNDANCE OF CRUSTACEANSABUNDANCE OF ZOOPLANKTON

d

a

c

b

1000 100 110

e

0 20 40 60 80 100

Main channel

Secondary channels

ind./L ind./L

f

Lakes directly connected

Lakes indirectly connected

Fig. 9.2 Zooplankton abundance (logarithmic scale) and Crustacean abundance in the main
channel (km 603), secondary channels and lakes with different degree of connection. References:
a Colastiné River, b Santa Fe River, c Correntoso River, d Los Matadores Lake, e La Cuarentena
Lake, f El Tigre Lake (José de Paggi 1981, 1984; Paggi and José de Paggi unpublished)



zooplankton abundance during the isolation phase (José de Paggi 1993;
García de Emiliani 1997). In this period, the most abundant group was
rotifers (up to 4,300 ind./L). Calanoid copepods in the limnetic area and
cyclopoid copepods in the littoral zone, in contrast, showed lower concentra-
tions than in the flooding period (José de Paggi 1993). In the lake isolation
phase, predation of small carnivorous fishes on copepods and cladocerans is
intense, as was demonstrated by the analysis of their digestive tract (Oliveros
pers. comm.) and the size distribution of Diaphanosoma fluviatile (Paggi
unpublished, Fig. 9.3). This would generate a lower competition and intra-
zooplanktonic predation, favoring the dominance of rotifers Fig. 9.4.
Tropocyclops, Mesocyclops and Microcyclops, present in the littoral zone,
showed they had consumed small rotifers (José de Paggi 1993).

Although these lakes are shallow environments, changes in the diel verti-
cal distribution of zooplankton have been detected. In two different lakes,
Don Felipe and El Tigre, Diaphanosoma brevirreme was more abundant at
the surface during the night (Martinez de Ferrato 1967; José de Paggi 1995).
In the El Tigre Lake, reverse rotifer migrations were observed in the littoral
zone, while movements were less conspicuous in the limnetic area.
Evidence of horizontal migrations were also detected in this lake; in the lit-
toral zone, rotifers were more abundant during the morning; in contrast, in
the limnetic area, they were more abundant during the night. Hourly
changes in the vertical distribution of zooplankton difficult the comparison
of abundance and temporal variations between surface-sampled lakes and
water column-sampled lakes.

Abundance can also vary horizontally in function of the environmental
heterogeneity of lakes, determined by the morphometry and the existence of
vegetated littoral areas. For example, in the El Tigre Lake, rotifers were
significantly more abundant in the limnetic and littoral areas, dominated by
Typha sp. and Paspalum repens, than at a station located in a limnetic-littoral
transitional area and at a littoral area station dominated by Eichhornia
crassipes (José de Paggi 1993). The limnetic area showed a low crustacean
density (maximum 33 ind./L) (Paggi, unpublished); the highest crustacean
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abundance was found at the littoral stations (maximum 1,350 ind./L).
Successions that suggest active competition processes were recorded at these
stations (Fig. 9.5).

La Cuarentena (31°42′S–60°37′W) is a dendritic-shaped lake, originated by
the junction of various segments of abandoned channels (Drago 1973). Its
arms have different depths and plant coverage. At a level of 3.32 m in the
Paraná River (at Paraná City), the extension of the non-vegetated area was
274.5 ha (Oldani and Tablado 1985). In its southeast extreme, it is directly
communicated to the main channel of the Paraná River by a narrow and shal-
low channel, while by the north extreme it receives water from flooded plains.
Its particular morphometry increases the environmental complexity and
generates areas with different water residence time. Zooplankton samples
were analyzed in 1980–1981 at several times of the year, integrating surface to
bottom samples (José de Paggi 2004b; Paggi and José de Paggi unpublished).
Eleven sampling stations were considered along a water residence time
gradient that began at station 1, the most isolated from the river influence,
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Fig. 9.4 Variations in abundance of rotifers and calanoid copepods (limnetic zone) and rotifers
and cyclopoid copepods (littoral zone) in El Tigre Lake (José de Paggi 1993)
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and concluded at station 11, in the Paraná River. During the flooding, water
went into the lake by the north extreme of the island, producing a deep
sweeping action. Zooplankton density was very low, even lower than in
the river (14 ind./L), with dominance of small sizes: rotifers, Chydoridae
and Moinidae.

During the lake isolation, in which there only was a contact with the river
through a short channel, the areas were differentiated in function of their
water residence time. The most isolated ones showed up to 700 ind./L of total
zooplankton. Among microcrustaceans, Boeckella bergi and Notodiaptomus
incompositus were dominant, with sizes of up to 1,500 µm. In the river and in
the connective channel, Bosmina spp. dominated, showing sizes smaller than
500 µm. The proportion of microcrustaceans was higher at all stations during
the low water period Fig. 9.6. Although the highest water residence time at
some stations can influence the dominance of copepods due to their K-strategist
character, this size distribution can also indicate a higher predation by fish in
the center of the lake.

9.4 Flood Pulse, Physical Variables and Potamozooplankton
Dynamics

Zooplankton abundance in the main channel of the Paraná River middle sec-
tion varies temporarily from less than 1 ind./L to 195 ind./L (Paggi and José
de Paggi 1974; José de Paggi 1984; Bonetto and Corrales 1985). The pattern of
temporal distribution of zooplankton abundance showed a relationship with
the hydrological cycle. It can be observed in Fig. 9.7 where the results of
simultaneous studies at two section of river are shown. The highest density of
organisms was observed in low waters and the lowest density in high waters;
a similar behavior was observed for phytoplankton in the same period
(Perotti de Jorda 1984). A more or less prolonged period of low waters
implies a higher water residence time in the channel, which, together with a
comparatively lower flow velocity, are favorable conditions for zooplankton
development. The stability of phases in terms of low hydrometric variability
can be important for zooplankton, determining favorable conditions for
community re-organization. The amplitude of phases could influence phyto-
plankton structure. In the most prolonged low water phase (September to
February), occurring in 1971–1973 in the Paraná-Santa Fe section, an
increase in adult cladocerans and copepods was recorded (Paggi and José de
Paggi 1974). In 1980, when the river level was always high, with a low range of
hydrometric variability, a higher proportion of crustaceans than in 1977, 1978
and 1979 was recorded (José de Paggi 1984).

The flood pulse is also a hydrosedimentological pulse. Paraná River carries
away an important load of suspended sediments, with values of up to 600 mg/L
(at km 603). The time-lag of this pulse is about 22–39 days in relation to flooding
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(Drago and Amsler 1988). In the Paraná-Santa Fe section, km 603 (1976–1980),
there was an inverse relationship between abundance and suspended
sediments (r: −0.35 P<0.009, n=54, José de Paggi unpublished). The highest
zooplankton abundance was observed when suspended sediment concen-
trations were lower than 200 mg/L and, inversely, the lowest zooplankton
abundance was found with suspended sediment concentrations of 600
mg/L. Only Lecane proiecta was relatively abundant, with high concentra-
tions of suspended sediments, and Bosminopsis deitersi was the only
crustacean present with 500 mg/L of suspended sediments (José de Paggi
1984). In filter feeders species with food size selection, the inorganic
suspended sediment can be incorporated into feeding with the consequent
disadvantages. In the case of the Paraná River, suspended sediments are
constituted by the wash load in more than 60%, with a high percentage of
particles of sand and clay lower than 16 µm, (Drago and Amsler 1981);
therefore, they are found within the size range usually filtered by plankters
(Lampert and Sommer 1997).

The ability of some cladocerans to discriminate between particles can
have strong implications in the plankton composition of the Paraná River.
Experimental studies showed that reproduction rate of Moina micrura, a
frequent species in this river, is not affected by mean concentrations
(250 mg/l) of inorganic particles lower than 16 µm, but, in contrast, growth
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and reproduction of Diaphanosoma birgei are strongly affected. This genus
is very frequent in plain lakes but is uncommon in lotic environments (José
de Paggi 1994).

Temperature and flow velocity of water can also influence zooplankton.
The lack of seasonal regularity in the hydrometric behavior of the Paraná
River, contrarily that recorded in highly regular rivers as the Orinoco
(Vásquez and Wilbert 1992), interferes with the analysis on the impact of tem-
perature. However, a peak in zooplankton abundance has been observed in
spring (September to November), even when the river remained in high waters
(José de Paggi 1984). Temperature could increase the positive effects of falling
waters or reduce the impact of high waters on the egg development rates and
fecundity of organisms.

The water flow has an advective mechanical effects on planktonic popula-
tions. In the main channel of the Paraná River, annual mean values of current
velocity between 1977 and 1980 varied between 1.20 and 1.30 m/s (CV 21–25)
(José de Paggi 1984). A significant inverse relationship was found between
current velocity and abundance, not only in the main channel but also in less
important rivers of lower current velocities (Paggi and José de Paggi 1990).
Water turbulence and current velocity favor a uniform distribution of
zooplankton along the water column, even in areas of more than 20 m in
depth (José de Paggi 1985).

There are no clear evidences that biological mechanisms controlling
zooplankton in lakes have a similar effect zooplankton populations in the
main channel. Although phytoplankton biomass shows low values
(Schiaffino 1981; Perotti de Jorda 1984; Bonetto 1983; Bonetto et al. 1983),
other feeding resources would be available, as organic matter absorbed in
sediments, detritus, bacteria or ciliates. It is probable that phytoplankton
would not be a limiting factor in large rivers (greater than five orders), as
suggested by other authors (Pace et al. 1992). Inversely, there are no
evidences of an important control of phytoplankton by zooplankton, as has
been recorded in small rivers. Only in an secondary channel of Paraná
River, García de Emiliani (1997) found an increase in the proportion of net
phytoplankton in relation to nanoplankton in low waters, which could be
related to the consumption of small algae by zooplankton, since at that
moment zooplankton was more abundant.

In the main channel there are not evidences of a heavy predation pres-
sure upon zooplankton by invertebrates. Asplancha and adult cyclopoid
copepods are not abundant (José de Paggi 1984; Bonetto and Corrales
1985), and larvae of Chaoborus are restricted to lakes. Regarding to fish pre-
dation, the main zooplankton consumers in the main channel are larvae:
there are no frequent or abundant planktivorous adult fishes. The Paraná
River, as other large tropical and temperate rivers of South America, is
characterized by the high abundance of detritivorous fishes, Prochiolodontidae,
Curimatidae and Loricariidae, and the presence of great predators, as
Pimelodidae of genus Pseudoplatystoma (Quiros 1988). Many species are
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totally or partially spawners, and zooplanktophagous larvae are abundant
in the Paraná River only during the end of spring and summer (from
November to January), since species reproduce during high waters. There
are records of up to 7,300 larvae in 1,000 m3 in the main channel (Oldani
1990). Prochilodus lineatus represents 50% of total fish biomass (Oldani 1990);
its zooplanktophagous larvae mainly feed on cladocerans, up to a size of
8 mm in length. Afterwards, when larvae reach around 14 mm, rotifers and
algae are their most important foods (Rossi 1992). Larvae of other frequent
species in the river consume cladocerans and rotifers (Rossi 2001), or
cladocerans and copepods (Rossi 1989). This means that fish larvae can
only affect zooplankton abundance during a short period of the year. The
negative effect of flooding, mainly during the summer, can be boosted due
to the higher abundance of zooplanktophagous fish larvae in the main
channel and secondary channels.

Other factors of possible biological control of zooplankton are currently
beginning to be analyzed. At the end of the 90s, the presence of an invasive
mollusk, Limnoperna fortunei Dunker (Darrigan and Ezcurra de Drago
2000), was recorded for the first time in the middle Paraná River. Diverse
studies have demonstrated the negative impact of the invasion of filtering
bivalve mollusks on river zooplankton in Europe and North America, for
example, Dreissena polymorpha (Jack and Thorp 2000, among others). We
still do not know the effects of L. fortunei on zooplankton of the Paraná River
main channel. Undoubtedly, studies previous to the invasion will be very
useful in future analyses. L. fortunei shares with D. polymorpha a similar size,
fast growth, rapid dispersion of its larvae and high filtering rate (Sylvester
et al. 2004; Boltovskoy et al. 2006). In contrast, some characteristics of the
rivers studied for D. polymorpha are less comparable with the Middle Paraná
River; for example, its high discharge, that reaches a mean of 16,400 m3/s
(Depetris and Pasquini 2007) in the Middle Paraná River.

9.5 Zooplankton of the Main Channel and the Contribution
of High Reaches and the Floodplain

As was previously pointed out, zooplankton of the middle Paraná River was
studied simultaneously at two sections located at 1,208 and 603 km from its
outlet in the La Plata River (José de Paggi 1984; Bonetto and Corrales 1985).
The abundance of organisms was similar in both sections, although there was
a distance of 600 km between them. The average abundance was 31 ind./L in
the former and 21 ind./L in the latter.

In a longitudinal distribution study, carried out in the main channel along
the whole middle section, a downstream increase in the zooplankton abun-
dance was not observed though this trend was detected for the biomass (José
de Paggi 1980). Frutos (2004), in a study that included the Paraguay River,
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even observed a decrease in zooplankton density downstream. In medium
and high waters, zooplankton distribution was also analyzed along a shorter
section of 440 km. In none of the cases was there an increase in density
downstream (José de Paggi 1983, 1988).

In spite that the time of residence of the water in the Middle Paraná River
can be approximately 20 days (Drago 1990) and that ovigerous females of
various species are not infrequent in spring (José de Paggi unpublished)
successful reproduction and recruitment reproduction in the channel is
probably very low due to its harsh environmental conditions.

If there is an active in transit reproduction, a significant increase in den-
sity in the final sections of the Middle Paraná River could be expected, but
this was not observed. On the contrary, in other rivers like Apure River main
stem, in the Orinoco River system (Saunders and Lewis 1989) found that
densities and species number increase markedly over 600-km reaches.

It is probable that flow velocity and transported sediment load regulate
strongly the development of populations in the channel. Water flow velocity
can be the main cause of mortality in rivers in which there is not an intense pre-
dation effect by vertebrates and invertebrates. If we compare abundance in the
Upper Paraná with that in the Middle Paraná, the last one shows a higher den-
sity of organisms Table 9.2. This could be related to the Paraguay River inputs
and to the higher development of the middle section floodplain (Sendacz 1993).

Richness of the middle section is higher than that of the Upper Paraná
River, but there are no important differences between richness recorded at the
beginning of the middle section (km 1,208) and that found downstream, after
more than 600 km. However, the low number of species in common between
both sections shows that the persistence of species in the channel is low.
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Table 9.2 Range of variation of environmental factors, chlorophyll a and zooplankton at
different transversal sections of Paraná River (Corrales 1979; Bonetto 1983; Bonetto et al. 1983;
Jose de Paggi 1984; Perotti de Jorda 1984; Bonetto and Corrales 1985)

Upper Paraná Middle Paraná

Km 1,583–1,380 1,208 603

Sampling period 1976–1978 1976–1979 1976–1980

Temperature (°C) 16–30 16.6–29.5 14.9–28

Transparency (m) 0.08–1.28 0.01–0.90 0.08–0.49

Conductivity (µS/cm) 29–98 35–630 60–118

Suspended sediment (mg/L) 10–120 0.5–1,221 58–609

Chlorophyll -a (mg/m3) 2–18 3–17

Zooplankton density (ind/L)* 2–60 (18) 1–195 (31) 1–148(21)

Species number 58 127 113

*Parentheses indicates mean value, n=22, 44, 51 (Km 1,583–1,380, 1,208 and 603, respectively)



The analysis of the zooplankton composition along the Middle Paraná
River, considering nine different cross sections, including samples from the
center and at both banks, (José de Paggi 1980) shows that only five species
from a total of 57 species recorded in all the river reach, were common to the
nine sections: Keratella tropica, K. americana, Polyarthra trigla, Bosminopsis
deitersi and Ceriodaphnia cornuta, i.e., only 8.7% of species remained
throughout the 707-km section. Only eight species were present in 65–90% of
cross sections, i.e., less than 20% of species were recorded in 65–100% of all
stations in 707 km. There is a high number of species that did not come from
upstream and that probably have been incorporated from the floodplain, as a
contribution of secondary channels and lentic environments, and tributary
streams. It is possible that the contribution of the floodplain or ‘lateral
dimension’ sensu Ward (1989), would be more important for zooplankton
richness of the Paraná River than the longitudinal dimension.

Regarding richness, although the local contribution from the floodplain
to the channel evidences to be higher than the input from upstream, there
have been 225 rotifer species recorded in the floodplain, while only 113
species were recorded in the main channel, along more than 7 years of study
(José de Paggi 2004b). Reduced hydraulic washout in floodplains as a conse-
quence of the flow attenuation in forested areas may also be an important
factor reducing the likelihood of zooplankton export, as suggested by
Vásquez and Rey (1992). This ‘biological rugosity’ can determine that the
final number of species entering the in channel is low. Hamilton et al. (1990)
found that macrophytes act as a true biological filters of transported
zooplankton. Moreover, Depetris and Kempe (1990) suggested that the
wooded floodplain is an effective filter to retain sediments and particulate
organic debris. Then, the richness of reaches species could be an indicator of
the potential diversity or biotic complexity of the floodplain along the
reaches, the characteristics of the flow inside them, and transport conditions
between floodplain and river.

9. 6 Connectivity and Species Richness

Hydrological connectivity is the exchange of water, nutrients, and organisms
between environments of the river floodplains, activated by the flood pulse
(Amoros and Roux 1988). Connectivity and movements between water bodies
should act as a homogenizing force, decreasing beta diversity (Amoros and
Bornette 1999). Beta diversity is a measure of turnover of species between
habitats and it could be considered as a measure of the degree of connectivity
between habitats (Ward et al. 1999). The richness of 11 lakes located at the
cross section Santa Fe City to Paraná City was analyzed. Beta diversity
decreased slightly in high water, but decreasing were higher considering
rotifers separately (José de Paggi 2004 b). Homogenizing by the flooding water
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would probably be more effective for this group because of its small size and
limited capacity of movements. Beta diversity between fluvial environments of
the floodplain was low in rising waters and high waters, particularly in the first
one when connectivity begins to act (Table 9.3).

The highest annual cumulative richness for 1977–1980 in the main channel
(km 603) was produced when the hydrometric level showed the highest
variation range (José de Paggi 1984). The increase in the river-floodplain
connectivity can increase the recruitment of the floodplain species and
consequently the diversity in the channel.

The temporal presence of some species in the channel would be a valuable
indicator of the flows of water between floodplain and main channel and the
contribution of different source areas. The Chydoridae, with littoral and ben-
thic taxa, present a high diversity in floodplain shallow lakes (Paggi 1980),
but, in the channel, several species were recorded whenever the river level
was above 4 meters (Paggi and José de Paggi 1974). Most chydorids are asso-
ciated to a substrate. Their presence during maximum river overflows can
indicate the resuspension of floodplain sediments and vegetable particles,
and later washout. It is also possible that hatching of resting eggs in
sediments of areas surrounding the lakes or the own channel might also be
contributing to the populations.

Some species of genera Collotheca and Sinantherina were found in the
main channel (km 603) only when the periods of water movements from the
floodplain to the channel were concluded. The higher diversity of genus
Brachionus in the channel was associated to the largest and longest flood
phases in 1977 (14 taxa) and 1980 (10 taxa), while they were comparatively
low in 1978 and 1979 (eight and seven taxa, respectively). In these last two
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Table 9.3 Gamma, alpha and beta diversity for different groups of waterbodies at different
water level

Gamma Alpha Beta Habitat 
diversity diversity diversity diversity

Between shallow lakes

Zooplankton LW 84 17,7 37 11

Zooplankton HW 87 19,8 33 11

Rotifers LW 50 11 35,4 11

Rotifers HW 41 15 17 11

Between floodplain and main channel

Zooplankton RW 62 16,6 11 25

Zooplankton HW 72 13,2 18 25

LW low water, HW high water, RW rising water
Habitat diversity: number of localities sampled
Data from Jose de Paggi 1983, 1988, 2004b



years, the hydrometric conditions suggest an ineffective exchange between
main channel and floodplain, considering that Brachionus presented a high
diversity in the floodplain-lakes at the middle Paraná River (José de Paggi
1984, 2004).

9.7 Conclusions

Zooplankton of Middle Paraná River lotic environments show similar
characteristics to that from other rivers of the world, i.e., dominance of
small organisms, such as rotifers, Bosminidae and nauplii (Shiel et al.
1982; Kobayashi et al. 1996). Density is low comparable to that of other
South American rivers without a strong anthropic impact (Vasquez and
Rey 1989).

Factors controlling abundance and distribution of fluvial zooplankton
are mostly physical and related to the pulse regime, which affects other
biotic communities of temperate and tropical floodplain rivers (Junk et al.
1989; Neiff 1999). In the main channel of the Paraná River, biological mech-
anisms of control zooplankton populations would be less important than
physical mechanisms of control. The influence of the flow regime on lotic
zooplankton was stressed by several authors (Shiel et al. 1982; Paggi 1984;
Saunders and Lewis 1988; Pace et al. 1992; Basu and Pick 1996). The partic-
ular negative influence of current velocity and turbidity on the Paraná
River zooplankton was also recorded in other rivers (Thorp et al. 1994).
One of the causes of the rotifer dominance in the Paraná River main
channel, in addition to its short generation time, which compensates losses
by dragging, can be the higher tolerance of this group to suspended sedi-
ments. Rotifers are less affected than cladocerans and copepods, and this
can modify the patterns of intraspecific competition (Kirk and Gilbert 1990;
Jack et al. 1993).

Zooplankton is more abundant in lakes and it is very taxonomically
diverse, particularly when there is a higher environmental heterogeneity, as
that shown by heavily vegetated lakes. The higher water residence time
determines higher plankton abundance; this factor has been analyzed by
several authors (Pace et al. 1992; Basu and Pick 1996, 1997; Pourriot et al.
1997), and it would be even more important for zooplankton than for phy-
toplankton, since the latter presents a shorter generation time (Basu and
Pick 1996). Directly connected lakes show a comparatively lower abundance
than indirectly connected lakes with a higher isolation time. These results
are contradictory to those found in the Upper Paraná River (Anderson et al.
2004). As suggested by Amoros and Bornette (2002), there are probably
multiple factors interacting in the connections between environments.

The influence of the flood pulse on zooplankton of floodplain lakes
would be related to their degree of connection with the river. In the directly
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connected lakes, physical factors associated to the flood pulse would be
more important. In more isolated lakes, population control by the flood
pulse would be lower, and biotic interactions, competition and predation
would be more important (Fig. 9.8). Another important gradient for zoo-
plankton is environmental heterogeneity, which becomes more complex
along the environmental mosaic of the floodplain. Vegetated lakes offer a
great variety of microhabitats with which they increase diversity (José de
Paggi 1993, 2004b). The gradient of relative influence of the physical and
biological control that extends from the main channel, dominated by phys-
ical factors, to the lakes, where biotic interactions show a higher influence,
has been observed for zooplankton in the Danube River floodplain system
(Baranyi et al. 2002), and for other communities in large rivers (Pecharsky
et al. 1990; Statzner 1987; Johnson et al. 1995).
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10 Benthic Invertebrates

INÉS EZCURRA DE DRAGO1, MERCEDES MARCHESE2, AND LUCIANA MONTALTO2

10.1 Introduction

The Middle Paraná River in contrast to the upper and lower segments, is less
affected by the anthropogenic action, since there are no dams in this sector
and the river runs through a very little industrialized region of Argentina.
Therefore, it is an interesting area upon which to apply ecological theories
and explain the dynamics and functioning of a highly complex system, even
in quite natural conditions. The most applied concepts in the Paraná River
system are the flood pulse (Junk et al. 1989), reconsidered and widened by
Neiff (1990, 1999), Tockner et al. (2000) and Junk and Wantzen (2002), the
connectivity among environments (Amoros and Roux 1988; Amoros and
Bornette 2002), the analysis of patterns and processes in relation to the four
dimensions (Ward 1989), and the analysis at different hierarchical scales
(Frissell et al. 1986). On the other hand, although stream hydraulics (Statzner
and Higler 1986) and the Hyporheic Corridor Concept (Stanford and Ward
1993) are applicable, the information on these topics is still very scarce.

The Middle Paraná River floodplain constitutes an environmental mosaic
that includes secondary channels of different flow and discharge (from < 50
to > 2,000 m3.s−1), lakes of different origin and morphometry (i.e., irregular
shape with several round-oval, elongated embayments, etc., according to
Paira and Drago Chap. 3), different successional stages, according to the
degree of connectivity and location in the floodplain, as well as a wide range
of temporary wetlands. Therefore, there are representatives of almost all
invertebrate taxonomic groups in the benthos of this system (Fig. 10.1). The
geomorphological, hydrological and chemical characterization of the Paraná
River is given by Iriondo and Paira (Chap. 1), Iriondo (Chap. 2), Paira and
Drago (Chap. 3), Drago (Chap. 4), Amsler et al. (Chap. 5) and Depetris and
Pasquini (Chap. 6). The river-floodplain system is very dynamic due to its
hydrosedimentological regime, with an amplitude, duration and frequency

M.H. Iriondo, J.C. Paggi, and M.J. Parma (Eds.)
The Middle Paraná River: Limnology of a Subtropical Wetland
© Springer-Verlag Berlin Heidelberg 2007
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Argentina, e-mail: inesezcurra@arnet.com.ar
2INALI (CONICET-UNL) and Facultad de Humanidades y Ciencias (FHUC-UNL), Ciudad
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upon which the offers of habitats, resources, refuges, distribution, abundance
and complexity of benthic species assemblages depend.

The stream benthos is widely known worldwide since various decades ago,
while that of large rivers has been more recently analyzed (Monakov 1969;
Mordukhai-Boltovskoi 1979; Castella et al. 1991; Dudgeon 1995; Tockner
et al. 1998; Rempel et al. 2000; Buffagni et al. 2000; Malmqvist 2002). Benthos
of the Neotropical region, characterized by large rivers, was mainly analyzed
in the Paraná River since more than two decades ago (summarized in Bonetto
and Wais 1995; Takeda et al. 1997; Marchese et al. 2002; Takeda and Fujita
2004), as well as in the Uruguay River (Di Persia and Olazarri 1986; Ezcurra
de Drago and Bonetto 1969) and, more recently, in the Paraguay River
(Takeda et al. 2000; Barbosa et al. 2001; Ezcurra de Drago et al. 2004;
Marchese et al. 2005).

On the other hand, knowledge on invertebrate diversity and dynamics in
marginal wetlands of the Paraná River system is still very scarce, limited to
studies on invertebrate colonization of different decomposed plant species
(Neiff and Poi de Neiff 1990; Bruquetas de Zozaya and Neiff 1991; Poi de Neiff
1991; Poi de Neiff and Casco 2003; Capello et al. 2004). Studies on some taxa
present in Middle Paraná River temporal wetlands have been recently carried
out (Montalto and Marchese 2005; Montalto and Paggi 2006). There are stud-
ies on some aquatic and terrestrial arthropods of the Amazonian floodplain
(Irlmer 1975; Reiss 1976; Nessimian et al. 1998; Walker 1986; Adis 1992; Junk
1997), and on invertebrates of temporary wetlands in the United States
(Wissinger 1999) and Africa (Pacini and Harper 2001).

In this chapter, we summarize studies carried out on benthic organisms
(≥100 µm) since 1969 in floodplain water bodies, since 1980 in the main
channel and secondary channels of the Middle Paraná River, and since 2001
in marginal wetlands. Results on adult stages of indigenous Bivalvia
(Hyriidae and Mutelidae) are not included.
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Fig. 10.1 Satellite image showing the environments analyzed in the alluvial plain of the Middle
Paraná River. 1 Santa Fe City. 2 Paraná City. 3 El Tigre Lake. 4 Los Matadores Lake. 5 Vuelta de
Irigoyen Lake. 6 El Puesto Lake. 7 La Mira Lake. Scale 1:50000, May 2004



10.2 Spatiotemporal Longitudinal Patterns

Benthos structure of the main channel and floodplain secondary channels
with permanent flow (mean annual discharge > 500 m3 s−1, Drago et al. 2003)
from the Middle Paraná River is very different in the central strip and the
banks (Marchese and Ezcurra de Drago 1992; Marchese et al. 2002; Drago
et al. 2003). A decrease in density, biomass, species richness and diversity in
the longitudinal dimension of the Middle Paraná River was mainly observed
in the main channel, while the Shannon index increased in the secondary
channels (Fig. 10.2).

The central strip with sandy beds, mobile dunes and scarce organic matter
content (Table 10.1) shows the highest density, lowest biomass, low species
richness, and diversity of the Middle Paraná River mesohabitats. Narapa
bonettoi (Oligochaeta) is dominant and often the only benthic species (max-
imum up to 112,000 ind. m−2, Varela et al. 1983), and it is associated with
lower densities of Myoretronectes paranaensis, Itaspiella parana
(Turbellaria), Haplotaxis aedeochaeta (Oligochaeta), and Tobrilus sp.
(Nematoda) (Fig. 10.3). Potamocaris spp. (Crustacea Harpacticoida) and
Parachironomus sp. (Diptera, Chironomidae) are occasionally recorded. The
main channel banks are silt-clayed, with high organic matter content in the
bottom sediments and similar species assemblages to those of the floodplain
channels. Oligochaeta (Paranadrilus descolei, Limnodrilus hoffmeisteri,
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Fig. 10.3 Lateral gradients in physical, chemical, communities parameters and benthic species
assemblages in the river-floodplain transect (indicated by straight arrows). The small arrows
show the marginal wetland-river dynamic. MC main channel, PFSC permanent flow secondary
channel, MSC major secondary channel, TMW temporal marginal wetland, CL connected lake,
IL isolated lake. Modified from Marchese and Ezcurra de Drago (1992). With kind permission
of Springer Science and Business Media
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Aulodrilus pigueti, Bothrioneurum americanum, Pristina americana) and
Chironomidae (Cryptochironomus sp., Coelotanypus sp., Ablabesmyia spp.,
Axarus sp.) are dominant taxa (Fig. 10.3). These mesohabitats showed higher
benthic biomass, species richness, species diversity and lower density than
the central strip (Marchese and Ezcurra de Drago 1992; Marchese et al. 2002).
Along the Middle Paraná River banks, some species of Porifera, as
Trochospongilla repens, T. paulula and Oncosclera navicella, developed on
artificial substratum, are occasionally detected (Marchese et al. 2002). The
central strip of rivers, as was established by Thienemann (1913) for lakes, is
the best descriptive and diagnostic area for rivers because of the constant
benthic species assemblages.

The only remarkable longitudinal change was observed in basaltic rock
beds in the Apipé rapids and Paso de la Patria (Corrientes Province), with
great populations of Porifera, as Oncosclera navicella, O. schubarti,
Trochospongilla repens, T. ringueleti and Corvospongilla seckti (Ezcurra de
Drago 1993), the epifaunal Bivalvia Byssanodonta paranensis, Limnoperna
fortunei and the Gasteropoda Potamolithus sp., only recorded during low
water, owing to the difficult sampling.

Similar benthic species assemblages were also registered in the Upper
and Lower Paraná River from Tres Lagoas (Mato Grosso do Sul, Brazil,
20°47′S–51°42′W) to the mouth of the Río de la Plata (Varela et al. 1983;
Montanholi-Martins and Takeda 1999; Peso and Bechara 1999; Marchese
et al. 2002; Takeda and Fujita 2004), in the Upper and Lower Paraguay River
(Ezcurra de Drago et al. 2004; Marchese et al. 2005), and in the Upper and
Middle Uruguay River (Ezcurra de Drago pers. obs.). Basically, there is a
stable benthic composition along approximately 3,500 km and 18° of lati-
tude (from Cáceres, Brazil, 16°03′S–57°42′W, to the mouth of the Río de La
Plata, 34°27′S–58°23′W) in the Paraguay-Paraná hydrosystem, and also
along 1,200 km in the upper reach of the Paraná River, between Três Lagoas
and Corrientes City. These species-poor, sand-adapted benthic assem-
blages, with small-size organisms, are similar to the bottom fauna from
mobile sand-bottom rivers worldwide (e.g., White Nile (Monakov 1969);
Athabasca River, Canada (Barton and Lock 1979); Malaysian rivers (Lim
1987); Amur River (Bogatov et al. 1995), and Ganges River (Dudgeon
1995)). There is a coincidence between the endemic dominant psam-
mophilic species of Crustacea (gammarids) in the Volga River (Mordukhai-
Boltovskoi 1979) and the endemic dominant psammophilic species of
Oligochaeta (Narapa bonettoi) and Turbellaria (Myoretronectes paranaen-
sis and Itaspiella parana) in the Neotropical large rivers (Paraná, Paraguay,
Iguazú and Uruguay). We hypothesize that this benthic species assemblage
may also be found in sandy sediments of other large Neotropical systems,
such as the Magdalena, the Amazon, and the Orinoco Rivers (Ezcurra de
Drago et al. 2004). We emphasize that benthos of large rivers’ main chan-
nels, with sandy-mobile beds, has a high similarity world-wide, with high
density, low species richness and very low biomass. However, there are



variable species assemblages due to different biogeographical regions and
ecological characteristics, mainly related with the chemical water quality
(Marchese and Ezcurra de Drago 1992; Marchese et al. 2002; Ezcurra de
Drago et al. 2004; Marchese et al. 2005).

On the other hand, there are noticeable variations in benthos composition
and structure at the longitudinal dimension in the floodplain secondary
channels with intermittent flow (mean annual discharge <170 m3 s−1, Drago
et al. 2003), located in sectors with anastomosing patterns, which are very
common in the floodplain network. Temporal variations in benthos structure
and composition are influenced by the life cycles of dominant species, the
hydroperiod, according to its duration and amplitude, and the environment
successional stages. In the main channel, the greatest changes are given by the
life cycle and reproductive strategies of N. bonettoi. In intermittent flow
secondary channels (e.g., Correntoso River, 94 m3 s−1), changes are not only
given by the life cycle of organisms but also by the influence of the flood
pulse, that affects benthos succession. In these channels, benthic spatio-
temporal changes produced by geomorphological, hydrological and sedi-
mentological variations in the longitudinal dimension between the straight
reaches (SR) and the confluence scour holes (CSH) were observed by Ezcurra de
Drago et al. (unpublished) (Fig. 10.4a–c). During the drought phase, a lentifi-
cation process is produced along the river, with hypoxia and/or anoxia
mainly in the bottom of the CSH. There are an increase in the conductivity
and percentages of silt, clay and organic matter, with a species assemblage
similar to those of the SR, characterized by Paranadrilus descolei,
Limnodrilus hoffmeisteri, L. udekemianus, Pristina americana, Bothrioneurum
americanus and Aulodrilus pigueti, although with different relative densities
(Fig. 10.4c). In the high water phase, current velocity, dissolved oxygen, and
percentages of sand in the bottom sediments increase, while the conductivity,
silt and clay percentage, and organic matter values decrease (Fig. 10.4c).
During this phase, the greatest changes in the structure and benthic compo-
sition between SR and CSH are produced. There is a decrease in density in SR
and a high increase in CSH, where the benthic assemblage changes drasti-
cally, with a very low density of L. hoffmeisteri, L. udekemianus and P. amer-
icana, and high densities of N. bonettoi and M. paranaensis. These are typical
species of the main channel central assemblage (Figs. 10.3, 10.4c). In these
microhabitats, the flow pulse (sensu Tockner et al. 1998) produces the
washout of fine sediments in the shallow upstream and downstream borders,
as in the bottom of the CSH, by a process of turbulent currents (Fig. 10.4a–b),
creating the conditions required for the development of both species.
Moreover, the influence of hydraulic parameters is also registered (Statzner
and Higler 1986), as was observed by Blettler (pers. com.).

The highest benthic composition and structure changes between SR and
CSH were recorded during La Niña phase (from October to December 1988)
and El Niño phases (from May to August 1992 and from November 1997 to
July 1998) (Fig. 10.5). The drought phase produces a benthos remarkable
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Fig. 10.4 a Map of the Correntoso River sector, location of sampling stations (full circles), and dia-
gram of flows in a confluence scour hole (CSH). b Longitudinal profile of a segment of Correntoso
River showing a confluence scour hole (CSH) and upstream-downstream straight reaches (SR).
c Physical, chemical and benthic attributes variation during low water phase and inundation
phase in SR and CSH. The width of the arrows shows the spatiotemporal changes of the dominant
species



stress, as a consequence of the changes produced by the advance of successional
stages. The studies carried out on the Correntoso River benthos in SR and
CSH in 1988–2006 show an evolution from an active channel to an environ-
ment, beginning a long-term lentification process (Drago et al. 2003), with
predominance of sedimentation periods over erosion periods, from 1988 to
1992 (El Niño events). These conditions favored a marked increase in the
rooted aquatic vegetation (mainly Panicum elephantipes, Paspalum repens
and Echinochloa polystachya) and floating aquatic vegetation (Eichhornia
crassipes and E. azurea as dominant species). During El Niño 1992, a reset of
the system was produced and, afterwards, the succession advanced until the
following El Niño events in 1997–1998, where the system was not able to reset
again. The low hydrometric levels reached by the ordinary flooding and other
hydrometric levels of lower magnitude than ordinary floods that occurred
from 1999 to 2006 (Fig. 10.5) have allowed a great vegetation cover that
reached 90% in the Correntoso River. These conditions allowed only scarce
periods of a very low water movement, with a notable increase in fine bottom
sediments (silt 56.93%, clay 41.41% and sand 1.66%) and OM (6.3%),
especially CPOM. At this stage of the successional process, intermittent flow
secondary channels benthos showed the lowest values of species richness
(1–2 tolerant species), density and Shannon’s index.

Although the El Niño events produce a reset of the floodplain environ-
ments, as mentioned before, such a process is not produced with the same
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intensity in all habitats, depending on the location of the alluvial plain channel.
The benthic fauna begins to be similar to that of older floodplain lakes, com-
pletely covered by floating grasses and rooted vegetation when the channel is
located in the old floodplain area, far away from the main channel, with a
complex array of hydrosedimentological, topographic and vegetation
influences and more complex connectivity processes (Drago et al. 2003).

10.3 Spatiotemporal Lateral and Vertical Patterns

In the lateral and temporal dimensions (Ward 1989), it is essential to consider
the concept of the flood pulse (Junk et al. 1989) when analyzing the relation-
ships between the structure of the fluvial environment and the dynamics of
its particular biota. The Paraná River floodplain, as those of other large
South-American rivers (e.g., Amazon, Orinoco, Magdalena, etc.), is charac-
terized by a high macrophyte richness and production, that provide a great
content of organic matter to the bottom, producing hypoxia and/or anoxia
conditions in many environments, mainly in the low water period and at the
beginning of the flooding phase. In the Carabajal Island (where El Puesto, La
Cuarentena, El Negro and La Mira lakes are found, Fig. 10.1), mean values of
dry organic matter for Eichhornia crassipes were 119 t × 100 ha of water body,
and in the Clucellas Island (where Los Matadores and El Tigre lakes are
located, Fig. 10.1), 624 t of dry organic matter (Bayo et al. 1981) were registered.
This produced a decrease in richness and diversity of benthic species, and an
increase in more tolerant species, that reach a larger size and biomass due to
a lower interspecific competition. Nutrient recycling in the floodplain pro-
duces direct effects on the biota, and the highest fluvial animal biomass is
directly or indirectly derived from production within the alluvial plain and
not from organic matter produced upstream, as proposed by the River
Continuum Concept (Vannote et al. 1980). The increase in nutrients is related
to the interaction between aquatic environments and their margins, since
decomposed aquatic macrophyte biomass and accumulated detritus are par-
tially drifted to the terrestrial system, and the same situation occurs with the
terrestrial vegetation that contributes to aquatic productivity. Studies on
nutrient transference between aquatic and terrestrial zones are still scarce,
but it is clear that both zones are interrelated and depend on each other on
the environmental productivity and the hydrosedimentological regime
(Carignan and Neiff 1992; Neiff et al. 2001).

The large river floodplain, in regions with seasonal precipitations, shows
an annual hydrometric regime according to the generally predictable high
and low water phases. Such fluctuations (floods and droughts), as described
by Spark et al. (1990), are not disturbances but predictable changes, except if
they show a high magnitude of maximum and/or minimum level, as the
ENSO events, or if they are out of time. The Paraná River is subjected to an
annual regime, with a low water phase produced in August–September and a
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high water phase approximately produced in March–April, although some-
times considerable temporal variations are observed in different years
(Marchese et al. 2002). The results of alterations in the hydrological regime
are associated to changes in the balance of production and respiration
processes and in nutrient recycling patterns of the different floodplain habi-
tats (Bonetto et al. 1986; Junk 1984; Camargo and Esteves 1996) and in the
main river channel (Bonetto 1976; Neiff 1990).

In the river–floodplain lateral dimension, a gradient from the main chan-
nel to the temporary marginal wetlands is observed, with an increase in
species richness, diversity and biomass, and a decrease in density (Figs. 10.3,
10.6). In this way, the typical species assemblage for each type of environment
increase their composition in the transversal zonation (Fig. 10.3), where some
common species are found (mainly oligochaetes and chironomids) among
the different floodplain environments, including the temporary wetlands. In
the river-floodplain transect, we find more than 150 taxa (without including
Turbellaria, Nematoda and Crustacea) with a higher representativeness of
oligochaetes in the channels and lakes, and insects in the temporary wetlands.

10.4 Temporary Marginal Wetlands

In the literature, marginal wetlands have been denominated as aquatic-
terrestrial transitional zones or ATTZ (Junk et al. 1989), marginal fluvial
wetlands (Neiff et al. 1994, 1999), or riparian wetlands (Mitsch 1996).
Migration from the channels towards the alluvial plain is a common mecha-
nism of invertebrate colonization in these systems (Irmler 1989; Montalto
and Marchese 2005). In this way, marginal wetlands always show a higher
number of species, some of them being characteristic of these habitats and
temporarily absent in the overflowed river (Montalto and Marchese 2005).
The high richness registered in these environments (up to 110 taxa), can be
explained by the contribution of invertebrates associated to vegetation inputs
in the overflowing phase. Moreover, the great diversity of species in tempo-
rary floodplain wetlands can be due to the insufficient time to allow a com-
petitive exclusion. If we also consider the approximate total number of taxa
(150) in the river–floodplain system, the evidence demonstrates that a phys-
ical factor (the flood pulse) produces and maintains a very diverse and
dynamic habitat structure, with which a great biodiversity is generated,
despite the stress of these transitional zones. The drastic change between
aquatic and terrestrial phases gives as a result of high seasonal losses for most
animal and plant populations, but these losses tend to recover by the rapid
growth, early maturity, high rates of reproduction in r-strategist organisms
and rapid dispersion, showing a high resilience. However, in other moments,
K-strategists can be favored by their competitive capacity.

Pacini and Harper (2001) stated that it is often difficult to clearly distin-
guish wetland invertebrates from generically aquatic ones, or even from
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terrestrial ones. However, some invertebrates may be considered as good
descriptors of these habitats. The main features that distinguish these ani-
mals are their adaptive, physiological and behavioral strategies to survive in
habitats with wide changes during the hydroperiod, including their tolerance
to extreme drought conditions. Aquatic invertebrates in these habitats must
either survive to non-flooded periods with desiccation resistant life-cycle
stages or persist in nearby water bodies and recolonize the temporal wetlands
again after overbank flooding. Many aquatic species possess traits that
enhance their resistance to water loss, such as diapause, cysts, and physio-
logical tolerance to the drying phase (Laddle and Bass 1981; Junk 1997; Pacini
and Harper 2001; Montalto and Marchese 2005).

10.5 Floodplain Lakes

Lakes show a high heterogeneity in the spatiotemporal benthos distribution,
with variations related to the origin, age, morphometry, area, degree of plant
cover, granulometric composition and amount of bottom sediment organic
matter. The distance from the lake to the channels and the topography of the
island in which the lake is located directly affect its degree of connectivity
with the river (Amoros and Roux 1988), which influence the benthos tempo-
ral variations, produced by the flood pulse (FPTV) or by advanced succes-
sional stages (SS). Benthos composition and structure show higher spatial
variations in irregular lakes with several embayments (e.g., La Cuarentena
and El Puesto, Chap. 3) than in round-oval lakes (e.g., El Tigre, El Espinillo,
Los Matadores and La Mira), since those present a higher heterogeneity,
while elongated lakes (e.g., El Negro) are more uniform (Fig. 10.1). FPTV
were registered with a higher intensity in the elongated lakes and in the
directly or indirectly connected round-oval lakes, while they were only
detected in the isolated lakes during ENSO events.

In the isolated round-oval lakes (e.g., El Tigre), marked spatiotemporal vari-
ations were registered due to differences in the temporal water quality, with an
increase in conductivity (450 µS.cm−1) during low water due to a seepage by
groundwater, sand patches (70–90% and 0.86–1.89% OM), and silt clayed
patches (90–98% and 3.4–6.0% OM), with bottom hypoxia conditions.
Chironomidae (Polypedilum spp., Aedokritus sp., Axarus sp.) were dominant
in sand patches and Chaoboridae (Chaoborus sp.), Tubificinae (A. pigueti,
Limnodrilus hoffmeisteri), Ephemeroptera (Campsurus cf. notatus), Hirudinae
(Helobdella adiastola), Bivalvia Sphaeriidae (Pisidium sterkianum) and
Chironomidae (Chironomus gr. decorus) were more abundant in silt-clayed
patchiness. When the water level increases, the conductivity decreases and this
in turn produces a decrease in density of A. pigueti and an increase of Pristina
americana, Dero lodeni, Trieminentia corderoi, Slavina evelinae and
Branchiura sowerbyi, always showing low biomass values (Fig. 10.6). In this
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type of lake, which shows a long low water period (1999–2006), a very advanced
successional state is observed, with 100% plant cover and great necromass in
the bottom, creating adverse conditions for benthic invertebrates.

In an isolated (but directly connected) round-oval lake (e.g., Los
Matadores), most differences were registered in the sector directly influenced
by the river–lakes relationship, with lower organic matter content in the bot-
tom sediments and without periods of hypoxia in the center of the lake (Table
10.1). These conditions determined a different benthic composition and struc-
ture, with an increase in density and biomass of Campsurus cf. notatus, mainly
in the higher water movement sector (river–lake connection), a decrease in
Aulodrilus piqueti, and an absence of Branchiura sowerbyi and Chaoborus sp.

The irregular lakes, with high shore development, several large embay-
ments and an indirect connection to the main channel (e.g., La Cuarentena)
show a main basin connected to the river and a smaller secondary basin with
lower water movement, higher transparency, plant cover, and organic matter
in bottom sediments (Table 10.1). These differences determine noticeable
spatiotemporal variations in the benthic composition and structure. The ben-
thic composition of the major basin is similar to that registered in the Los
Matadores Lake for the sector that is connected to the river, with dominance
of Campsurus cf. notatus in density and biomass. In the sector where the lake
is connected with the minor basin, there is a great development of
Sphaeriidae bivalves (mainly Pisidium sterkianum and Eupera cf. klappen-
bachi), that increases biomass, and in the minor basin, Oligochaeta and
Chironomidae predominate, showing a similar composition to that of isolated
round oval lakes during the high water level. In the embayments, there are
hypoxia and/or anoxia conditions, and only tolerant species are registered
(Limnodrilus hoffmeisteri, Chironomus gr. decorus and Chaoborus sp.). At the
end of spring, the appearance of adults of C. notatus and C. gr. decorus begins,
producing a sudden decrease in benthic biomass, while at the beginning of
summer there is an increase in density because of egg hatching; high biomass
is reached again in autumn. Because of the high area and shore development,
the origin and degree of connectivity and the spatial variations in the benthic
composition and structure, La Cuarentena Lake shows benthic species assem-
blages characteristic of the different successional stages of the Middle Paraná
River floodplain lakes: major basin → minor basin → vegetated embayments.

10.6 Vertical Dimension

The vertical dimension also plays an important role in these systems, since it
can provide refuge for egg incubation, juvenile hatching and habitat for the
first stages, constituting a faunistic reserve capable of recolonizing the system
after adverse conditions (Marmonier et al. 1992; Stanford and Ward 1993;
Brunke and Gonser 1999). In the Paraná River marginal wetlands, many



invertebrate species (chironomids, bivalves, oligochaetes, etc.) can move
towards into the bottom sediments during the drought phases until favorable
conditions are re-established (Montalto and Paggi 2006). Specimens of
Aulodrilus pigueti have also been registered in sand banks 30 m from the
Paraná River main channel (Marchese pers. obs.).

10.7 Factors Influencing the Benthic Structure

Physical and biological processes depend on the scale at which the observa-
tions are made. For example, physical processes, such as the discharge, and
hydraulic parameters, substratum stability, erosion or deposition processes,
temperature, chemical conditions (conductivity, pH), and macrophyte cover
strongly affect distributional patterns reflected in differences between rivers
or catchments. Grain size of bottom sediments, organic matter content,
oxygen, food availability and biotic interactions, including predation and
competition, create localized effects (Fig. 10.7). The benthic species assem-
blages composition in the Paraná system exhibits more variation in large
spatial scales, where geophysical processes occur, than in smaller scales, as
also reported by Li et al. (2001).
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Shifts in the composition of benthic assemblages and total density are determined
temporally in a two-time scale, the annual flood pulse and the connectivity degree
among floodplain environments, and the long term phenomena involving
ecological succession (Amoros and Bornette 2002). The differences are more
evident among environments during low water (including low discharge sec-
ondary channels, indirectly connected floodplain isolates, and temporary wet-
lands), and within-streams at high water level, when the system is more
hydrologically controlled. Low water is a more stressful factor than high water
for benthic communities, in coincidence with Neiff (1996) and Junk et al. (1989)
for vegetation and fishes. Wind, precipitations and temperature are also impor-
tant factors with local effects, mainly in temporary wetlands.

The life cycles of many floodplain species are related to the flood pulse, its
annual regulation, amplitude and duration, which, in turn, produce a selec-
tive pressure on aquatic organisms that colonize the temporary wetlands dur-
ing the high water level. The invertebrate aquatic assemblages are replaced by
terrestrial assemblages in marginal wetlands during the drought period.

10.8 Functional Feeding Groups and Food Webs

Organic matter provided by macrophytes is an important source of energy for
floodplain habitats; the available particulate organic matter (POM) is not rap-
idly consumed by benthic macroinvertebrates and it is mainly accumulated in
isolated floodplain lakes and temporary marginal wetlands, producing
hypoxia or anoxia conditions. Riparian vegetation provides, in general, a lower
amount of organic matter than aquatic plants. The paucity or absence of typ-
ical shredders in tropical streams was reported by many authors, and Wantzen
and Wagner (2006) summarized various hypotheses for this situation. In the
Middle Paraná River, we found many invertebrates that may be considered as
shredders, for example Polypedilum spp., Phaenosepctra sp., Endotribelos sp.
and Hyalella curvispina, and small crabs that chew conditioned litter or live
vascular plant tissue, as defined by Cummins et al. (2005). These species con-
tribute to the breakdown and reduce the amount of available coarse particu-
late organic matter (CPOM). However, the floodplain environments are a high
necromass storage zone, mainly represented by roots and stems of macro-
phytes and contributions from riparian vegetation. The gathering collectors
(Oligochaeta, Chironominae, Campsurus cf. notatus, etc.) are the most
important feeding group, including many species in all the environments. The
filtering collectors (Limnoperna fortunei, Byssanodonta paranensis, Pisidium
spp. Corbicula spp., Eupera spp., and species of Mycetopodidae, Hyriidae,
Hydropsychidae and Porifera) are recorded in several habitats from the main
channel banks and across the floodplain. Predators (Hirudinea, Tanypodinae,
Turbellaria, Chaoborus sp., Odonata, Tipulidae, Coleoptera, Decapoda
Brachyura) are always represented, reaching the highest percentages in the
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temporary wetlands and floodplain lakes. The scrapers (Heleobia parchappei,
H. guaranitica, Asolene puelchella, Gundlachia sp., Marisa planogyra,
Biomphalaria sp. and Pomacea spp.) reach the highest density in isolated
floodplain lakes, or in those indirectly connected ones with the river. High
density of Potamolithus spp. is detected in the main channel in basaltic rocks
of the Apipé rapids bed and Paso de la Patria (Corrientes Province).

There is an increasing gradient in functional group complexity from the main
channel and secondary channels of high discharge and permanent flow to
isolated floodplain lakes and marginal temporary wetlands represented by gath-
ering-collectors, filtering-collectors and predators to gathering-collectors, filter-
ing-collectors, scrapers, shredders, and predators. The main channel is
characterized by the dominance of fine particulate organic matter in suspended
loads and very scarce POM deposited in the bottom sediments, while floodplain
environments are dominated by coarse particulate organic matter. The het-
erotrophy with leaf litter is the dominant base of benthic web foods in the flood-
plain environments. We also suggest that the central strip of the main channel
and major secondary channels are autotrophic, with Aulacoseira granulata
(Bacillariophyceae) as the dominant basis of simple benthic food webs, typical
of these habitats, since A. granulata (dominant algae in the phytoplankton of the
main channel, see Chap. 7) is the main food for N. bonettoi. Heterotrophy, with
POM derived from the riparian zone and the floodplain during the high water
level, is the basis of food webs in the banks of the main channel and high dis-
charge secondary channels. However, large floodplain rivers have P/R values
higher than 1 (Neiff 1996). It is important to state that the highest organic mat-
ter is autochthonous, produced in the same system.

The emphasis on longitudinal patterns and processes has long been con-
sidered in river ecology and several fundamental insights suggest changes in
the food web along river networks (Vannote et al. 1980). Thompson and
Townsend (2005) and Romanuk et al. (2006) found that fish species richness
and connectance increase from mountain to foothill to prairie streams, and
suggested that the upstream-downstream linkages and the longitudinal
dimension structure change along the river through different physiographic
regions. In contrast, macroinvertebrates and fish richness and connectance
in large river floodplains increase in the lateral dimension from the main
channels to floodplain lakes, with different connectivity degree, that may also
be related to lateral changes in productivity. Predation by higher trophic lev-
els (fishes, amphibians, birds, mammals) on benthic invertebrates was
mainly observed in floodplain lakes, secondary channels, and marginal
wetlands (Oliveros 1980; Beltzer 1991; Lajmanovich 2000; Peltzer and
Lajmnovich 2004) (Fig. 10.8). Benthic communities of the main channel
central strip and high discharge secondary channels are characterized by typ-
ical species assemblages with very scarce biomass, providing poor resources
for higher trophic levels and, thus, the food-web structure seems to be limited
with both prey and predators being benthic invertebrates (Fig. 10.8).
However, fish larvae and juveniles feed on drifting chironomids and Naidinae
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that could be resuspended by ascent currents or detached from the marginal
vegetation (see Rossi et al. chapter 12). In floodplain environments, the pre-
dation pressure of benthivorous fishes appears to be much stronger during
the low water level than during the high water level.

10.9 Bivalvia Invasive Species in Benthic Communities

Limnoperna fortunei (Dunker 1857) is an Asiatic invasive bivalve registered
in the Middle Paraná River alluvial plain periphyton and benthos since 1996,
reaching high population densities (Darrigran and Ezcurra de Drago 2000).
The floodplain during the high water phase provides to L. fortunei a great diversity
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Central strip of the main channel and permanent flow secondary channels of the
Middle Paraná River

Haplotaxis aedeochaeta

Myoretronectes paranaensis Itaspiella parana
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Fig. 10.8 Hypothetical pathways of matter flow in the river-floodplain of the Middle Paraná River



of colonizing substrates, in the river banks and in the river overflowing zones
or in the marginal wetlands. The species colonization is favored when there is
a big and long flooding period, as was observed in El Niño during 1998, where
L. fortunei reached dense populations (Montalto et al. 1999). The extensive
distribution of this species is due to its larval development, its extensive repro-
ductive period, prolonged for almost all the year (Darrigran et al. 1999;
Cataldo and Boltovskoy 2000; Ezcurra de Drago et al. 2006), and to the pres-
ence of the byssus from the last planktonic larval stage that allows it to attach
to any type of substrate. Thus, L. fortunei is planktonic in its larval stages and
benthic and associated to aquatic and riparian vegetation of all environments
in its juvenile and adult stages in the Paraná River system.

Other invasive species are Corbicula fluminea (Muller 1774) and
C. largillierti (Philippi 1811), native of Southeast Asia, north and east
Australia and Africa, were introduced in Argentina in 1981 (Ituarte 1981).
These species are not very abundant and are only occasionally registered in
the environments of the Middle Paraná River, while they reach high densities
in the Upper and Lower Paraná River segments (Takeda and Fujita 2004;
Rodrigues Capítulo et al. 1998).

10.10 Conclusions

The Middle Paraná River system is arrayed as a mosaic of habitats undergo-
ing succession. Key factors controlling benthic structure and composition are
hydrosedimentological flood pulses, hydraulic conditions, hydrological
connectivity degree, aquatic plants cover and water quality. Thus, benthic
communities from aquatic habitats of the Paraná River system show the
following patterns:

– The central strip is the most descriptive and diagnostic area of the rivers
due to a higher stability of the benthic structure, with lower riparian and
land-use influence.

– Benthic structure and composition in the main and secondary channels of
higher discharge and permanent flow are similar along the longitudinal
dimension, with a slight decrease in density and biomass downstream and
very little seasonal variations.

– Benthic structure and composition in secondary channels of low discharge
and intermittent flow show marked spatiotemporal variations between the
straight reaches (SR) and the confluence scour holes (CSH). During the low
water phase, the composition is similar between both sectors, but in the
high water phase it changes abruptly.

– Benthic structure and composition in floodplain lakes vary according to origin,
morphometry, floodplain location, degree of connectivity with the channels
and successional stages. The greatest variations are given between the irregular
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lakes connected with several embayments, and the isolated round-oval lakes
with a decreasing gradient in density, biomass, species richness and diversity.

– The increase in the water level phase produces a reset in the successional
stages, mainly in the directly or indirectly connected lakes, while in sec-
ondary channel with intermittent flow and in the isolated lakes, far away
from the main channel, such reset is partially verified in the El Niño events.

– The spatiotemporal variations in the temporary marginal wetlands are very
pronounced in relation to the flood pulse and the river overflow, with a grad-
ual change in the composition of aquatic and terrestrial invertebrates.
However, many aquatic invertebrates remain at these sites even in the drought
period because of the adaptive strategies (cysts, eggs, refuge in hyporheos, etc.)
that allow them to recolonize the habitats when conditions are favorable again.

– A gradient from the main channel to permanent flow secondary channels,
to isolated lakes and temporary marginal wetlands is observed, with a
decrease in density and an increase in biomass, richness, and diversity of
species. In the same direction, an increase in the complexity of functional
groups and trophic webs, and in the connectance, is produced.

– The shredders functional group, although scarce, is more represented in the
floodplain environments where CPOM is very high. However, a great
amount of necromass accumulates in the bottom of floodplain habitats,
mainly in those of advanced successional stages.

– The typical benthic species assemblage of the main channel central strip
and higher secondary channels is characterized by endemic species of the
Neotropical region, as Narapa bonettoi, Myoretronectes paranaensis,
Itaspiella parana, Haplotaxis aedeochaeta, while Potamocaris spp., Tobrilus
sp. and Parachironomus spp. are occasionally registered.

– The typical benthic species assemblage of the main channel banks and higher
secondary channels is similar to that of the secondary channels that show
intermittent flow, with dominance of Paranadrilus descolei, Botrhioneurum
americanum, Campsurus cf. notatus and Pisidium sterkianum.

– In lakes connected to the river, the typical benthic species assemblages is
similar to that of secondary channels banks with permanent flow and that
of the center of intermittent flow, except for P. descolei, which is only regis-
tered in rivers. In isolated lakes or in embayments of irregular lakes with
more advanced successional stages and a higher content of organic matter
in bottom sediments, the typical assemblage is given by the dominance of
Branchiura sowerbyi, Chaoborus sp. and Chironomus gr. decorus.

– In temporary wetlands, in addition to many oligochaete species common to
other floodplain environments, there is a higher representativeness of
Insecta (mainly Coleoptera Berosus spp., Chironomidae Polypedilum spp.,
Ceratopogonidae spp., Dolychopodidae spp., Tipulidae spp., Odonata
Aphylla sp.) and Ostracoda.

– Spatial heterogeneity, habitat structure, temporal instability and high pro-
ductivity determine the higher importance of the lateral dimension than the
longitudinal dimension in large floodplain rivers.
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11 Littoral Communities. Macrocrustaceans

PABLO COLLINS1,2,3,4, VERONICA WILLINER1,2, AND FEDERICO GIRI1,3

11.1 Introduction

The littoral community of lotic and lentic environments of the Middle Paraná
River is complex and dynamic, providing shelter to a high biological diversity
and abundant populations. A numerically important group and with active
participation in the community structure is that of macrocrustaceans, and,
specifically, the order Decapoda, superorder Eucarida Calman 1904, subphylum
Crustacea Brünnich 1772. The taxonomic unit Decapoda records more than
8,500 species, most of them restricted to marine areas (Brusca and Brusca
1990); however, some of them have successfully conquered freshwater and
brackish environments. Among the latter, mangrove swamps and lenitic
environments of large river floodplains provide the highest diversity and
density of individuals due to their environmental heterogeneity (Bliss 1989).

South American freshwater decapods are grouped into seven families
(Manning and Hobbs 1977; Rodríguez 1981, 1992; Magalhães and Türkay 1996;
Morrone and Lopretto 2001). Their number in the Middle Paraná River environ-
ments decreases to four, systematically ordered according to Martin and Davis
(2001) in Sergestidae, Palaemonidae, Aeglidae and Trichodactylidae (Table 11.1)
(Lopretto 1995; Collins et al. 2002).

The analysis of this fauna entails to interpret macrocrustacean life in these
unstable environments. The first crustacean fossil records correspond to the
early Cambrian (550 million years ago), although they could also be placed in
the Precambrian era (Scholtz 2004). Penaeoidea prawns, most of them
marine, except for A. paraguayensis, with the most ancestral characters. The
other prawns (Stenopodidea and Caridea) would come from independent
evolutionary lines, together with Astacidea and Palinurea. The first
Anomuran record appeared in the Jurassic, so they would be closer to
Caridea and Brachyura, while many crab species appeared in the Eocene
(Schweitzer and Feldmann 2005).
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Since the radiation occurring after the effects of the Cretaceous/Paleozoic
event (K/P) (Schweitzer and Feldmann 2005), some groups and species invaded
freshwater environments, developing strategies that allowed them to survive in
unstable conditions. The beginning of radiation could have begun in the
Amazon River area for the family Trichodactylidae; in prawns, the information
is confusing, indicating a group in Central America and another one in the
Amazon. In Aeglidae, ancestors in marine sediments from Mexico (Protaegla
minuscula) (approximately 110 million years) and New Zealand (Haumuriaegla
glaessneri) were observed (Feldmann 1984; Feldmann et al. 1998). The hypothe-
ses of their entrance to South America refer to a radiation in the Indo-Pacific
region associated to the continental drift (Oligocene). The entrance would have
been from the Río de la Plata, from Chile, during the glaciations, or from the
Pacific Ocean, between Chile and Peru (Ortmann 1902; Schmitt 1942; Ringuelet
1949a, 1949b, 1949c; Perez-Lozada et al. 2004) (Fig. 11.1).

The evolution and radiation of freshwater decapod fauna coincides temporar-
ily with the formation of the Paraná River, taking part in the dynamics showed
from the beginning of this hydrosystem (see Chap. 2). These decapods came from
Atlantic species that entered through the Río de la Plata, the Amazon, through
ephemeral connections with the Paraguay River or its tributaries, and the High
Paraná River, with specimens originated in the “Mata Atlantica” region (Schmitt
1942; Ringuelet 1949b, 1949c; Lopretto 1980; Collins et al. 2002; Collins 2007).
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Table 11.1 List of Decapod taxa found in the Middle Paraná River and its floodplain ordered
systematically according to Martin and Davis (2001). Some subdivisions in the Infraorder
Brachyura were suppressed for an easier compilation of records

Suborder Infraorder Family Species Vulgar name

Drendrobranchiata Sergestidae Acetes paraguayensis Planctonic 
shrimp

Pleocyemata Caridea Palaemonidae Macrobrachium borellii Prawn

Palaemonetes argentinus Prawn

Pseudopalaemon bouvieri Prawn

Brachyura Trichodactylidae Trichodactylus borellianus Crab

Dilocarcinus pagei Crab

Sylviocarcinus australis Crab

Zilchiopsis collastinensis Crab

Z. oronensis Crab

Poppiana argentiniana Crab

Valdivia camerani Crab

Anomura Aeglidae Aegla uruguayana Pancora or 
Crab

A. platensis Pancora or 
Crab



11.2 Biological Features

11.2.1 Morphology

The body of decapods can be divided into cephalothorax and abdomen. The
first one includes cephalic and thoracic segments, where gills are closed by lat-
eral extensions. Two subgroups can be recognized in the Middle Paraná River
according to their type of gills. The first subgroup includes prawns with den-
drobranchiate gills and planktonic eggs (only one species, Acetes paraguayen-
sis). The other subgroup presents phylobranchiate gills and eggs transported
under the abdomen of the female, including Caridean prawns, “páncora”
crabs (Aegla sp., the only anomuran present in freshwater environments and
endemic of South America), and true crabs (Rodríguez 1980) (Fig. 11.2).

The cephalothorax projects a rostrum in prawns and “páncora” crabs,
being absent in true crabs. The eyes present a stalk; the first three pairs of
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thoracic appendices are small and modified for feeding. The other five pairs
of appendices are pereiopods. The abdomen is extended backwards in
prawns, while in “páncora” crabs and true crabs there is a shortening and
flexion upwards. Moreover, they have five pleopods and a pair of terminal
uropods that can show different degrees of development.

Crustacea generally have the capacity to loose appendices by autotomy or
appendotomy at certain risks or physical stress, as occurs generally in arthro-
pods (Maruzzo et al. 2005). This phenomenon has been registered, under labo-
ratory conditions, in decapods of the Middle Paraná River area as a consequence
of chemical stress caused by agrotoxics (Montagna and Collins 2006).

Prawns show a small size, reaching a maximum record of 10 cm of total
length (M. borellii) (Gonzalez-Baro et al. 1990), but being more frequent
between 15 and 65 mm of cephalothorax length (Collins 1999a). “Páncora” crabs
(Aeglidae) show mean sizes between 15 mm and 40 mm (Giri and Collins 2004),
while among true crabs (Trichodactylidae), there are small-size specimens, as
the genus Trichodactylus (between 10 and 25 mm carapace width (CW) (Collins
et al. 2006), and medium-size specimens (between 25 and 40 mm CW)
(Dilocarcinus sp., Zilchiopsis sp.) (Collins et al. 2002; Williner and Collins 2002a).

11.2.2 Growth

Growth is discontinuous, due to the rigid exocuticle, defined by two parame-
ters: the intermolt time and the increase per molt. These parameters vary
according to age, sex, temperature, population structure, type of food and
environmental quality (Collins 1997a; Collins and Petriella 1999; Renzulli
and Collins 2000; Williner and Collins 2000, 2003; Montagna and Collins
2004; Collins and Cappello 2006).

In turn, relative growth of body parts has different patterns of develop-
ment associated to endogenous and exogenous factors (Collins 2001). This
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Fig. 11.2 Drawing of the Decapod morpho-types inhabiting the Middle Paraná River.
a Palaemonidae-Sergestidae (prawn); b Aeglidae (pancora); c Trichodactylidae (true crab)
(modified from Collins et al. 2004)



defines undifferentiated phases with isometric growth, corresponding to
juveniles, and other differentiated phases, for adults, with different types of
allometric growth. The transition between phases occurs through critical
molts, indicating the beginning of gonadal maturation (Collins and Petriella
1999). The differentiation between sexes becomes important in the territorial
defense, combats, displacements and reproductive courtships (Collins 2001).
Variations in growth, as in the geometrical shape of the exoskeleton, are
observed at population, sexual and specific levels (Giri and Collins 2004).

11.2.3 Internal Medium

Hyposaline environments, as the Paraná River, guided the appearance of
mechanisms that allowed the decrease in permeability and salt losses,
assuring gaseous exchange. During intermolt, the tegument has an effective
impermeability (Fig. 11.3), being this stage longer than in marine crus-
taceans. Gills, branchiostegites and branchial chambers contribute directly in
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the some critical region and permeability condition during the molt cycle



respiration, osmosis, excretion and acid-base homeostasis (via membrane
carriers such as Na+/NH4+ or Cl–/HCO3–) (Schmidt-Nielsen 1997). The bran-
chial chamber can be shut, becoming independent of the aquatic medium for
a certain time, allowing the animals to move extensive sections through the
mainland, as observed in some crabs (Fernández and Collins 2002).

Excretion is mainly done through a gland with an excretion pore in the anten-
nal base. The primary function of this organ is to regulate the volume of fluids
and salt concentration. This gland has a long nephridial channel, probably an
adjustment to freshwater life, since it allows reabsorption of salts, producing a
fluid that is hypoosmotic compared to haemolymph (Fingerman 1992).

Reproduction is carried out through unflagellated sperms carried inside
spermatophores. These are eliminated by a gonopore placed at the base of the
coxa of the fifth pair of pereiopods. Spermatophores are transferred to
the female by the two first pleopods. The greater specialization occurs in
crabs, in which the posterior pair acts as a piston. These crustaceans show
external fertilization and spawning.

The stomach is composed of a cardiac and a pyloric chamber. The first one
has slightly sclerotized supporting elements in its anterior wall, and the ventral
surface of the pyloric chamber presents hardened borders covered by setae of
different length. Setae transport and select the ingested material towards the
stomach (Boschi 1981; Collins 2000), varying in number, shape, size, degree of
suture and structure calcification in the different species. In the group
Dendrobranchiata, represented by the genus Acetes, a certain uniformity and
scarce stomach development are observed. Other adaptive mechanisms are the
reduction in size and sclerotized structures (Caridea), or the increase in size
and number of sclerotized structures (Aeglidea and Trichodactylidae).
Within the Decapoda, crabs show the highest development in size and organ
architecture (Icelly and Nott 1992).

11.3 Intra–Interspecific Population Interaction

Macrocrustacean populations show an ordering and spatial distribution ruled by
physical and biological factors that mark some heterogeneity within a hydrosys-
tem (Walker 1994; Carter et al. 1996). Species are co-adapted to the dynamics
imposed in the Paraná River from its formation, habitat characteristics and sta-
bility degree, being the product of a joint organic evolution (Collins 2000).

Intra and/or interspecific interactions in prawns and crabs can modify some
population parameters, as survival, growth, fecundity and/or local migration.
In turn, populations are disturbed by extrinsic and intrinsic pressures, chang-
ing their densities along the year, as occurs in other crustaceans (Palmer et al.
1996). The elimination of individuals in an area occurs frequently or rarely, for
prolonged or short periods of time, due to the intensity of the disturbance (e.g.,
flooding, drought, thermal extremes, loss of refuge) (Collins 2000).
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On the other hand, the presence of prawns and crabs in an environment
depends on the habitat-vegetation (e.g., species and plant age) - sediment (e.g.,
type of sediment and granulometry) relationship, physicochemical properties,
food abundance, presence of preys, among others (Poi de Neiff and Carignan
1997; Lercari and Defeo 1999; Pothoven et al. 2004; Collins et al. 2006). Most
lenitic environments are temporarily affected by the input and renovation of
river waters (see Chap. 3). This determines that animals be found in a difficult
situation between remaining in an environment that is drying, with the possi-
bility of dying, or migrating to search for a place with suitable conditions to
survive. When water level decreases, refuges are lost and populations of each
species are concentrated, increasing the contact between individuals
(Fernández and Collins 2002). These environmental modifications show their
effect through movements of prawns and crabs among vegetated areas, non-
vegetated areas, bottom sediments and water column, joining a daily activity
rhythm (Renzulli and Collins 2001; Williner and Collins 2002a, 2005b).

11.3.1 Spatial Distribution and Agonistic Behaviors

In nature, there is a higher proportion of species with contagious spatial
arrangement, as in prawns (M. borellii) and crabs (T. borellianus) (Williner
and Collins 2000; Collins et al. 2006). An exception was observed in
P. argentinus, since the location of an individual does not affect the pres-
ence of another one (Williner and Collins 2000). In natural environments,
the spatial pattern of this species can be determined by characteristics of
the habitat (presence or absence of vegetation), presence of competing
species and/or predators.

There is no dominant morpho in species that present random aggregation
(e.g., P. argentinus), while the prawn M. borellii changes growth rhythm
together with an increase in aggressiveness of some specimens, indicating an
agonistic behavior (Williner and Collins 2000). The determination of the
dominant morpho is demonstrated by changes in the chela and/or body size
(Karplus et al. 1991; Collins 2001). These ways of interaction involve behavi-
oral, population dynamics and evolutionary responses (Collins 1995, 1997a,
2000; Renzulli and Collins 2000; Williner and Collins 2002a).

11.3.2 Densities

Densities of Palaemonidae in the Middle Paraná River show four sequential
processes that coincide with the hydric and thermal cycles (Fig. 11.4). In certain
moments, densities can exceed 500 prawns/m2 (P. argentinus and M. borellii)
and 170 crabs/m2 (T. borellianus).

In summer, a decrease in densities is observed, together with an increase
in the hydric level in the lake area, and a higher availability of the mobile
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littoral area. This occurs by a process of dilution, together with a migratory
event towards new flooded areas or other channels.

Massive migratory processes are common in species that must find brackish
water to reproduce (see Sect. 11.5). In the Paraná River, there is only one
prawn species that has massive movements: A. paraguayensis (Collins and
Williner 2003). Mainland movements are specially observed after extreme
droughts in crabs (D. pagei) (Fernández and Collins 2002). In the Amazon
basin, the numerical decrease in the prawn M. amazonicum is associated to
migrations during floods (Walker and Ferreira 1985). In other environments,
factors that set off migratory processes are precipitations, temperature, salin-
ity and nutritional requirements (Bamber and Henderson 1994; Cartaxana
1994; Sogard and Able 1994). There is not enough information yet on prawn
and crab migrations in the Paraná River.

In autumn, the number of individuals increases due to the birth of new
cohorts and the concentration of specimens, since the littoral area decreases.
In winter, densities decrease due to several factors, for example, death of old
individuals, as occurs in higher latitudes (Rodríguez Capitulo and Freyre
1989; Spivak 1997), and/or predatory phenomena, coinciding with the
decrease in aquatic vegetation refuges. Conditions in this season favor
aggressive interactions, producing interspecific competitions (Collins 2000),
as occurs in crayfishes (Procambarus sp.) (Blank and Fingler 1996).

In spring, an increase in populations occurs due to the input of new
cohorts and migrating specimens of other subpopulations. At this stage,
reproductive aggregations, a decrease in predation, increase in available
refuges in the vegetation and in trophic diversity, and the presence of alter-
native preys in the littoral community are observed (Collins 2000).
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Fig. 11.4 Annual variations in Decapod density in the Middle Paraná River, indicating some
factors that affect them. Arrows show increasing or decreasing moments



The crab T. borellianus, closely related to the floating aquatic vegetation
(Eichhornia sp.), varies its densities along the year according to a bimodal
frequency, coexisting adults and juveniles, coupled with the hydrosedimen-
tological cycle (Collins et al. 2006). This is reflected in different mortality
rates for males and females, recruitment pulses and differential movements,
according to sex and habitat preferences for each sex (Díaz and Conde 1989).
In other tropical and subtropical crabs, simple modes in the size distribution
are observed, reflecting differences with populations of temperate regions
(Alarcón et al. 2002).

11.3.3 Microspatial Distribution

Species that coexist and have similar requirements can show displacement of
characters in some population parameters. This occurs in the most elastic
species due to the capacity to vary its needs avoiding the risk of lesions or
death. The change can refer to endogenous rhythms or, as it is observed in
palaemonids, to variations in the microspatial distribution between the lake-
side and the center (Collins 2000). Most abundant Palaemonidae in the
Middle Paraná River (M. borellii and P. argentinus) have a similar geograph-
ical distribution, but temporal and evolutionary distances in the conquest of
freshwater environments (Boschi 1981). However, they show great similarity
in their ecological requirements (Lopretto 1995; Collins and Paggi 1998;
Collins 1999b, 2005). Therefore, the microdistribution of these prawns from
the lake-side towards the interior reflects seasonal variations (Fig. 11.5).
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Fig. 11.5 Distribution of prawns P. argentinus and M. borellii in the micro-space between the
lake-side and the center of the lakes in areas with aquatic vegetation. The distribution is meas-
ured by a variation rate ((ni-n)/n), where ni is the densities of a species in a point and n is the
densities mean of species. Abobe sequences: upper layer of the water, below sequences: bottom
layer of the water body. Summer is not represented because limits are not defined



When the most aggressive species (M. borellii) is found in high densities,
the other one (P. argentinus) is found in a lower number. This situation rep-
resents a type of adjustment to a competitive pressure (Durret and Levin
1998) during a stable period (autumn), avoiding risks by attacks due to a
higher vulnerability (higher ecdysis frequency) (Kneib 1987). In non-
vegetated areas, the spatial arrangement is different for the two species. The
displacement of P. argentinus towards more internal areas of the lake is
forced by the presence of the most aggressive species (M. borellii), that
remains in the area closest to the lake-side, where food abundance is higher.

In winter, there is a spatial selection by behavior according to the thermal
tolerance of these species. In this sense, M. borellii is more frequent in the
area near the lake-side, while P. argentinus shows a higher tolerance to cold
waters. In spring, modifications are dynamic, with active changes, caused by
reproductive movements of sexually active specimens, post-larvae, juveniles
or different age groups. In turn, the increase in aquatic vegetation favors a
higher quantity of possible trophic sites, determining an increase in areas free
of competition (Collins 2000).

In summer, when the river rises and the limits of the water bodies are not
defined, new habitats are formed due to the widening of the water-land tran-
sition zone (Junk et al. 1989). The incorporation of new patches, with unex-
ploited trophic offers and unused refuges, provokes the rupture in the
microspatial distribution established previously (Collins 2000).

11.4 Trophic Relationships of Freshwater Decapods

Trophic relationships are strongly influenced by interactions of abiotic and
biotic factors (food availability, competition, risk of predation, annual cycles,
daily cycles, flood pulses, temperature, reproduction, development, among
others). Freshwater decapods are not only predators but also preys molded
by these factors that regulate and invigorate the hydrosystem, taking part in
trophic chains that involve aquatic, semiterrestrial and terrestrial environ-
ments. Prawns (Sergestidae and Palaemonidae) and crabs (Trichodactylidae
and Aeglidae) of the Paraná River are omnivorous and use different trophic
levels (Table 11.2) (Collins et al. 2007).

11.4.1 Potential Predators and Preys

The importance of decapods in the trophic webs of the Middle Paraná River
lies in their high densities and in the nutritional quality that is transferred
energetically towards different levels (Fig. 11.6). Firstly, there is cannibalism
on recently molted or smaller specimens. On the other hand, several authors
consider decapods as important components of the trophic spectrum of the
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aquatic fauna and of terrestrial organisms linked to the hydrosystem. For
example, fish (e.g., yellow catfish, “moncholos”, catfish in general) (Bonetto
et al. 1963; Oliva et al. 1981), amphibians (e.g., frogs), reptiles (e.g., vipers,
alligators), birds (e.g., herons, “biguáes”) and mammals (e.g., otters, mon-
keys) (Beltzer 1983a, 1983b; Bond Buckup and Buckup 1994; Williams and
Scrochi 1994; Gori et al. 2003; Port-Carvalho et al. 2004; Lopez et al. 2006).

Moreover, decapod potential preys, macropreys and also minor compo-
nents are included in this section. It is necessary to precise the preys obtained
from an active search, as well as those ingested passively, whose capture can be
considered as occasional (Fig. 11.6). Natural fauna supplements and satisfies
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Table 11.2 List and frequency of items found in the stomach of prawns and crabs inhabiting the
Middle Paraná River grouped according to families (* low frequency; ** medium frequency; ***
high frequency). UA unicellular algae; FA filamentous algae; C Cyanophyceae; B Bacillariophyceae;
PR plant rests; F Fungii; PROT Protozoa; ROTIF Rotifera; N Nematoda; OS Ostracoda; CLAD
Cladocera; COPCAL Copepoda Calanoidea; COPCICL Copepoda Cyclopoidea; D Decapoda; CH L
Chironomid larvae; I L other insect larvae; A Acari; T Tardigrada; OLIG Oligochaeta; S sand

Sergestidae1 Palaemonidae2,3,4,5,6 Trichodactylidae7,8,9 Aeglidae10

FA ** *** ** **

UA ** *** * *

C ** *

B ** ** ** **

PR ** *** *** ***

F * * ***

PROT *** ** *

ROTIF *** * ** *

N * *

OS *

CLAD ** ** * *

COPCAL ** ** * *

COPCICL ** * *

D * *

CH L ***

I L * *** *** **

A *

T ***

OLIG ** *** ** **

S *** *** *** ***

1Collins and Williner 2003, 2Collins and Paggi 1998, 3Collins 2005, 4Collins and Williner 2001, 5Collins 
and Williner 2002, 6Collins 1999b, 7Williner and Collins 2002a, 8Williner and Collins 1999, 9Collins and 
Williner 2005, 10Williner 2003



consumers with macronutrients (proteins, lipids, and carbohydrates) and
micronutrients, such as vitamins, cholesterol, phospholipids and minerals in
an environment where some elements are not quantitatively bioavailable
(Collins 2004). Common preys of larger sizes (e.g., insect larvae and
oligochaetes) provide high proportions of proteins. Planktonic elements, i.e.,
phytoplankton (e.g., green algae and diatoms) and zooplankton (e.g., cladocer-
ans, copepods), play an important role in some moments of the ontogenetic and
seasonal cycles, providing micronutrients.

11.4.2 Trophic Habits—Trophic Ecology

The feeding habit of many decapods shows changes in relation to larval
development. However, prawns and crabs in the Paraná River have a short
larval development, except for A. paraguayensis and P. argentinus (see Sect.
11.5). Although the most frequent habitat is the benthic-littoral area, the first
post-hatching stages of the previously mentioned species have a planktonic
activity (Boschi 1981; Collins 1999a, 1999b; Collins and Williner 2003).
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Fig. 11.6 Predators and preys of Decapods in the Middle Paraná River considered non-aquatic
and aquatic environments. Fine line predators, thick line preys (straight line more important,
dotted line occasional uses)



The most consumed resources are oligochaetes and insect larvae (Table
11.2), except for D. pagei and A. uruguayana (Williner and Collins 2002a;
Collins et al. 2007). The orders Diptera, Tricoptera and Ephemeroptera are
the most common ones and the family Chironomidae, the most abundant one
(mainly Chironomus sp. and Parachironomus sp.). Oligochaetes Dero sp. and
Prístina sp. are the most frequent genera. Based on the optimal foraging
theory, these species represent an energetic equation favorable to the gain-
cost relationship in the obtaining, manipulation and digestion of food
(Popchencko 1971; Bouguenec and Giani 1989; Collins and Paggi 1998).

Microcrustaceans are frequent in prawns’ diets and somewhat less frequent
in those of crabs (Table 11.2), including ostracods (e.g., Cypridopsis sp.), clado-
cerans (e.g., Macrotrix sp., Chydorus sp., Bosmina sp., Bosminopsis sp.) and
calanoid and cyclopoid copepods (e.g., Notodiaptomus sp., Diaptomus sp.,
Macrocyclops sp., Eucyclops sp). Protozoa (e.g., Diflugia sp., Chlamidaster sp.)
and rotifers (e.g., Brachionus sp., Keratella sp., Lecane sp.) are also registered.
These groups have representatives in the planktonic, benthic and pleustonic
communities (see Chaps. 9, 10).

Filamentous algae (e.g., Basicladia sp., Oedogonium sp., Zignema sp) and
unicellular algae (e.g., Coelastrum sp., Ankistrodemus sp., Euastrum sp) are
very common in macrocrustacean diets. Diatoms (e.g., Gomphonema sp.,
Navicula sp., Bacillaria sp.) are also common in the diet of some crabs and
prawns (Devercelli and Williner 2006). Rests of aquatic vegetation are numer-
ous and observed in a high frequency (Fig. 11.7).

The selection is carried out towards large preys of slow movements and
not towards those evasive and small ones, which can be explained by the
energy optimum balance. In turn, food selection fluctuates according to
cycles and movements of preys, e.g., vertical and horizontal movements,
availability, circadian cycle, seasonal cycle (Collins and Paggi 1998; Collins
1999b; Collins et al. 2006).

11.4.3 Rhythms, Cycles

The trophic activity in macrocrustaceans occurs during all day but not
with the same intensity (Fig. 11.8). Age and development state are also
variable, being more irregular in juveniles than in adults (Collins 1995,
1997b). The cycles can be modified according to the elasticity of each
species and their capacity to respond to an external pressure (Giri et al.
2002; Collins 2005). The crab D. pagei usually eats animals (e.g.,
oligochaetes, rotifers) at night, associated to the incorporation of sand and
sediments from benthos, whereas its daily ingestion is related to aquatic
vegetation. This variation indicates feeding and refuge-searching move-
ments (Williner and Collins 2002a).

Seasonal changes in trophic activity are associated to the presence and
abundance of potential preys and to the influence of the thermal cycle, cou-
pled to the nutritional need of these macrocrustaceans (Collins et al. 2007).
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Fig. 11.8 Index of stomach repletion of prawns and crabs during various daily cycles (mean
values and standard deviations). Scale: 0 (empty) and 5 (completely full of food stomach) (mod-
ified from Collins 2000; Williner and Collins 2002a; Collins 2005; Collins and Williner 2005)

Fig. 11.7 Importance relative index (IRI) of the main food items found in the stomach of
prawns and crabs that inhabit the Middle Paraná River (mean values, annual or daily
cycles and of various sampled sites). UA unicellular algae; FA filamentous algae; B
Bacillariophyceae; F Fungii; PR plant remains; PROT Protozoa; ROTIF Rotifera; CLAD
Cladocera; COPCAL Copepoda Calanoidea; COPCICL Copepoda Cyclopoidea; CH L
Chironomid larvae; I L other insect larvae; OLIG Oligochaeta (modified from Collins and
Paggi 1998; Collins 2000, 2005; Williner and Collins 2002a; Collins and Williner 2003; Collins
et al. 2007)



In the Middle Paraná River, higher food consumption occurs at the begin-
ning of spring until autumn, when macrofactors (hydric and thermal cycle)
show their maximum values (see Chap. (3)). In this period, growth, develop-
ment and reproduction are active events, requiring that the trophic activity
accompanies successfully (see Sect. 11.5).

In winter, macrophyte cover area decreases due to cold and low river
water, so microcrustaceans and other planktonic groups are used as an alter-
native food source. Meanwhile, in spring, diversity and abundance of algae
and plants increase. These ones provide vitamins and essential substances,
allowing an optimum and more frequent ecdysis, together with a successful
reproduction (Collins 2000).

11.5 Reproduction in Freshwater Decapods

11.5.1 Fertility and Type of Development

From the morphological point of view, decapods are considered as adults
when secondary sexual characters are recognizable. However, not all species
begin the reproductive season involving the complete adult population. The
ovarian maturation of decapods in the Paraná River begins with the increase
in temperature, and several spawnings occur during the year. In general,
hatched individuals are similar to small adults, except for A. paraguayensis
and P. argentinus that free less developed larvae. The time they are inside the
egg is greater than that of marine decapods and the number of eggs is lower
(Boschi 1981; Collins 2000; Collins et al. 2004).

In the Middle Paraná River, ovarian maturation firstly begins in prawns
(end of July until the beginning of August), and immediately follows in tri-
chodactylid and aeglid crabs. In the former, according to the species, there
are differences in the degree of female participation. In M. borellii, the
reproductive season begins with females of larger sizes (>16 mm CL),
whereas all sizes of P. argentinus participate from the beginning (8–20 mm
CL) (Collins 2000). Earlier gonadal maturation of large specimens of
M. borellii is another evidence of a hierarchical structure (Williner and
Collins 2000).

The following observable manifestation is the presence of ovigerous females,
which occurs from August in P. argentinus and from September in M. borellii
(Fig. 11.9). Crab ovigerous females (e.g., T. borellianus) appear at the end of
winter (August) and are observed until March, with higher occurrence values
in November and January (Collins 2000; Collins et al. 2006).

As an adjustment to freshwater environments, prawns and crabs produce
a low amount of eggs and of larger sizes than those registered in marine envi-
ronments. Their number oscillates between 136 and 174 in P. argentinus, and
between 86 and 107 in M. borellii (Collins 2000). The time they take until
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hatching, according to the type of development, is higher in crabs than in
prawns. Among the latter, P. argentinus requires the lowest time, since it
hatches as a mysis larvae with planktonic habits and positive phototaxism
(Boschi 1961, Menu Marque 1973). On the other hand, eggs of M. borellii
hatch as benthic post-larvae, with similar characteristics to those of adults
(Boschi 1961) (see Sect. 11.4). According to Jalihal et al. (1993), they are
classified as prawns with partially abbreviated larval development within the
category II (see Discussion).

In crabs, the development is complete (Magalhães 2003); organisms are
small and morphologically similar to adults, remaining free on their mother
or near her. Aeglidae are born as juveniles, very similar to adults, with benthic
habits and parental care (Bond-Buckup et al. 1998; López Greco et al. 2004).

There are many types of larval development in Decapods. According to
considerations by Jalihal et al. (1993) and Pereira and Garcia (1995), prawns
inhabiting the Middle Paraná River should be considered as category IIB
(partially abbreviated development). However, pereiopods and pleopods of
M. borellii are functional, according to category III (completely abbreviated
development). In accordance with Jayachandra (2001), palaemonids origi-
nated in marine environments but, afterwards, some species evolved,
migrated and established in estuary and freshwater environments. The abbre-
viated larval development is interpreted as an adaptive radiation to freshwater
environments, converging independently due to the most recent selective
pressure (Pereira and Garcia 1995; Jayachandra 2001). These notions are
argued considering that crustaceans would not be monophyletic (Schram and
Konemann 2004).

11.5.2 Male:Female Relationship (Sex Ratio) and its Variations

In general, a 1:1 relationship is observed in prawns, with variations related
to the environment and moment of the year (Collins 2000). In crabs, a
higher presence of females has been observed, except at the end of winter
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Fig. 11.9 Percentage of prawn adult females that participate in reproduction during the year
in Middle Paraná River environments



and in spring (Williner and Collins 2002a). The variation in the male:
female ratio in T. borellianus is negatively correlated with river height;
however, there is no relation with other parameters (e.g., temperature and
aquatic vegetation). In this case, males show a higher numeric variability,
indicating reproductive movements (Collins et al. 2006). Migration models
in which males precede females and juveniles in a reproductive displace-
ment are common in some marine crabs and other decapods (Miquel et al.
1985; Fransozo et al. 2003). The higher number of males (D. pagei and 
T. borellianus) coincides with a higher proportion of reproductively active
females (end of winter-spring) (Williner and Collins 2002a; Collins et al.
2006). On the other hand, variations in the sex ratio can be explained by
death of large specimens, as in other decapods (Spivak 1997), whereas the
loss of large males could be caused by competition or predation effects (see
Sect. 11.4).

11.5.3 Reproduction and Environment

In the two most abundant prawns of the Paraná River there are temporal
and spatial differences that allow the reproductive success. The highest pro-
portion of females with gonadal maturation firstly occurs in P. argentinus
and, afterwards, in M. borellii (Collins 2000). In females of the latter, there
are qualitative observations that show that largest specimens establish a
reproductive territory. This, as well as courtship between males and females,
is common in species of Macrobrachium (Jayachandra 2001).

The reproductive season is prolonged between 9 and 10 months in this
region (from July to May), being shorter in higher latitudes (Schuld and
Damborenea 1987). Female gonadal development is induced by the reduction
in the level of the gonadal inhibitory hormone, as well as by the mobilization of
reserves from the middle intestine gland (hepatopancreas) and the incorpora-
tion of nutrients. This important period would be assured by environmental
conditions that govern the system since the end of winter and the beginning of
spring, favored by the production and diversification of the trophic offer and
its optimum nutritional quality (see Chaps. 7, 8, and Sect. 11.4). This situation
benefits the first post-hatching stages, generating lower intra-specific competi-
tion. In relation to macrofactors that set off the reproductive period, no direct
relationship with the increase in river flow or with rains, as occurs in Amazon
River prawns (M. amazonicum) (Collart 1988) or in prawns from Indian rivers
(M. malalmsonii) (Ibrahim 1962), has been observed.

The second cohort of palaemonids coincides with the increase in water
level, in the flooded area and in refuges, and a greater connection of lakes and
rivers. This assures a lower possibility of encounters with competitors and
predators.

Particularly, hatching of P. argentinus in mysis state occurs before post-
larvae of M. borellii (Collins 2000). The late appearance of more aggressive

Littoral Communities. Macrocrustaceans 293



post-larvae favors the development, growth and survival of more larvae of 
P. argentinus. This is added to a higher efficacy in the use of the whole water
column and the trophic resources of this last species. As mentioned before, in
the first reproductive event, adult females of the P. argentinus population
participate massively, while in the following events there is a decrease in the
number of females involved (Goldstein and Lauria de Cidre 1974; Rodríguez
Capitulo and Freyre 1989). On the other hand, not all adult females of
M. borelli are reproductively active (Fig. 11.10). This could be understood as
an action tending to reduce the risks of lesions by attacks and predation of
the more aggressive prawns. The post-hatching spatial and trophic competi-
tion decreases in the first reproductive event of these sympatric species
(Collins 2000). The intimate mother-juvenile relationship at the first stages in
trichodactylids (Alarcón et al. 2002; Mansur and Hebling 2002) and aeglids
includes parental care, which decreases the risks in juveniles. After the asyn-
chronous hatching, juveniles of A. uruguayana remain between 3 and 4 days
with the female (López Greco et al. 2004).

11.6 Abiotic Factors Influence in Decapods

Diverse abiotic factors condition the existence of macrocrustacean fauna in
the Middle Paraná River, in contrast with other large rivers. Firstly, we should
refer to the thermal seasonality of the environment, i.e., there are moments of
the year with temperatures higher than 40°C and others that are below 10°C.
There is also a wide range of salt concentration in diverse aquatic environ-
ments, e.g., there are specimens living in environments with conductivities
from 60–7,000 µS cm−1. On the other hand, there is also tolerance to lake desi-
ccation (Fernández and Collins 2002; Collins 2005; Collins unpublished). As
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Fig. 11.10 Reproduction and possible adjust to be successful reproductive season. Sequences in
reproductive event of freshwater decapods and relation between macrofactors and process in
annual cycle



has been mentioned previously, these factors condition different aspects of
the biology and ecology of this group.

Temperature and hydrometric level vary along the year. For example, the
extremes in water level couple with those of temperature, so, in some cir-
cumstances, it is complex to determine the influence of each factor. In other
decapods, survival is affected by temperature (Chul-Woong and Hartnoll
2000; Carmona-Osalde et al. 2004; Paglianti and Gherardi 2004; Díaz et al.
2002), but there are some species that show some type of tolerance to extreme
temperatures.

Growth is also affected by temperature, in the molt increase as in the inter-
molt periods (Hartnoll 1982; Wu and Dong 2002). In T. borellianus, varia-
tions in temperature affect the intermolt period, without modifying the
increase by molt (Renzulli and Collins 2000). This becomes more complex if
we consider the beginning of the ovarian maturation. In P. varians, there is a
reduction in the intermolt period when temperature increases (Jefferies
1964), whereas in P. argentinus (Felix and Petriella 2003) the increase in tem-
perature does not modify the frequency of molt, since ovarian maturation
would be producing a higher influence.

During low waters, refuges are lost and populations concentrate. If the
water volume decreases drastically, chemical conditions of lakes, swamps or
marshes become limiting for the existence of decapods (extreme decrease in
oxygen, increase in organic matter decomposition and ionic concentrations,
production of harmful gases, changes in pH, among others). The existence of
decapods and their permanence suggest the use of diverse strategies as
adjustment to these temporary hydrosystems.

As a first strategy, freshwater crustaceans respond to the decrease in oxy-
gen in the water increasing the ventilation rate (Taylor and Taylor 1992;
Schmidt-Nielsen 1997). This ventilatory response is necessary but becomes
insufficient in certain extreme moments in which they might need other com-
pensatory mechanisms, as the increase in the concentration of haemocyanin,
the use of anaerobic processes, or the decrease in the metabolic rate
(Schmidt-Nielsen 1997).

11.7 Conclusions

Decapods of the Paraná River have evolved together with the Paraná River and
the own characteristics of the littoral community that lives in it. Species show
special biological characteristics that allow their development in these hypoos-
motic and unstable environments, although some of them still maintain char-
acteristics reminiscent of marine decapods. The Paraná River maintains active
and passive exchanges with the Amazon hydrosystem through regular con-
nections, as well as with the “Mata Atlántica” region. The Parapeto River, the
Izozog swamp, the Mamore River and the Timane River, which posteriorly
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drains into the Pilcomayo River, could be active corridors of decapods. Other
rivers, as Jauru and Guapare, tributaries of the Paraguay and Amazon rivers,
would allow movements of crabs that could walk in the mainland. Despite the
low biological diversity of this group, the Middle Paraná River hydrosystem
bears high decapod densities with biological and behavioral mechanisms that
allow them to coexist. Therefore, it is an important group in the transference
of matter and energy within the aquatic system, as well as towards the semi-
terrestrial and terrestrial systems.
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12.1 Introduction

The middle section of the Paraná River shows a great richness of habitats,
constituting an environmental mosaic, due to its spatiotemporal dynamics,
inhabited by several fish species with different life strategies. The important
degree of connection among environments and the displacements of fish
populations in the channel–floodplain complex favor the processes of colo-
nization and the participation of these species in complex trophic webs that
link different divisions of the system. As in other large floodplain rivers, the
extension of periodically flooded areas and the duration of flood pulses influ-
ence productivity and diversity of species (Junk et al. 1989; Neiff 1990). High
fish diversity and productivity are observed in this section of the Paraná
River (Bonetto 1986). Although the study of ichthyofauna in this area began
a long time ago, there are still many aspects of their biology and ecology that
should be deeply investigated.

12.2 Richness, Distribution and Abundance of Species

From the ichthyogeographical point of view, this region is part of the
Subtropical domain of the Guyanese-Brazilian subregion, “Parano-platense”
(e.g., Paraná River and Río de la Plata) province (Ringuelet 1975). Most fish
species inhabiting the Middle Paraná River have Brazilian origin. The Paraná
River could have had an essential role in their penetration, acting as a fau-
nistic corridor and facilitating the entrance of tropical and subtropical ele-
ments of the aquatic fauna (Lopez et al. 2005).

In the “Parano-platense” province, there are currently 422 native fish species,
representing 92% of Argentine continental fish and approximately 10% of
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neotropical fish (Lopez 2001). Most represented orders are Characiformes (147
species) and Siluriformes (150 species). These groups also constitute the main
fish component of other large Neotropical rivers (Lowe McConnel 1987). In the
Middle Paraná River, there are 216 fish species (Drago et al. 2003), belonging to
nine orders and 35 families (Table 12.1); this diversity is related to the important
habitat richness of its great flooding area (Neiff 2001).

In these lotic systems, characterized by their great variability at different
scales, the fish habitat becomes a continuous “trade-off” between that vari-
ability and life requirements (Leveque 1995). Considering life histories of the
main species and their use of the habitat, Middle Paraná River populations
can be grouped into three great categories, described by Welcomme (2000):
species that mainly use the channel, those that mainly inhabit the lakes, and
those whose life cycles involve the use of different types of habitats. Synthesis
of the spatial distribution and relative abundance of species in the Middle
Paraná River have been recently carried out by Drago et al. (2003) and Menni
(2004). The first authors characterized different habitats and, considering dif-
ferent information sources, assigned values of relative abundance for each
fish species. Therefore, they obtained the following information: a reduced
number of species is frequent in only one habitat unit, whereas most fish use
at least two out of three large units, e.g., the channel, the plain lotic environ-
ments and the lenitic area (Fig. 12.1). The most abundant species, frequently
captured in the three macrohabitats, are the characid “sábalo”, Prochilodus
lineatus, and small characid species, commonly called “mojarras” (Astyanax (A.)
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Fig. 12.1 Percentage representation of the registry of fish species per habitat of the Middle
Paraná River (adapted from Drago et al. 2003). MC main channel; LO lotic environments of the
flooding valley and LE lenitic environments
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Table 12.1 Taxonomic composition of the ichthyofauna of the Middle Paraná
River (taken from Drago et al. 2003)

Order Family No. of species

Myliobatiformes Potamotrygonidae 6

Clupeiformes Clupeidae 3

Engraulidae 2

Cypriniformes Characidae 50

Serrasalmidae 8

Gasteropelecidae 1

Erythrinidae 2

Lebiasinidae 4

Anostomidae 8

Hemiodidae 3

Curimatidae 10

Characiidae 2

Gymnotidae 1

Apteronotidae 3

Rhamphichthydae 6

Silurifornes Doradidae 8

Auchenipteridae 4

Aspredinidae 4

Pimelodidae 21

Ageneiosidae 2

Hypophthalmidae 2

Cetopsidae 1

Thychomycteridae 2

Callichthyidae 5

Loricariidae 30

Atheriniformes Belonidae 2

Cyprinodontidae 1

Jenynsidae 1

Poecilidae 2

Atherinidae 2

Synbranchiformes Synbranchidae 1

Perciformes Sciaenidae 4

Cichlidae 12

Pleuronectiformes Achiridae 2

Lepidosireniformes Lepidosirenidae 1



fasciatus fasciatus and Odontostilbe pequira). Among the frequent but not
very abundant species that also use the three mentioned units are: the jaw
characin or “dorado”, Salminus brasiliensis, and medium-size Siluriformes,
as the “moncholo” catfish, Pimelodus albicans, the “amarillo” catfish,
Pimelodus maculatus, and another catfish, the “manduvé fino”, Ageneiosus
valenciennesi. In lotic environments, large and medium-size Siluriformes are
usually found and moderately abundant, such as the “surubí”, Pseudo-
platystoma coruscans, the tiger shovelnose catfish or “ surubí atigrado”,
P. fasciatum fasciatum, the duckbill catfish or “manduvé cucharón”, Sorubim
lima, the granulated catfish or “armado común”, Pterodoras granulosus, and
the ocellated river stingray o “raya” Potamotrygon motoro. In lenitic envi-
ronments, an ichthyophagous fish, the wolf fish or “tararira”, Hoplias mal-
abaricus malabaricus, is frequently and abundantly found, whereas piranhas
(genera Serrasalmus and Pygocentrus), cichlids, commonly known as “chan-
chitas” (Gymnogeophagus australis and Cichlasoma facetum), and the pike
cichlid or “San Pedro”, Crenicichla lepidota, are also found, although they are
less abundant.

The variability of local diversity patterns is related to the structural and
functional complexity of the system, influencing the availability of micro-
habitats and resources. The composition of fish ensembles in lotic environ-
ments has been scarcely explored in this section of the basin, mainly due to
the methodological difficulties for their study. Oldani and Oliveros (1984)
analyzed the composition of commercial captures in the Paraná River
(at sites near the city of Paraná, 31°42′34′′S and 60°29′7′′W) and certain periods
of presence and frequency of captures for large species. Species represented in
the channel during the hydrological cycle were the “sábalo”, P. lineatus, the
“patí” catfish, Luciopimelodus pati, the “moncholo” catfish, P. albicans, and the
“surubí” catfish, P. coruscans, being P. lineatus and Pterodoras granulosus the
most abundant ones. The use of the channel has also been documented for
large fish through the study of longitudinal migrations (Bonetto et al. 1971).
In relation to lower flow lotic environments, Demonte and Arias (2005)
surveyed all studies carried out in the Paraná River tributaries in the province of
Entre Ríos, finding a total of 66 species. The information on the structure
of lenitic communities is more abundant and diverse, since there are studies in
temporary and permanent environments with different degree of connection to
the channels, in different hydrological cycles and with different sampling efforts.

In temporary and semi-permanent lakes, periodically connected to the
Salado River, a tributary environment of the Paraná River (31°40′37′S and
60°44′22′W), Bonetto et al. (1969, 1970) analyzed the specific composition
and fish biomass during an isolation phase. The species richness was 60 for a
total capture in a lake, whereas a total of 75 species were found in 18 lakes of
the Los Sapos Island. In these temporary environments, investigated after
their connection to the river, the community was mainly integrated by juve-
niles of Prochilodus lineatus, dominating in number and biomass. Mean bio-
mass values were near 500 kg ha−1 for the Los Sapos Island and 2,000 kg ha−1
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for environments of the El Vado Island, being the latter probably influenced
by the pronounced isolation period. The important variations in structure
and biomass of fish communities in these environments have been mainly
attributed to fluctuations at the hydrometric level (Cordiviola 1992).

In other shallow environments of the Corrientes area (27°28′S and 58°59′W),
Cordiviola de Yuan and Pignalberi (1985) also proved the dominance of
Prochilodus lineatus in six out of 12 surveyed lakes, whereas in the others,
Plagioscion macdonaghi, Hypostomus robini, Potamotrygon and Apareiodon
affinis were dominant in the captures.

Several investigations have been carried out in permanent lakes of the allu-
vial valley, connected to the channels during a great part of the hydrological
cycle. In the “La Cuarentena” Lake (31°42′S and 60°37′W), connected to the
Paraná River, Tablado et al. (1988) analyzed the variations in species density
and the specific composition of the community during an annual cycle.
Twenty-eight species (belonging to 12 families, mainly Characidae and
Pimelodidae) were registered in total in non-vegetated waters. The most
abundant genus, and responsible for variations in total density, was
Prochilodus, that generally constituted more than 50% of captures. Fish com-
position, despite the permanent connection of the lake, was similar to that of
other valley lakes, with presence of sedentary species, as Hoplias malabaricus,
and diverse Loricariidae. The mean density obtained was 24.8 fish/1000 m3,
the annual mean abundance was 932 fish/ha, and the capture per unit effort
reached an annual mean of 21.5 kg/day. The variables that influenced the
changes in density were hydrometric level and temperature.

In another lake, directly connected to the waters of the San Javier River,
a secondary channel of the Paraná River, del Barco and Panattieri (1986)
also proved the influence of these environmental variables in density of
large fish. In studies carried out during two hydrological cycles in the
Tonelli Lake (Helvecia, province of Santa Fe), they found that 15 out of
16 of the studied species were associated to fluctuations in the hydro-
metric level and temperature, and 10 of them evidenced a significant sea-
sonal use of the environment (e.g., Luciopimelodus pati; Prochilodus
lineatus; Sorubim lima; Pseudoplatystoma f. fasciatum; Pterodoras granu-
losus; Ageneiosus valenciennesi and Raphiodon vulpinus were associated to
spring-summer; whereas Salminus brasiliensis and Schizodon fasciatum
were associated to winter). Density of Pimelodus maculatus increased with
the decrease in temperature, whereas captures of other species, as
Prochilodus, Raphiodon vulpinus and Luciopimelodus pati, were positively
correlated with both variables.

In 17 alluvial valley lakes, located along 680 km (32°05′S and
60°40′W–27°20′S and 58°35′W), Cordiviola (1980) sampled free and vege-
tated waters during an isolation period. Captured fish, most of them of
medium to small size, were mainly Characidae, being Odontostilbe pequira
the most abundant one. The maximum richness found in a lake was 27
species, with a record of 85 taxa for the total surveyed environments. Species
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from these environments were grouped considering their habitat use into:
open waters fish (e.g. Apareiodon affinis, Astyanax (P) bimaculatus,
Pimelodella gracilis, Parauchenipterus galeatus); open waters species that live
in vegetated habitats (Odontostilbe pequita; Pyrrhulina australis, Cheirodon
piaba, Hyphessobrycon callistus; Aequidens vittatus, Rhineloricaria parva,
Astyanax (A) fasciatum), and fish closely related to vegetation (Aphyocharax
rubropinnis, Corydoras hastatus, Gymnotus carapo, Eigenmania virescens,
Hypoptopoma inexpectatum, Crenicichla lepidota).

Different populations use the important macrophyte development in
alluvial valley lakes, of high structural complexity and abundant associ-
ated fauna (Rossi and Parma 1992). Cordiviola de Yuan et al. (1984) ana-
lyzed fish ensembles associated to marginal vegetation in the “Los
Matadores” Lake, near the city of Santa Fe, connected intermittently with
the Correntoso River. Samplings were carried out during one and a half
years and included a period of connection with the river. A total of 71 taxa
were registered; the most abundant species were Odontostilbe pequira,
Apistogramma corumbae and Characidium fasciatum. Specific diversity
oscillated between 1.25 and 3.73 bits, whereas fish density in the vegetation
was correlated with hydrometric level (r = − 0.83), showing maximum val-
ues of 232 ind.m2 during isolation. Juveniles were frequently captured,
corresponding to 59% of captured species. The use of vegetation for refuge
and feeding by juvenile fish is very frequent. Agostinho et al. (2003)
pointed out that 90% of High Paraná River juvenile fish were captured near
the macrophytes.

12.3 Migratory Displacements

The habitat use and behavioral patterns of numerous populations are associ-
ated to the hydrological dynamics, and important longitudinal and lateral
displacements have been detected in all the area from a long time ago.
Extensive longitudinal migrations have been well documented in the Paraná
River basin (Bonetto et al. 1971; Godoy 1975). Among the migrating species,
large Siluriformes, such as two “surubí” species Pseudoplatystoma coruscans
and P. fasciatum fasciatum, and Characiformes, as the “sábalo” Prochilodus
lineatus, the “dorado” Salminus brasiliensis, and the “boga” Leporinus obtusi-
dens, were observed. These species, that do extensive displacements upstream
to reproduce, spawn in lotic environments and in high water phase, so eggs
and larvae are dragged by the current downstream, colonizing the lakes con-
nected to the alluvial valley, where their initial growth is produced (Bonetto
1976). Adult fish displacements downstream have been attributed to trophic
purposes, due to the enormous richness and production of the alluvial plain.
Similar migratory behavioral patterns have been registered in other
Neotropical fish species (Godoy 1975; Agostinho et al. 1993).
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Due to the increasing fragmentation of lotic systems and the important
magnitude of their displacements, these migratory species are threatened in
all large fluvial systems. Quiros and Vidal (2000) evaluated the conservation
of distributional areas of migratory species in the lower section of the
Paraná River, after the construction of several dams upstream, and found
that these potamodromous fish maintain their position in the main chan-
nel, despite the regulation in the upper sections of the basin. Therefore,
these species retain the migration patterns adjusted to the systems of pris-
tine rivers, so that, in addition to the hydrometric level and temperature,
other factors would act as triggers of the longitudinal displacements
upstream.

Lateral displacements, that allow the use of lenitic environments and
associated channels, have been scarcely documented in alluvial plains
(Bonetto 1986; Cox Fernandez 1997). Cordiviola de Yuan (unpublished)
registered lateral displacements of fish within the floodplain, through the
use of a trap placed at the mouth of access to the so called “Don Felipe”
watercourse (a lenitic environment associated to the Santa Fe River). The
fishing art used in this study allowed to register the movement of fish
(entrance to or exit from the watercourse), and abundance, sex, and
gonadal developmental state were also recorded. The trap, placed in high
water phase, was daily controlled for two months. The results obtained
demonstrated that the highest percentage of displacing specimens corre-
sponded to Prochilodus, followed by Salminus, Leporinus, and the yellow
catfish, Pimelodus maculatus, together with different Loricariidae, and
smaller fish. Captured specimens of Prochilodus (n = 78), representing
lengths of 34–58 cm, and ages between 1 and 4 years, mainly corresponded
to females (70%). In relation to the direction of their displacements, most
of them were going inside the watercourse (95%), and were mostly
spawned, whereas those that were going outside the watercourse towards
the river were all mature. In the case of males, from a total of 23 specimens,
96% were captured going inside the watercourse (77% of them were
mature, 18% in the post-evacuation phase and only 5% were resting), and
the only specimen that was going outside the watercourse was mature.
These results coincide with those obtained by Tablado et al. (1988) in rela-
tion to the detection of recently spawned fish in lenitic environments con-
nected to a channel.

Other lateral displacements that were not much documented are the
movements of young fish among different environmental units. Observations
carried out in the lower section of the Salado River recorded a massive migra-
tion of juvenile “sábalos” (Rossi unpublished). In March 1988, when the river
level reached 3.40 m (Santo Tomé’s hydrometer) and the Los Sapos Island
lakes were connected to this channel, the displacement of shoals downstream
was observed for two days. Fish concentrated in circles and moved near the
surface. The capture of 113 specimens showed a structure of homogeneous
lengths and an optimum condition state (Fig. 12.2).
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12.4 Reproductive Strategies and Life Histories

Floodplain rivers biota generally presents a high annual growth and high
mortality rates, and develops life strategies to colonize large areas. In this
way, the fauna can subsist in these systems, in which the great variability in
the hydrological regime from one year to the other produces different acces-
sible flooding areas, optimum for their growth and survival (Bayley 1995).

In large alluvial valley rivers, the synchronization between flood pulse and
reproduction of migrating fish species has been recognized from a long time
ago as an adaptive strategy that allows them to assure survival through the
access to lenitic environments with a higher offer of refuge and food
(Welcomme 1979). This interpretation, proposed by Bonetto (1976) for all
migratory fish of the Paraná River, is assumed in the concept of “flood pulse”,
when the main function of the river channel is being the migrating route and
the dispersing system for populations to have access to resources and refuges
(Junk et al. 1989). The mobile littoral provides excellent breeding areas dur-
ing the flood, so that many fish species anticipate those conditions when
reproducing before or during the increase in flow (Bayley 1995).

As in other large rivers, in the middle and lower section of the Paraná
River, the ichthyoplanktonic drift, generated by spawning of migrating fish,
is produced in high water phase, during spring-summer (Oldani and Oliveros
1984; Oldani 1990; Rossi 1989; Fuentes and Espinach 1998). The increase in
flow constitutes a synchronizing trigger of spawning for these species,
whereas temperature and photoperiod act as predictors that set off gonadal
maturation (Vazzoler et al. 1997). This synchronization, that reveals the deep
adjustment of these species to the dynamics of the hydrological cycle, coin-
cides with the pattern observed in the drift of the main neotropical
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rheophilous species (Nakatani et al. 1997; Araujo Lima and Oliveira 1998;
Merigoux and Ponton 1999; Mantero et al. 1999).

The temporal distribution of ichthyoplankton in surface waters is charac-
terized by one or two drift pulses of higher intensity during the reproductive
season, with maximum densities of 44.6 larvae/m3 in the main channel
(Fig. 12.3). The magnitude of these drifts reflects the importance of all the area
for reproduction, especially if values obtained in other sections of the Paraná
River are considered (Bialetzki et al. 1999; Fuentes et al. 1998). Therefore, this
area has an extraordinary value for the maintenance and conservation of
these populations.

In relation to ichthyoplankton composition, Prochilodus lineatus is the
most abundant species, whereas the representation of Leporinus obtusidens,
Salminus brasiliensis, Pimelodus maculatus, Pseudoplatystoma coruscans and
Sorubim lima is generally lower and more variable from year to year. The size
and age structure is heterogeneous: Characiformes Prochilodus lineatus and
Leporinus obtusidens are always found at the first developmental stages,
whereas Salminus brasiliensis and Pimelodidae are found in more advanced
larval stages. This structure demonstrates the spatiotemporal variability of
reproduction in the main species and the existence of spawning sites in dif-
ferent sections of the basin (Oldani 1990; Fuentes and Espinach 1998; Fuentes
et al. 1998).

When analyzing the composition of larval drift and the gonadal develop-
mental state, Oldani and Oliveros (1984) considered the middle section of the
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Fig. 12.3 Temporal distribution of ichthyoplankton in the Paraná River in relation to the
hydrometric level (Paraná Port) during a high water phase



Paraná River as the spawning and breeding site for P. lineatus, L. obtusidens;
P. albicans and Sorubim lima, and only a breeding area for S. brasiliensis and
P. coruscans. On the other hand, numerous species whose life cycles are
mainly found associated to lenitic environments of the alluvial valley and that
can do short displacements show complex reproductive behaviors. Some of
these species have partial spawnings and external fecundity, as numerous
members of the family Characidae, whereas others, as Hoplosternum littorale
and Hoplias malabaricus, build nests and show parental care.

12.5 Feeding Habits

The great productivity and diversity of the alluvial plain constitutes an
important source of trophic resources for fish and, since a long time ago, its
importance in relation to the channels, with a lower offer of resources, has
been emphasized. Among mesohabitats of lotic environments, those that
show a lower current flow, as the bank areas, generally constitute more favor-
able feeding sites.

Fish show a great diversity of feeding habits that allow them to develop differ-
ent behaviors and use a wide variety of aquatic (and even terrestrial) resources
(Gerking 1994). The flexibility in the feeding behavior is another characteristic of
fish species, revealed by spatial, temporal and ontogenetic changes in the diet,
frequently related to changes in accessibility and availability of resources.

Spatial changes in the diet have been proven in species of lenitic envi-
ronments, showing an important flexibility in relation to the availability of
vegetated areas. Thus, Astyanax abramis behaviors as omnivorous, consum-
ing a great amount of plants in macrophyte-abundant lakes, and as carnivo-
rous in non-vegetated lakes; Corydoras paleatus presents a carnivorous diet
in vegetated lakes and an omnivorous diet in non-vegetated lakes due to its
high algae consumption, whereas Odontostilbe piaba consumes different pro-
portions of algae and invertebrates in those environments (Oliveros 1980).
Some species also show changes in their diets when they feed in the channel
or in the lakes, as Pimelodus maculatus (Montalto et al. 1999).

Seasonal changes in the diet are observed in numerous species that, in some
cases, as the Pimelodus catfish, can adjust rapidly to changes in availability of
resources produced by flooding. Such plasticity in the feeding habits, as well as
the abundance of generalist species in these lotic systems, constitutes another
evidence of the adjustment of species to variations in the hydrological regime
(Junk 2000). The use of terrestrial organisms is also an interesting component
of fish feeding strategies in these systems. Among these organisms, frequently
dragged by washout of marginal areas, we find the Formicidae, consumed by
small and large species (as the characid “mojarras”, Astyanax, Pyrrulina aus-
tralis and “monedita”, Toracocharax stellatus, and the catfish, Ageneiosus
valenciennesi (Oliveros 1980, Oliveros and del Barco 1991, Arias and
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Rossi 2005). Their capture is frequently carried out in surface waters and has been
proven at connection sites during the flood phase (Gogniat and Rossi 2007).

The accidental introduction of the exotic mollusk Limnoperna fortunei
(registered for the first time in the Paraná River in 1996), enriched the offer of
resources and began to be used by numerous fish populations, modifying the
trophic webs of the system. Montalto et al. (1999) registered their consumption
in 9 out of 39 studied species, being very frequent in the diet of Pterodoras gran-
ulosus (with records of up to 150 mollusks in only one specimen), the characid
Leporinus obtusiden , the catfish Pimelodus maculatus, Pimelodus albicans,
Pimelodus sp. and Hypostomus cfr. Laplatae. Bechara et al. (1999) also registered
their consumption in several omnivorous fish species downstream of Yacyretá
Reservoir. The habits of this invasive species are epifaunal, in contrast with
those of native mollusks, so it can colonize benthos and periphyton. This fact
favors its availability for fish with different feeding habits. The great floodplain
extension offers L. fortunei a great availability of substrates, and prolonged
floods would favor its expansion and colonization (Montalto et al. 1999). The
consumption of planktonic larval stages of L. fortunei by fish larvae of different
species (mainly Pimelodidae) has been proven in different lotic environments
of the Middle Paraná River (Rossi and Ezcurra de Drago unpublished).

The ontogenetic changes in the diet of several species reveal interesting
behaviors related to changes in habitat and associated to the dynamics of
the hydrological cycle. Thus, the early life history of P. lineatus appears as
a good example of Bonetto’s model (1976), which emphasizes the impor-
tance of the access to lakes for their first feeding. This species, during its
lotic drift in the main channel and in the secondary channels, is found in
early developmental stages and with a high intestinal emptiness, so it is
highly probable that it would not begin its external feeding under these con-
ditions (Oldani 1990; Fuentes et al. 1998; Rossi 2001). On the contrary, in pro-
tected and vegetated lotic habitats, as the banks of tributary rivers, characid
“sábalos” exploit the littoral communities and continue their growth (Rossi
1992). In these habitats, an important ontogenetic change is produced in their
diet, beginning as planktivorous fish and becoming early detritivorous fish,
obtaining detritus from the roots of floating plants through profound
changes in their trophic morphology. Therefore, the diversity of habitats,
related to the lateral dimension of the river-floodplain system, used by this
species during all its early ontogeny, constitutes a valuable gradient of condi-
tions and resources for its survival and recruitment. The tolerance to starva-
tion during these first life stages, that has been experimentally demonstrated
(Libertelli and Espinach Ros 1994), should contribute to its survival in the
channel until colonizing more favorable areas, abundant in refuge and food.

Salminus brasiliensis, one of the main piscivorous fish in the system, initially
consumes zooplankton and then begins to consume fish, predating on fish lar-
vae (mainly Prochilodus) from 14 mm of total length (Rossi 1989) during its
lotic drift by the Middle Paraná River main and associated channels. Therefore,
the channel conditions seem to be unfavorable for Prochilodus, not only because
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of its high starvation, but also because of the risk of predation by sympatric
ichthyophagous fish as Salminus. The early ingestion of fish observed in larvae
of this species allows them to acquire a rapid specialization in its feeding habits,
using an abundant resource available during the summer. The early piscivory
and the use of detritus and substrate during ontogeny have also been proven in
fish of other Neotropical systems (Merigoux and Ponton 1998).

Other fish species of the Paraná River also use the channel as the first breed-
ing area. Thus, larvae of Pimelodidae exploit the zooplanktonic component and
accidental-drifting organisms (as insects and oligochaetes) that enrich the chan-
nel conditions during the flood (Rossi 2001). The availability of these organisms
during the drift has been scarcely studied in this section of the Paraná River,
although being frequently retained in ichthyoplankton nets. In other fluvial sys-
tems, Amoros and Roux (1988) have also recognized the importance of the
channel enrichment with zooplankton and benthos from the alluvial plain.

The obtained information reveals that external feeding of Sorubim lima
and other Pimelodidae, as Pimelodus maculatus and Pseudoplatystoma cor-
uscans, can begin in the channel, and that larval development can be com-
pleted in the lotic compartment of the river-floodplain system. The time of
access to the valley lakes seems to be very variable for the different species;
Siluridae grow using the channel resources while they displace along them.
Thus, the river constitutes the first breeding area for numerous species, in
addition to a route of migration and dispersion for fish, so its role is essential
in the early history of these populations (Fig. 12.4). Other authors have also
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recognized the importance of the channels for fish growth and recruitment in
large rivers (Schiemer and Zalewski 1992; Roux and Copp 1996).

Hoplias malabaricus, a sedentary species frequent in alluvial valley lakes,
presents a sequence of ontogenetic changes in its diet similar to that of other
piscivorous species of the area, with an initial ingestion of microcrustaceans,
replaced by the consumption of insects and fish. Ichthyophagy is also present
early in its life cycle and its importance increases rapidly with growth, so that
juveniles already have a piscivorous diet (Oliveros and Rossi 1991). Adults,
frequently captured with their empty intestines, have a notable capacity to
bear periods of starvation that increases gradually with age. This characteris-
tic would be related to an increasingly sedentary behavior, the development
of “waiting and watching”- prey capture strategies, and a low metabolic rate
(Parma de Croux 1983b). Among the available resources in the Middle
Paraná River, detritus and littoral-community organisms represent impor-
tant feeding sources.

In a study of the diet in 71 small and medium-size species captured in
17 lakes isolated from the alluvial valley, Oliveros (1980) found that most
species showed a carnivorous diet, predominating copepods in some species
(Aequidens portalegrensis, Apistogramma corumbae, Pyrrulina australis,
Aphyocharax alburnus and Roeboides paranensis) and insect larvae in others
(Potamotrygon motoro and Geophagus brasiliensis). Although the diet com-
position of some species revealed the exploitation of different communities
(as in Moenkhausia dichroura, Aphyocharax dentatus, Trachycorystes galea-
tus, Pachyurus bonariensis, Pimelodella gracilis, and Odontostilbe pequira),
littoral macrophyte-associated organisms constituted the main source of
feeding (Fig. 12.5). This important degree of trophic participation in littoral
fish has also been registered in communities of other sections of the Paraná
River (Segatti Hahn et al. 1997).
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Fig. 12.5 Frequency of fish species that use different feeding resources in the lenitic environments
of the floodplain valley of the Middle Paraná River L: larvae, A: adults (adapted from Oliveros 1980)



The use of resources allows grouping the species into trophic categories. In
alluvial valley lakes, detritivorous, omnivorous and carnivorous (mainly
insectivorous and piscivorous) species are the most represented. The impor-
tance of detritivorous species, mainly represented by Prochilodus, has been
emphasized by Winemiller and Jepsen (1998), who pointed out that these fish
increase the ecological efficiency of trophic webs by transferring biomass
from the lower levels directly to species of higher levels, increasing the pro-
duction of piscivorous fish through these short chains.

Among the piscivorous fish, that constitute another specialized group, we
can mostly find Salminus brasiliensis, which mainly preys on Raphiodon
vulpinus, Serrasalmus sp., Prochilodus, and several Siluriformes in open
waters of the Paraná River (del Barco 1990). The representation of these cat-
egories in the trophic structure of the different habitats can change with the
different hydrological phases. In the High Paraná River, Agostinho et al.
(1997) proved that changes in the hydrological cycle strongly influence the
variability of biomass in the different categories, increasing the representa-
tion of omnivorous species in flooding periods. The gradual isolation of tem-
porary environments can also generate changes in the availability of oxygen
and resources that have repercussions on the species richness and the trophic
structure of these communities.

12.6 Respiratory Metabolism

12.6.1 Oxygen Consumption

There are different (physical, chemical, and biological) processes interacting
in a complex way to determine the amount of dissolved oxygen in freshwater
bodies. Such processes include photosynthesis and respiration, light diffu-
sion, organic decomposition, oxygen diffusion, among others. Different oxy-
gen requirements lead to a distinctive distribution of fish in accordance with
oxygen concentration in the respective habitats (Junk et al. 1997).

Knowledge of respiratory requirements in fish is very important to evalu-
ate natural fish production systems. Food requirements of fishes are related
to their energy expenditure because the energy contained in the food con-
sumed is expended on metabolism and growth.

The rate of oxygen consumption has been taken as a general measure of
metabolic rate (Fry 1957) and the quantitative dependence on body weight
was well expressed by an exponential equation. Generally, the high correlation
coefficients reflect a close correlation between both variables. It is com-
monly expressed in milligrams of oxygen per unit of weight per hour, usually
decreases as body size increases, and varies with time of day, season, tem-
perature, activity and feeding (Doudoroff and Shumway 1979; Brett and
Zala 1975).
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Laboratory measurements of metabolic parameters provide informa-
tion on energy requirements and uses in fish, but little information has
been reported in relation to middle Paraná River ichthyofauna. It is well
known that the metabolic level of fishes is related to their different degrees
of activity (Lipskaya 1974), their way of life, and behavior (Newmann
et al. 1981).

By comparing the metabolic rates of some Paraná River fish with different
types of respiratory patterns, we can acquire a good indication of the animal
needs and the way it uses O2. Although the different metabolic rates regis-
tered in these experiences characterize the behavior of the species in their
natural environment, there are only approximations, since it is not possible
to describe exactly the natural conditions.

The data obtained by Parma de Croux (1981, 1983a, 1983b, 1994) and
Montagna and Parma de Croux (2001) showed that the metabolic rate of
Hoplias malabaricus, registered at different temperatures, was lower than that
registered for Pimelodus maculatus, Pimelodus albicans and Prochilodus
lineatus (Table 12.2). Hoplias consumption was 25–39% lower than P. maculatus,
and 15–31% lower than Prochilodus at 15–20°C and 40% lower at 30°C. Some
ecological characteristics of Hoplias, such as that it is considered to be a non-
active and non-migratory species, typical of lentic environments (Bonetto
et al. 1971; Cordiviola de Yuan 1977), solitary and sit-and-wait (Winemiller
1989a; Oliveros and Rossi 1991), may explain its low metabolic rate and situate
this species in energetic advantage over other neotropical fish.

Pimelodus maculatus registered the greatest metabolic rate at the lowest
temperature, but showed a significant decrease at 30°C. When compared with
Prochilodus, it is considered to be a species with little migratory behavior,
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Table 12.2 Mean metabolic rate (mgO2/h) for different fish of the Paraná River

Species Weight (g) 15°C 20°C 24–26°C 30°C

Hoplias 10 1.30 2.05 3.01

malabaricus 50 2.98 4.92 9.01

Pimelodus 10 1.75 2.92 4.94

maculatus 50 4.41 7.35 12.08

Prochilodus 10 1.52 2.43 5.05

lineatus 50 3.93 7.15 13.70

Leporinus 10 1.30 2.20

obtusidens 50 3.76 6.34

Pimelodus 10 1.64 3.27 5.22

albicans 50 3.91 7.80 14.65

Salminus 10 4.14

brasiliensis 50 12.79



bottom frequenter and more active in fall and winter (Ringuelet 1975;
Tablado et al. 1988). Prochilodus makes important trophic, reproductive and
thermal migrations (Bonetto et al. 1981), and appears in great shoals in
spring and summer; then, the important increase in the metabolic rate
between 20 and 30°C shows that this range is the most favorable for the devel-
opment of its activities, mainly those concerning feeding. Salminus brasiliensis
is considered to be an active fish with predatory and migratory habits; then,
the high and continuous activity requires a higher respiratory rate than that
measured for other Neotropical fish species (Parma de Croux 1997).

12.6.2 Responses to Hypoxia

Reduction in the level of available oxygen has a marked effect on many phys-
iological, biochemical, and behavioral processes in fish. Restrictions in this
supply for metabolic processes, including swimming, migrating and feeding,
are likely caused by hypoxia. Adequate oxygen levels for such activities are
necessary for survival of fish populations.

Fishes can develop diverse mechanisms to subsist with small amounts of
oxygen, although there is controversy and doubt about how they are done.
Kramer (1987) describes four response categories to low oxygen availability:
(1) changes in activity; (2) increase in the aerial respiration, only possible to
some fishes; (3) utilization of the oxygen-rich surface film, known as “aquatic
surface respiration”, and (4) horizontal and vertical changes of habitat.
In behavioral ecology, the optimality theory assumes that an organism will
maximize the net rate of resource uptake or minimize the cost of obtaining a
required amount of that resource.

Very little has been done in terms of measurements of minimum oxygen
requirements in tropical and temperate fish. The main interest has always
been air-breathing fish species (Val and Almeida-Val 1995); consequently,
requirements of water-breathing fish of the Paraná River are little known.

In the studied species, the data obtained showed that the lethal oxygen
level oscillated between 0.3 and 0.8 ppm for Hoplias malabaricus, Pimelodus
maculatus, Pimelodus albicans and Prochilodus lineatus, with no significant
differences detected among species (Parma de Croux 1987, 1994).

The registry of frequency and amplitude of ventilatory movements is a
good documented change of activity in response to reduced levels of dis-
solved oxygen (Doudoroff and Sumway 1970; Saint-Paul 1984). The normal
operculum movements of these species at 20–27°C range from 16–30/min for
Hoplias, 100/min for Pimelodus, and 90–100/min for Prochilodus, and, at crit-
ical concentrations, they were increased to 104–108 for Hoplias, 200–230 for
Pimelodus, and 210–220 for Prochilodus, for similar temperature ranges.

There is some evidence that the decision of staying in habitats with lower
oxygen or moving to one with higher oxygen availability depends on the rela-
tive costs of these alternatives. The studied species have neither air breathing
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nor adaptations for the aquatic surface respiration, but they showed high
tolerance to low oxygen concentrations. The characteristics of Hoplias, such as
its low metabolic rate, large respiration surface (Fernández 1985) and other
physiological measurements (Hochachka et al. 1978b; Rantin and Johansen
1984) increase its ability to employ successfully aquatic respiration when the
environment is under periods of hypoxia.

Prochilodus and Pimelodus can decrease their metabolic rates in extreme
conditions. At the same time, they show changes in some activities, e.g., the
increment in the frequency and amplitude of the opercular movements.
These adaptations should entail the reduction of other activities, such as
feeding, which is probably the most affected one. These two species can
move horizontally and vertically in the aquatic environments searching for
better conditions, but both may be found in places isolated from the main
channel and covered with aquatic vegetation (Cordiviola de Yuan et al.
1984), where low oxygen levels can persist for several days with summer
water temperatures.

The reduction in the respiration rate and the increase in the ventilatory
frequency of these important species seem to be appropriate adaptations for
survival to hypoxia. A valid hypothesis to explain this situation would be the
existence of hematological modifications to increase oxygen carrying capac-
ity of blood and adapt to the scarce amount of oxygen available in the envi-
ronment. Much more studies will be needed in the future to confirm this
hypothesis.

12.7 Conclusions

The middle area of the Paraná River, with its extensive floodplain, has an
enormous value for diversity and productivity of basin fish.

The life strategies of these populations are deeply adjusted to the function-
ing of the system. Diverse habitats of the river-floodplain complex are used by
fish during their initial growth; therefore, channels are very valuable for some
populations, in addition to being “nurseries” of lenitic habitats. As in other
large floodplain rivers, the fluctuations of the hydrological cycle influence the
structure and dynamics of fish communities, modeling temporally and spa-
tially their trophic webs. The conservation of these populations depends, to a
great extent, on actions intended to maintain the integrity of the system.
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13 Amphibians

PAOLA M. PELTZER1,2,3 AND RAFAEL C. LAJMANOVICH1,2

13.1 Introduction

The unpredictable nature of flood and flow pulses and river floodplain net-
works create challenges for organisms, such as a variety of anuran amphibian
species, in their aquatic larval and terrestrial or semi-terrestrial life stages.
These vertebrates undoubtedly form an important component of the fauna of
floodplains and may contribute to the rapid recycling of detritus and mud
(Welcomme 1990). Moreover, anuran species is adapted reproductively and
developmentally to expansion/contraction of surface waters of riparian-
derived food organisms and water volume (McDiarmid and Altig 1999).

In freshwater amphibian ecology have been emphasized the need to consider
ecological processes at multiple scales. It is important to note that the complexity
of river–floodplain systems results from interactions between the process that
operates at spatial and temporal scales. The insight is especially relevant if we
consider the diversity of waterbodies within the floodplain, which provides
an interesting background for the study of the organization of amphibian
communities (Joly and Morand 1994). For example, in these aquatic habitats,
amphibian survivorship and breeding activities depend heavily upon large-
scale processes (landscape characteristics), such as frequency and duration of
hydrologic connections to waterbodies in a floodplain (Peltzer and
Lajmanovich 2004). Moreover, anurans are not solely dependent upon
within-pond features to determine the suitability of aquatic sites to their life
requirements. Most anurans spend the bulk of their life in the upland habi-
tats close to waterbodies, while others live in close proximity to ponds and
have small home ranges during their terrestrial life stages. In this context,
anuran are a sensitive indicator of environmental change and can be consid-
ered good measures of the state, quality, or condition of both terrestrial and
aquatic ecosystems (US EPA 2002) due to a number of inherent biological
and ecological factors (e.g., complex life cycles, thin and highly permeable
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skin at all life stages, and relatively low dispersal capabilities). While not all
of the causes are clearly identifiable, it is thought that this environmental sen-
sitivity has lead to recent worldwide declines of amphibians. In addition, con-
cerns for global amphibian declines (Gardner 2001) have increased the
urgency of understanding amphibian–habitat relationships. Thus, species-
specific differences in response to (and tolerance of) different factors further
complicate investigations of amphibian declines (Hayes et al. 2002). This is
important since factors most likely work synergistically to negatively affect
amphibian populations. For example, the nutrient-rich alluvial soils often
associated with lowland floodplains have frequently been targets of intensive
agriculture and livestock grazing. Due to direct impacts from agriculture and
other land uses, the natural terrestrial, wetland, and aquatic habitats that are
crucial for anuran reproduction and survival (e.g., forage and hibernation)
are polluted, including nutrient loading, from locations anywhere within
their catchments (Peltzer 2006). Consequently, these vertebrates may be
exposed through their ontogeny to a variety of agricultural contaminants
(pesticides and fertilizers) that are used liberally in these environments. The
detrimental consequences of xenobiotics on survival and health of anuran
amphibians have recently been documented for Fluvial Littoral of Argentina
(Lajmanovich et al. 2005a, 2005b).

Taking into account the factors mentioned above, the objective of this
chapter is to present information of 8 years (Jan. 97–March 05) regarding the
diversity and natural history (tadpole and adult characteristics, habitat use,
and reproductive traits) of anurans commonly found in riparian areas of the
Middle Paraná River in Argentina. Moreover, we analyzed data of anuran
assemblage in ponds that differed in hydroperiod and environmental fea-
tures (habitat and spatial variables).

Recently, the need for landscape-management schemes and clear agricul-
tural policies to preserve anuran and its habitats has been emphasized
because several deleterious effects on health population and communities
have been determined (Peltzer 2006). It is important to note that the typical
landscape in the Middle Paraná River floodplain presents a complex system
of islands, ponds, and permanent freshwater marshes interspersed with
riparian woodland and gallery forest, making this an important region for the
herpetofauna of Argentina. However, in the last 30 years, large parts of this
region were gradually cultivated, urbanized, and deforested, and natural
lands became severely fragmented and modified (Peltzer et al. 2003).

13.2 Amphibian Diversity and Natural History

A total of 34 anuran (Amphibia, Anura) species inhabit riparian areas of the
Middle Paraná River, distributed among six families Bufonidae, Leptodactylidae,
Cycloramphidae, Ceratophryidae, Hylidae, and Microhylidae (Table 13.1).
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13.2.1 Reproductive Modes

Table 13.1 shows the ten reproductive modes (sensu Lavilla and Rouges 1992) per
anuran species that inhabit riparian areas of the Middle Paraná River, mode 6
being the most frequent (32%), and modes 5 and 10 (2%) the less frequent ones.

13.2.2 Reproductive Pattern and Breeding Sites

Four species (12%) Physalaemus biligonigerus Odontophrynus americanus, Scinax
nasicus, and Hypsiboas pulchellus are continuous breeders (Table 13.1). The
first three species reproduce approximately 10 months throughout the year
while H. pulchellus exhibit three reproductive pauses (February until the first days
of March, June until the first days of July; middle October to November). Fifteen
species (44%) exhibit a prolonged reproductive pattern, breeding for at least 3–4
months, and the rest of the anuran (44%) are explosive breeders, reproducing
after great rains. Since most species in the Middle Paraná River floodplain prefer
temporary or semi-permanent ponds for breeding (n = 15 species both ponds,
indistinctively), the climax of the reproductive period at these unstable sites is
always limited to the rainy season (Table 13.1, October to March). A total of n = 2
species prefer temporary, semi-permanent, or permanent breeding sites and six
(n=6) anurans reproduce in either semi-permanent or permanent waterbodies.
One species (Melanophryniscus klappenbachi) only breeds in temporary ponds.

13.2.3 Spatial Guilds

The anuran species in the Middle Paraná River floodplain exhibits a mosaic of
different ecomorphological traits (Lajmanovich 2000; Peltzer and
Lajmanovich 2004; Peltzer et al. 2006). The anuran tadpoles represent three
ecomorphological guilds: benthic (B, 14 species), nektonic (N, 10 species), and
transitional between benthic and nektonic morphotypes (B-N, 10 species)
(Table 13.1). Adult anurans show differential spatial vertical position, being
both terrestrial and arboreal species the most frequent guilds (n = 12, respec-
tively), followed by semi-terrestrial (n = 7) and aquatic (n = 3) species.

13.3 Characterization of the Main Habitats that Provide
Reproduction Sites or Refuges/Food

Temporary or semi-permanent ponds in the Paraná River floodplain provide
breeding, foraging, and over-wintering sites and favorable conditions for
amphibian’s persistence (Peltzer and Lajmanovich 2004). Particularly, many
species often breed in the same pond and, therefore, to avoid competition and
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predation pressure, amphibians often show temporal segregation in the use of
breeding ponds; a common phenomenon recorded in some riverine amphibian
communities (e.g., Lajmanovich 2000; Snodgrass et al. 2000). We suggest that
the risk of reproductive failure and/or occurrence of anuran species depend on
the length of the hydroperiod and a complex network among habitat and spa-
tial factors. In the following section, we discuss relationships between habitat
(n = 8) and spatial (n = 7) variables and anuran assemblages based on multivari-
ate analyses (principal component and canonical correspondence analyses) per-
formed to reduce variables to a smaller number of independent components and
determine which variables contributed mostly to anuran composition (diversity,
evenness, and richness) variation (Lajmanovich 1997, 2000; Peltzer et al. 2003,
2006) (see Table 13.2 and Fig. 13.1).

13.3.1 Relationship among Habitat and Landscape Variables 
and Anuran Assemblages

13.3.1.1 Habitat Variables

Hydroperiod. The temporary ponds in riparian areas of the Middle Paraná River
floodplain provide a suitable habitat for reproducing only for anuran species with
shorter larval life spans, such as Leptodactylus ocellatus and Physalaemus biligo-
nigerus. These frogs lay their eggs in a foam nest on the water’s surface, giving pro-
tection from dehydration during frequent filling/drying cycles of temporary
ponds, and presenting fast tadpole development that takes place in 1–2 weeks
(pers. obs.) during the summer season. Relya and Werner (2000) pointed out
that in response to this unpredictability, some anurans show plastic strategies
on the onset of breeding or select waterbodies with a hydroperiod that is
adjusted to specific requirements for larval development. Moreover, the unsta-
ble hydroperiod of temporal breeding sites, especially during the first rains,
limits the occurrence of some anuran species. Alternatively, some species may
breed in these habitats during heavy and continuous rains or when these sites
fill with rainwater and resemble permanent habitats. For example, the hylids
frogs that deposit their gelatinous eggs underwater or on the water surface have
slower tadpole development (Peltzer and Lajmanovich 2004). Joly and Morand
(1994) remarked the possibility that several alternative traits may serve as
response to the same environmental constraint, or that one trait may be under
several possibilities environmental constraint. A temporal flexibility of the
breeding period appears as an adaptation to the unpredictability of water level,
for example in species of Chaunus arenarum, Hypsiboas pulchellus, and
Elachistocleis bicolor. A possible explanation for this is an adaptation to unpre-
dictable and unstable temporal habitats (Levins 1968) that show intense varia-
tion in hydroperiod (Brasileiro et al. 2005). In other words, clutch partitioning
among different sites may also be regarded as another adaptative trait used to
overcome the unstable of water retention (Joly and Morand 1994).
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Environmental factors. Heyer (1973) and Torres-Orozco et al. (2002) sug-
gested that the presence of each anuran species and hierarchical process of
habitat selection depend on both the species involved as well as environmen-
tal factors. The relationship between air and water temperature, rain, and anu-
ran composition is observed in previous studies in tropical and subtropical
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Table 13.2 Principal component loadings for anuran diversity, habitat, and spatial variables
measured at ponds from the Middle Paraná River floodplain and results of a canonical correla-
tion analysis

Principal component analysis Axis components

Variables Acronyms PC-1 PC-2

HABITAT VARIABLES

Air temp. (°C) T°A 0.45 0.04

Water temp. (°C) T°W 0.45 0.05

Turbidity (m) Tu 0.25 −0.34

pH pH 0.48 −0.02

Dissolved oxygen (mg L−1) O 0.30 −0.51

Conductivity (µmS cm −1) Cond 0.10 0.31

Rain (mm) Rain 0.47 0.05

Hydroperiod Hydr 0.26 −0.72

Cumulative of percentage 95 98
variance explained

SPATIAL VARIABLES

Pond area (m2) A 0.11 0.56

Distance to main channel (m) DMC 0.15 0.52

Side floodplain (W–E) SC 0.52 −0.21

Pond depth (m) PD 0.38 −0.11

Surface connectivity (%) PSC 0.12 −0.47

Aquatic Macrophytes (scale: 1 AM 0.55 0.36
monospecific-5 poli-specific 
vegetation)

Level of disturbances 0 natural LD 0.49 −0.23
sites-5 total degraded

Cumulative of Percentage variance 79 88
explained

Canonical Correspondence Analysis Axis I Axis II

Species-environmental canonical 0.87 0.86
correlation

Variables with high positive or high 
negative values are in bold



areas (e.g., Pombal 1997; Bertoluci 1998). It is postulated that these environ-
mental factors may influence not only the onset of the reproductive period
but also its duration. Most anuran species reproduced in a restricted period,
determining a reproductive cycle. For example, rainfall may signal water
availability, stimulating anuran reproductive activity and influencing the
breeding success (Gascon 1991). Even though most anurans breed in the rainy
season (between October and April) in riparian areas of the Middle Paraná
River, some were active even during the dry season and comprises approxi-
mately 10 months, such as P. biligonigerus, Odontophrynus americanus,
H. pulchellus, and Scinax nasicus. Like several other Neotropical anurans,
these species can be regarded as continuous breeders. In general, in riparian
areas of the Middle Paraná River, both explosive and prolonged breeders are
the most important reproductive pattern, being continuous reproduction the
fewer one. This pattern is commonly observed in seasonal environments,
particularly in the Atlantic rainforest (e.g., Bertoluci and Rodrigues 2002;
Prado et al. 2005).

pH. With respect to relationships between pH and anuran assemblages,
several studies demonstrated that increasing the acidity of waterbodies has
major deleterious effects on an amphibian tadpole’s survival. Particularly, we
observed that in some study ponds surrounded by agricultural, agroecosys-
tems decreased pH two fold and had lower anuran composition (Peltzer et al.
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Fig. 13.1 Plot of canonical correspondence analysis by anuran composition and habitat and
spatial variables. References: (Hydr) hydroperiod, (T˚W) water temperature, (T˚A) air temper-
ature, (Tu) turbidity, (pH) pH, (O) dissolved oxygen, (COND) conductivity, (Rain) rainfall, (PD)
pond depth, (A) area, (DMC) distance to main channel, (SC) side floodplain, (PSC) percentage
of surface connectivity, (AM) aquatic macrophytes, and (LD) level disturbances



2006; Peltzer 2006) not only affecting tadpoles but also adults dynamics. This
result is of particular interest because some organochlorine pesticides used
extensively in agricultural practices, such as Endosulfan, can increase the
half-time life in this acidic aquatic environment and can persist for more than
3 months. Recently, the deleterious and genotoxic effect of this insecticide on
anuran tadpoles (H. pulchellus) was demonstrated by Lajmanovich et al.
(2005a).

Dissolved oxygen. We observed that dissolved oxygen was inversely related
to anuran composition in ponds of riparian areas of the Middle Paraná River.
Especially the low level of dissolved oxygen was recorded in some ponds
located near or surrounded by agroecosystems and/or cattle presence
(Peltzer et al. 2006). High stocking rates of cattle have contributed to declines
in water quality and to the generally poor condition of many floodplain wet-
lands (Jansen and Healey 2003).

Aquatic vegetation. Several studies demonstrated that aquatic vegetation
provides spatial heterogeneity, places for attaching eggs, and protection
against pesticide contamination better than the open water (see Peltzer and
Lajmanovich 2004; Lajmanovich et al. 2003). Moreover, the availability of
aquatic vegetation as a structure in ponds can reduce the ability of fish to
observe, pursue, and capture tadpoles (Jansen and Healey 2003). In addition,
the phytophagous diets of some anuran tadpoles (Lajmanovich 2000) also
suggest that in the aquatic vegetation zones they may largely find their opti-
mal food. The high density of macrophytes makes the availability of support
for epiphytic algae highest in littoral zone of lentic waterbodies (Joly and
Morand 1997). Moreover, taking into account that livestock grazing was one
of the major disturbances detected on ponds of Middle Paraná River flood-
plain, Jansen and Healey (2003) suggested that the removal of vegetation by
cattle not only decreases water quality but also reduces an amphibian’s repro-
ductive activity.

Disturbance to the aquatic and surrounding terrestrial habitats. Riparian
forest have been described as important anuran habitats that increase the
connectivity in a landscape, providing niches for hibernation and foraging
and routes for migration (Hazell et al. 2001). We found that the anuran com-
position (diversity, evenness, and richness) was highest in temporary and
semi-permanent ponds without evidence of natural (flood) or anthropic
(urbanization, bridge, roads, livestock grazing, deforestation, and agricul-
ture) perturbations (Peltzer and Lajmanovich 2004). First, we suggest that
these patterns can be explained as a function of disturbance by flooding and
drying, with aquatic sites experiencing floods or with higher connectivity to
the main basin having the lowest anuran species diversity, evenness and
richness. In such highly unstable sites, it is likely that the entrance of major
predators (particularly fishes) of anuran tadpoles is higher, making coloniza-
tion of ponds by potential competitors. Secondly, an important decrease in
anuran composition was observed in ponds surrounding or nearby agricul-
ture or urban areas, altered by domestic livestock grazing or deforestation of
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riparian vegetation (Peltzer 2006). When the breeding sites are surrounded
by crops, agrochemicals may accumulate in the vegetation where some adult
anuran live or in nearest waterbodies by pluvial runoff, producing several
detrimental effects on its health and survival (e.g., Lajmanovich et al. 2004;
Cabagna et al. 2005). Furthermore, cleared areas experienced greater temper-
ature extremes than areas with native vegetation and consequently anuran
species’ response may be magnified, affecting exposure to daily and seasonal
climatic extremes (Hazell et al. 2001).

13.3.1.2 Landscape Variables

Area. The area of the suitable aquatic ponds constitutes one of the main
regulating factors in population dynamics, acting both on larval and adult
stages (Peltzer 2006). In other words, the carrying capacity of one aquatic site
is closely correlated to the pond size as well as the physiological/life history
traits. For example, at higher densities of anuran tadpoles, both exploitation
and interference competition interact with environmental stochasticity (e.g.,
small ponds) in increasing extinction risk (Joly and Morand 1997). The com-
petition results in subtle microhabitat partitioning among the tadpoles of dif-
ferent anuran species (McDiamird and Altig 1999), which is consistent with
differential location of microhabitat of tadpoles find in different ponds.
In accordance with Joly and Morand (1994), the highest values of anuran
composition is reached at intermediate spatial and high temporal variability.
Townsend (1989) mentioned the patch dynamic concept, assuming that at the
highest spatial and intermediate temporal variability more species can co-
exist. However, co-existence includes species other than anurans, and gener-
ally these non-anuran organisms are predacious competitors, a further
reason for the low anuran composition, particularly larval stages, which we
find in permanent riparian pond and ponds that are most frequently dis-
turbed by floods. We confirmed this in field and lab investigations (e.g.,
Peltzer and Lajmanovich 2003, 2004; Peltzer 2006), finding that anuran abun-
dance and richness were negatively correlated with the presence of potential
predators. In this sense, the presence of potential tadpole predators are more
frequently recorded in permanent ponds, particularly the presence of fishes
(e.g., Hoplias malabaricus, Astyanax spp.); however, the presence of small
predacious invertebrates (aeshnid odonate naiads: Rhionaeschna sp.,
hemipterans: Belostoma spp., hemipterans-heteropterans: Notonecta glauca,
crabs Dilocarcinus pagei, and snails: Pomacea canaliculata) are more variable
in temporal or semi-permanent ponds (Peltzer 2006).

Pond distance to the main channel and floodplain side (west or east). Within
aquatic networks of alluvial floodplains of the Middle Paraná River the anuran
composition from ponds increases with decreasing distance to the main chan-
nel and surface connectivity. One explanation for this may be that when ponds
are connected (total or partially), larval, juveniles, and adult fishes may be

Amphibians 337



exported to them, increasing the tadpole predation risk. In general, as men-
tioned previously, high-quality amphibian breeding sites are free of fish.
However, certain fish species such as Pterodoras granulosus, Astyanax spp. and
Hoplias malabaricus do colonize ponds in low-lying areas that have a connec-
tion to other water bodies during partially flooding, while large predatory fish,
such as Salminus maxillosus, Serrasalmus spp., Raphiodon vulpinus and
Pseudoplatystoma coruscans may invade these isolated ponds at times of abun-
dant rainfall and/or during drastic floods, becoming an important threat for
anuran. Moreover, in the west side of floodplain more anuran diversity, even-
ness and richness are frequently recorded (Peltzer 2006). A possible explanation
for this is the influence of the Wet Chaqueña eco-region, and, consequently,
its associated anuran lineages, for example the presence of C. granulosus,
M. klappenbachi, and L. diptyx, species that were not found on the east side.

13.4 Final Remarks

The factors that determine the presence of anuran species in ponds of the
Middle Paraná River floodplain are part of a complex network of relation-
ships that work together. These dynamics are strongly influenced not only
by habitat and spatial constraint but also on the species involved (analysis of
the natural history of each species, reproductive traits, functional types, and
spatial distribution).
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14 Reptiles

ALEJANDRO R. GIRAUDO1,2,3, VANESA ARZAMENDIA1,2, AND SOLEDAD M. LÓPEZ1

14.1 Introduction

Aquatic ecosystems and their species have traditionally been studied sepa-
rately from the terrestrial systems that surround them. This tendency is being
modified in the last decades, and the study of the great South American rivers
and their floodplains had a central role in recognizing the importance of the
interaction between aquatic and terrestrial phases to understand their func-
tioning (Junk 1997a). However, studies on terrestrial fauna associated with
wetlands are even more scarce (Gibbons 2003). There are animal groups that
have the function of relating aquatic and terrestrial ecosystems: reptiles are
one of them. Various groups and species of reptiles have adapted to live in the
water, although most of them still depend on the mainland to complete their
life cycle, developing several of their vital functions, as reproduction and
hibernation, in terrestrial ecosystems that surround the wetlands (Gibbons
2003; Roe et al. 2003). Such species are called semi-aquatic, and the peripheral
aquatic habitats and corridors that connect wetlands (e.g., flooding valley
lakes) are vital for these reptile communities (Gibbons 2003; Roe et al. 2003).
The great South American rivers, including the Middle Paraná, have exten-
sive floodplains where aquatic and terrestrial phases alternate, and flood
pulses constitute an important regulating factor in the structure and func-
tioning of their biota (Junk 1997b; Neiff 1990). However, the Amazon and
Orinoco basins are located in intertropical regions and their main rivers run
in a west–east direction, generally surrounded by tropical forests. One par-
ticularity of the Paraná basin is that its main collectors, the Paraná and
Paraguay Rivers, begin in tropical latitudes and run in a north–south direc-
tion into temperate latitudes (37° latitude S) until the Río de la Plata (Giraudo
and Arzamendia 2004). The effect of these rivers as biogeographical corridors
of tropical biotas towards temperate latitudes is a pattern indicated by
diverse authors (Menalled and Adámoli 1995; Giraudo and Arzamendia
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Argentina
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Facultad de Ciencia y Tecnología, UADER, Entre Ríos, Argentina
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The Middle Paraná River: Limnology of a Subtropical Wetland
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2004). Consequently, the Middle Paraná River biota is dominated by tropical
elements that contrast with xerophilous forests and temperate steppes that go
across it. This characteristic, added to the high heterogeneity of habitats
modeled by flood pulses, make the Middle Paraná River an area with high
species richness in relation to adjacent non-flooded lands (Arzamendia and
Giraudo 2004). Some reptiles are conspicuous fauna in the great South
American rivers (Junk and Silva 1997). The famous naturalist Alcides
d’Orbignyi mentioned in 1828: “I also saw numerous caimans and I was told
that they live further south”, when he navigated through sectors of the Middle
Paraná River. With the incorporation of reptile leather into contemporary
fashion, all crocodilians have been hunted by the thousands during the 20th
century and all species declined in numbers (Busack and Pandya 2001, see
Medem 1983 for a revision on their decline in Argentina). Although the com-
mercial capture pressure has decreased in the last decades and caimans are
again observed in the area, they are not so frequent now in human densely
populated sectors, as was indicated by d’Orbignyi in the 19th century. As with
amphibians, the global decline of reptiles has been postulated, and it has been
proven that many populations of semi-aquatic and aquatic reptile popula-
tions declined due to wetland disappearance, canalization, pollution and dam
constructions (Gibbons et al. 2000). Reptiles are among the most important
predators of the Middle Paraná River, since large mammals, as the jaguar
(Phanthera onca) or the giant otter (Pteronura brasiliensis), are locally
extinct. Crocodilians and large snakes (e.g., Eunectes notaeus, that reaches
5 m in total length) feed on all kinds of upper vertebrates and, in the Amazon
floodplain lakes, crocodilians and other reptiles can have a key function in
nutrient recycling, e.g., nitrogen (Fittkau 1973). This chapter aims to analyze
the reptile community of the Middle Paraná River floodplain, including
aspects of species richness, its main ecological traits (abundance, habitat and
substrate use, reproductive and feeding strategies), and the influence of the
flood-pulse and other environmental variables in the reptile community.

14.2 Species Richness and Ecological Traits

A total of 71 reptile species were recorded in the Middle Paraná River
floodplains (Table 14.1), including five turtles, two crocodilians, nine
lizards, six amphisbaenians and 49 snakes. The list of species recorded in
the Middle Paraná River floodplains is probably not yet complete. In the
1992–2006 period, 3,934 reptile specimens were recorded, corresponding to
56 species, and the additional taxa are reliable from literature records
(Table 14.1). Continued samples will probably add rare or secretive reptile
species inhabiting surrounding localities (e.g., Anisolepis longicauda,
Liophis flavifrenatus, Pseudoeryx plicatilis, see Cei 1993 and Giraudo 2001
for a revision of expected species). Reptile composition in the Middle
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Paraná River is still not completely known, as evidenced by the recent
description of two new species: the aquatic snake Hydrops caesurus
(Scrocchi et al. 2005) and the amphisbaenid Amphisbaena hiata (Montero
and Céspedez 2002).

14.2.1 Turtles

The five turtle species that inhabit the Middle Paraná River floodplain have
aquatic habits (Table 14.1). Phrynops hilarii, Mesoclemmys vanderhaegei,
Acanthochelys pallidipectoris and A. spixii belong to the family Chelidae and
Trachemys dorbigni belongs to the family Emydidae. Phrynops hilarii is one
of the most abundant reptiles in the Middle Paraná River (see Sect.14.4.2),
and reaches the largest size within the turtles (400 mm of carapace length).
It is frequent in ponds and lakes of the flood valley and in larger lotic chan-
nels. The other four species are scarce or rare in the Middle Paraná River.
Mesoclemmys vanderhaegei is known by a unique reference in the Malabrigo
Port (Iverson 1986). Trachemys dorbigni is a frequent species in the Uruguay
River, although with scarce records in the Middle Paraná River (Freiberg
1969; Cabrera 1998). Acanthochelys spixii inhabits the Middle Paraná River
marginally, in riverbank lakes of the province of Corrientes, connected with
the Paraná River during great floods. Similarly, Achantochelys pallidipectoris
was recorded near Resistencia (province of Chaco) (Waller 1988), in lakes
occasionally connected with the Middle Paraná River during great floods. All
mentioned turtle species are carnivorous and include fish in their diets, in
addition to vertebrates and invertebrates and, in the case of T. dorbigni, it
also consumes plants (Table 14.1, Cei 1993; Cabrera 1998).

14.2.2 Crocodilians

Two crocodilian species inhabit the Middle Paraná River (Table 14.1).
Caiman latirostris inhabits throughout the extension of the Middle Paraná
River. It is the species with the southernmost distribution in the New World,
reaching 33° of latitude S in temperate areas of the Middle Paraná River
(Waller 1987; Scott et al. 1990). Caiman yacare only inhabits the northern
sector of the Middle Paraná River, between the mouth of the Paraguay River
and 29° of latitude S (Micucci and Waller 1995). Both species have been
recorded occasionally in higher latitudes due to transport by the Paraná and
de la Plata rivers produced by extraordinary floods (Micucci and Waller
1995). In coincidence with what was indicated by Scott et al. (1990) for these
species in the Paraguay River, they are in sympatry in the northern sector of
the Middle Paraná River, showing differences in their habitat use. Caiman
latirostris is mainly found in smaller and more ephemeral wetlands of the
Aquatic/Terrestrial Transition Zone (ATTZ; Junk et al. 1989), such as
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marshes, generally highly vegetated temporary ponds, and small lotic chan-
nels. Caiman yacare inhabits permanent waters, occupying main streams, sec-
ondary and principal channels of the Paraná River and surrounding
permanent marshes, generally with wide open waters. According to Scott et al.
(1990), C. latirostris seemed to inhabit a wider range of habitats when it
occurred by itself, than when it occurred in sympatry with C. yacare.
Moreover, when both species are in sympatry, generally C. yacare is more
abundant. Scott et al. (1990) suggested, based on local people comments, that
C. yacare was aggressive toward C. latirostris and would displace it when they
came into contact. These authors suggested that “C. latirostris has been sub-
jected to more intense hunting pressure”, and that “the observations of
replacement of C. latirostris by C. yacare could be the result of a dispropor-
tionate reduction of the former by hidden hunters”. However, we have
observed that C. yacare is still more abundant than C. latirostris in protected
areas located in the Paraná River basin, where populations were protected for
decades, which does not support the hypothesis mentioned before. We consider
that probably C. latirostris can be underestimated in number since it mainly
inhabits densely vegetated sectors where it basks in the sun, which does not make
it very conspicuous and observable. On the contrary, C. yacare occupies open
waters and environments, and basks in the sun in beaches and visible sites
(Medem 1983). Both species can subsist in sectors with a high human presence,
although they can reach very high densities in sectors with low anthropic pres-
sure or in protected areas. In less accessible areas of the Middle Paraná River
floodplain, we have observed up to 16 specimens of C. yacare in 3 h of distance
covered. In the Pilcomayo National Park, a close protected area with similar habi-
tats to those of the Middle Paraná River, a population of 2,122 caiman specimens
was estimated in a 700-ha lake during a dry period (Giraudo et al. in prep.).

14.2.3 Amphisbaenians

Six species of these insectivore and fossorial habits reptiles were registered.
They occupy the highest lands in the flood valley, occasionally flooded by
extraordinary events. During these events, it is possible to find numerous
specimens of rare and secretive fossorial reptiles (amphisbaenians and
wormsnakes) that very probably suffer high mortalities in such periods. It is
probable that some specimens could subsist or that such areas could be
recolonized during the terrestrial phases.

14.2.4 Lizards

Lizards have only nine species in the Middle Paraná River (Table 14.1). Most are
terrestrial species (six), two of them inhabit the trees, and one of them inhabits
rocks and trees. None of them has special adaptations to live in the water,
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although terrestrial and arboreal species inhabit the islands of the Middle Paraná
River. Tupinambis merianae can swim and move among the islands. Most lizard
species are small and feed on arthropods. Tupinambis merianae is the largest
lizard in the Middle Paraná River, with a maximum total length of 1,500 mm.
It has an omnivorous diet, including arthropods, small vertebrates, eggs, car-
rion, and fruits (Cei 1993).

14.2.5 Snakes

Snakes are the richest reptile group, with 49 taxa. They occupy all type of
habitats and substrates in the Middle Paraná River (Table 14.1), including
various species adapted to live in the water, with a relatively depressed body
and more dorsal eyes and nostrils (Eunectes, Helicops, Hydrops and Liophis
semiaureus), modifications in the cephalic scales (Hydrops and Helicops), and
a reduction in ventral plates (Eunectes). Viviparity in Eunectes, Helicops and
Thamnodynastes is advantageous to avoid the egg loss in floods and to favor
the retention of embryos until favorable conditions appear (see Sect. 14.4.3).
The yellow anaconda (Eunectes notaeus) is a very large Boidae that reaches
up to 4 m in total length (occasionally 5 m, Scrocchi and Giraudo 2005).
Because of its size, it is one of the largest predators of the Middle Paraná
River, feeding on a wide range of vertebrates, frequently including aquatic birds
(Phalacrocorax, Euxenura, Egretta, Chauna, Aramus and Vanellus), reptiles
(Tupinambis and crocodilians), medium to large mammals (Lontra,
Hydrochoerus, Euphractus, Procyon and Cerdocyon), and fish (Cichlasoma,
Pygocentrus and Siluriformes) (Scrocchi and Giraudo 2005).

14.2.6 Species Richness Patterns of the Middle Paraná River in a Regional
and Landscape Context

The river system, with a wide floodplain, is exceptionally diverse environmen-
tally, and, hence, it normally supports high species richness, sometimes the
highest in the landscape. Riparian corridors in temperate areas have been
called “linear oases” and contain many rare or uncommon species (Forman
1995). Many animals in the surrounding matrix also depend on these corridors
for water, food or refuge (Forman 1995; Roe et al. 2003). We compared rep-
tile richness in 1° geographical cells, crossed by the Middle Paraná River,
and contiguous cells located in interior high lands of the Paraná River western
sector. A significantly higher mean richness was observed in the cells crossed by
the Middle Paraná River (means difference t = 2.90, d.f. = 14, P < 0.012). The
gradual loss of reptile species was observed when latitude increased (Pearson
correlation r2 = −0.81, n = 8, P = 0.01) in the Middle Paraná River (Fig. 14.1).
The northern extreme cell had 51 species and the southern extreme cell only
had 22 species.
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14.3 The Paraná River Floodplain as Biogeographical
Corridor of Tropical Species

The rivers of the Paraná basin run from tropical regions to temperate latitudes
(Giraudo and Arzamendia 2004; Arzamendia 2006). The Middle Paraná River
extends between 27° and 32° of latitude S, crossing regions of subtropical and
temperate xerophilous forests, savannahs and steppes. Thirty-eight percent of
reptiles (27 species, Table 14.1) registered in the Middle Paraná River are trop-
ical species that inhabit exclusively in its floodplain and surrounding sectors,
and are not found in high lands of the region. These species reach higher lati-
tudes through the Paraná River and 64% of them show the southernmost limit
of their geographical distribution in the Middle Paraná River.

The Middle Paraná River begins in the confluence of two great collectors: the
Paraguay and Paraná rivers. The Paraguay River, that contributes with the low-
est water flow and the highest amount of sediments to the Middle Paraná River
(Paoli et al. 2000), begins in the Pantanal of Mato Grosso (Brazil), where tropi-
cal forests and savannahs, in the transition of the Amazonian and “Cerrado”
biogeographical provinces, develop (Cabrera and Willink 1980). The Paraná
River upper basin, that provides the highest flow, although with a lower amount
of sediments, receives an extensive net of tributaries from a mountainous area
of southeastern Brazil (Paoli et al. 2000), where tropical forests of the “Atlántic”
and “Paranaense” (i.e., Paraná River) biogeographical provinces are found
(Cabrera and Willink 1980). The influence of these two great collectors as a fau-
nistic corridor in the Middle Paraná River is not equal. The Middle Paraná River
shows a higher faunistic influence than the Paraguay River, with a higher pro-
portion of tropical species distributed in the southern Amazonia, Central South
America, the Pantanal and the Humid “Chaco” (χ2 = 13.56, d.f. = 2, P = 0.0011,
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Fig. 14.1 Relationship between reptiles species richness and latitude in the Middle Paraná
floodplain (Pearson correlation, r2 = −0.81, n = 8, P = 0.01)



18 species, 67% of tropical species, e.g., Phrynops hilarii, Caiman yacare,
Eunectes notaeus, Helicops leopardinus, Hydrodynastes gigas, Hydrops caesurus,
Liophis meridionalis, Philodryas mattogrossensis, P. olfersii latirostris), and a
lower proportion of species with Atlantic “Paranaense” distribution (five
species, 19% of tropical species, Amphisbaena mertensi, Helicops infrataeniatus,
Oxyrhophus guibei, Thamnodynastes strigatus and Micrurus altirostris) and a
wide tropical distribution (four species, 15%, Tropidurus torquatus, Leposternon
microcephalum, Clelia clelia and Liophis almadensis). 54% of tropical species
are aquatic species and 36% of species inhabit in humid riparian forests of the
ATTZ (Giraudo and Arzamendia 2004). Only 10% are generalistic species inhab-
iting rocks or trees. This shows the importance of aquatic habitats and riparian
forests for tropical fauna in temperate latitudes of the Middle Paraná River.

14.4 Influence of Flood Pulses and other Environmental
Factors on the Reptile Community

14.4.1 Seasonal Variation in Abundance

As ectotherms, reptiles are highly dependent on the physical exchange with the
environment. Most obviously, activity in cold-climate reptile populations is
often constrained by ambient temperatures or basking opportunities (i.e., inci-
dent solar radiation) (Brown and Shine 2002). Conspicuous seasonal peaks in
encounter rates are often associated with significant biological events, such as
hibernation, mate-searching by adult males, egg-laying migrations by gravid
females, and hatching of eggs (Bonnet et al. 1999, Brown and Shine 2002). The
Middle Paraná River is subjected to a higher climatic seasonality (e.g., temper-
ature, precipitations) than other great neotropical rivers, as the Amazon or the
Orinoco; however, similarly to these rivers, there is an additional factor that can
be preponderant in the activity patterns of animals, as the variations in the
hydrological cycle (Junk 1997b). We observed significant differences in the
mean number of reptiles registered in the different seasons of the year (Kruskal
Wallis test, KW = 14.55, P = 0.0022) in 5,038 km covered between 1997 and
2004 in the Middle Paraná River floodplains (n = 887 individuals), with a sig-
nificantly lower mean in winter (0.07 ind./km) (a posteriori Dunn’s compari-
son, P < 0.05), and with a higher mean quantity of reptiles in spring (0.30
ind./km), autumn (0.22 ind./km) and summer (0.17 ind./km), although without
significant differences among these last three seasons (Fig. 14.2). The number
of reptiles registered showed a positive and significant correlation (Spearman)
with the hydrometric level (r2 = 0.24; P = 0.05), temperature (r2 = 0.36, 
P = 0.0042) and precipitations (r2 = 0.44, P = 0.0026). In the Paraná River flood-
plain, the activity of reptiles is related not only with temperatures and precipi-
tations, as in high land communities, but also with variations at the
hydrological level (Fig. 14.3).
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Fig. 14.2 Box-plot and comparison of mean number of reptiles (ind./km) per each year seasons
(1997–2004 period)

Fig. 14.3 Monthly variations in the mean number of reptiles registered (n = 887 ind., 5,038 km
covered between 1997 and 2004) in the Middle Paraná River floodplain in relation to tempera-
ture, precipitations, and river level (in decimeters) in the Santa Fe Port between 1997–2004



14.4.2 Substrate and Habitat Use

Due to recurrence of floods, we could expect the reptile community of the
Middle Paraná River to show a higher abundance in aquatic and semi-aquatic
species, with adaptive advantages to survive to these situations, and a lower
abundance of fossorial, arboreal and terrestrial species. Data obtained in this
study indicate that 586 individuals from a total of 887 belong to aquatic and
semi-aquatic species (66%), with a significantly higher frequency (χ2 = 1,028.52,
d.f. = 3, P < 0.0001) than terrestrial species (285 specimens, 32%), fossorial
species (11.1%) and arboreal species (5.1%). Among the most abundant species
we found four aquatic species, including Helicops leopardinus (196 specimens),
Liophis semiaureus (88 specimens), Phrynops hilarii (87 specimens) and
Hydrodynastes gigas (74 specimens), and one terrestrial species Philodryas
patagoniensis (193 specimens), with a total of 71% from 887 sampled reptiles.

14.4.3 Reproductive Strategies

Reproduction in reptiles is influenced by ecological, environmental, phylo-
genetic and geographical factors (Cadle and Greene 1993; Gregory and
Larsen 1993; Di-Bernardo 1998), most of which began to be studied recently
in species of the Neotropical subtropics. Middle Paraná River reptiles show
two types of reproduction: oviparity and viviparity (Table 14.1). The former
is the most extended one among reptiles in general; however, viviparity
could be favorable in certain variable environments, as the Paraná River
floodplains. This type of reproduction can provide an effective solution to
the difficulty constituted by egg-laying in dry places and with variable tem-
peratures, and to avoid the loss of eggs in floods. In proportion, the Middle
Paraná River reptile community has twice viviparous species (18%) (13
viviparous taxa from a total of 71 species) than reptile viviparous species in
Argentina (9%) (28 viviparous taxa from a total of 313 species). In subtrop-
ical and temperate zones, the greater extent of reproductive cycles in vivi-
parous species may be related to the lower dependence of embryos to the
environmental temperature (Aguiar and Di-Bernardo 2005). For oviparous
species, soil humidity can be an important factor. Shine and Brown (2002)
showed that seasonal variations in soil water content in a natural nest can
generate strong phenotypic variations in hatching snakes (as snout-vent
length, body mass, strength and swimming speed). Reproductive tactics are
clearly linked to features of the environment or of the species’ morphology
and ecology (Shine 2003). Reproductive phenology of most reptiles of the
Middle Paraná River starts at the beginning of spring and extends through-
out the summer. However, there are some particularities in the reproduc-
tive strategies of species in relation to the environments they frequent and
their type of reproduction. When comparing reproduction in two of the
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most frequent snakes in the Middle Paraná River, a terrestrial and
oviparous snake, Philodryas patagoniensis, and an aquatic and viviparous
snake, Helicops leopardinus, we observed some differences in their repro-
ductive strategies (Figs. 14.4, 14.5). In P. patagoniensis, vitellogenesis
begins earlier in July (winter), and oviposition is mainly carried out
between spring and the beginning of summer (October to January), when
the river level is generally low. When the river begins to grow, most
neonates already hatched (Fig. 14.4). In H. leopardinus, the development of
vitellogenic follicles begins lately in spring (October), and the development
of embryos can even be extended from November to June. Most births and
neonates are found in March, coinciding with the maximum historical val-
ues in the hydrometric and precipitation level (Fig. 14.5). It is probable that
newborns and gravid females of this aquatic snake could find a higher avail-
ability of aquatic environments in floodplain lakes and marshes, optimizing
the possibilities to find refuge and feeding areas. Reproduction of H. leop-
ardinus is similar to that of H. infrataeniatus, whose reproductive cycle
extends even until June in southern Brazil (Aguiar and Di-Bernardo 2005).
We observed that oviposition of the aquatic turtle Phrynops hilarii in the
Middle Paraná River is concentrated in March (six nests registered, a turtle
digging the nest, a run-over turtle with 13 well-developed eggs in its body)
and April (three nests recorded), also coinciding with the maximum histor-
ical river levels. Turtles lay their eggs in the riverbank at a height that oscil-
lates between approximately 2 and 20 m above the water level. It is logical
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Fig. 14.4 Reproductive cycle of Philodryas patagoniensis, seasonal variation in the diameter of
ovarian follicles (smaller than 25 mm) and eggs (larger than 25 mm) in relation to the monthly
mean hydrometric levels (in meters) in the Paraná Port between 1905 and 2003. The number of
neonates (N) registered are indicated in parentheses
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Fig. 14.5 Reproductive cycle of Helicops leopardinus, seasonal variations in the diameter of
ovarian follicles (black circles) in relation to the monthly mean hydrometric levels (in meters)
in the Paraná Port between 1905 and 2003. The number of neonates (N) and embryos (E) regis-
tered are indicated in parentheses

to assume that if turtles go out of the water to oviposite with maximum
water levels, it is less probable that their nests be lost by the effect of floods.
Caimans construct their nests in floating “embalsados” (floating accumula-
tion of aquatic vegetation, plant rests and muddy material) or in high sec-
tors of the riverbanks. Nests of C. latirostris were recorded up to 2,000 m
away from water bodies (Larriera 1995). These strategies can minimize nest
losses during floods.

14.4.4 Feeding Strategies

Middle Paraná River reptiles feed on a wide variety of terrestrial and
aquatic invertebrates and vertebrates, playing an important role as preda-
tors (Table 14.1, Fig. 14.6). Insect larvae that develop partly in the water
(e.g., Ephemeroptera, Odonata, Plecoptera, Trichoptera) are among the
main feeding resources of aquatic turtles, also including a wide range of
vertebrates, other invertebrates, and carrion (Souza 2004). Lizards and amphis-
baenids mainly feed on terrestrial invertebrates. Ontogenetic variations in
feeding are frequent in reptiles; for example, crocodilians feed on insects



and small frogs when they are juveniles and, as they grow, they incorporate
fish and snails, and large specimens can feed on all types of vertebrates,
including medium and large mammals (Medem 1983). In aquatic reptiles,
there are generalist species, as turtles, alligators, and some snakes as
Hydrodynastes gigas, although aquatic or semi-aquatic preys are an impor-
tant component of their diet. 72% of preys of Hydrodynastes gigas are
aquatic or semi-aquatic vertebrates (López and Giraudo 2004). This species
shows specialized behaviors to search for amphibians, using the tail, in
shallow water refuges (Strussmann and Sazima 1990). Snakes that show
morphological adaptations to live in the water, as Helicops leopardinus,
H. infrataeniatus and Liophis semiaureus, mainly feed on fish (more than
60% of their diet, Aguiar and Di-Bernardo 2004, pers. obs.), very abundant
preys, at least seasonally, in the Middle Paraná River floodplain. Semi-
aquatic snakes, of genera Liophis and Thamnodynastes, mainly feed on
amphibians, and occasionally on fish (Table 14.1). Around 50% of Middle
Paraná River snakes (25 out of 49 species) include amphibians in their diet.
Ecological factors, as the high abundance of amphibians in South American
wetlands, or phylogenetic factors, as the preponderance of frog-eating
species of the subfamily Xenodontine in the South American snake fauna,
have been mentioned to explain this pattern (Cadle and Greene 1993;
Strussmann and Sazima 1993). The few arboreal snake species of the Middle
Paraná River, as Leptophis ahaetulla marginatus and Philodryas olfersii
latirotris, include preys from such habitats, as arboreal amphibians
(Hylidae), birds, and bird eggs in their diets (López et al. 2003, Table 14.1).
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Fig. 14.6 Number of reptile species that eat aquatic, terrestrial, fossorial and arboreal preys



14.5 Discussion and Conclusions

14.5.1 Species Richness

The Middle Paraná River floodplain, although it is located in a subtropical-
temperate region, shows high reptile richness (71 species), comparable with val-
ues registered in tropical sectors of South America, considered as megadiverse
areas. For example, Cunha et al. (1985) mentioned 77 species for the Carajas
region, Pará, in the Brazilian Amazonia, and Dsuelmann (1978) registered 91
reptile species in the Ecuadorian Amazonia. This would be explained by the fol-
lowing factors: (1) Riparian ecosystems are between the most diverse, dynamic,
and complex biophysical habitats of the world’s surface (Tiegs et al. 2005).
Flood pulses generate a wide spatiotemporal heterogeneity of habitats and
resources, which can be used by terrestrial and aquatic species, increasing
considerably plant and animal richness in the system (Junk et al. 1989).
(2) The Middle Paraná River is a biogeographical transition area where tropi-
cal faunistic elements, that reach higher latitudes through the river, and fau-
nistic elements from subtropical and temperate biogeographical regions
(e.g., Chaquenian and Pampean biogeographical provinces) come together
(Arzamendia 2006). (3) Some of the Middle Paraná River habitats, as riparian
humid forests, are structurally complex and provide numerous microhabitats for
reptiles. (4) The extraordinary floods of the Paraná River could interrupt locally
the processes of competitive exclusion, allowing the maintenance of a high diver-
sity (Connell 1978; Junk et al. 1989). (5) The wide food offer, at least seasonal, for
reptiles in the Middle Paraná River (e.g., aquatic invertebrates, fish, amphibians).
(6) Adaptations of reptiles that can favor their survival in pulsatile and variable
environments: high metabolic efficiency to transform food in biomass, pro-
longed capacity of starvation in moments of food scarcity (crocodilians and
snakes can starve for more than a year), capacity of adjusting their reproduction
to environmental variations and food abundance (Junk and da Silva 1997).

The decrease in species richness with the increase in latitude in the Middle
Paraná River is probably related with the decrease in temperature, as has been
widely discussed for different organisms (e.g., Willing et al. 2003; Hawkins
2004). The Middle Paraná River extends for 620 km in a north–south direction,
with a marked gradient in temperature, varying from 22°C at the north to 18°C
at the south (Iglesias de Cuello 1982).

14.5.2 The Paraná River Floodplain as Biogeographical Corridor 
of Tropical Species

The existence of a microclimate on the riverbanks and the development of
riparian humid forests and numerous wetlands facilitate the survival of trop-
ical floristic and faunistic species in temperate latitudes of Paraná River basin

Reptiles 357



large rivers (Cabrera 1994; Menalled and Adamoli 1995). This pattern has
been mentioned in different aquatic and terrestrial organisms. The higher
faunistic influence of the Paraguay River on the Middle Paraná River can be
due to the interaction of ecological factors (higher similarity between the
Middle Paraná and Paraguay rivers floodplains in relation to the High Paraná
River) and historical factors (hydrological isolation between High and Middle
Paraná River) (Giraudo and Arzamendia 2004; Arzamendia 2006).

14.5.3 Influence of Flood Pulses and other Environmental Factors 
on the Reptile Community

Several aquatic turtle, crocodilian, and snake species (e.g., Eunectes and
Helicops) are abundant in the Middle Paraná River, as in the Amazon River,
and many of their life cycles (activity, reproduction and feeding) are strongly
influenced by the flood pulses (Junk and da Silva 1997, see Sect. 14.4). However,
there is a scarce influence of other climatic variations (e.g., temperature) in the
activity and reproduction of reptiles in the Amazonia and other tropical areas
of South America (Duellman 1978; Pizzato and Marques 2006) due to the low
climatic seasonality. On the contrary, Middle Paraná River reptiles were
strongly influenced by the marked seasonality in temperature and precipita-
tions, and their activity and reproductive patterns were coincident with the
warmest and rainiest months of the year. This seasonal pattern coincides with
what was indicated for other reptiles in subtropical and temperate regions of
South America (e.g., southern Brazil, Schmid de Aguiar and Di-Bernardo
2005). Particular adjustments were observed in the reproductive types and
phenology when species of aquatic and terrestrial snakes were compared.
Viviparity, frequent in aquatic species (e.g., Helicops leopardinus), can repre-
sent advantages in environments that show high changes through time, as the
Paraná River floodplain; for example, the adjustment between the peak of
births and the historical peaks (modal) of floods and precipitations to favor
the juveniles a wide offer of aquatic habitats. Viviparous snakes may retain the
embryos and give birth only when the environmental conditions are appro-
priate (Girons 1985; Shine 2003; Aguiar and Di-Bernardo 2005). In viviparous
species, the long reproductive cycle can be a consequence of a low metabolism
and low food ingestion (Bizerra et al. 2005). According to feeding data of
H. leopardinus in the region, this species shows low food ingestion (only 11
out of 106 individuals (10.3%) showed stomach content). In consequence,
another reason for a late reproductive cycle in H. leopardinus could be that
feeding and reproduction are restricted to periods with favorable conditions
(e.g., higher river level). In the case of P. patagoniensis, 84 individuals out of
184 (46%) showed stomach content (López and Giraudo, in prep.), which evi-
dences a marked difference in the energy incorporated to food and that
potentially can be invested in reproduction. This last terrestrial and
oviparous species is reproduced earlier, laying the eggs when the Paraná
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River is generally in low water. The percentage of reproducing adult females
reached 40% in H. leopardinus and 50% in P. patagoniensis, indicating that
only part of the mature females in both species is reproduced every year. This
would allow a higher plasticity, so an important proportion of females are
reproduced in favorable years (e.g., with adequate hydrological and pluvio-
metric levels). Extraordinary intense floods, mostly in duration (Neiff 1990),
and generally not predictable, can have catastrophic consequences for the
physical and biological environment (Junk et al. 1989; Bó and Malvarez 1999).
In two periods of extraordinary floods (1992–1993, 1997–1998), a high mor-
tality of reptiles in routes and marginal paths to the Middle Paraná River was
observed, in addition to a great amount of live reptiles accumulated in high
lands and killed by local settlers. These extreme flood events act on individu-
als directly (elimination of animals by predation or drowning, destruction
of nests) or indirectly (changes in habitats, availability of preys and refuges)
(Bó and Malvarez 1999). Terrestrial reptile species would possibly be more
affected than those adapted to the water, and it is possible that some aquatic
reptiles would benefit from a higher availability of preys and carrion.

14.5.4 Function and Conservation of Reptiles in the Middle 
Paraná Floodplain

It has been hypothesized that in Amazon River floodplain lakes, reptiles,
e.g., crocodilians, would have a key function in the storage and recycling of
allochthonous nutrients, increasing the production of phytoplankton and
other organisms of aquatic trophic chains through the contribution of nutri-
ents when these lakes are disconnected with the river (Fittkau 1973). Various
species of very abundant aquatic reptiles, as Phrynops, Caiman, Helicops,
Hydrodynastes and Liophis, could have the same function in the Middle
Paraná River. As in the Amazon River (Junk and da Silva 1997), flood pulses
have favored overexploitation and elimination of reptiles in the Middle
Paraná River, since they have to abandon their refuges during large floods,
or concentrate in the remaining aquatic systems during low waters, being
more vulnerable to hunting. Changes in drainage levels in the Paraná River,
that provoked the increase in historical mean floods and changes in their
seasonal distribution, have been mentioned since 1970. Deforestation, agri-
culture, dam constructions in the basin, and global climatic changes are
among their main causes (García and Vargas 1998; Giaccosa et al. 2000). This
could have serious consequences on reptile populations that have adjusted
their reproduction and activity to historical and more predictable river
cycles. The accelerated modifications occurring in the high lands near the
river (because of urbanization, agriculture, cattle raising and deforestation)
can eliminate key habitats for aquatic, semi-aquatic and exclusive reptiles of
the Middle Paraná River, used in essential periods of their life cycles, espe-
cially in extreme floods. According to Roe et al. (2003), as Middle Paraná
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River reptiles are animals that require wetlands as well as adjacent high
lands, the classic conservation strategies applied separately in wetlands or in
high lands are not enough: a landscape-level approach is necessary to pro-
tect and manage Middle Paraná River floodplain valley wetlands and their
surrounding lands.

Acknowledgements. We thank Maria Ofelia de Emiliani for inviting us to participate in this proj-
ect; Tito Paggi, Susana Paggi, Julieta Parma, Ramón Regner, Esteban Creus, Lionel Mehaudy,
Estela Torres del Sel, Elena Córdoba, Gabriel Tourn, Lucrecia Valldeneu, Cristian De Bonis and
Adolfo Beltzer from the National Institute of Limnology are thanked for their collaboration and
support in carrying out this study; the Hydrology Department of the FICH, National University
of the Littoral, for providing hydrological and climatic data, and José Pekerman, for his dignity
upon injustice. This investigation was supported by the following institutions and projects: PEI
6129 (CONICET), CAID 2005 PE 249 (UNL), PICTO 2005 N° 23191 (UNL, ANPCyT) and PICT
2002 N° 01-12831 (ANPCyT).

References

Aguiar LFS, Di-Bernardo M (2004) Diet and feeding behavior of Helicops infrataeniatus (Serpentes:
Colubridae in southern Brazil. Studies on Neotropical Fauna and Environment 39:7–14

Aguiar LFS, Di-Bernardo M (2005) Reproduction of the water snake Helicops infrataeniatus
(Colubridae) in southern Brazil. Amphibia-Reptilia 26:527–533

Arzamendia V (2006) Las serpientes (Reptilia) de los ríos Paraná y Uruguay: patrones de diver-
sidad y rol de los ríos como corredores faunísticos. Tesis Doctoral. Universidad Nacional de
Córdoba, Córdoba, Argentina

Arzamendia V, Giraudo AR (2004) Usando patrones de biodiversidad para la evaluación y dis-
eño de áreas protegidas: las serpientes de la provincia de Santa Fe (Argentina) como ejem-
plo. Rev Chil Hist Nat 77:335–348

Bizerra A, Marques OAV, Sazima I (2005) Reproduction and feeding of the colubrid snake
Tomodon dorsatus from south-eastern Brazil. Amphibia-Reptilia 26:33–38

Bó R, Malvárez AI (1999) Las inundaciones y la biodiversidad en humedales: un análisis de
eventos extremos sobre la fauna silvestre. In: Malvárez AI (ed) Tópicos sobre humedales
subtropicales y templados de Sudamérica. MAB, UNESCO, Buenos Aires, pp 147–168

Bonnet X, Naulleau G, Shine R (1999) The dangers of leaving home: dispersal and mortality in
snakes. Biol Conserv 89:39–50

Brown GP, Shine R (2002) Influence of weather conditions on activity of tropical snakes. Austr
Ecol 27:596–605

Busack SD, Pandya S (2001) Geographic variation in Caiman crocodilus and Caiman yacare
(Crocodylia: Alligatoridae): systematic and legal implications. Herpetologica 57(3):294–312

Cabrera AL (1994) Regiones fitogeográficas argentinas. Encicl arg Agric Jard 2(1):1–85
Cabrera MR (1998) Las tortugas continentales de Sudamérica austral. Edición del Autor,

Córdoba, Argentina
Cabrera AL, Willink A (1980) Biogeografía de América Latina. OEA, Ser Biol Monog (13):1–122
Cadle JE, Greene HW (1993) Phylogenetic patterns, biogeography, and the ecological structure

of Neotropical snake assemblages. In: Rickelfs RE, Schluter D (eds) Species diversity in eco-
logical communities: historical and geographical perspectives. University Chicago Press,
Chicago, pp 281–293

Cei JM (1993) Reptiles del noroeste, nordeste y este de la Argentina. Herpetofauna de las Selvas
subtropicales, Puna y Pampas. Monografía 15, Mus Reg Sc Nat Torino, Italia

Connell JH (1978) Diversity in tropical rainforest and coral reefs. Science 199:1302–1310

360 Alejandro R. Giraudo et al.



Cunha OR, Nascimento FP, Ávila–Pires TCS (1985) Os repteis da área de Carajás, Pará, Brasil
(testudines e Squamata). I. Publicações Avulsas do Museu Paraense Emilio Goeldi 40:9–92

Di-Bernardo M (1998) História natural de uma comunidade de serpentes da borda oriental do
planalto das araucárias, Rio Grande do Sul, Brasil. Unpubl. MS Thesis, Universidade
Estadual Paulista, São Paulo, Brazil

Duellman WE (1978) The biology of an Equatorial herpetofauna in Amazonian Ecuador. The
University of Kansas, Museum Natural History, Lawrence, Misc Publ 65:1–352

d’Orbignyi A (1998) Viaje por América meridional I. memoria argentina. Emece, Buenos Aires
Fittkau EJ (1973) Crocodiles and nutrient metabolism of Amazonian waters. Amazoniana

4:103–133
Forman RTT (1995) Land mosaics: the ecology of landscapes and regions. Cambridge

University Press, Cambridge
Freiberg MA (1969) Una nueva subespecies de Pseudemys dorbignyi (Duméril et Bibron)

(Reptilia, Chelonia, Emydidae). Physis 28:299–314
García NO, Vargas WM (1998) The temporal climatic variability in the “Río de la Plata” Basin

displayed by the river discharges. Clim Change 38:359–379
Giacosa R, Paoli C, Cacik P (2000) conocimiento del régimen hidrológico. In: Paoli C, M

Schreider (eds) El río Paraná en su tramo medio. Contribución al conocimiento y prácticas
ingenieriles en un gran río de llanura. Universidad Nacional del Litoral, Santa Fe,
Argentina, pp 70–103

Gibbons JW (2003) Terrestrial habitat: a vital component for herpetofauna of isolated wetlands.
Wetlands 23:630–635

Gibbons JW, Scott DE, Ryan JT, Buhlmann KA, Tuberville TD, Metts BS, Greene JL, Mills T,
Leiden Y, Poppy S, Winne CT (2000) The global decline of reptiles, Déjà Vu Amphibians.
BioScience 50(8):653–666

Giraudo AR (2001) La diversidad de serpientes de la Selva Paranaense y del Chaco Húmedo:
Taxonomía, biogeografía y conservación. Literatura of Latin América, Buenos Aires, Argentina

Giraudo AR, Arzamendia V (2004) ¿Son las planicies fluviales de la Cuenca del Plata, corredores
de biodiversidad? Los vertebrados amniotas como ejemplo. In: Neiff JJ (ed) Humedales de
Iberoamérica, Editado por el CYTED, Programa Iberoamericano de Ciencia y Tecnología
para el Desarrollo, Cuba, pp 157–170

Girons HS (1985) Comparative data on Lepidosaurian reproduction and some time tables,
Chap. 2. In: Gans C, Billet (eds) Biology of the reptilia. Wiley, New York, pp 33–58

Gregory PT, Larsen KW (1993) Geographic variation in reproductive characteristic among
Canadian populations of the common garter snake (Thamnophis sirtalis). Copeia
(4):946–958

Hawkins BA (2004) “Latitude” and geographic patterns in species richness. Ecography 27:268–272
Iglesias de Cuello A (1982) Atlas físico de la República Argentina, vol. 2. Atlas total de la

República Argentina, Centro Editor de América Latina, Argentina
Iverson JB (1986) A checklist with distribution maps of the turtles of the world. Privately

printed, Richmond, IN
Junk WJ (1997a) General aspects of floodplain ecology with special reference to Amazonian

floodplains. In: Junk WJ (ed) The central Amazon floodplain. Ecol Studies 126:4–20
Junk WJ (1997b) Synthesis and discussion. In: Junk WJ (ed) The central Amazon floodplain.

Ecol Studies 126:453–472
Junk WJ, Bayley PB, Sparks RE (1989) The flood pulse concept in river–floodplain systems. In:

Dodge DP (ed) Proc Int Large River Symp (LARS). Can Spec Publ Fish Aquat Sci 106:110–127
Junk WJ, da Silva VM (1997) Mammals, reptiles and amphibians. In: Junk WJ (ed) The central

Amazon floodplain. Ecol Studies 126:409–417
Larriera A (1995) Áreas de nidificación y momento óptimo de cosecha de huevos de Caiman

latirostris en Santa Fe, Argentina. In: Larriera A, Verdade LM (eds) La conservación y el
manejo de caimanes y cocodrilos de América Latina. Fundación Banco Bica, Santo Tomé
Santa Fe, Argentina, pp 221–232

López MS, Giraudo AR (2004) Diet of the large water snake Hydrodynastes gigas (Colubridae)
in Argentina. Amphibia-Reptilia 25:178–184

Reptiles 361



López MS, Giraudo AR, Arzamendia V (2003) Leptophis ahaetulla marginatus. Diet. Natural
History Notes. Herpetol Rev 34:68–69

Medem F (1983) Los Crocodylia de Sur América. Volumen II. Univ. Nac. Colombia, Col
Ciencias, Bogotá, Colombia

Menalled FD, Adámoli JM (1995) A quantitative phytogeographic analysis of species richness in
forest communities of the Paraná River Delta, Argentina. Vegetatio 120:81–90

Micucci PA, T Waller (1995) Los yacarés en Argentina: hacia un aprovechamiento sustentable.
In: Larriera A, Verdade LM (eds) La conservación y el manejo de caimanes y cocodrilos de
América Latina. Fundación Banco Bica, Santo Tomé Santa Fe, Argentina, pp 81–112

Montero R, Céspedes J (2002) New two-pored Amphisbaena (Squamata: Amphisbaenidae)
from Argentina. Copeia (3):792–797

Neiff JJ (1990) Ideas para la interpretación ecológica del Paraná. Interciencia 15(6):424–441
Paoli CM, Iriondo, Garcia N (2000) Características de la cuencas de aporte. In: Paoli C,

Schreider M (eds) El río Paraná en su tramo medio. Contribución al conocimiento y prác-
ticas ingenieriles en un gran río de llanura. Universidad Nacional del Litoral, Santa Fe,
Argentina, pp 29–68

Pizzatto L, Marques AV (2006) Interpopulational variation in sexual dimorphism, reproductive
output, and parasitism of Liophis miliaris (Colubridae) in the Atlantic forest of Brazil.
Amphibia-Reptilia 27:37–46

Roe JH, Kingsbury BA, Herbert NR (2003) Wetland and upland use patterns in semi-aquatic
snakes: implications for wetland conservation. Wetlands 23:1003–1014

Scott NJ Jr, Aquino AL, Fitzgerald L.A (1990) Distribution, habitats and conservation of the
Caimans (Alligatoridae) of Paraguay. Vida Silvestre Neotropical 2:43–51

Scrocchi GJ, Ferreira, VL, Giraudo AR, Avila RW, Motte M (2005) A new species of Hydrops
(Serpentes: Colubridae: Hydropsini) from Argentina, Brazil and Paraguay. Herpetologica
61:468–477

Scrocchi GJ, Giraudo AR (2005) Reptiles de la Reserva El Bagual. In: Di Giacomo A, Krapovickas
SF (eds) Historia natural y paisaje de la Reserva EI Bagual, provincia de Formosa,
Argentina. Inventario de la fauna de vertebrados y de la flora vascular de un área protegida
del Chaco Húmedo. Temas de naturaleza y conservación 4, Asociación Ornitológical del
Plata, Buenos Aires, Argentina, pp 155–198

Shine R, Brown GP (2002) Effects of seasonally varying hydric conditions on hatching pheno-
types of keelback snakes (Tropidonophis mairii, Colubridae) from the Australian wet-dry
tropics. Biol J Linnean Soc (76):339–347

Shine R (2003) Reproductive strategies in snakes. Proc R Soc Lond B 270:995–1004
Souza FL (2004) Uma revisão sobre padrões de atividade, reprodução e alimentação de cágados

brasileiros (Testudines, Chelidae). Phyllomedusa 3:15–27
Strussmann C, Sazima I (1990) Esqudrinhar com a cauda: uma tática de caça da serpente

Hydrodynastes gigas no pantanal, Mato Grosso. Mem Inst Butantan 52:57–61
Strussmann C, Sazima I (1993) The snakes assemblage of the Pantanal at Poconé, Western

Brazil: faunal composition and ecological summary. Studies Neotrop Fauna Environ
28(3):157–168

Tiegs SD, O’leary JF, Pohl MM, Munill CL (2005) Flood disturbance amd riparian species diver-
sity on the Colorado River Delta. Biodiversity and Conservation 14:1175–1194

Waller T (1987) Registro de localidades de distribución de las especies del género Caiman
(Crocodilia, Alligatoridae) en Argentina. Amph Rept (conserv) 1:68–75

Waller T (1988) Notas sobre la distribución de Acanthochelys spixii (D. y B., 1835) y
Acanthochelys pallidipectoris (Freiberg, 1945) en la Argentina (Testudines: Chelidae).
Amph Rep (conserv) 3:93–98

Willing MR, Kauffman DM, Stevens RD (2003) Latitudinal gradients of biodiversity: Pattern,
Process, Scale, and Synthesis. Ann Rev Ecol Evol Syst 34:273–309

362 Alejandro R. Giraudo et al.



15 Birds

ADOLFO H. BELTZER1 AND MARTIN A. QUIROGA

15.1 Introduction

Aquatic birds usually exploit unstable or fluctuating environments along
their cycle and among different years. These environments also show high
productivity, resource-partitioning mechanisms, as well as ecological isola-
tion, partial ecological specialization, prey captures of different size, type and
shape, at different times of the day, and in different microhabitats, are
observed in these species.

An additional factor that also facilitates the coexistence of aquatic birds is
the great diversity of prey they can find. Potentially, each one of the species
differs from the others in relation to their visual capacity, hours of activity,
escape behavior, abundance or non-abundance in certain seasons of the
year, depth in which it lives, etc., and will respond differently to this mosaic
of possibilities.

Fishing birds possibly constitute the most complex aquatic birds. In many
species, the term “fishing” does not imply an exclusively ichthyophagous
diet, since they also frequently capture quite an amount of insects, crus-
taceans, arachnids, and mollusks, among others. Among the fishing birds,
waders constitute a continuous series of similar shape species, which only
differ in their body size. Almost all of them capture their preys while they
walk or stalk standing in the water bodies. Thus, the feeding depth in each
case is limited by the feet length. In this group, a sequence in the beak size
and the body weight is observed, so larger or heavier species can capture and
consume larger preys. Moreover, larger birds move at a lower velocity while
they localize their large preys and they can even remain static for hours until
the moment of capture. In contrast, generally small and medium birds move
more and faster.

Birds are important consumers of aquatic systems (Martínez 1993), so the
interrelation among their body size, the energetic requirements and activity
levels are significant (Margalef 1983). On the other hand, they can obtain food
in different environmental units of the aquatic system (differential spatial use
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of the environment or eco-space, Dobhanzky et al. 1983), so they can exploit
the resources along the annual cycle and at different times of the day (differ-
ential models of temporal activity, Pianka 1982; Martínez 1993).

For birds, food, water, and refuge are essential requisites. Feeding is
related to the first two ones. However, an adequate place to be protected is
important to assure permanent feeding without disturbances (Nagy and
Haufler 1987). The scientific study of feeding and feeding habits in wild fauna
is only a comparatively recent direction (Korschgen 1987).

For all these reasons, and because the simple localization of species in
great environmental and vegetation units (GUVAS, Beltzer and Neiff 1992) is
not enough to determine their degree of dependence, and considering the
important role that birds perform in energy transference, feeding biology
studies are important. In general, there is not enough information for the
area, since it is based on occasional observations and under the level of pre-
cision in relation to the taxonomic groups used as food.

Therefore, to get adequate information on feeding ecology of birds associ-
ated with the middle section of the Paraná River, a qualitative-quantitative
analysis of stomach contents began in 1979 to establish the composition of
the trophic spectrum, constituting the first records for the area. Seasonal
variations in the spectrum composition, trophic niche amplitude, circadian
rhythm of feeding activity, preference rate and dietary selectivity, niche
overlapping, feeding efficiency, degrees of fidelity and trophic participation, area
of influence, nuclear area, and habitat selection could be establish through
quantitative analysis of the obtained information for each feeding category.

15.2 Trophic Groups

Trophic guilds constitute one of the most significant ecological aspects to
take into account in the study of an ensemble within a very complex ecosys-
tem as the Paraná River. A functional group or guild can be considered as a
subgroup of the community in which individuals use similar resources in an
analogous way (Root 1967). The analysis of guilds allows one to know the
most ecologically related syntopic species, with respect to the trophic and
behavioral aspect, the interspecific interactions, type of food they consume,
and how, when and where they consume it (Kirkconnel et al. 1992). Using this
approach, and due to the importance of this issue, it has been studied by
numerous specialists throughout the world (Orians 1969; Cody 1974; Wilson
1974; Diamond 1975; Feisinger 1976; Eckhardt 1979; Hirth and Marion 1979;
Holmes et al. 1979; Thiollay 1979; Williams and Batzli 1979; Desgranges 1980;
Faaborg 1982; Karr 1982; Blake 1983; Landres and MacMahon 1983; MacNally
1983; Nudd 1983; Osborne et al. 1983; Poysa 1983; Siegfried 1983; Adams
1985, among others). According to Wilson (1974), the three main components
of the functional group are the type of food, the way of consuming it, and the site.
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Moreover, according to Johnson (1978), there are variations in the diets
of organismic units when they have extensive geographical distributions due
to the differences in the availability of preys. Other aspects to consider are the
size of the foraging group, i.e., if they tend to search for food through solitary
behavioral patterns, in pairs, in unispecific or mixed flocks and, finally, if they
do it at daily, nightly, or crepuscular hours. Another aspect to be studied is the
different foraging heights (Kirkconnel et al. 1992) that establish different
structural subniches for the species and allow ecological segregation. Osborne
et al. (1983) mentioned three subdivisions according to the foraging heights:
(1) low, between 0 and 1 m; (2) medium, between 1 and 6 m, and (3) high,
higher than 6 m. Landres and MacMahon (1983) also analyzed the portion
used (for example, external or internal portion of branches).

It is not easy to gather the rich group of birds associated to the aquatic sys-
tem of the Paraná River into guilds, since some populations are strictly
aquatic, while others are terrestrial but are also related to the river valley, so
they are considered as well. The proposed classification considers the follow-
ing guilds or functional groups:

– The birds that use rapier pecking as a feeding strategy basically feed on
aquatic invertebrates and vertebrates captured by rapid pecking: Ardea
cocoi (cocoi heron), Ardea alba (great egret), Egretta thula (snowy egret),
Butorides striatus (striated heron) and Nycticorax nycticorax (black-
crowned night heron). Other species feed on aquatic invertebrates and
vertebrates using non-superficial pecking (by pecking under the water sur-
face): Plegadis chihi (white-faced ibis), Phimosus infuscatus (bare-faced
ibis), etc.

– The pecking phytophagous-carnivorous birds feed on floating and rooted
macrophytes and on invertebrates associated to vegetation by pecking on
the surface film, the emerging vegetation, or under it: Fulica leucoptera
(white-winged coot), Fulica rufifrons (red-fronted coot), Gallinula chloro-
pus (common moorhen), Porphyrio martinicus (purple gallinule) and
Gallinula melanops (spot-flanked gallinule). Another group is composed
of carnivorous birds, basically diving piscivorous birds that feed on
aquatic vertebrates and invertebrates by diving under the water:
Podicephorus major (great grebe), Rollandia rolland (white-tufted grebe),
Podylimbus podiceps (pied-billed grebe), Phalacorrax brasilianus
(neotropical cormorant), Anhinga anhinga (anhinga), etc. Filtering walk-
ers feed while walking and filtering water by moving their heads from one
side to the other to catch algae, invertebrates, and even small fish:
Phoenicopterus chilensis (Chilean flamingo).

– The surface filterer birds feed on macrophytes (leaves, stems, and seeds of
floating and rooted plants) and invertebrates (pleuston fauna): Anas versi-
color (silver teal), Anas platalea (red shoveler), Dendrocygna bicolor (ful-
vous whistling-duck), Dendrocygna viduata (white-faced whistling-duck),
Netta peposaca (rosy-billed pochard), etc.
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– In some species, the diet is basically composed of aquatic and some ter-
restrial invertebrates they capture by walking and pecking on shallow
waters, in the sand, or in muddy beaches. They are riverside walking car-
nivorous birds (coasts and banks), such as: Calidris fuscicollis (white-rumped
sandpiper), Calidris melanotos (pectoral sandpiper), Tringa flavipes
(lesser yellowlegs), Tringa melanoleuca (greater yellowlegs), Tringa
solitaria (solitary sandpiper), Calidris alba (sanderling), Charadrius collaris
(collared plover), Pluvialis dominica (golden plover), etc. The vegetated
riverside walking carnivorous-omnivorous guild (coasts and banks) has a
diet composed by floating and rooted macrophyte seeds and fauna associ-
ated to aquatic vegetation (pleuston fauna) that they incorporate by walking
on the plant carpet, facilitated by their anatomical adjustments, in the case
of the Jacana jacana (wattled jacana), whereas some Rallidae swim and
walk on the riverside, for example, Pardirallus sanguinolentus (plumbeous
rail), Pardirallus maculatus (spotted rail), Aramides ypecaha (giant wood-
rail), etc.

– Other carnivorous birds basically feed on fish and some invertebrates
(insects and palaemonid crustaceans) they obtain through visual percep-
tion from perches or from the air and by pecking plunges: Megaceryle
torquata (ringed kingfisher), Chloroceryle amazona (amazon kingfisher),
Chloroceryle americana (green kingfisher), Sterna phaetusa (large-billed
tern), Sterna supercilliaris (yellow-billed tern), etc. There are also those that
feed on aquatic invertebrates and vertebrates (basically fish) at the surface
water while they swim or float, although they usually use the strategy of peck-
ing plunges, constituting the surface aquatic carnivorous birds, as for exam-
ple, Croicocephalus maculipennis (brown-hooded gull), Croicocephalus
cirrocephalus (grey-hooded gull), etc.

– In some cases, the behavioral patterns reveal specific adjustments which, in
the case of the Middle Paraná River, are represented by only one species, as
in the case of the flying surface filter bird or Rynchops níger (black skimmer).

In contrast, there are many species that feed by insect, fruit and seed glean-
ing, whose guilds are grouped into:

– Gleaning insectivorous-frugivorous birds: they mainly feed by gleaning
insects, fruits, and seeds they obtain in the bark of trunks, branches, and
leaves, as well as of fruits, seeds and buds: Saltator coerulescens (greyish
saltator), Saltator aurentiirostris (golden-billed saltator) and Agelaioides
badius (bay-winged cowbird).

– Pecking soil insectivorous birds: they basically feed by pecking on the sur-
face, generally on the pasture and, in occasions, on the humid surface next
to the muddy, sandy water: Machetronis risoxus (cattle tyrant), Cinclodes
fuscus (bar-winged cinclodes), etc.

– Pecking and gleaning soil and foliage insectivorous birds: they mainly con-
sume insects and larvae by pecking on the grass (pasture) and gleaning on
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the foliage (branches, trunks, and leaves): Paroaria coronata (red-crested
cardinal), Paroaria capitata (yellow-billed cardinal), Taraba major (great
antshrike), Polioptila dumicola (masked gnatcatcher), etc.

– Fluttering and hunting perch insectivorous-omnivorous birds: they basi-
cally consume insects, arachnids and fruits, even fish and small verte-
brates. This strategy is used by some species as: Fluvicola albiventer
(black-backed water-tyrant), Pitangus sulphuratus (great kiskadee),
Tyrannus melancolicus (tropical kingbird), Pyrocephalus rubinus (vermil-
ion flycatcher) and Xolmis irupero (white monjita).

– Aerial insectivorous birds: they feed on insects they trap in the air while they
fly: Tachycineta leucorrhoa (white-rumped swallow) and other migratory
species, as Progne chalybea (grey breasted martin) and Hirundo rustica
(barn swallow).

– Nocturnal aerial insectivorous birds: they basically feed on insects they
capture in flight: Podager nacunda (nacunda nighthawk) and Hydropsalis
brasiliana (scissor-tailed nightjar).

– Trunk insectivorous birds: they feed on insects and larvae they extract
from the bark by pecking trunks and branches: Picoides mixtus (checkered
woodpecker), Melanerpes candidus (white woodpecker), Colaptes
campestris (camp flicker) and Colaptes melanocloros (royal woodpecker).

– Rapier pecking soil insectivorous birds: their diet basically consists of
terrestrial invertebrates (orthopterous insects and arachnids), although they
also consume amphibians at surface waters: Bubulcus ibis (cattle egret).

– Soil insectivorous-frugivorous birds: they obtain their food (insects and soil
seeds) by moving about the dead leaves on the ground: Turdus rufiventris
(rufous-bellied thrush) and Turdus amaurochalinus (creamy-bellied thrush).

– In the case of the sifting flying nectarivorous-insectivorous birds, they feed
by using the hanging or suspended flight, as is the case of Chlorostilbon
aureventris (glittering-bellied emerald), Hylocharis chrysura (gilded sap-
phire), Polytmus guainumby (white-tailed goldenthroat) and Heliomaster
furcifer (blue-tufted starthroat).

– A large group is constituted by the soil granivorous birds, among which we
find the pigeons and doves, which basically feed on seeds: Zenaida auric-
ulata (eared dove), Columba picazuro (picazuro pigeon), Columba macu-
losa (spot-winged pigeon), Leptotila verreauxi (white-tipped dove) and
Columbina picui (picui ground-dove).

– Soil and foliage pecking and gleaning omnivorous birds feed on seeds and
invertebrates by pecking on the ground and gleaning in the tree formations of
the woodland and gallery forest: Crotophaga ani (smooth-billed ani), Guira
guira (guira cuckoo), Tapera naevia (striped cuckoo), Coccyzus melacoryphus
(dark-billed cuckoo) and Coccyzus cinereus (ash-colored cuckoo).

– Aerial predators include those that feed on vertebrates and invertebrates
they trap from perches or from the air through pecking falls: Buteo mag-
nirostris (roadside hawn), Falco sparverius (American kestrel) and Circus
buffoni (long-winged harrier).
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– The nocturnal aerial predator guild basically traps rodents, as well as birds
and insects, from perches or from the ground: Tyto alba (common barn
owl), Othus coliba (common alicucu), Glaucidium brasilianus (ferrugi-
nous pygmy owl), and Bubo virginianus (great horned owl).

– The malacophagous birds basically feed on mollusks, so some of them
have structural adjustments that allow them to be very efficient to obtain
and use the food: Rosthramus sociabilis (everglade kite) and Aramus
guararuna (limpkin).

– Finally, ghouls are those species that basically include carrion in their diet:
Caracara plancus (crested-caracara), Coragyps atratus (black vulture) and
Cathartes aura (turkey vulture).

15.3 Seasonal Dynamics

Aquatic birds constitute a characteristic feature of rivers and aquatic envi-
ronments throughout the world. Their specific composition indicates the
state of the water body, their productivity at the different trophic levels and
the characteristics of their structure and function (Reichholf 1981). However,
an environment dominated by the presence of herons (Ardeidae) (Beltzer
1995; Beltzer et al. 2005) requires abundant fish, and the specific composition
of a certain group not always indicates the availability and accessibility of the
resource (Beltzer 1991).

Undoubtedly, the “hydrometric level-vegetation dynamics-associated
fauna” complex constitutes a macrofactor with different weight according to
the characteristics of the biotic complex, to which we should add such con-
cepts as ordinary-extraordinary flood, energy-matter pulses, environmental
units, and functional groups (Beltzer and Neiff 1992).

A preliminary exam of richness and abundance provides important infor-
mation on the nature of aquatic systems.

Therefore, each water level at a given moment is responsible for the higher
or lower offer of habitats and therefore for the participation of the different
guilds.

According to the magnitude and variety, it can occur that no guild could
use the environments. In contrast, the ‘walking birds’ guild is the first one
conditioned to make displacements, since their structural adaptations limit
the exploitation of resources. Changes in the water level determine variations
in habitats and, consequently, in the spatial heterogeneity. Therefore, the
simultaneous presence of all groups can be observed, or also their sequential
replacement or absence.

Thus, due to their flight capacity, this group can respond to each situation,
moving to alternative areas so they can adjust efficiently to the great vari-
ability of these types of systems.
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In a study carried out by Bossisio and Beltzer (2004), 99 species were iden-
tified, a number that contrasts with the results by Beltzer et al. (2004), in
which only 29 species were identified. These values would indicate that this
type of systems has a very marked seasonal behavior in relation to the species
change over.

Figure 15.1 shows the dynamics of three guilds during an annual cycle
(Beltzer et al. 2004), in which walkers predominated between December and
May (i.e., Ardea cocoi, Casmerodius albus, Plegadis chihi), while those that
obtain their food from the air or perches (Rosthramus sociabilis, Pitangus
sulphuratus. etc.) predominated in October and November. On the other
hand, those that swim and plunge (i.e., Amazonetta brasiliensis, Netta
peposaca, Dendrocygna bicolor and D. viduata) did not show a clear tendency.

Figure 15.2 represents the fluctuation in the hydrometric level, allowing
the interpretation of guild variations in Fig. 15.1.

The descriptive study of bird communities as a factor to understand other
aspects relative to the functioning of ecosystems is one of the strongest fields in
current ornithology, with a very recent development in Argentina. These stud-
ies are becoming more important since the integration between diversity and
function can lead to very useful interpretations, as mentioned by Lawton (1994).
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Fig. 15.1 Dynamics of three guilds during an annual cycle (Beltzer et al. 2004) in which walkers
predominated from December to May (i.e., Ardea cocoi, Casmerodius albus, Plegadis chihi),
while those that obtain their food from the air or perches (Rosthramus sociabilis, Pitangus sul-
phuratus, etc.) predominated in October and November. On the other hand, those that swim
and plunge (i.e., Amazonetta brasiliensis, Netta peposaca, Dendrocygna bicolor and D. viduata)
did not show a clear tendency
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Fig. 15.2 Fluctuation of the hydrometric level, that allows to interpret variations in guilds in
Fig. 15.1

15.4 Reproductive Biology

Little is known about the reproductive habits of species in this area,
although this is a relevant issue. Reproductive biology of a particular species
is the result of extensive evolutionary processes that were derived in an
“optimum” reproductive strategy for each species in the habitat where it is
found. Undoubtedly, the formation of pairs and mating systems reflect the
availability of key ecological resources (space, food and protection), as well
as the availability of pairs and the possibility of uniparental care (Gill 1995).

Reproduction involves a great quantity of complex behaviors and
processes that go from the evolution of ornaments and selection of pairs,
through the courtship behavior, until the spermatic competition and the
establishment of a mating system that maximizes the quantity of obtained
descendants.

Although many of the questions necessary for reproduction are genetically
inherited (as the courtship rituals, ornaments, etc.), the optimum reproductive
strategy of a species is definitively defined by the interaction with the environ-
ment in which it is found. In a widely variable environment such as the Paraná
River, where the hydrosedimentological regime generates periods of low
waters, with a higher mainland surface and numerous water bodies that con-
tain a great variety of feeding resources, and others of high waters, where
emerging lands are scarce and food is more difficult to obtain, it would not be



strange to see different mating strategies and systems for different species, or
for a same species in different situations.

Variations in water level in addition to modifying the conditions of the
land severely affects the access to food, which is one of the main determinants
of mating systems, so species can go from monogamy to polygamy with con-
trol of the resource (i.e., Alcock 1997; Gill 1995). Moreover, the availability of
nesting sites also suffers variations leading to different mating systems.

Knowledge of reproductive parameters of any species, as for example the
size of the layer or the reproductive success, is interesting to understand the
questions related to its ecology and evolution (Rotenberry and Wiens 1989),
as well as for species management, conservation and repopulation programs
(Caro 1998).

Reproductive success has been widely used as a measurement of the fitness
of an animal (Lack 1954; Fisher 1958; Williams 1966). The total fitness of an
individual could be defined as the sum of the reproductive success through-
out its life, and it is easy to define reproductive success as the number of
chicks per year (in spite of the difficulty to define “success”) (Burger 1982).

This is observed in that small fluctuations in some variables of the repro-
ductive biology, as the size of egg laying, can influence the population
dynamics, and the differences in the reproductive success can provide basic
material for evolutionary changes (Rotenberry and Wiens 1989).

The factors related to the environment can reduce the reproductive success
of most bird species. Important environmental events that cause problems in
birds are mainly of two types: daily changes in temperature and precipitation
cause the death of embryos or chicks, while catastrophic events (as storms,
strong winds, extreme temperatures, etc.) can cause the death of embryos or
chicks when they are exposed, even for a short period of time (Nisbet 1975;
Hand et al. 1981).

Finally, we will refer to one of the less studied subjects in the area: the
reproductive biology of birds from the Paraná River. In the study area, few
advances have been done in this subject, especially if they are referred to quan-
titative contributions. The first contributions were carried out by de la Peña
(1976, 1977, 1978, 1994, 1995, 1996), and consist of qualitative data, including
descriptions of nests, eggs and quantity of chicks of most species in the area.

A few years ago a project for the study of the reproductive biology of birds
from the Paraná River was begun to obtain data on some variables, as for
example: birth and mortality rates (gross and caused) of chicks, reproductive
success and yield, growth and development of chicks, etc.

Until now, there are data on four species of Passeriformes: Sicalis flaveola
(saffron finch) (Quiroga et al. 2003), Trogodytes aedon (house wren) (Quiroga
et al. 2007) and Zonotrichia capensis (rufous-collared sparrow), which have been
studied since 1999 until now, and Tachycineta leucorroha (white-rumped swal-
low), that has been monitored since 2003 until now (Quiroga et al. unpublished).

Within the non-Passeriformes, the reproductive biology has been studied
in Butorides striatus (striated heron) (Beltzer 1991, 1995; Mosso and Beltzer
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1992) from 1986 to 1991. The interest for this species was based on the fact
that it is the only heron in the flood valley of the Paraná River that shows pat-
terns of migratory behavior, being a spring-summer resident.

This heron did not construct its nests simultaneously, producing overex-
posed stages in which incubating pairs, nests with chicks, and others with
juveniles that were ready to abandon them, were observed. The incubation
was begun with the laying of the first egg, so hatching is not synchronous.
This does not coincide with the patterns observed in the Passeres, which
begin the incubation with the penultimate egg.

The average number of eggs per nest was 3 ± 1. During the studied years,
a notable increase in breeding pairs and, thus, in the number of nests per area
was observed. The birth rate averaged 0.17 and 17% hatched and 73.08% of
chicks reached the stage of juveniles in conditions to fly. The mean time of
incubation was 21 days, with a permanence of chicks in nests of 14 days.
Gross mortality rate was 48%, while mortality per ages was: eggs 48.09%, and
juveniles 21.1% (Fig. 15.3). The net growth rate (R) was 1.61 and the repro-
ductive yield was (n) 42.2%.

Lays of Sicalis flaveola mostly consisted of four eggs (± 1) to one egg/day,
with some nests with five eggs and others with three eggs.

The longest egg axis was 18.91 cm. (± 1.09), the shortest axis was 13.95 cm.
( ± 0.48), the mean weight was 1.92 g (± 0.2) and the mean volume was 3.67
mm3 (± 0.2).

The incubation period was 16 days (± 0.71). Apparently, the female would
be the only one participating in the incubation.
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The birth rate was 0.031, while mortality of chicks increased to 20%. Most
of them died by starvation or by climatic conditions.

Regression analysis showed a strong dependence among the variables of
growth, bird weight, wing length, and size of head + beak. All correlations
were positive (Fig. 15.4).

As expected, the three variables (body weight, wing length, and size of
head plus beak) increased as the age of the chicks increased. Wing length
and body weight increased rapidly, while head plus beak size increased only
gradually.

In relation to developmental indicators, chicks opened their eyes between
the sixth and seventh day of development, and primary and secondary feath-
ers appeared around the same time.

In the case of the house wren, the nest construction was not synchronous,
beginning at mid September and continuing at least until mid February
(when samplings ended). Their construction took between 3 and 14 days,
being more frequent between 4 and 8 days. Some pairs of Troglodytes aedon
took the nests of Sicalis flaveola just after they finished their construction.
Once usurped, they added typical T. aedon nest material and immediately
began egg laying. In this way, a type of mixed nest was generated, but, any-
way, it was successful (Fig. 15.5, 15.6).

The size of the egg laying (four eggs on average) and the incubation period
were similar to those described for Sicalis flaveola. The length of the largest
axis was 17.09 mm (± 0.92), the length of the smallest axis was 12.99 mm
(± 0.567), the weight was 1.54 g (± 0.201), and the volume was 2.88 mm3

(± 0.285). For this species, the birth rate was 0.0156, while the mortality rate
was 29.9%. Correlations carried out between measured variables were strong,
and growth patterns and chick development followed the same tendencies of
most studied species of Passeriformes.
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In the case of the rufous-collared sparrow (Zonotrichia capensis), a
sequential egg laying of an egg per day was also registered, and each sitting
was not greater than three eggs. The incubation period demanded between
10–11 days, remaining a total of 11 chicks. The birth rate was 82% and the
mortality rate was 18%, while net birth rate was 2.37.
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For Tachycineta leucorroha, the reproductive activity extended from the
beginning of September to mid December, reaching maximum activity in
November, coinciding with a peak in the river flood, which inundated the
area. This could have generated a higher abundance of insects, basic diet of
this species, which would justify the low rate of mortality of chicks in the
studied periods.

The average egg-laying size was four eggs, but layers with three, four, and
six eggs were registered. For this species, the average egg length was 20.21
(± 0.843), the width was 14.31 (± 0.753), and the weight was 2.152 (± 0.221).
The birth rate was 81.76% and mortality rate was 7.5%, and there were strong
correlation indices among the measured variables.

Although future investigations are necessary, these contributions provide
knowledge of a group that constitutes an indicator of the state of water bod-
ies, which justifies their continuation to reach an adequate management of
the resource in the framework of a sustainable development.
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