12. The Uruguay River system

D. H. Di Persia & 1. 1. Neiff

Introduction

With its tributary the Cuarcim, the Uruguay River forms the borders of the
Orientai Republic of Uruguay (Fig. 1). The river system lics in temperate
latitudes (28"10°S-37°08’S), in a region of tall prairic grasslands, with forests
along the main water courses. Topographic relief generally is below 610m
AMSL. Pastoral regions in the NW arc predominantly for sheep, but cattle are
important S of the Rio Negro. Cercal crop-growing areas exiend some 100km
N of the capital, Montevideo, and N along ihe Uruguay River o Salto.

The Uruguay River extends over 1838 km. with a drainage arca of about
365000 km?. and is third among the rivers of the La Plata Basin (3.1 million km?;
OEA 1969). Its main tributarics arc the ljuhy-Assu, Ibicul, Cuareim and Negro
rivers. These are all left bank streams, as the Parana-Paraguay system drains the
right bank region. The {ributarics are often braided, with multiple branches that
are distinctive among rivers of the Cuenca del Plata. In several other respects,
the Uruguay provides interesting contrasts with the neighbouring Parand sys-
tem (cf. Bonetto 1986a).

Physical characteristics
Geographic and geologic features

The Rio Uruguay rises in the Serra do Mar and Serra Geral, the coastal ranges
of southern Brazil (Fig. 1). 1ts chiel source, the Rio Pelotas, rises only 64km
from the Atlantic coast and flows to meet the Rio Canoas near Piratuba (1800 m
AMSL), forming the mainstem river. The Uruguay flows W through southern
Brazil, then SW as the border between Brazi and Argentina. At Monte Caseros
(Argentina) it turns S, forming the border between Argentina and Uruguay. At
Buenos Aires it combines with the Parund River to form the great estuary of the
Rio de La Plata.

The Ecology of River Systems. edited hy B. R. Davies & K. F. Walker
W 1986, Dr W, Junk Publishers, Dordrecht, The Netherlands 599
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Figure 1. Geographic features of the Uruguay River system.

The Uruguay is the youngest of the La Plata rivers (Frenguelli in Soldano
1947). Tt probably originated in the Quaternary, as part of tectonic movements
associated with the uplift of the Serra do Mar. The upper basin of the present
system probably was formed at the time, impeding drainage to the Atlantic
Ocean. There is evidence for this in the distinct convexity of some parts of the
river profile (Fig. 2), the scarcity of islands in its valley, and the existence of
numerous rapids. Prior to construction of a major dam at Salto Grande (see
later), below the inflow of the Cuareim near Monte Caseros, the river fell 9m
in a 3-km reach. At Saltos del Mocond, above the junction with the Pepiri Mini,
the river enters a 10-m basaltic gorge where it is constricted to a width of only
30m. As a result of interruptions like these, the Uruguay is less important as a
waterway than the rivers of the Parand system. Large vessels (to 4.3-m draft) can
reach Paysandu, about 200km from the mouth, and smaller ships may reach
Salto, another 100 km upstream.

In the upper reaches the river gradient is 0.15 to 0.30 m km ™' (Soldano 1947).
The course is tortuous (sinuosity 2-3 in some reaches) as it passes through
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Figure 2. Vertical profile of the Uruguay River (Soldano 1947).

undulating hills, but gradually straightens in southern Misiones Province
(Argentina). This section is less sinuous than corresponding parts of other rivers
in the La Plata drainage, and the only significant falls are the aforementioned
Saltos del Mocond. However, downstream of Garruchos (Uruguay) the river
gradient is a mere 0.7 m over 300 km (Soldano 1947); the flow is correspondingly
diminished, and the mainstem widens and branches.

The width of the basin increases gradually from about 200 km ncar its source
to about 360 km near the confluence with the Rio Negro (Tossini 1959). These
progressive changes, and the regular distribution of the tributaries, prevent the
formation of a major delta !ike that of the Parand River.

Flow régime

The hydrologic régime of the Uruguay is quite different from that of the Paran4

and Paraguay rivers. According to Ceppi (1937), the régime is of a “subtropical™

type. There are two distinct zones:

(a) Upstream of Salto Grande. Floods in this zone occur 30-60 days after peak
rainfall in autumn and winter (mean 1900 mma~' at Palmeira, Brazil).

(b) Downstream of Concordia. Rainfall is less and distributed more evenly
through the year (1300mm a+' at Rivera, Uruguay), and flows are impeded
by the low gradient and tides in the estuary of the La Plata.

Flow patterns in the upper zone are more predictable. At Salto Grande,
Soldano (1947) recorded an annual mean flow of 124.740 million m?, a peak
flow of 391.658 millionm’, and current velocities up to 2.5kmh~'. Minimum
and maximum discharges were estimated as 92 and 36000 m®s ', respectively.
Water level fluctuations also are more pronounced in this region (Fig. 3). In
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Figure 3. Water level fluctuations at localities on the Uruguay River.

1941, for example, levels at Puerto San Javier varied 11.5m about a mean level
of 2m (Soldano 1947). In the lower zone salient hydrologic features are the
relatively small difference between minimum and maximum water levels (mean
level below 2 m) and the greater frequency of flash floods caused by the meeting
of river and tidal flows.

Sediment régime

Above Salto Grande there are many basaltic outcrops and the river substratum
typically is rocky. The lower river flows through sedimentary strata of variable
thicknesses, mostly from the alluvial sandstone formations of Botucati, along
the Ibicui and Santa Maria rivers. Erosion rates are low, and suspended solids
loads are correspondingly small. Bonetto (1975) estimated the suspended load
as 17106ta™", although it would be less in reaches above Puerto San Javier.

High transparencies are associated with the slow current and low suspended
solids loads (INCYTH 1978). Secchi disk depths are 20-80 cm above the Pepiri-
Guazu junction, on the border between Argentina and Brazil, and 10-45 cm near
Coldn (Argentina), 216 km from the river mouth. At low-water periods, trans-
parencics are increased still further.

Other physical and chemical features
Salinities generally are low, although increased near the river mouth (OSE
1978), and conductivities are between 30-80 uScm™'. Quirds & Cuch (1981)

recorded 49 mg 1~ dissolved solids in the middle reaches. Values of pH typically
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are 6.5 to 8. Seasonal temperatures are 18-28°C. Dissolved oxygen (DO) levels
are high and, particularly in the turbulent waters of the upper river, may attain
super-saturation. DO saturation values of 86-108% are reported from the
region of the dam at Salto Grande (CTM Salto Grande 1977; Quirds & Cuch
1981). Phosphate levels reportedly are low (range < 0.002-0.14mgl'; Quirds
1981, 1982; Natale et al. 1982), and Sierra et al. (1977) recorded 0.8-2.0 mgl™!
nitrate in the region of Salto Grande. Lower nutrient levels may occur in
downstream areas. Sierra et al. (1977) also reported Chemical Oxygen Demands
(COD) of 7.6-18.5mgl ' and a calcium concentration of 5.4 mgl~'.

There are some chemical similarities between the waters of the Uruguay and
Parana rivers, but the Uruguay’s waters are distinguished by their low elec-
trolyte content, and correspond to the calcium bicarbonate type. Low salinitics
are a common feature of the great South American rivers, and distinctive
compared to large rivers elsewhere in the world (Livingstone 1963; Bonetto
1976, 1978).

Biological characteristics
Soils and vegetation

General information about the Uruguay environment is provided by Agudelo
et al. (1978), STM Salto Grande (1977), FAO-UNESCO (1974), OEA (1969,
1971) and Plan Mapa de Suelos (1978). Here, an overview is provided.

For 600km below its source, the Uruguay River passes through dense,
pluristratified forests on red basaltic soils. The forests include Balfourodendron
riedelianum, Cedrela fissilis, Cabralea oblongifoliola, Apulia leiocarpa and Myro-
carpus frondosus. This association declines abruptly in southern Misiones
Province, in the region of the 1600 mm annual isohyet, to be replaced by
semideciduous forest dominated by pifio Parana (Araucaria angustifolia), with
other species from the upstream region. The forests are heavily exploited for
commercial purposcs, cxposing large arcas to erosion.

Landsat imagery (1:500000) and large-scale aerial photography show con-
spicuous differences between the left and right bank environments between 500
and 800 km from the river mouth. The left bank is elevated, often steep, and
flanked by meadows interrupted only by the tributary forest-tracts; there is also
extensive agricultural development (cattie production, cereal and citrus crops).
The right bank is mainly low-lying reed and peat swamps where rice and cattle
production are the principal agrarian activities.

Between river-km 200 and 560 forests occur on both river banks, although
parts of the left bank lack well-developed herbaceous vegetation and soft grami-
neous and herbaccous legumes occur. The right bank supports a broad savanna
(“espinillal” or “‘espinal”’) of spiny trees and bushes (e.g. Acacia caven, Prosopis
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nigra, P. affinis), among Andropogon lateralis and other grasses. The trees of this
arca have been largely displaced by agricultural development. Nearer the river
mouth there are extensive humid grasslands (“Pampa Himeda™) on flat and
slightly undulating country, with loessic soils suitable for intensive cattle and
cercal production.

In Landsat images the Uruguay River appears as a strip of vegetation
becoming wider downstream. Cabrera (1951} termed this the “gallery forest”,
and ascribed its presence to the microclimate established by the river. The green
belt begins in the Brazilian semideciduous {orests, dominated by Peltophorum
vogelianum, Tabebuia impetiginosa, Anadenanthera macrocarpa, Albizia hassleri
and other species. In the south some species progressively are replaced by others,
including Terminalia ausiralis, Salix humbaldtiana, Sapivm haematospermum
and Eithrina crista-galli.

Development of the gallery forest in the Urnguay Basin, as in other parts of
the Plata drainage, is strongly influgnced by flow and sediment régimes and by
adjacent environments. Generally, species richness and structural complexity
decrease with increasing latitude. The main determinants of this latitudinal
gradient are progressive changes in river bank elevation, edaphic changes {(c.g.
soil depth), increasing river width, decreasing rainfall and changes in the annual
régimes of temperature and photoperiod.

In the upper basin the gatlery forest is litlle affected by seasonal and short-
term changes in water level. Downstream, however, the forests and islands of
the valley are subject to variable levels, imposing complex patterns on the
distribution and abundance of the vegetation. This is most evident near the river
mouth, where the cifects of the river microclimate, its flow and sediment régimes
and the tidal influence of the Rio.de La Plata arc superimposed.

The maturity of the gallery forest along the Uruguay resembles that of the
Parana at similar latitudes, and may reflect a comparatively low rate of erosion.
The lower Uruguay has fewer islands, and their shape is less changeable because
the river has a stony substralom and carrics smaller loads of fine suspensoids.

Aguatic and riparian vegetation

Various complex interactions of geomorphic, hydrologic and edaphic features
suggest that the plant habitats recognised for floodplain rivers by Adams (1964}
and Welcemme (1979} should be redefined for the special case of the Urupuay
River. A more effective classificalion may be as follows (cf. Neaff 1978):

(a) Waterfalls,

{b) Mainstem river and large tributaries,

{c} Small strcams,

(d) Oxbows,

(e) Wetlands,
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(D) Seasonally flooded arcas, and

{(g) Areas inundated only by exceptional floods.

This scheme is employed in Figs. 4 & 5, illustrating various features of the
aquatic plant communities of the Uruguay Basin,

Waterfall habitats arc dominated exclusively by the Podostemaceac (tachy-
rheophyton” of Dugand 1944). Communitics of Podostemum occur on rocky
substrata, just below the surface of waterfalls and rapids, The plants adhere (o
the rocks by mcans of root-hairs (hapters) which secrete a glue-like subtance.
Vegetation growth occurs during intermediate water levels, and flowering
occurs at low water, During the flowering period, which may last only 24h
{Went in Van Royen 1951), the plants are covered by a thin layer ol clear water
and desiccation is offset by lignification of the stem tissues. Clearly, these
communities depend intimately upon the river’s flow behaviour.

The river mainstem has no permanenl aquatic vegetation, reflecting variable
water levels, steep banks and coarse substrata. The tributary rivers typically
have two distinct Lracts. In the uppermost reaches the channcl section is
U-shaped and the tachyrheophyton is lttie developed. The lower reaches are
bordered by extensive wetlands where water is present for variable periods of
time. Wellands near Salto Grande are described by Marchesi (1978), C'T'M Balto
Grande {1977) and Sierra ef of. (1977). During low-water periods in the tribu-
taries, Cahomba austratis, Ceratophytium demersum and Potamogeton striufus
may beccome cstablished in sheltered marginal areas. Neiff (1978) provides a
comparative analysis of the vegetation of different environments in relation to
flow patterns. Figs. 4 & 5 illustrate the nature of plant communities in these
CNVIFONMEnts.

In permancnt wetlands Scirpus californicus (“juncales™) 1 common and
provides a habitat for foating rooted specics ( Ludwigia peploides, Myriophylium
brasitiense, Leersia hexandra) and frec-floating species (Azalla caroliniana,
Safvinia spp.). Generally, free-Mloating plants are of little significance in the
Uruguay River. They occur in assoctation with juncales or other rooted species.
in areas with stable water levels. Thus, Eiclthornia species (E. crassipes, E.
azureda) and Pistia stratiotes rarely occur. This 1s a significant difference between
the Uruguay and Parang systems (cf. Neifl’ 1986).

Scasonal wetlands (““baniados’™) often arc populated by euryoecious plants like
Punicum prionitis (“pajonales™), Paspalum rufum and Reynchospora corimbosa.
Floating rooted plants (Ludwigia, Myriophylium, Eleocharis and Sagittaria) are
commaon, as might be expected in habitats subject to changeable water levels, A
particular type of wetland, the “bafiados-bosque™, 1s exposed to alternate wet
and dry periods, and the vegetation is of herbaceous species with sparse trees
and shrubs (c.g. Acacia caven, Phyllanthus sellowianus, Cephalanthus glabratus).
The aperiodic wetlands are transitional with terrestrial habitats, and are domi-
nated by euryoccious grasses like Andropogon lateralis and Sorghastrum
agrostoides.
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Figure 4. Features of the aquatic vegetation at places in the Uruguay Basin. Various habitat types
are indicated. The proportional representation of different vegetation types is indicated by pie
diagrams, and the numbers of species (vertical axis) and percentage cover (horizontal axis) are
shown as tnangles.
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Figure 5. Relative frequencics of aquatic plant types in habitats of the Uruguay sysiem.

Lentic waterbodies, including oxbows (“madrejones™), are comparatively
few. They occur on some islands and along the river margins, and are seasonally
connected with the river. Their vegetation includes Scirpus californicus, Pon-
tederia lanceolata and other species adapted to variable water levels.

The floristic richness of the Uruguay Basin reflects the variety of environ-
ments represented. In the 150-km segment now inundated by Salto Grande
Reservoir, Bacigalupo & Burkhart (1977) recorded 831 species, comprising 800
native species and 31 exotics, although these numbers would be considerably
less if only plants within the zone of the river’s influence were considered (Neiff
1978). Near Salto Grande, in a 10-15km wide belt, 300 species would be
included from the total recorded by Bacigalupo & Burkhart. Of these 65 are
aquatic and semi-aquatic species, and 37 are tree species represented in the
riparian forests. These numbers refer to total recorded specics and, given the
variability of the river régime, they would be significantly less if one year’s
occurrences only were considered. )

Neiff (1978) made quantitative comparisons of the vegetation in environ-
ments exposed to different flooding régimes. Near Salto Grande, prior to dam
construction, similarity coefficients (Kulczynski-Serensen Index) of 0.22-0.57
were obtained for various wetland, river and pond communitics (Fig. 5). The
maximum value, however, was recorded in comparisons between seasonal and
annual wetlands, and a more typical range would be 0.20-0.40.

The significance of flooding régimes (hence current velocity, water residence
time etc.) is reflected in the presence of two reasonably discrete plant groups:
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(a) Euryoecious plants, able to persist through changing conditions. These
dominate where there arc wide fluctuations in water level; examples are
Rhynchospora corimbosa, Polygonum acuminatum, Ludwigia peploides, Pas-
palum rufum, Panicum prionitis, Andropogon lateralis, Salix humboldtiana,
Sapium haematospermum, Inga uruguensis and Acacia caven.

(b) Stenotypic plants, limited to a narrow range of conditions. In the Uruguay
system these are plants capable of rapid vegetative growth, including species
of Hydrocotyle. Some trees (e.g. Luchea divaricata, Tabebuia impetiginosa)
dependent on the river are a special case, confined to stable areas which
allow them to persist despite variable flows.

Each group is represented by many species, if records accumulated over long
periods are considered, but species richness may be low at any one stage of the
seasonal cycle. Natural communities generally consist of relatively few euryoe-
cious species and a variable complement of transient, stenotypic species depen-
dent on particular conditions.

Another feature of the relationship between the plant communities and
patterns of flow is seen in the periodicity of occurrence of particular species. This
is most evident in herbaceous communities, particularly the wetlands, where
there are sharp distinctions between stages in the flooding cycle. Periodicity is
reflected also in the reduced herbaceous understory of the gallery forests subject
to annual flooding. These species are scarce also in the island communities
because most of these are subject to annual floods. Tree species in these insular
communities are dependent on floods for dispersal and germination, as with
similar communities elsewhere in the Plata drainage system (Neiff 1981).

Other biological features
Phytoplankton

The little information that exists for the phytoplankton of the Uruguay system
is summarised by Onna (1978) and Quirés & Luchini (1982). Onna was con-
cerned with the Argentine section of the river, from the junction with the Pepiri
Guazu (in Misiones Province, near the Brazilian border) to the Rio de La Plata.
Peak densities occurred in spring and summer, with 37000 ind. 1~ near river-km
583 (Paso de los Libres, Corrientes Province). In the lower river, at km 178
(Concepcidn del Uruguay, Entre Rios Province) the summer maximum density
was 40000ind.1~". Otherwise, low densities are typical of the system, and may
reflect the paucity of lentic water bodies in the floodplain (cf. Onna 1978),
relative to the Parani system (Bonetto 1978).

Onna recorded 71 genera of algae, including 31 genera of Chlorophyta, 2
Chrysophyta, 28 Bacillariophyta, 6 Cyanophyta, 2 Euglenophyta, 1 Pyrrophyta
and the remainder Dinoflagellata. Many genera were distributed uniformly
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along the river throughout the scasonal eycle. Bacillariophytes were represented
bif Melosira (M. grannlata, M, varians and M. italica, with lew M. roesearia and
M. undulata), Pinnularia, Navicula, Synedra, Gomphonema, Cymbella, Surivella,
Eunotia, Gyrosygma and Amphipleura. Among the chlorophytes Seenedesmus,
Pediastrum, Closterium and Cosmarium were most common, although Staura-
strum, Coelastrum and others were also present in the lower rcaches. Among
other taxa only cuglenophytes (Trachelomonas) were consistentiy abundant.

Some of these genera were present, although less abundant, in the region
of Salto Grande prior to dam construction (Sicrra ef al. 1977). Among 31
recorded gencra, diatoms sometimes accounted for more than 80% of the
biomass. Chlorophytes were consistently present, but comprised only 2- 15%
ol the total, Other taxa did not exceed 1- 2%, except in some tributary sireams
in various seasons. The phytoplankton of tributaries may have a quite distinct
composition, and their influence on the mainstem phytoplankton may be
considerable. In the Pepiri Guazd, pyrrophytes, cuglenophytes. cyunophyles
and chrysophyles made up more (han 25% of phytoplankton densities in
spring, and eugienophytes, cyanophytes and chrysophytes comprised 20%
of the biomass in summer. In the Arapey River in summer Luglenophyta
accounted for 70% of the total hiomass, Bacillariophyta for 28%, and
Chlorophyta were scarce.

Onna (1978) recognised two patterns of phytoplankton abundance. The first,
involving spring und autumn maxima, is typical of reaches upstreum of about
river-km 624 (near Yapey(). The sccond, characterised by a summer peak, is
typical of the section from the river mouth to km 489 (near Monte Caseros).

Onna also noled scasonal differences in the relative proportions of centric and
pennate dialoms. In spring, centric diatoms represented 30-50% of the total
diatoms at km 1170 (El SoBerbio), and 60-80% near ki 768 (Sunto Tomé). In
summer, pennate diatoms assumed dominance at km 379 (Federacion). In
autumn, centric diatoms were most abundant in the upper river and in the
200km belore the river mouth, but the two Lypes occurred in similar pro-
portions between km 203 and km 489 (Colén and Monle Caseros, respectively).
In winter the two Lypes were equally represented, although centric diatoms had
a slight ascendancy up to about km 309, and pennate diatoms were slightly more
common upstream of thal region.

Quirds & Luchini (1982) investigated the phytoplankion in the scetion of river
now occupied by Salto Grande Reservoir. They analysed phytoplanktion com-
munity structure i regard to various environmental characteristics, and con-
cluded that algul biomass was strongly influcnced by the flow and sediment
régimes. Chlorophyil a levels were bigher in tributaries (205mgm ) than in the
mainstem (1.2-18.4mgm~*). Diatoms werc most abundant, although cyan-
ophytes were significant during periods of high turbidity.

Diatoms often dominate in the phytoplankton of the large South American
rivers (c.g, Bonetto 1978, [986a). This is associated with high concentrations of
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