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12.1 Introduction

The middle section of the Parand 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 Parand
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., Parand River and Rio de la Plata) province (Ringuelet 1975). Most fish
species inhabiting the Middle Parand River have Brazilian origin. The Parand
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 Parand 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 Parand 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
Parand 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 “sdbalo”, 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
Parand 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 Parand
River (taken from Drago et al. 2003)

Order

Family

No. of species

Myliobatiformes

Clupeiformes

Cypriniformes

Silurifornes

Atheriniformes

Synbranchiformes

Perciformes

Pleuronectiformes

Lepidosireniformes

Potamotrygonidae
Clupeidae
Engraulidae
Characidae
Serrasalmidae
Gasteropelecidae
Erythrinidae
Lebiasinidae
Anostomidae
Hemiodidae
Curimatidae
Characiidae
Gymnotidae
Apteronotidae
Rhamphichthydae
Doradidae
Auchenipteridae
Aspredinidae
Pimelodidae
Ageneiosidae
Hypophthalmidae
Cetopsidae
Thychomycteridae
Callichthyidae
Loricariidae
Belonidae
Cyprinodontidae
Jenynsidae
Poecilidae
Atherinidae
Synbranchidae
Sciaenidae
Cichlidae
Achiridae

Lepidosirenidae
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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 “surubi”, Pseudo-
platystoma coruscans, the tiger shovelnose catfish or “ surubi atigrado”,
P. fasciatum fasciatum, the duckbill catfish or “manduvé cucharén”, Sorubim
lima, the granulated catfish or “armado comun”, 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 Parand River
(at sites near the city of Parand, 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 “sdbalo”, P. lineatus, the
“pati” catfish, Luciopimelodus pati, the “moncholo” catfish, P. albicans, and the
“surubi” 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 Parand River tributaries in the province of
Entre Rios, 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 Parand River (31°4037’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™! for the Los Sapos Island and 2,000 kg ha™!
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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
Parand 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 m?,
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 Parand 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.m? 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 Parand 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 Parand
River basin (Bonetto et al. 1971; Godoy 1975). Among the migrating species,
large Siluriformes, such as two “surubi” species Pseudoplatystoma coruscans
and P. fasciatum fasciatum, and Characiformes, as the “sdbalo” 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
Parand 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 “sébalos” (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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Fig. 12.2 Length-weight relationship of juveniles of Prochilodus lineatus captured in the Salado
River during a summer migration at low waters

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 Parand 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 Parand
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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Fig. 12.3 Temporal distribution of ichthyoplankton in the Parand River in relation to the
hydrometric level (Parand Port) during a high water phase

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/m?® 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 Parand
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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Parand 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 Parand 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 Yacyretd
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 Parand 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
“sdbalos” 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 Parand 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 Parand 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 Parand 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

Prochilodus

Leporinus -

Main channel Secondary channel Lakes

Pseudoplatystoma
Pimelodus
Sorubim

Salminus

Main channel Secondary channel Lakes

Resources

Refuge
Fig. 12.4 Changes in the trophic use of lateral dimension habitats by fish larvae of different
species of Parand River
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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
Parand 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 Parand
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
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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 Parand 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 Parand 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 Parand 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 Parand River fish with different
types of respiratory patterns, we can acquire a good indication of the animal
needs and the way it uses O,. 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,

Table 12.2 Mean metabolic rate (mgO,/h) for different fish of the Parand 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
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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 Parand 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 (Ferndndez 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 Parand 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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