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ABSTRACT

Identifying spawning and recruitment areas of Neotropical migratory fish is an important conservation
issue, because it allows to define connectivity between habitats used during the initial life cycle of
these species. In this sense, the objective of this study was to delimit spawning and recruitment areas
of three migratory fish (Megaleporinus obtusidens, Salminus brasiliensis and Prochilodus lineatus)
along of an altitude gradient of the Uruguay River. Samplings of ichthyoplankton and juveniles were
applied with five different fishing devices in four river stretches, one in reservoir and three in a free
section, for two consecutive years (2015-2016 and 2016-2017), during the reproductive period of
the species. Larvae and juveniles were not collected in the reservoir and, in the free section, larvae in
the early stages of development were found only at an intermediate stretch, and the most larvae at
more advanced stages (~80%) and juveniles (~95%) were recorded in the lower sampling stretch.
Based on the larval stage and abundance of juveniles, spawning-recruitment connectivity sections
were presumed for these migratory species. After, these sections were associated to the location of
future hydroelectric dams in the study area, with possible negative implications for the conservation
of these populations in the Uruguay River.

Key words: downstream dispersion; juveniles; Neotropical migratory fish; nursery habitats.

AREAS DE DESOVA E RECRUTAMENTO DE PEIXES MIGRADORES NO RIO
URUGUAI: APLICAGCAO PARA CONSERVACAO DA CONECTIVIDADE DE RIOS
NA AMERICA DO SUL

RESUMO

Identificar areas de desova e recrutamento de peixes migradores neotropicais é um item importante de
conservacao, pois permite definir conectividade entre habitats utilizados durante o ciclo de vida inicial
destas espécies. Neste sentido, o objetivo deste estudo foi delimitar areas de desova e recrutamento
de trés peixes migradores (Megaleporinus obtusidens, Salminus brasiliensis e Prochilodus lineatus) ao
longo de um gradiente de altitude do rio Uruguai. Amostragens de ictioplancton e de juvenis foram
aplicadas com cinco diferentes apetrechos de pesca em quatro trechos de rio, um em reservatorio e
trés em uma sec¢do livre, por dois anos consecutivos (2015-2016 e 2016-2017), durante o periodo
reprodutivo das espécies. Larvas e juvenis ndo foram coletados no reservatorio e, na se¢do livre, larvas
em estagios iniciais de desenvolvimento foram encontradas somente em um trecho intermediario, e a
maioria das larvas em estagios mais avancados (~80%) e juvenis (~95%) foram registrados no trecho
de amostragem mais baixo. Baseando-se no estagio larval e abundancia de juvenis, foram presumidas
secOes de conectividade desova-recrutamento para estas espécies migradoras. Posteriormente, estas
secOes foram associadas a localizagdo de futuros barramentos hidrelétricos na area de estudo, com
possiveis implica¢des negativas para a conservagdo destas populag¢des no rio Uruguai.

Palavras-chave: dispersao rio abaixo; juvenis; peixes migradores neotropicais; habitats berg¢ario.

INTRODUCTION

In Neotropical rivers, the migratory fish is subject to intense environmental pressure
caused by hydroelectric projects (Winemiller et al., 2016). The construction of large
reservoirs has created ecological barriers with strong horizontal gradients, which has
interrupted the dispersion of eggs and larvae downstream to recruitment areas such as
floodplains, swamps, and marshes (Pelicice et al., 2015). The lack of effective technical
solutions to this problem has led to continuous failures in population recruitment for this
group of fish (Agostinho et al., 2011; Pelicice and Agostinho, 2012; Pompeu et al., 2012).
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The downstream dispersion of migratory fish in rivers of South
America differ to those of the Northern hemisphere, such as some
salmonids. The latter disperse at more developed ontogenetic
stages (smolts, smelts, and fry), when can swim independently
(Lucas and Baras, 2001). Consequently, these species can
successfully overcome hydropower pass systems and maintain
population recruitment (McCormick et al., 1998; Accou et al.,
2008, Havn et al., 2017).

In contrast, Neotropical migratory fish in South America are
potamodromous (they complete their entire life cycle in rivers),
have very small eggs and high fertility rates (Winemiller,
1989; Aratijo-Lima, 1994). After spawning, the eggs drift,
incubate, and hatch in the rivers (Carolsfeld et al., 2003), and
their successful recruitment depends upon drifting in lotic
waters to reach downstream floodplain habitats. In floodplain
environments, fish larvae find food (plankton and insects) and
refuges against predators (Leite et al., 2000; Suzuki et al., 2009).
In Neotropical rivers of South America, migratory fish species
require stronger conservation measures, such as the preservation
of long, free stretches of river (Pelicice and Agostinho, 2008).
Therefore, identifying areas used for spawning and recruitment
is fundamental for the conservation of migratory fish in South
America. It could help to identify the connection of habitats that
are essential for the early life stages of these species, mainly
when large hydroelectric projects are in the preliminary phase of
construction (Agostinho et al., 2002).

In this way, this study aimed to identify areas of migratory fish
spawning and recruitment along an altitude gradient in the main
channel of the Uruguay River, in order to establish spawning-
recruitment connectivity stretch(es) for three migratory fish:

the piava, Megaleporinus obtusidens Valenciennes 1837; the
dourado, Salminus brasiliensis Cuvier, 1816; and the grumatao,
Prochilodus lineatus Valenciennes 1837.

MATERIAL AND METHODS

Study area

The Uruguay River basin occupies an area of approximately
365,000 km? and is the smallest basin among the three rivers
(Parana and Paraguay rivers) that forms the La Plata River Basin
(LPRB), corresponding to approximately 12% of the total area of
the LPRB (Zaniboni-Filho and Schulz, 2003). The total course is
approximately 1,800 km long, approximately 800 km of which
was sampled in this study.

The study area was delimited by four sampling stretches in
two sectors of the Uruguay River: the upper (T1 and T2) and
the middle (T3 and T4) (Figure 1). The upper Uruguay begins
at the confluence of the Canoas and Pelotas Rivers and ends in
the Yucuma Falls, which is the highest longitudinal waterfall in
South America with 1,800 m long (Zaniboni-Filho and Schulz,
2003). This upper portion extends for approximately 400 km and
is valley shaped, without floodplain areas, and is where most
hydroelectric dams are concentrated. The middle portion extends
from the Yucuma Falls to the Salto Grande Hydroelectric Dam in a
stretch of approximately 800 km. This section is characterized by
having a low longitudinal profile and includes areas of floodplain,
marginal lagoons, wetlands, and marshes (Quirds, 2004). Table 1
presents some characteristics of each sampling stretch.

Figure 1. Altimetric map of the study area and sampling stretches (T1, T2, T3, and T4) in the Uruguay River (La Plata River
Basin). Black dots with white circles indicate hydroelectric dams in operation, and white dots with black circles indicate planned
hydroelectric dams. T1 comprises the semilotic, transitional area between the Ita and Machadinho Dams. The remaining stretches
were downstream of hydroelectric dams that operate on the upper Uruguay River.
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Table 1. Sampling stretches of the study area in the Uruguay River (upper and middle) with upper and lower limits of the sampling

stretches and the general characteristics of the water flow.

Sampling Sector of Upper limit of the =~ Lower limit of the Water flow of the
Stretch  Uruguay River sampling stretch sampling stretch sampling stretches
Tl Upper Machadinho Dam Ita Dam Semilotic
T2 Upper Chapeco River ~ Macaco Branco River Lotic
T3 Middle Burica River Ijui River Lotic
T4 Middle Icamaqua River Ibicui River Lotic

Sampling

Fish larvae and juveniles were sampled in four field trips
conducted in November 2015 (spring), March 2016 (summer),
November 2016 (spring), and March 2017 (summer), in two
successive reproductive periods (2015-2016 and 2016-2017).
These periods were selected based on the reproductive peak of
most migratory fish species in the Uruguay River, which occurs
between October and November (Hermes-Silva et al., 2012).

Each stretch on each field trip was sampled with the same
fishing effort. To capture juvenile migratory fish, 10 sampling
points were randomly selected in each section (40 in total)
and sampled on each of the four field trips, which resulted in
a total of 160 samples. The environments selected were mainly
in marginal areas, where there was shrub vegetation, aquatic
macrophytes, and/or other types of marginal vegetation.
Sampling was conducted using four types of fishing net: gill,
purse seine, hand, and casting.

The gill nets comprised two sets, one of which was placed on
the bottom and the other on the surface of the water column. Each
net was 60 m in length and was composed of 20-m junctions
of each of three different mesh openings: 1.5, 2.0, and 2.5 mm
between opposing nodes. The nets were installed at dusk for night
sampling and at dawn for daytime sampling, and remained in the
water for 10 h. The purse seine net was 20 m long with a 5.0-mm
mesh between opposing nodes and was applied three times per
sample. The hand net was composed of an iron rectangle (1.0 x
0.6 m) with a 1.0-mm mesh and was applied in vegetated areas
(shrubs, aquatic macrophytes, and other types of vegetation) in
the margins of the river. This net was handled simultaneously
by two field technicians and applied 10 times at each sampling
point. The casting net had a 4.0-m diameter and a 5.0-mm
mesh between opposing nodes and was applied three times for
each sample in marginal zones. The geographical coordinates
of each sample were obtained using a Garmin Montana® 610
geographical positioning system.

Ichthyoplankton samples were taken at four sampling points
per stretch on each of the four field trips, which totaled 64
ichthyoplankton samples. Cylindrical-conical ichthyoplankton
nets were used with a 50-cm diameter of opening and a 500-
pm mesh. Each sample consisted of a simultaneous trawl of two
ichthyoplankton nets for 15 min with a motor boat driven at low
speed (less than 1 m s™) at random points within the limits of each
sampling stretch. Immediately after the trawls, the samples were
packed in 500-mL plastic containers. The biological material
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was euthanized with a clove oil overdose (20%) and then fixed in
a 4% or 10% formalin solution for eggs and larvae or juveniles,
respectively. The samplings were licensed by the Ministry of the
Environment (IBAMA) of the Brazilian government (Number of
the licenses: 47332-1 and 47332-2 of SISBIO).

Identification and determination of migratory fish
larvae and juveniles

The data were analyzed for two biological specimens groups
of the three long-distance migratory fish: i) migratory fish
larvae (larvae of M. obtusidens, S. brasiliensis, and P. lineatus),
which considered their ontogenetic developmental stage; and ii)
migratory juvenile fish, which was the total number of juveniles
of the three target species.

In the laboratory, the ichthyoplankton samples were washed
and screened on a Bogorov counting plate under a stereoscopic
microscope Leica® - EZ4. Larvae and juveniles were identified
according to the literature (Nakatani et al., 2001; Zaniboni-
Filho et al., 2004), in addition to the taxonomic identification
boards used by the Laboratory of Biology and Aquaculture of
Freshwater Fish (LAPAD) of the Federal University of Santa
Catarina (UFSC). Individuals that had completed the larval stage
and were smaller than L-50 (size at which 50% of the individuals
are sexually mature) were considered juveniles. The L-50 values
of the target species are as follows: M. obtusidens = 25.0 cm
(Agostinho et al., 2003); S. brasiliensis = 51.0 cm (Agostinho
et al., 2003); P. lineatus = 26.0 cm (Kawakami-Resende et al.,
1995). All of the juvenile migratory fish captured were deposited
in the ichthyological collection of the Museum of Zoology of the
State University of Londrina, Brazil.

Data analysis

The data of the migratory fish larvae and juveniles were
grouped by stretch (T1, T2, T3, and T4). The ichthyoplankton
was classified into four classes based on stage of ontogenetic
development (Ahlstrom and Moser, 1976; Nakatani et al., 2001):
larval yolk or yolk sac (LY), pre-flexion (PF), flexion (F), and
post-flexion (PosF) stages.

This classification also allowed the determination of
developmental stage using other morphological characteristics
of the larvae, such as the presence/absence of a yolk sac and the
opening of the mouth and/or anus, among others. The occurrence
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of migratory fish larvae in the sampling points and their
developmental stage served as indicators of spawning area, by
following the logic that old larvae had travelled longer distances
from the spawning area than young larvae.

Based on migratory fish reproductive data under laboratory
conditions (Santos and Godinho, 1996; Nakatani et al., 2001;
Santos and Godinho, 2002; Borgato et al., 2004; Reynalte-Tataje
and Zaniboni-Filho, 2008; Santos et al., 2016), two parameters
was used to determine the spawning areas: (1) degree-hours
(Santos et al., 2013) to egg hatch (average water temperature
in the river X number of hours or time until the hatch), and (2)
average time taken to reach each larval stage.

To presume spawning areas, a “retro-calculation” was
performed using flow data (m® s') and the cross-section area
(m?) of the river to obtain the river current velocity (m s') on
the sampling dates. The water temperature (degree Celsius)
on the sampling dates was considered a factor in the hatching
and ontogenetic developmental times, associated to degree-
hours. The hydrological data (flow and cross-section) and water
temperature on the sampling dates were obtained using the
HIDROWERB platform, of the Water National Agency (ANA) of
the Brazilian Government. The location of the spawning areas
(points and stretches) from the capture points of migratory fish
larvae (in km) was obtained with the following formula:

RDS = Time to hatch (h) or time to reach each larval stage (h) x 60 minutes

x 60 seconds x river current velocity (m s™).

Where, RDS is the retro-calculated distance to the spawning
area of migratory fish. These distances were presumed using
Google Earth®. The occurrence and abundance of juvenile
migratory fish in the sampling stretches (T1, T2, T3 and T4)
in both reproductive years (2015-2016 and 2016-2017) was
considered the indicator to presume recruitment areas.

RESULTS

Migratory fish larvae

No migratory fish larvae were caught in the Ita reservoir stretch
(T1) and in the first stretch of the free section (T2). The occurrence
of migratory fish larvae was restricted to T3 and T4 (Table 2),
which corresponded to the middle portion of the Uruguay and the
lowest altitudes in the study area. The total number of migratory

fish larvae captured (M. obtusidens, S. brasiliensis, and P. lineatus)
corresponded to 1.76% (39 larvae) of the total larvae caught.
Three S. brasiliensis larvae at the LY stage were only captured in
T3in2015-2016, and 29 S. brasiliensis larvae at the PF stage were
captured in T4 in 2016-2017. M. obtusidens and P. lineatus larvae
at the PF stage were also captured in T4 during 2016-2017 but
in lower quantities, with three and four individuals, respectively.
The retro-calculated spawning areas were near of falls and rapids
of T3 (Table 2). Based on the sampling points of S. brasiliensis
larvae at the LY stage, it was possible to determine the spawning
sites of this species as just downstream of the Yucuma Falls and
just downstream of the Chafariz Islands, a river archipelago in
T3. The sampling points of S. brasiliensis larvae at the PF stage
in T4 made it possible to determine another spawning area for
this species, between T3 and T4. For M. obtusidens larvae at
the PF stage, the beginning of the presumed spawning area was
downstream of the Yucuma Falls, and for the PF larvae of P,
lineatus, the beginning of the presumed spawning area was just
downstream of the Chafariz Islands.

The main tributaries of this sector of the Uruguay River can
also be considered as possible spawning areas for migratory
fish, based on the calculations made. Except for the Ijui River,
in which is installed the Passo Sdo Jodo hydroelectric dam,
about 70 km from the meeting with the Uruguay River. Due
to the distance of this dam to the T4 ichthioplankton sampling
points, the Tjui River could not contain spawning stretches of
Megaleporinus obtusidens.

Juvenile migratory fish

A total of 58 migratory fish juveniles were caught during the
study: 39 M. obtusidens, 17 S. brasiliensis, and two P. lineatus,
with the majority captured in the middle part of the river (56),
in T3 and T4 (Figure 2a and 2b). A similar pattern to that of
the migratory fish larvae in T1 occurred for juveniles, and no
migratory fish juvenile were captured. Only two individuals
were caught in the upper portion, in T2.

Of the 58 migratory juveniles, 54 were captured in T4, with M.
obtusidens and P. lineatus juveniles only captured in this stretch. S.
brasiliensis juveniles were also mainly captured in T4 but were also
found in T3 and T2. This dominance of juvenile migratory fish in T4
was observed in both reproductive periods (Figure 2a and 2b). The
mean lengths and weights of the captured juveniles indicated that
they differed for less in size to the first gonadal maturation (Table 3).

Table 2. Data used to presume spawning areas in the Uruguay River using a retro-calculation method based on the larval development stages of
three migratory fish species (Sa/minus brasiliensis, Megaleporinus obtusidens, and Prochilodus lineatus). WT = Water temperature on sampling
date; LS = Larval stage; Sb =S. brasiliensis; Mo = M. obtusidens; Pl = Prochilodus lineatus; Y'S = Yolk sac stage; PF = Pre-flexion stage.

Coordinates of the N°of Speciesand WT*

Hours degree

River current  Retro-calculated

Time to Time to

Stretch capture points of o s q velocity” distance (RDS)*
migratory fish larvae larvae LS (All) (°C) to hatch hatch (h) reach PFY (h) (ms") (Km)
27°3421.7" S
T3 54942'13.6" W 01 SbYS 232 388 16.7 - 1.16 69.7
27°34'35.0" S
T3 54°40'53.1" W 01 SbYS 23.2 388 167 - 1.16 69.7
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T3 52472252216 81\)SV 01 SbYS 235 388 165 e 121 71.9

T4 5269322223\/ 03 SbPF 280 e e 24 10 48 1.19 102.8 t0 205.6
T4 5269323223 03 MoPF 281 e e 96 to 120 1.19 4113 t0514.1
T4 5269322225“, 04 Pl PF 281 e e 72 t0 96 1.19 308.4 to 411.3
T4 523;?:22:‘;’ izv 26 SbPF 281 e e 24 10 48 1.19 102.8 t0 205.6

Information source: “HIDROWEB (ANA); $Reynalte-Tataje and Zaniboni-Filho (2008); Santos and Godinho (1996), Nakatani et al. (2001), Santos and
Godinho (2002), Borgato et al. (2004), Santos et al. (2016); *HIDROWEB (ANA) + ArcGIS®.
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Figure 2. Total number of migratory fish juveniles (Megaleporinus obtusidens, Salminus brasiliensis, and Prochilodus lineatus)
captured in four stretches of the Uruguay River in two reproductive years: a. 2015-2016 and b. 2016-2017. T1 = Itd Dam reservoir;
T2 to T4 = free section, without reservoirs.

Table 3. Mean (+ standard deviation) lengths and weights of the migratory fish juveniles (Megaleporinus obtusidens, Salminus

brasiliensis, and Prochilodus lineatus) caught in this study.

N° of juveniles captured Length (cm)

Weight (g)

Species
M. obtusidens 39
S. brasiliensis 17
P, lineatus 02

16.40 (+ 4.44) 113.07 (+ 104.83)
21.74 (£5.20) 235.05 (+ 199.51)
20.40 (£ 0.40)  252.00 ( 35.29)

A representative model is presented (Figure 3) of a 450-500-km
connectivity stretches between presumed migratory fish spawning
and recruitment areas, and the threats of hydroelectric dams
projects for conservation of the migratory target fish, considering
the main tributaries of the Brazilian side of the Uruguay River.

DISCUSSION

Due to a context with fishing pressure on migratory fish species
in hydroelectric dam reservoirs of the upper Uruguay River
(Schork et al., 2012), added to the presence of spawning areas
in this region (Hermes-Silva et al., 2009; Reynalte-Tataje et al.,
2012), the identification of recruitment areas in sectors affected
by hydroelectric reservoirs is extremely necessary. Some specific
rainfall conditions coupled with flooding dynamics may create
unique hydrological opportunities in reservoir areas, which
could facilitate sporadic recruitment processes (Zaniboni-Filho
and Schulz, 2003; Reynalte-Tataje et al., 2008).
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In the Ita reservoir, for example, M. obtusidens was among the
three most abundant species in terms of well-developed larvae (in
the flexion stage) in a tributary with reservoir influence, indicating
that pools and rapids in tributaries would function as habitats for the
recruitment of migratory fish (Avila-Simas et al., 2014). However,
a broader view that considers the ecological relationships between
the upper, middle, and lower parts of the Uruguay River suggest
that the upper section can be considered a spawning area for some
stocks of migratory fish (Reynalte-Tataje et al., 2012; Ribolli et
al., 2015). Therefore, there is no clear evidence of recruitment for
migratory fish in the upper Uruguay River.

In the free section, there was an apparent effect of gradient
(altitude) on the early life stages, i.e., newly hatched larvae and
those at early stages of development were mainly found in the
intermediate region, represented by T3, and older larvae and
juveniles were mainly found in lower regions, represented by T4.
The downstream dispersion of larvae between T3 and T4 seems
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to follow a longitudinal gradient, in accordance with the river
continuum concept (Vannote et al., 1980).

The reproductive period of the dourado (S. brasiliensis) in the
Uruguay River can extend from the end of July (mid-winter) to
the beginning of May (mid-autumn), indicating that stocks of this
species in this river have a longer period of reproduction than in
other systems of the LPRB (Zaniboni-Filho et al., 2017). This
extension of the reproductive period may be caused by a lack
of marked seasonality regarding the rainy season in the region
(Zaniboni-Filho and Schulz, 2003), indicating that there is a spatial
effect that is as strong as the temporal effect on dourado spawning
and recruitment in the Uruguay River. In this way, the presence
of S. brasiliensis larvae at the LY stage in T3 indicates that this

region may be a spawning area for migratory fish. In support of this
hypothesis, piava (M. obtusidens) larvae was found in this region
when sampling ichthyoplankton was conducted in the Turvo State
Park, above T3 (Ziober et al., 2015). Moreover, the migration
pattern of fish in the Parana River after the construction of the
Itaipu reservoir displays the following pattern: medium and long
distances (>1,000 km) towards the headwaters of tributaries with
rocky and sandy bottoms, shallower than the average depth of the
main channel, and fast currents (Agostinho et al., 2003). Within the
free section of the study area, T2 and T3 contained many shallow
environments, rapids, and geographical anomalies, such as the
Yucuma and Roncador Falls (among others), which constitute a
spawning habitat for fish community (Ziober et al., 2015).

Figure 3. Representative model of connectivity stretches between spawning and recruitment areas of migratory fish, and threats of
hydroelectric dams projects, considering the main tributaries of the Brazilian side of the Uruguay River.
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T4 contained significantly more juvenile migratory fish and
migratory fish larvae (S. brasiliensis, for example) than the
other stretches, which indicates that T4 has strong potential as a
recruitment area and confirms that T3 is a spawning area. In T4,
there is a large, complex area of floodplain on the right bank of the
middle Uruguay River known as Argentine Mesopotamia (Quirds
and Cuch, 1989; Brea and Zucol, 2011). Neotropical floodplains
contain complex aquatic habitats and are recognized as nursery
areas where there is a high abundance of marginal vegetation
and increased biological productivity in situ (Lowe-McConnell,
1987). These habitats provide protection from predators and a food
supply for fish larvae and juveniles (Leite et al., 2000; Oliveira
et al., 2015). After 25 years of LAPAD (UFSC) monitoring the
ichthyofauna of the Uruguay River, it is possible, for the first
time, to identify a nursery area in a certain location that contains a
significative abundance of migratory fish juveniles.

Implications for conservation

These three migratory fish are the target of commercial and sport
fishing in the Uruguay River (Schork et al., 2012), with conflicts,
mainly in relation to dourado (S. brasiliensis). The dourado is
the one that suffers the greatest fishing pressure in the Uruguay
River basin, considered vulnerable according to the red list of
endangered species of the state of Rio Grande do Sul (Marques et
al., 2002). Besides, these fish species also face other environmental
pressures in the Uruguay River basin, such as the destruction of
habitats, the heavy pollution (Zaniboni-Filho and Schulz, 2003)
and, in addition, several hydroelectric projects have been planned
for this river system (Popescu et al., 2012; Palomino-Cuya et al.,
2013). Some of them are between the migratory fish spawning and
recruitment areas identified in this study.

Therefore, we recommend that this free section is maintained
without any interruption in flow, so it will be necessary to re-
locate new hydroelectric dams on the Uruguay River. This
conservation procedure is necessary to maintain connectivity
between current spawning and recruitment areas of the migratory
fish populations of the Uruguay River, serving as an example for
other Neotropical rivers of the South America.

CONCLUSION

The stretches T3 and T4, which are free of hydroelectric dams,
represent an indivisible unit for the maintenance of migratory
fish stocks in the region. The interconnection of these stretches
allows spatial connections between spawning areas, which are
characterized by the presence of rapids and falls (e.g., Yucuma
Falls), and recruitment areas, which are floodplain areas in the
middle Uruguay River.

ACKNOWLEDGMENT

We thank the Fundag¢do Grupo O Boticario de Protecdo a
Natureza and Fundacdo de Amparo a Pesquisa ¢ Extensdo
Universitaria (FAPEU) for financial support and project

Mounic-Silva et al. Bol. Inst. Pesca 2019, 45(3): e510. DOI: 10.20950/1678-2305.2019.45.3.510

management, respectively. We also thank Fundagdo de Amparo
as Agodes Cientificas e Tecnologicas e a Pesquisa do Estado de
Rondénia (FAPERO), Coordenagdo de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES)/Brazilian Government,
and Conselho Nacional de Desenvolvimento Cientifico e
Tecnologico (CNPq)/Brazilian Government for scholarships and
research, Leonardo L. Wedekin and Josiane Ribolli for theoretical
contributions, Samara Hermes-Silva and Renata M. Guereschi
for assisting with the technical and logistical aspects of the study,
and Pedro Iaczinski, Ronaldo da Silva, and Mauricio Machado
for assistance with the fieldwork.

REFERENCES

Accou, A.; Laffaille, P.; Legault, A.; Feunteun, E. 2008. Migration pattern
of silver eel (Anguilla anguilla. L.) in an obstructed river system.
Ecology of Freshwater Fish, 17(3): 432-442. http://doi.org/10.1111/
j.1600-0633.2008.00295.x.

Agostinho, A.A.; Gomes, L.C.; Fernandez, R.; Suzuki, H.I. 2002. Efficiency
of fish ladders for neotropical ichthyofauna. River Research and
Applications, 18(3): 299-306. http://doi.org/10.1002/rra.674.

Agostinho, A.A.; Gomes, L.C.; Suzuki, H.L; Jalio-Junior, H.F. 2003.
Migratory fish of the upper Parana river basin. In: Carolsfeld, J.;
Harvey, B.; Ross, C.; Baer, A. Migratory fish of South America:
biology, fisheries and conservation status. International Development
Research Centre/World Bank/World Fisheries Trust, Victoria. p. 19-98.

Agostinho, A.A.; Pelicice, F.M.; Gomes, L.C. 2011. All that goes up must
come down? Absence of downstream passage through a fish ladder
in a large Amazonian river. Hydrobiologia, 675(1): 1-12. http://doi.
0rg/10.1007/s10750-011-0787-0.

Ahlstrom, E.H.; Moser, H.G. 1976. Eggs and larvae of fishes and their role
in systematic investigations and in fisheries. Revue Des Travaux De
L’institut des Péches Maritimes, 40(3): 379-398.

Araujo-Lima, C.A.R.M. 1994. Egg size and larval development in Central
Amazonian fish. Journal of Fish Biology, 44(3): 371-189. http://doi.
org/10.1111/j.1095-8649.1994.tb01219.x.

Avila-Simas, S.; Reynalte-Tataje, D.A.; Zaniboni-Filho, E. 2014. Pools
and rapids as spawning and nursery areas for fish in a river stretch
without floodplains. Neotropical Ichthyology, 12(3): 611-622. http://
doi.org/10.1590/S1519-69842001000300003.

Borgato, F.B.; Bazzoli, N.; Sato, Y. 2004. Embryogenesis and larval
ontogeny of the “piau-gordura”, Leporinus piau (Fowler) (Pisces,
Anostomidae) after induced spawning. Revista Brasileira de Zoologia,
21(1): 117-122. http://doi.org/10.1590/S0101-81752004000100019.

Brea, M.; Zucol, A.F. 2011. The Parana-Paraguay Basin: geology and
paleoenvironments. In: Albert, J.S.; Reis, R.E. Historical biogeography
of neotropical freshwater fishes. University of California Press,
Berkeley and Los Angeles. p. 69-88.

Carolsfeld, J.; Harvey, B.; Ross, C.; Baer, A. 2003. Migratory fish of South
America: biology, fisheries and conservation status. International
Development Research Centre/World Bank/World Fisheries Trust,
Victoria. 372 p.

Havn, T.B.; Sather, A.S.; Thorstad, E.B.; Teichert, M.A.K.; Heermann,
L.; Diserud, O.H.; Borcherding, J.; Tambets, M.; Okland, F. 2017.
Downstream migration of Atlantic salmon smolts past a low head
hydropower station equipped with Archimedes screw and Francis
turbines. Ecological Engineering, 105: 262-275. http://doi.
org/10.1016/j.ecoleng.2017.04.043.

7/9


http://10.20950/1678-2305.2019.45.3.510
http://doi.org/10.1111/j.1600-0633.2008.00295.x
http://doi.org/10.1111/j.1600-0633.2008.00295.x
http://doi.org/10.1002/rra.674
http://doi.org/10.1007/s10750-011-0787-0
http://doi.org/10.1007/s10750-011-0787-0
http://doi.org/10.1111/j.1095-8649.1994.tb01219.x
http://doi.org/10.1111/j.1095-8649.1994.tb01219.x
http://doi.org/10.1590/S1519‐69842001000300003
http://doi.org/10.1590/S1519‐69842001000300003
http://doi.org/10.1590/S0101-81752004000100019
http://doi.org/10.1016/j.ecoleng.2017.04.043
http://doi.org/10.1016/j.ecoleng.2017.04.043

SPAWNING AND RECRUITMENT AREAS OF MIGRATORY FISH...

Hermes-Silva, S.; Reynalte-Tataje, D.A.; Abbud, F.M.; Zaniboni-Filho, E.
2012. Ovos e larvas de peixes. In:. Nuifier, A.P.O; Zaniboni-Filho, E.
Reservatorio de Machadinho. Peixes, pesca e tecnologias de cultivo.
EdUFSC, Floriandpolis. p. 83-106.

Hermes-Silva, S.; Reynalte-Tataje, D.A.; Zaniboni-Filho, E. 2009. Spatial
and temporal distribution of ichthyoplankton in the Upper Uruguay
River, Brazil. Brazilian Archives of Biology and Technology, 52(4):
933-944. http://doi.org/10.1590/S1516-89132009000400017.

Kawakami-Resende, E.; Catella, A.C.; Nascimento, F.L.; Palmeira, S.S.;
Pereira, R.A.C.; Lima, M.S.; Almeida, V.L.L. 1995. Biologia do curimbata
(Prochilodus lineatus), pintado (Pseudoplatystoma corruscans) e cachara
(Pseudoplatystoma fasciatum) na bacia hidrografica do rio Miranda,
Pantanal do Mato Grosso do Sul, Brasil. Empresa Brasileira de Pesquisa
Agropecuaria  (EMBRAPA)/Centro de Pesquisa Agropecudria do
Pantanal/Ministério da Agricultura e do Abastecimento, Corumba. p. 75.

Leite, R.G.; Aratjo-Lima, C.A.R.M.; Victoria, R.L.; Martinelli, L.A. 2000.
Stable isotope analysis of energy sources for larvae of eight fish
species from the Amazon floodplain. Ecology of Freshwater Fish,
11(1): 56-63. http://doi.org/10.1034/§.1600-0633.2002.110106.x.

Lowe-McConnell, R.H. 1987. Ecological studies in tropical fish

communities. Cambridge University Press, Cambridge. 387 p.

Lucas, M.C.; Baras, E. 2001. Migration of freshwater fishes. Blackwell
Science, Oxford. 420 p.

Marques, A.A.B.; Fontana, C.S.; Vélez, E.; Bencke, G.A.; Schneider, M.;
Reis, R.E. 2002. Lista das espécies da fauna ameagadas de extingdo
no Rio Grande do Sul. Decreto n. 41.672, de 11 de junho de 2002.
Publicag¢des Avulsas FZB/MCTPUCRS/PANGEA, Porto Alegre. 52 p.

McCormick, S.D.; Hansen, L.P.; Quinn, T.P; Saunders, R.L. 1998.
Movement, migration and smolting of Atlantic salmon (Salmo salar).
Canadian Journal of Fisheries and Aquatic Sciences, 55(1): 77-92.
http://doi.org/10.1139/d98-011.

Nakatani, K.; Agostinho, A.A.; Baumgartner, G.; Bialetzki, A.; Sanches,
P.V.; Makrakis, M.C.; Pavanelli, C.S. 2001. Ovos e larvas de peixes
de agua doce: desenvolvimento e manual de identificagio. EDUEM,
Maringa. 378 p.

Oliveira, A.G.; Suzuki, H.I.; Gomes, L.C.; Agostinho, A.A. 2015. Interspecific
variation in migratory fish recruitment in the Upper Parana River:
effects of the duration and timing of floods. Environmental Biology of
Fishes, 98(5): 1327-1337. http://doi.org/10.1007/s10641-014-0361-5.

Palomino-Cuya, D.G.; Brandimarte, L.; Popescu, 1.; Alterach, J.; Peviani,
M. 2013. A GIS-based assessment of maximum potential hydropower
production in La Plata basin under global changes. Renewable Energy,
50: 103-114. http://doi.org/10.1016/j.renene.2012.06.019.

Pelicice, F.M.; Agostinho, A.A. 2008. Fish passage facilities as ecological
trap in large Neotropical rivers. Conservation Biology, 22(1): 189-
193. http://doi.org/10.1111/j.1523-1739.2007.00849.x.

Pelicice, F.M.; Agostinho, C.S. 2012. Deficient downstream passage through
fish ladders: the case of Peixe Angical Dam, Tocantins River, Brazil.
Neotropical Ichthyology, 10(4): 705-713. http://dei.org/10.1590/
$1679-62252012000400003.

Pelicice, F.M.; Pompeu, P.S.; Agostinho, A.A. 2015. Large reservoirs
as ecological barriers to downstream movements of neotropical
migratory fish. Fish and Fisheries, 16(4): 697-715. http://doi.
org/10.1111/faf.12089.

Pompeu, P.S.; Agostinho, A.A.; Pelicice, F.M. 2012. Existing and future
challenges: the concept of successful fish passage in South America.
River Research and Applications, 28(4): 504-512. http://doi.
org/10.1002/rra.1557.

Mounic-Silva et al. Bol. Inst. Pesca 2019, 45(3): e510. DOI: 10.20950/1678-2305.2019.45.3.510

Popescu, I.; Brandimarte, L.; Perera, M.S.U.; Peviani, M. 2012. Assessing
residual hydropower potential of the La Plata Basin accounting for
future user demands. Hydrology and Earth System Sciences, 16: 2813-
2823. http://doi.org/10.5194/hess-16-2813-2012.

Quirds, R. 2004. The La Plata river basin: international basin development
and riverine fisheries. In: Welcomme, R.; Petr, T. Proceedings of the
Second International Symposium on the Management of Large Rivers
for Fisheries, Sustaining Livelihoods and Biodiversity in the New
Millennium. Food and Agriculture Organization of the United Nations
and the Mekong River Commission, Bangkok. p. 253-271.

Quirds, R.; Cuch, S. 1989. The fisheries and limnology of Lower Plata
Basin. In: Dodge, D.P. Proceedings of the International Large River
Symposium. Canadian Special Publications in Fisheries and Aquatic
Sciences, 106: 429-443.

Reynalte-Tataje, D.; Nuiler, A.P.O.; Nunes, M.C.; Garcia, V.; Lopes, C.A.;
Zaniboni-Filho, E.2012. Spawning of migratory fish species between two
reservoirs of the upper Uruguay River, Brazil. Neotropical Ichthyology,
10(4): 829-835. http://doi.org/10.1590/S1679-62252012000400016.

Reynalte-Tataje, D.A.; Zaniboni-Filho, E. 2008. Biologia e identificacdo
de ovos ¢ larvas de peixes do Alto Rio Uruguai. In: Zaniboni-
Filho, E.; Nuifier, A.P.O. Reservatorio de Ita: estudos ambientais,
desenvolvimento de tecnologias de cultivo e conservacdo da
ictiofauna. EQUFSC, Floriandpolis. p. 229-256.

Reynalte-Tataje, D.A.; Zaniboni-Filho, E.; Hermes-Silva, S.; Machado, C.;
Guereschi, R.M.; Nuier, A.P.O. 2008. Distribui¢do de ovos e larvas
de peixes na area de influéncia do reservatorio de Ita (Alto Uruguai).
In: Zaniboni-Filho, E.; Nufier, A.P.O. Reservatorio de Ita: estudos
ambientais, desenvolvimento de tecnologias de cultivo e conservagio
da ictiofauna. EQUFSC, Florianopolis. p. 127-158.

Ribolli, J.; Mifio, C.; Zaniboni-Filho, E.; Guerreiro, T.C.S.; Reynalte-Tataje, D.A.;
Freitas, P.D.; Galleti-Junior, P. M. 2015. Preliminary insights into the genetic
mating system of neotropical Salminus brasiliensis: kinship assignment
and parental reconstruction reveal polygynandry. Ichthyological Research,
63(1): 187-191. http://doi.org/10.1007/s10228-015-0487-2.

Santos, J.E.; Godinho, H.P. 1996. Larval ontogeny and swimming behavior
of the leporin fish Leporinus elongatus (Valenciennes, 1874) under
experimental conditions. Arquivo Brasileiro de Medicina Veterinaria
e Zootecnia, 48(1): 109-116.

Santos, J.E.; Godinho, H.P. 2002. Ontogenic events and swimming
behavior of larvae of the characid fish Salminus brasiliensis (Cuvier)
(Characiformes, Characidae) under laboratory conditions. Revista
Brasileira de Zoologia, 19(1): 163-171. http://doi.org/10.1590/
S0101-81752002000100015.

Santos, J.E.; Sales, N.G.; Santos, M.L.; Arantes, F.B.; Godinho, H.P. 2016.
Early larvae ontogeny of the Neotropical fishes: Prochilodus costatus
and P, argenteus (Characiformes: Prochilodontidae). Revista de Biologia
Tropical, 64(2): 537-546. http://doi.org/10.15517/rbt.v64i2.19052.

Santos, J.E.; Sampaio, E.V.; Arantes, F.P.; Sato, Y. 2013. Induced spawning and
reproductive variables of the catfish Lophiosilurus alexandri Steindachner,
1876 (Siluriformes: Pseudopimelodidae). Neotropical Ichthyology,
11(3): 607-614. http://doi.org/10.1590/S1679-62252013000300014.

Schork, G.; Hermes-Silva, S.; Zaniboni-Filho, E. 2012. Analysis of fishing
activity in the Itd reservoir, Upper Uruguay River, in the period
2004-2009. Brazilian Journal of Biology, 73(3): 559-571. http://doi.
0rg/10.1590/S1519-69842013000300014.

Suzuki, H.I.; Agostinho, A.A.; Bailly, D.; Gimenes, M.F.; Julio-Junior, H.F.;
Gomes, L.C. 2009. Inter-annual variations in the abundance of young-
of-the-year of migratory fish in the Upper Parana River floodplain:
relations with hydrographic attributes. Brazilian Journal of Biology,
69(2): 649-660. http://doi.org/10.1590/S1519-69842009000300019.

8/9


http://10.20950/1678-2305.2019.45.3.510
 http://doi.org/10.1590/S1516-89132009000400017
http://doi.org/10.1034/j.1600-0633.2002.110106.x
http://doi.org/10.1139/d98-011
http://doi.org/10.1007/s10641-014-0361-5
http://doi.org/10.1016/j.renene.2012.06.019
http://doi.org/10.1111/j.1523-1739.2007.00849.x
http://doi.org/10.1590/S1679-62252012000400003
http://doi.org/10.1590/S1679-62252012000400003
http://doi.org/10.1111/faf.12089
http://doi.org/10.1111/faf.12089
http://doi.org/10.1002/rra.1557
http://doi.org/10.1002/rra.1557
http://doi.org/10.5194/hess-16-2813-2012
http://doi.org/10.1590/S1679-62252012000400016
http://doi.org/10.1007/s10228-015-0487-2
http://doi.org/10.1590/S0101-81752002000100015
http://doi.org/10.1590/S0101-81752002000100015
http://doi.org/10.15517/rbt.v64i2.19052
http://doi.org/10.1590/S1679-62252013000300014
http://doi.org/10.1590/S1519-69842013000300014
http://doi.org/10.1590/S1519-69842013000300014
http://doi.org/10.1590/S1519-69842009000300019

SPAWNING AND RECRUITMENT AREAS OF MIGRATORY FISH...

Vannote, R.L.; Minshall, G.W.; Cummins, K.W.; Sedell, J.R.; Cushing, C.E.
1980. The river continuum concept. Canadian Journal of Fisheries and
Aquatic Sciences, 37(1): 130-137. http://doi.org/10.1139/£80-017.

Winemiller, K.O.; Mclntyre, P.B.; Castello, L.; Fluet-Chouinard, E.;
Giarrizzo, T.; Nam, S.; Baird, [.G.; Darwall, W.; Lujan, N.K;
Harrison, 1.; Stiassny, M.L.J.; Silvano, R.A.M.; Fitzgerald, D.B.;
Pelicice, F.M.; Agostinho, A.A.; Gomes, L.C.; Albert, J.S.; Baran, E.;
Petrere Jr., M.; Zarfl, C.; Mulligan, M.; Sullivan, J.P.; Arantes, C.C.;
Sousa, L.M.; Koning, A.A.; Hoeinghaus, D.J.; Sabaj, M.; Lundberg,
J.G.; Armbruster, J.; Thieme, M.L.; Petry, P.; Zuanon, J.; Torrente-
Vilara, G.; Snoeks, J.; Ou, C.; Rainboth, W.; Pavanelli, C.S.; Akama,
A.; van Soesbergen, A.; Saenz, L. 2016. Balancing hydropower and
biodiversity in the Amazon, Congo, and Mekong. Science, 351(6269):
128-129. http://doi.org/10.1126/science.aac7082.

Winemiller, K.O. 1989. Patterns of variation in life history among South
American fishes in seasonal environments. Oecologia, 81(2): 225-241.
http://doi.org/10.1007/BF00379810.

Zaniboni-Filho, E.; Meurer, S.; Shibata, O.A.; Nuiier, A.P.O. 2004. Catalogo
Tlustrado de Peixes do Alto rio Uruguai. EQUFSC, Florian6polis. 128 p.

Zaniboni-Filho, E.; Ribolli, J.; Hermes-Silva, S.; Nufer, A.P.O. 2017. Wide
reproductive period of a long-distance migratory fish in a subtropical
river, Brazil. Neotropical Ichthyology, 15(1): e160135. http://doi.
org/10.1590/1982-0224-20160135.

Zaniboni-Filho, E.; Schulz, U. W. 2003. Migratory fish of the Uruguay
River. In Carolsfeld, J.; Harvey, B.; Ross, C.; Baer, A. Migratory
fish of South America: biology, fisheries and conservation status.
International Development Research Centre/World Bank/World
Fisheries Trust, Victoria. p. 157-194.

Ziober, S.R.; Reynalte-Tataje, D.A.; Zaniboni-Filho, E. 2015. The
importance of a conservation unit in a subtropical basin for fish
spawning and growth. Environmental Biology of Fishes, 98(2): 725-
737. http://doi.org/10.1007/s10641-014-0307-y.

Mounic-Silva et al. Bol. Inst. Pesca 2019, 45(3): e510. DOI: 10.20950/1678-2305.2019.45.3.510

9/9


http://10.20950/1678-2305.2019.45.3.510
http://doi.org/10.1139/f80-017
 http://doi.org/10.1126/science.aac7082
http://doi.org/10.1007/BF00379810
http://doi.org/10.1590/1982-0224-20160135
http://doi.org/10.1590/1982-0224-20160135
http://doi.org/10.1007/s10641-014-0307-y

