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Ichthyoplankton in a regulated river: 
community structure and distribution 
patterns in a run-of-river dam cascade 
system in the Neotropics 
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Run-of-river (ROR) hydroelectric systems drastically reduce discharge in the 
reduced flow stretch (RFS). We evaluated the influence of RFS formation 
and environmental variables on the species composition and spatio-temporal 
distribution of fish eggs and larvae in a ROR system. Samples were collected 
fortnightly (Oct 2016 to Jan 2017) at the Rio das Antas Energy Complex. A 
total of 5,681 eggs and 2,124 larvae were collected. The study confirmed 
ichthyoplankton structure is shaped by strong spatio-temporal variations; 
species composition and egg and larval densities differed significantly among 
sites and months, primarily influenced by flow, temperature, dissolved oxygen, 
and transparency. However, the expected longitudinal progression of larval 
stages from upstream spawning grounds was absent, indicating the natural 
drift process is disrupted by the dam cascade. This disruption is confirmed by 
distinct ichthyoplankton densities and compositions between the upstream (S1) 
and downstream (S4) sections of the Complex. Furthermore, no reproductive 
evidence was found for migratory species historically present in the basin, 
corroborating our initial predictions. These findings demonstrate that cascaded 
ROR systems modify natural drift dynamics and species distribution, challenging 
their sustainable image and highlighting the importance of preserving free-
flowing river stretches to maintain ichthyofauna reproductive processes.

Keywords: Fish eggs and larvae, Fragmentation, Freshwater fish, Hydropower, 
Reduced flow stretch.
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Ichthyoplankton in a run-of-river dam cascade

Sistemas hidrelétricos a fio d’água (ROR) regulam o fluxo no trecho de vazão 
reduzida (TVR). Avaliamos a influência da formação do TVR e das variáveis 
ambientais na composição de espécies e distribuição espaço-temporal de ovos e 
larvas de peixes de um sistema ROR. As amostras foram coletadas quinzenalmente 
(Out 2016 a Jan 2017) no Complexo Energético Rio das Antas. Coletamos 5.681 
ovos e 2.124 larvas. O estudo confirmou que a estrutura do ictioplâncton é moldada 
por variações espaço-temporais; a composição de espécies e as densidades de ovos 
e larvas diferiram significativamente entre os locais e meses, influenciadas pela 
vazão, temperatura, oxigênio dissolvido e transparência. A esperada progressão 
longitudinal dos estágios larvais a partir de áreas de desova a montante esteve 
ausente, indicando que o processo de deriva natural foi interrompido; ruptura 
confirmada pelas distintas densidades e composição do ictioplâncton entre os 
ambientes a montante (S1) e jusante (S4). Não foram encontradas evidências 
reprodutivas de espécies migradoras historicamente presentes na bacia, 
corroborando nossas predições iniciais. Esses resultados demonstram que sistemas 
ROR em cascata modificam a dinâmica natural de deriva e a distribuição das 
espécies, questionando sua imagem sustentável e ressaltando a importância da 
preservação de trechos de rios livre para a manutenção dos processos reprodutivos 
da ictiofauna.

Palavras-chave: Fragmentação, Hidrelétrica, Ovos e larvas de peixes, Peixes de 
água doce, Trecho de vazão reduzida.

INTRODUCTION

The construction of dams, as one of the main anthropogenic impacts on natural systems, 
results in habitat fragmentation, affecting longitudinal patterns and serial continuity 
(Ward, Stanford, 1983; Dudley, Platania, 2007; Grill et al., 2019), beyond ecological 
connectivity (Crook et al., 2015), and flow regime (Finer, Jenkins, 2012; McManamay 
et al., 2015). The disruption of ecological processes in lotic systems can have even 
more pronounced consequences when they are derived from multiple dams in cascade 
(Miranda et al., 2008; Pelicice et al., 2015; Agostinho et al., 2016). In this context, the 
magnitude of longitudinal changes in ecological processes is mainly determined by the 
position of damming along the lotic continuum (Ward, Stanford, 1983; Santos et al., 
2017) and the type of operation of the hydropower system (Cella‐Ribeiro et al., 2017).

One of the most used types of hydropower dam designs is run-of-river (ROR), where 
water is removed from the river upstream of the dams and moved to a downstream 
power facility a variable distance before being returned to the river channel (Anderson 
et al., 2015). The ROR results in the formation of a reduced flow stretch (RFS), 
which occurs between a section formed by the original bed of the river between the 
upstream dam and the point where water returns flow of the water to the river channel 
downstream (Kubecka et al., 1997). It suggested these systems are less damaging than 
traditional main-stem hydropower dams, because they reduce the risk of fish passing 
through the turbines and facilitate the installation of transposition mechanisms (Paish, 
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2002). However, the reduction of discharges in the RFS can be pronounced (Singh, 
Agarwal, 2017), often insufficient to support fish communities (Kubecka et al., 1997). 
Therefore, a more comprehensive understanding of the effects of ROR dams on aquatic 
ecosystems is needed (Anderson et al., 2015), especially when these dams are planned in 
cascading projects. In such a case, the impact factors are probably multiplicative rather 
than merely additive (Roberts, 1995).

The construction of dams in rivers leads to significant alterations in the aquatic 
environment, directly impacting local biota, especially fish populations. By disrupting 
the natural flow of water, the dams fragment essential habitats and hinder the migration 
of species that rely on these movements for reproduction and feeding, resulting in 
drastic declines in fish populations and, in extreme cases, leading to the local extinction 
of certain species (Chen et al., 2023). Additionally, the alteration of flow regimes restricts 
spawning and larval development areas, further compromising fish recruitment (Gogola 
et al., 2013; Silva et al., 2017a). Thus, given its sensitivity to changes in flow regulation, 
ichthyoplankton has been widely used as an indicator for assessing the effects of dam 
cascades on fish assemblages (e.g., Sanches et al., 2006; Dudley, Platania, 2007; Gogola 
et al., 2010; Reynalte-Tataje et al., 2012a). However, studies specifically addressing the 
effects of a dam cascade combined with an RFS remain scarce. In the current policy 
environment, which promotes the expansion of hydroelectric projects (Pelicice et al., 
2017), understanding these effects is crucial, as many new and proposed projects include 
dam cascades whose potential impacts may be neglected because of the complexity and 
multiplicity of synergistic factors.

The length of uninterrupted lotic stretches (Sanches et al., 2006; Dudley, Platania, 
2007; Silva et al., 2017b) and the percent of natural discharge downstream of the dams 
(Gogola et al., 2010; Reynalte-Tataje et al., 2013) have consistently been identified as 
key factors determining fish reproductive success in many systems. In this context, 
the fragmentation and reduced flow caused by the ROR system primarily affect the 
accessibility of non-sedentary species, as well as those with higher requirements for 
spawning.

Thus, this study was conducted to investigate variations in the structure of the 
ichthyoplankton community in a cascade of reservoirs in southern Brazil. Our 
objective was to evaluate the spatial and temporal distribution of fish eggs and larvae, 
larval developmental stages, and fish larvae assemblages, as well as their relationship 
with the environmental characteristics of areas influenced by hydropower plants. To 
achieve this, we have tested the following hypotheses: (i) the ichthyoplankton along 
the longitudinal gradient is influenced by seasonal and spatial environmental variations; 
(ii) the early larval development stages (yolk-sac and preflexion) are more abundant in 
upstream areas, closer to spawning grounds, while later stages (flexion and postflexion) 
tend to occur in downstream areas. Given historical evidence that the study area was 
part of established breeding routes for at least three migratory species in the basin 
(Alves, Fontoura, 2009; Becker et al., 2013; Luz-Agostinho et al., 2010), we predict the 
absence of reproductive evidence for migratory fish, thus attesting the effects of the 
fragmentation imposed by dam cascade.

https://www.ni.bio.br/
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MATERIAL AND METHODS

Study area. The study was conducted at the Rio das Antas Energy Complex (CERAN), 
located in the Taquari-Antas River basin (26,428 km²), an important tributary of the 
Jacuí River, which drains to the Laguna dos Patos system in southern Brazil (Fig. 1). 
The Taquari-Antas River presents a high average slope and is characterized by torrential 
rainfall regimes, rapid surface runoff, and abrupt discharge variations throughout the 
year (FEPAM, 2009; FEOW, 2015).

FIGURE 1 | Distribution of the ichthyoplankton sampling network in the Rio das Antas Energy Complex, Brazil, within the context of the 

Lagoa dos Patos ecoregion, South America. Sampling sites Hydroelectric plants (S): 14 de Julho Hydroelectric Power Plant (HPP 14), Monte 

Claro Hydroelectric Power Plant (HPP MC), Castro Alves Hydroelectric Power Plant (HPP CA).

https://www.ni.bio.br/
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The CERAN complex is composed of three Hydropower Plants (HPPs): Castro 
Alves (HPP CA), Monte Claro (HPP MC), and 14 de Julho (HPP 14). The reservoirs are 
storage, but with an uncontrolled spillway, that is, without a discharge control device 
(floodgates) and relatively low residence time. All of them, without a mechanism of fish 
passage, and use the river deviation technique, where a channel (penstock) conducts 
the water retained from the dam to the powerhouse, as a result a reduced flow stretches 
(RFS), in which a minimum discharge is maintained. Additional characteristics of 
hydroelectric plants can be accessed in Tab. S1.

The area directly influenced by the CERAN complex comprises approximately 100 
km of longitudinal extension (Fig. 1). This range is located approximately 200 km 
upstream of the confluence of the Taquari River with the Jacuí River (Scopel et al., 
2005). In this study area all tributaries are of small proportions in length and volume, 
except for the Prata River, which has an average width of approximately 60 m at its 
confluence with the Antas River. This tributary flows into the reservoir HPP MC but is 
also dammed by a hydroelectric dam about 10 km upstream of its mouth. 

Four sampling sites were established in CERAN (Fig. 1): site S1 is located in a 
free-flowing reach upstream of the entire complex, near the transition section of the 
HPP CA; the other three sites are lotic remnants situated within the RFSs of the three 
respective HPPs (S2, S3, and S4). However, the roles concerning habitat fragmentation 
differ critically between S4 and other RFSs. Sites S2 and S3 are located in isolated inter-
dam reaches, each trapped between an upstream dam and a downstream reservoir; 
therefore, they are separated from the rest of the basin. In contrast, although S4 is also 
within an RFS, it is positioned below the most downstream dam of the complex (HPP 
14). This positioning means it is fully integrated with the broader downstream river 
basin ecosystem. Therefore, while hydrologically altered, S4 functionally represents the 
downstream section of the complex from a connectivity viewpoint, marking the end of 
the artificially fragmented segment.

Sampling. Ichthyoplankton was collected fortnightly from October 2016 to January 
2017, during the reproductive period of fish from the region (Luz-Agostinho et al., 
2010). Sampling was performed in each site using conical-cylindrical plankton nets 
(500-μm mesh) equipped with a mechanical flow meter to measure the volume of 
filtered water (Nakatani et al., 2001). All samples were taken from the subsurface and 
during 10 min at four times: 9:00 p.m., 1:00 a.m., 5:00 a.m., and 9:00 a.m. At places with 
lower water flow speed, horizontal trawling was used for sample collection. Otherwise, 
stationary nets were installed in the middle and the margin with greater flow, in sections 
transverse to the water course (Reynalte-Tataje et al., 2013). The sampled biological 
material was fixed in 4% formaldehyde buffered with calcium carbonate. 

To complement the species composition results, a light trap was installed at the 
margin of each site at nightfall (9:00 p.m.) and removed before sunrise (5:00 a.m.). The 
trap model followed that of Ávila-Simas et al. (2014), adapted from Reynalte-Tataje et 
al. (2012b).

The sampling procedures followed the specifications of the monitoring project 
approved by the current environmental agency (Fundação Estadual de Proteção 
Ambiental Henrique Luiz Roessler), according to the following licenses: 1353/2015-
DL (HPP CA), 02844/2016-DL (HPP MC) and 1264/2015-DL (HPP 14).

https://www.ni.bio.br/
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Simultaneously with ichthyoplankton sampling, the following environmental 
variables were measured: water temperature (°C), dissolved oxygen (mg/L), pH, 
conductivity (μS/cm-1), transparency (m) and width (m). Transparency was measured 
with Secchi disk during daytime sampling (9:00 a.m.). Daily flow data (m³/s) (discharge) 
of each site were provided by CERAN. These variables were used in statistical analyses 
to determine the influence of environmental characteristics on the dynamics of 
ichthyoplankton. Additionally, to measure the influence of longitudinal fragmentation, 
the distance of the dam-free river (km) was measured, considering the sum of free 
stretches upstream and downstream of each site, using Google Earth Pro software 
(http://www.google.com/earth). The stretch of the channel centerline was used as base 
(Dudley, Platania, 2007). This variable was presented only to improve understanding 
of the compartmentalization of environments and was not used in statistical analyses.

Laboratory analysis. The larvae were identified using the development regressive 
sequence (Ahlstrom, Moser, 1976; Nakatani et al., 2001) and classified into the following 
developmental stages: yolk-sac larvae, preflexion, flexion and postflexion (Ahlstrom et 
al., 1976, modified by Nakatani et al., 2001). Larvae that could not be identified at least 
to the level of order were classified as “unidentified” (newly hatched larvae), whereas 
those that were damaged in some physical aspects were classified as “unidentifiable”.

To evaluate the reproductive strategy, the larvae identified at least at the genus level 
were classified according to the reproductive guild to which they belong, indicating 
if some type of migration and parental care is present (Balon, 1975; Vazzoler, 1996; 
Luz-Agostinho et al., 2010). Vouchers were deposited in the Ichthyology Collection of 
Nupélia (Núcleo de Pesquisas em Limnologia, Ictiologia e Aquicultura), Universidade 
Estadual de Maringá (from NUP 23270 to 23294).

Data analysis. The abundance of the organisms captured was standardized to a volume 
of 10 m3 of filtered water, according to Tanaka (1973) and modified by Nakatani et al. 
(2001). In addition, the frequency of occurrence of each taxonomic group (including 
larvae caught in the light trap) was calculated at each site. The total abundance (number) 
and proportional composition (%) were used only as complementary information in the 
species composition table (Tab. 1), whereas the density (ind./10m³) was used in the 
exploratory statistical analyses.

Spatial differences in total egg and larval densities, as well as the influence of 
categorical factors (sampling sites and months), their interactions, and environmental 
variables on this abundance, were evaluated using Generalized Linear Models (GLMs) 
with a negative binomial distribution to minimize overdispersion, implemented via a 
function from the MASS package (Ripley et al., 2020). The modeling began with a full 
model including all predictors and their interactions, followed by a backward stepwise 
selection based on the Akaike Information Criterion (AIC) using the stepAIC function, 
supported by likelihood ratio tests to assess improvements in fit. In the final model, only 
statistically significant variables and interactions were retained to ensure parsimony 
and avoid overfitting. When results indicated significant effects, post-hoc tests were 
performed using the emmeans package to conduct pairwise comparisons.

The same analytical procedures were applied to assess differences in larval density 
across each developmental stage (response variable) between sampling sites and 

https://www.ni.bio.br/
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collection months (fixed factors), as well as their interaction. In cases where a significant 
interaction was detected, pairwise comparisons were conducted to examine differences 
in larval densities across sampling sites and months. The identification of preferential 
areas for spawning and growth was based on the premise that high concentrations of 
eggs and larvae in early developmental stages (yolk-sac and preflexion) indicate potential 
spawning sites, while sites with larvae in advanced developmental stages (flexion and 
postflexion) are considered growth areas, as proposed by Bialetzki et al. (2004).

To represent the interactions between sampling sites and the different developmental 
stages of fish larvae, a bipartite plot was constructed using the bipartite package 
(Dormann et al., 2020). The interaction matrix was generated using the frame2webs 
function (Dormann et al., 2020). Based on the resulting matrix, the specialization index 
H₂ was calculated. This standardized metric quantifies the degree of specialization 
in the network, with values ranging from 0 (minimal specialization) to 1 (maximum 
specialization) (Blüthgen et al., 2006).

To verify if larval density (response variable) differs between reproductive guilds 
(sedentary without parental care - non-guarder/SNG; sedentary with parental care - 
guarder/SG; and partial migrator/PM), and sampling sites, as well as the interaction 
between these two fixed factors, an analysis of GLM was used. If the interaction was 
verified, differences in the densities of each guild among the sampling sites were 
evaluated. Additionally, pairwise comparisons were performed using the emmeans 
package with Tukey’s adjustment for multiple testing (Lenth, 2018). These comparisons 
were performed for each guild separately, assessing differences in larval density among 
all sampling sites within that guild.

To visualize the multivariate patterns, we performed NMDS (non-metric 
multidimensional scaling) using the metaMDS function from the vegan package, based 
on the Bray-Curtis dissimilarity matrix. The resulting ordination was plotted to illustrate 
the spatial distribution of samples and to identify potential groupings or gradients in 
species composition. To assess whether species composition differed among sampling 
sites, we performed a permutational multivariate analysis of variance (PERMANOVA) 
using the Bray-Curtis dissimilarity index with 999 random permutations (Anderson, 
2001). Following significant PERMANOVA results, we conducted post-hoc pairwise 
comparisons.

To summarize the influence of environmental conditions on the composition of fish 
larvae, we used dbRDA (distance-based redundancy analysis), a multivariate ordination 
technique that combines principal component analysis (PCA) with redundancy analysis 
(RDA), allowing the use of non-Euclidean dissimilarity indices, such as the Bray-Curtis 
index. This approach is particularly useful for ecological data, such as species abundance 
matrices, where the relationships between variables may not be linear (Legendre, 
Legendre, 1998), in which we consider the densities of taxonomic groups as the response 
variable to local conditions (Hammer et al., 2001). For this analysis, both the biotic and 
abiotic matrix data were composed of the mean values of the replicates obtained at 
each site. Axes 1 and 2 were also subjected to the permutation test (Permutest, 999 
permutations) to verify their significance.

All analyses were performed using R software v. 4.5.0 (R Development Core Team, 
2025) (Oksanen et al., 2007; Lenth, 2018; Dormann et al., 2020; Ripley et al., 2020).

https://www.ni.bio.br/
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RESULTS

Spatio-temporal distribution and development stages. A total of 5,681 eggs and 
2,124 larvae were collected during the sampling period. Egg density varied significantly 
among sites (GLM: p < 0.001) and sampling months (GLM: p < 0.001) (Fig. 2A). 
Additionally, the interaction between month and sites was highly significant, although 
no clear pattern was observed, indicating that the effect of the month depends on the 
sites (GLM: p < 0.001). Overall, Site S3 presented the highest estimated egg density 
(GLM: Est = 1.44, p < 0.0001), followed by S4 (GLM: Est = 1.03, p < 0.0001). Among 
the sampled months, December exhibited the highest egg density (GLM: Est = 2.02, p 
< 0.001), followed by November (GLM: Est = 0.22, p < 0.001). (Fig. 2A). Considering 
the interaction of factors, the highest egg densities were recorded in November at S3 
(GLM: Est = 1.38, p = 0.005). Post-hoc tests indicated significant differences between 
sites S1–S3 (GLM: Est = -1.28; p < 0.001), S1–S4 (GLM: Est = -0.87; p = 0.03) and S2–S3 
(GLM: Est= 0.94; p = 0.008).

Larval density varied significantly among sampling sites (GLM: p < 0.001) and across 
sampling months (GLM: p < 0.001) (Fig. 2B). The interaction between these factors 
was also significant (GLM: p < 0.001), suggesting that the effect of the month depends 
on the sampling sites. Site S1 exhibited the highest estimated larval density (GLM: Est 
= 0.36, p = 0.03) (Fig. 2B). Among the months, November showed the highest larval 
density (GLM: Est = 1.86, p < 0.001). Considering the sampling × month interaction, 

FIGURE 2 | Spatio-temporal distribution of ichthyoplankton density (individuals/10 m³) at sampling sites between October 2016 and January 

2017 in the Rio das Antas Energy Complex (CERAN), Brazil. A. Fish eggs. B. Fish larvae. Months: October (Oct), November (Nov), December 

(Dec) and January (Jan).

https://www.ni.bio.br/
https://www.scielo.br/ni


Neotropical Ichthyology, 23(4):e250083, 2025 9/22ni.bio.br | scielo.br/ni

Douglas Ticiani, Andréa Bialetzki, Jislaine C. Silva, Mateus B. V. Souza and Rosilene L. Delariva

the highest larval densities were observed at S1 in November (GLM: Est = 2.24, p < 
0.0001). Significant differences were observed between sites S1 and S4 (GLM: Est = 
0.85; p = 0.01) and S3 and S4 (GLM: Est = -0.86; p = 0.007) (Fig. 2B).

Regarding developmental stages, distinct patterns were observed along the 
longitudinal gradient among the sampling sites (Fig. 3A). For the yolk-sac stage, a 
significant difference was detected at S3 in November (GLM: Est = 2.38; p < 0.001), 
indicating an increase in larval density at this site during that month compared to the 
others. Mean yolk-sac densities were highest at S3 (0.97 ind./10 m³), while preflexion 
reached its highest value at S1 (2.39 ind./10 m³), both substantially exceeding the values 
recorded at the other sites (Fig. 3A). Advanced stages, flexion and postflexion, presented 
low densities at all sites, with a slight trend of increasing postflexion at S4 (0.04 ind./10 
m³) (Fig. 3A). Pairwise comparisons indicated that S1 and S2 were statistically different 
from S3 and S4 (Fig. 3A). Temporally, this spatial pattern was accompanied by an 
increase in mean densities in November, particularly for preflexion (2.71 ind./10 m³), 
which was higher than the mean recorded in December (0.99 ind./10 m³) (Fig. 3B). 
Flexion and postflexion larvae remained at low densities throughout the sampling 
period (< 0.25 ind./10 m³) (Fig. 3B).

The bipartite plot represented in Fig. 4 illustrates the interaction between 
sampling sites along the cascade of dams and the different larval developmental stages, 
considering the frequency of occurrence of each stage. It is observed that the early 
developmental stages (yolk-sac and preflexion) are more frequently observed at sites 
S1, S2, and S3. In contrast, postflexion larvae were more frequently at sites S4. Despite 

FIGURE 3 | Larval density (individuals/10 m³) at the Rio das Antas Energy Complex (CERAN), Brazil. A. Sampling sites (S1–S4); B. Months 

(October 2016 to January 2017). Larvae developmental stages: YS (yolk-sac), PF (preflexion), FL (flexion), and FP (postflexion). Months: October 

(Oct), November (Nov), December (Dec) and January (Jan).
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this, the specialization index value was H₂ = 0.045, demonstrating low specialization 
of interactions. This means that the distribution is relatively homogeneous across the 
stages and sampling points. Thus, there is no clear upstream-downstream progression 
trend of spawning. 

Ichthyoplankton density x Environmental variables. Regarding the 
environmental variables, water temperature ranged from 18.63 to 26.15°C at the 
sampling sites. Transparency varied from 0.53 to 1.42 cm, while dissolved oxygen levels 
ranged from 5.30 to 9.98 mg/L. pH varied from 7.02 to 8.15, and electrical conductivity 
ranged from 19.63 to 39.13 μS/cm. Precipitation during the sampling months ranged 
from 0 to 6.89 mm, with notable differences in rainfall distribution between the 
sampling sites. Finally, the flow rate varied from 18.67 to 1528.4 m³ (Tab. S2).

For the eggs, the GLM results indicated that the variables dissolved oxygen (GLM: Est 
= -0.61; p < 0.01) and water transparency (GLM: Est = -1.09; p < 0.01) had significantly 
negative effects on the eggs density (Fig. 5A). This indicates that increasing these 
variables decreases the probability of egg occurrence. Furthermore, dissolved oxygen 
had the strongest effect, indicating that higher concentrations are associated with 
lower egg density. Similarly, water transparency also had a significant negative effect, 
suggesting that clearer waters are correlated with lower egg density. Furthermore, pH 
had a significant positive effect on egg density (GLM: Est = 0.64; p = 0.05), while 

FIGURE 4 | Bipartite plot demonstrating the relationship between larval development stages (purple) 

and sampling sites (green) at the Rio das Antas Energy Complex (CERAN), Brazil. The width of the 

bars is proportional to the occurrence of larvae. The bands (light blue) and lines (gray) represent the 

stage-location connection, wider bands indicating stronger interactions. Larvae developmental stages: 

YS (yolk-sac), PF (preflexion), FL (flexion) and FP (postflexion).
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precipitation (GLM: Est = -0.06; p = 0.01) and flow (GLM: Est = -0.002; p = 0.00) 
had significant negative effects (Fig. 5A). These results indicate that higher pH levels 
positively influence egg density, while increased precipitation and flow have negative 
effects, meaning that higher values of these variables reduce egg density. On the other 
hand, temperature and conductivity did not show significant relationships with egg 
distribution (GLM: p > 0.05).

For larvae, temperature had a significant negative effect on abundance (GLM: Est 
= -0.23; p < 0.01), indicating that higher temperatures were associated with lower 
larval densities (Fig. 5B). In addition, dissolved oxygen (GLM: Est = -0.27; p < 0.01) 
and flow (GLM: Est = -0.00; p < 0.01) also showed significant negative effects on 
larval distribution (Fig. 5B). Other environmental variables (water transparency, pH, 
conductivity, precipitation), did not show significant effects (GLM: p > 0.05).

FIGURE 5 | Forest plot representing the Generalized Linear Models (GLM) to explain the relationship between environmental variables and 

ichthyoplankton densities. A | Fish eggs. B | Fish larvae. Estimates (Est) and Standard deviation (SD).
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Taxonomic composition × Environmental and reproductive guild variables. A 
total of 20 taxa were identified at the lowest possible taxonomic level, encompassing four 
orders - Atheriniformes, Characiformes, Cichliformes, and Siluriformes. Characiformes 
was the most abundant group, followed by Siluriformes (Tab. 1). Among the identified 
taxa, 10 were determined at the species level, six at the genus level, and four at the family 
level. The assemblage was dominated by small-sized species, particularly those from the 
genera Astyanax, Psalidodon and Bryconamericus, which contributed the most to overall 
abundance and larval density. In relation to the guilds there was a predominance of 
sedentary species with no parental care (Tab. 1).

The NMDS analysis revealed variations in the positioning of species along the axes 
(Fig. 6). The samples were evenly distributed positioned along axis 1 and 2. On axis 1, 
sites S1 and S2 exhibited a positive clustering, whereas sites S3 and S4 were dispersed 
along this axis (Fig. 6). The final solution obtained a stress of 0.17. The PERMANOVA 
test showed that the site factor (sampling location) has a significant effect on species 
composition (p = 0.001). The post-hoc test indicated significant differences between S1 
and S3 (p = 0.02), S1 and S4 (p = 0.01), and S2 and S4 (p = 0.02). Sites S2 and S3, within 
the complex, have similar composition, with no significant differences between them. 

The results of the db-RDA show that the environmental variables included in the 
model explain a significant portion of the variation in species composition (db-RDA: F = 
3.28, p = 0.001) (Fig. 7). The post-hoc test revealed significant influences of transparency 
(F = 6.24; p = 0.001), pH (F = 5.63; p = 0.001), flow (F = 3.50; p = 0.001), temperature 
(F = 2.29; p = 0.014), dissolved oxygen (F = 2.28; p = 0.019), and conductivity (F = 
0.776; p = 0.036) on community structure, whereas precipitation showed no significant 
differences (F = 1.060; p = 0.366). These results emphasize the strong influence of abiotic 
factors on species distribution and composition along the studied stretch.

The GLM indicated significant effects of reproductive guild (GLM: Est = 283.97; 
p < 0.0001) and sampling site (GLM: Est = 23.76; p < 0.0001) on larval density, as 
well as a significant interaction between these factors (GLM: Est = 51.35; p < 0.0001). 
Multiple comparisons revealed that, overall, the SNG guild exhibited higher densities 
than the other guilds at most sampling sites, except in S3, where PM exceeded SG (p < 
0.0001) (Fig.8). These results indicate that differences among guilds vary according to 
position, reinforcing the importance of the interaction between these factors. Pairwise 
comparisons within each guild showed that for PM, densities in S3 were significantly 
higher than at all other sites (p < 0.01) (Fig. 8). For SG, no significant differences were 
detected among sites (p > 0.85) (Fig. 8). For SNG, densities in S1 were significantly 
higher than in S2, S3, and S4 (p < 0.001), while no significant differences were observed 
among the latter three sites (Fig. 8).
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TABLE 1 | Taxonomic groups, reproductive strategy (RS), abundance (Ab) and total density of larvae, as well as frequency of occurrence of 

each taxa and development stages of the fish recorded in the Rio das Antas Energy Complex, during the period October 2016 to January 2017. 

The taxonomy classification followed Betancur-R et al. (2013), and Fricke et al. (2025). Sampling site (S). Reproductive strategy: PM – Partial 

Migrator; S – Sedentary; G – Guarder; NG – Not Guarder. Larvae development stages: YS (yolk-sac), PF (preflexion), FL (flexion) and FP 

(postflexion). * indicates capture in the light trap. Density scales: a: 0.01–1.00; b: 1.01–5.00; c: 5.01–26.00 (%).

Taxa RS
Ab 
(nº)

Density 
(ind./10m³)

S1 S2  S3 S4

YS PF FL FP YS PF FL FP YS PF FL FP YS PF FL FP

CHARACIFORMES

Crenuchidae

Characidium orientale Buckup & Reis, 
1997

S; 
NG

39 9.36 a a b* a a

Erythrinidae

Hoplias sp. S; G 16 3.69 a a* a* a*

Stevardiidae

Bryconamericus iheringii (Boulenger, 
1887)

S; 
NG

366 111.18 b b* a* b b* a a* b* b* a* a* b* b* a* a*

Bryconamericus sp.
S; 

NG
19 4.65 a* a* a a*

Diapoma alburnus (Hensel, 1870)
S; 

NG
3 1.01 a a

Characidae

Charax stenopterus (Cope, 1894)
S; 

NG
1 0.36 a

Acestrorhamphidae a

Oligosarcus jenynsii (Gunther, 1964)
S; 

NG
1 0.13 a

Oligosarcus sp. 
S; 

NG
5 1.68 a a

Astyanax sp. 
S; 

NG
7 1.27 a* a* a

Psalidodon aff. fasciatus (Cuvier, 1819)
S; 

NG
1031 322.36 c a b* b* b* a* a b* a*

Acestrorhamphidae morphotype 1 1 0.47 a

SILURIFORMES

Auchenipteridae

Glanidium sp. S; G 7 3.65 a a

Heptapteridae

Rhamdia aff. quelen (Quoy & Gaimard, 
1824)

S; 
NG

15 4.27 a a a a a a a a

Heptapteridae morphotype 1 60 20.97 a b a a a

Heptapteridae morphotype 2 2 0.51 a

Loricariidae

Loricariichthys anus (Valenciennes, 1836) S; G 2 0.27 a

Pimelodidae

Pimelodus pintado Azpelicueta, Lundberg 
& Loureiro, 2008

PM; 
NG

202 99.60 a a a a c a a a b a

Pimelodidae morphotype 1
PM; 
NG

133 46.40 b a a b b a a a

ATHERINIFORMES

Atherinopsidae

Odontesthes sp.
S; 

NG
27 0.93 a* b* a

CICHLIFORMES

Cichlidae

Crenicichla punctata Hensel, 1870 S; G 1 0.57 a

Unidentified 4 1.30 a a

Unidentifiable 182 53.80 b b b b b b b b b b b b b b b b

Total 2124 688.44 b c b a b c b a c c a a b c b a
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FIGURE 6 | Representation of Nonmetric Multidimensional Scaling (NMDS) among sampling sites (S1–

S4) based on species composition between October 2016 and January 2017 in the Rio das Antas Energy 

Complex (CERAN), Brazil.

FIGURE 7 | Distance-Based Redundancy Analysis (db-RDA) of species composition in relation to environmental variables between October 

2016 and January 2017 in the Rio das Antas Energy Complex (CERAN), Brazil.
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FIGURE 8 | Spatial distribution of reproductive guilds of fish larvae (individuals/10m³) at sampling sites 

(S1–S4) between October 2016 and January 2017 in the Rio das Antas Energy Complex (CERAN), Brazil. 

Reproductive guilds: Partial Migrator (PM), Sedentary without parental care - non-guarder (SNG) and 

Sedentary with parental care - guarder (SG).

DISCUSSION

Our results demonstrated that the structure of ichthyoplankton was influenced by spatial 
and seasonal environmental variations, corroborating our first hypothesis. The presence 
of run-of-river (ROR) systems operating in cascade alters the hydrological regime 
and physical characteristics of the river, likely influencing the spatial and temporal 
distribution of eggs and larvae in the Rio das Antas Energy Complex (CERAN). Early 
larval stages (yolk-sac and preflexion) were indeed more abundant, especially in the 
upstream (S1) and intermediate (S3) reaches. Nevertheless, despite the tendency for 
more developed larvae in S4, the expected longitudinal progression to more advanced 
stages (flexion and postflexion) was not observed. The observed patterns diverge from 
those expected in a free-flowing and continuous river, refuting our second hypothesis. 
These findings suggest that reproduction is not restricted to specific sections of the 
river but occurs at multiple sites along the gradient, as expected in environments 
dominated by non-migratory species. Furthermore, the absence of reproductive records 
for migratory species historically present in this basin (Alves, Fontoura, 2009; Luz-
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Agostinho et al., 2010; Becker et al., 2013), strongly supports our prediction that the 
fragmentation caused by the dam cascade disrupts larval drift and acts as an ecological 
filter, affecting species dispersal and recruitment. Hydraulic retention caused by dams, 
combined with changes in flow regime and sediment transport, can reduce longitudinal 
connectivity and disrupt the natural dispersion of eggs and larvae (Agostinho et al., 
2007; Pompeu et al., 2012).

The differences in density and species composition between the extreme sites of the 
complex (S1 and S4) and those of the intermediate sections highlight the tendency for 
connectivity to be disrupted along the river continuum. The highest densities of larvae 
in S1 (particularly at the early stage - preflexion), observed in November, may indicate 
a spawning pulse. This pattern is typical of opportunistic species with prolonged 
reproductive cycles, which are common in dam-impacted systems (Winemiller, 1989; 
Agostinho et al., 2004). The S1 is connected to the upstream basin and free of dams, 
reflecting the highest density of larvae, especially of the sedentary guild without parental 
care (SNG), suggesting that the larvae normally derive from upstream spawning sites. 

Although hydrologically altered due to its location in a reduced flow section 
(RFS), S4 benefits from its direct connection to the downstream river network. The 
absence of physical barriers about 200 km downstream of the last dam of the complex 
(HPP 14) possibly enables a greater number of species to reach this RFS. This feature 
provides exclusive characteristics for this stretch and can help explain the distinct species 
composition found at this site. In addition, the tendency for more developed larvae in 
RFS environments may be related to the reduced water velocity in these environments, 
rather than the natural drift of the larvae. The formation of RFS modifies flow patterns 
(Singh, Agarwal, 2017) and, consequently, larval drift, promoting the formation of 
environments suitable for the development of fish stages, which reach more advanced 
stages in shorter river stretches. Although speculative, these findings suggest that, 
although reproduction occurs throughout the system, the changes imposed by dams 
may redefine key hydrological conditions, especially for the final stages, which may 
compromise the recruitment of juveniles and, consequently, the long-term maintenance 
of the population. 

The high density of eggs and larvae in early stages at S3, a highly fragmented 
environment between two dams, was notably associated with Pimelodus pintado, a 
species with partial migration. The reproductive success of P. pintado at S3 is particularly 
interesting, as it corroborates the tendency of it not to be a migratory species (Alves, 
Fontoura, 2009; Luz-Agostinho et al., 2010; Becker et al., 2013), with continuous 
reproductive records in impacted environments (Hermes-Silva et al., 2009; Reynalte-
Tataje, et al., 2012a). Although it is a species historically established along the studied 
stretch (Alves, Fontoura, 2009; Becker et al., 2013), our results suggest a remarkable 
adaptation of this species to the changes imposed by hydroelectric dams. This condition 
cannot be attested for the migratory species of the basin, previously distributed along 
the CERAN Complex (Alves, Fontoura, 2009; Luz-Agostinho et al., 2010; Becker et al., 
2013), at least in the stretch corresponding to sampling sites S2, S3, and S4. Therefore, 
it is reiterated that the absence of reproductive evidence of migratory species, proven 
to be present in the section studied before the interventions caused by the dam cascade, 
represents strong evidence of a synergistic impact imposed by fragmentation. In this 
sense, it is important to note that the dispersion of ichthyofauna to the upper Antas 
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River was potentially already limited by the presence of a natural barrier named 
“Cachoeirão” (Luz-Agostinho et al., 2010; Becker et al., 2013), located upstream of S2. 
Thus, the differences in egg and larval densities, as well as in the species composition 
of S2 compared to the others, can be explained by the combination of the presence of 
the natural barrier and the impacts of the cascade of dams, given that this location is the 
most segmented and has the lowest remaining discharge of the dam upstream.

Associatedly, analyses indicated that environmental variables such as dissolved 
oxygen, water transparency, flow, and temperature significantly influence egg 
and larval abundance, highlighting the central role of physicochemical conditions 
on ichthyoplankton dynamics. These results support previous studies showing the 
sensitivity of early fish ontogenetic stages to environmental variation (Nakatani et al., 
2001; Bialetzki et al., 2005). It is important to note that the oxygenation pattern may 
be related to its inverse correlation with temperature, since the reproductive period 
coincides with the hottest months and lower water oxygenation.

For eggs, density was negatively correlated with dissolved oxygen, water transparency, 
precipitation, and flow, important features for successful spawning (Sanches et al., 2006; 
Tondato et al., 2010; Ziober et al., 2012; Souza et al., 2024). These patterns suggest that 
more turbid, less oxygenated waters may be associated with higher egg deposition, 
possibly due to enhanced retention or reflecting zones of lower deep and hydrological 
turbulence, commonly observed in RFS sections during periods of lower rainfall. The 
influence of RFS formation on the ichthyoplankton can also be seen in the negative 
ordering of flow. Overall, it may also indicate that high-flow peaks promote egg 
dispersion or loss, hindering retention in sampling areas. For larvae, negative effects of 
temperature, dissolved oxygen, and flow suggest that more stable environments with 
lower thermal variation and reduced flow favor larval presence and maintenance. The 
low flow may facilitate larval retention in marginal or backwater zones, which have 
lower flow energy and greater food availability (Pavlov et al., 2008).

The pattern of influence of environmental variables on the composition of 
ichthyoplankton were also corroborated by the db-RDA, which showed that variables 
such as temperature, transparency, dissolved oxygen, pH, conductivity, and flow explain 
a significant portion of the variation in sample composition. These results suggest that 
even small differences in environmental attributes can shape the presence or absence of 
certain taxa, as also reported by Agostinho et al. (2004) and Baumgartner et al. (2008). 
The relevance of flow and transparency as explanatory vectors suggests that species 
with different ecological requirements may respond differently to flow intensity and 
light availability. For instance, pelagic species tend to occur in clearer water stretches, 
whereas demersal species or those associated with substrate structure may prefer more 
turbid environments, which offer better protection from predators (Reynalte-Tataje et 
al., 2013).

In summary, the cascade of dams in the run-of-river system acts as a modulator of 
the structure and dispersion of ichthyoplankton. The results indicate that the complex 
functions as a filter, preventing the natural drift of larvae and the establishment of 
migratory species historically present in the study area, favoring the reproduction of 
sedentary and generalist species. The distinct dynamics observed at sites S1 (connected 
upstream) and S4 (connected downstream) highlight the critical importance of 
longitudinal connectivity for maintaining ichthyofaunal diversity. In addition, the 
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absence of a clear pattern of longitudinal progression in the larval stages suggests 
that connectivity between river sections may be limiting the dispersion of eggs and 
larvae. The negative association between variables such as dissolved oxygen, flow, 
temperature, and egg and larval densities reinforces the sensitivity of ichthyoplankton 
to environmental changes caused by the formation of RFS, a condition that requires 
special attention during critical periods, such as prolonged droughts during reproductive 
seasons. From a conservation perspective, this scenario of changes calls into question the 
sustainable image attributed to ROR systems, especially when implemented in cascades, 
and reinforces the need for public policies that consider the synergistic impacts of this 
type of project. Strategic measures that promote reproduction and early development, 
as well as continuous monitoring of ichthyofauna and the environmental variables 
that directly influence these ecological processes, are essential. Integrated management 
of the hydroelectric plants should prioritize not only energy generation but also the 
maintenance of mechanisms that support aquatic biodiversity.

ACKNOWLEDGMENTS

This work had the incentive and support of Energetic Company Rio das Antas. We 
are grateful to Luis F. Beux (in memoriam) and Fernanda F. Brol from the Aquática 
Consultoria e Assessoria Ltda., for technical support and data collection. We are indebted 
to Prof. Dr. David A. Reynalte-Tataje for the valuable contributions in identifying 
the larvae. We thank Gabriela Medeiros and Débora R. de Carvalho for their graphic 
contributions.

REFERENCES

•	 Agostinho AA, Gomes LC, Pelicice FM. 
Ecologia e manejo de recursos pesqueiros 
em reservatórios do Brasil. Maringá: 
Eduem; 2007.

•	 Agostinho AA, Gomes LC, Santos NCL, 
Ortega JCG, Pelicice FM. Fish assemblages 
in Neotropical reservoirs: colonization 
patterns, impacts and management. 
Fish Res. 2016; 173:26–36. https://doi.
org/10.1016/j.fishres.2015.04.006

•	 Agostinho AA, Gomes LC, Verissimo S, 
Okada EK. Flood regime, dam regulation 
and fish in the Upper Parana River: effects 
on assemblage attributes, reproduction 
and recruitment. Rev Fish Biol Fish. 2004; 
14:11–19. https://doi.org/10.1007/s11160-
004-3551-y

•	 Ahlstrom EH, Butler JL, Sumida BY. 
Pelagic stromateoid fishes (Pisces, 
Perciformes) of the Eastern Pacific: kinds, 
distributions, and early life histories and 
observations on five of these from the 
Northwest Atlantic. Bull Mar Sci. 1976; 
26:285–402.

•	 Ahlstrom EH, Moser HG. Eggs and larvae 
of fishes and their role in systematic 
investigations and in fisheries. Rev 
Trav Inst Pêches Marit. 1976; 40:379–98. 
Available from: http://archimer.ifremer.fr/
doc/00000/1996/

•	 Alves TP, Fontoura NF. Statistical 
distribution models for migratory fish in 
Jacuí basin, South Brazil. Neotrop Ichthyol. 
2009; 7(4):647–58. https://doi.org/10.1590/
S1679-62252009000400014 

https://www.ni.bio.br/
https://www.scielo.br/ni
https://doi.org/10.1016/j.fishers.2015.04.006
https://doi.org/10.1016/j.fishres.2015.04.006
https://doi.org/10.1016/j.fishres.2015.04.006
https://doi.org/10.1007/s11160-004-3551-y
https://doi.org/10.1007/s11160-004-3551-y
https://doi.org/10.1007/s11160-004-3551-y
http://archimer.ifremer.fr/doc/00000/1996/
http://archimer.ifremer.fr/doc/00000/1996/
http://archimer.ifremer.fr/doc/00000/1996/
https://doi.org/10.1590/S1679-62252009000400014
https://doi.org/10.1590/S1679-62252009000400014


Neotropical Ichthyology, 23(4):e250083, 2025 19/22ni.bio.br | scielo.br/ni

Douglas Ticiani, Andréa Bialetzki, Jislaine C. Silva, Mateus B. V. Souza and Rosilene L. Delariva

•	 Anderson D, Moggridge H, Warren P, 
Shucksmith J. The impacts of ‘run-of-river’ 
hydropower on the physical and ecological 
condition of rivers. Water Environ J. 
2015; 29:268–76. https://doi.org/10.1111/
wej.12101

•	 Anderson MJ. A new method for 
non-parametric multivariate analysis 
of variance. Austral Ecol. 2001; 
26(1):32–46.  https://doi.org/10.1111
/j.1442-9993.2001.01070.pp.x

•	 Ávila-Simas S, Reynalte-Tataje DA, 
Zaniboni-Filho E. Pools and rapids as 
spawning and nursery areas for fish in a 
river stretch without floodplains. Neotrop 
Ichthyol. 2014; 12(3):611–22. http://dx.doi.
org/10.1590/1982-0224-20130116

•	 Balon EK. Reproductive guilds of fishes: 
a proposal and definition. J Fish Res 
Board Can. 1975; 32(6):821–64. https://doi.
org/10.1139/f75-110

•	 Baumgartner G, Nakatani K, Gomes LC, 
Bialetzki A, Sanches PV, Makrakis MC. 
Fish larvae from the Upper Paraná River: 
do abiotic factors affect larval density? 
Neotrop Ichthyol. 2008; 6(4):551–58. https://
doi.org/10.1590/S1679-62252008000400002 

•	 Becker FG, De Fries LC, Ferrer J, Bertaco 
VA, Luz-Agostinho KDG, Silva JFPD et al. 
Fishes of the Taquari-Antas River basin 
(Patos Lagoon basin), southern Brazil. 
Braz J Biol. 2013; 73(1):79–90. https://doi.
org/10.1590/S1519-69842013000100010 

•	 Bialetzki A, Nakatani K, Sanches PV, 
Baumgartner G. Eggs and larvae of the 
‘curvina’ Plagioscion squamosissimus 
(Heckel, 1840) (Osteichthyes, Sciaenidae) 
in the Baía River, Mato Grosso do Sul State, 
Brazil. J Plankton Res. 2004; 26(11):1327–
36. https://doi.org/10.1093/plankt/fbh123

•	 Bialetzki A, Nakatani K, Sanches PV, 
Baumgartner G, Gomes LC. Larval fish 
assemblage in the Baía river (Mato Grosso 
do Sul State, Brazil): temporal and spatial 
patterns. Environ Biol Fish. 2005; 73:37–47. 
https://doi.org/10.1007/s10641-004-3795-3

•	 Blüthgen N, Menzel F, Blüthgen N. 
Measuring specialization in species 
interaction networks. BMC Ecol. 2006; 
6(1):9. https://doi.org/10.1186/1472-6785-6-9 

•	 Cella-Ribeiro A, Costa Doria CR, Dutka-
Gianelli J, Alves H, Torrente-Vilara G. 
Temporal fish community responses to two 
cascade run-of-river dams in the Madeira 
River, Amazon basin. Ecohydrology. 
2017; 10(8):e1889. https://doi.org/10.1002/
eco.1889

•	 Chen Y, Wang M, Zhang Y, Lu Y, Xu 
B, Yu L. Cascade hydropower system 
operation considering ecological flow 
based on different multi-objective genetic 
algorithms. Water Resour Manag. 2023; 
37(8):3093–110. https://doi.org/10.1007/
s11269-023-03491-3

•	 Crook DA, Lowe WH, Allendorf FW, Eros 
T, Finn DS, Gillanders BM et al. Human 
effects on ecological connectivity in 
aquatic ecosystems: integrating scientific 
approaches to support management 
and mitigation. Sci Total Environ. 2015; 
534:52–64. https://doi.org/10.1016/j.
scitotenv.2015.04.034

•	 Dormann CF, Fruend J, Gruber B, 
Bauer T, Beckett S, Devoto M et al. 
Data TRUE, ByteCompile TRUE. Package 
‘bipartite’. Visualizing bipartite networks 
and calculating some (ecological) indices 
(Version 2.04). Vienna: R Foundation for 
Statistical Computing; 2020. Available 
from: https://cran.r-project.org/web/
packages/bipartite/index.html

•	 Dudley RK, Platania SP. Flow regulation 
and fragmentation imperil pelagic-
spawning riverine fishes. Ecol Appl. 2007; 
17(7):2074–86. https://doi.org/10.1890/06-
1252.1 

•	 Finer M, Jenkins CN. Proliferation 
of hydroelectric dams in the Andean 
Amazon and implications for Andes-
Amazon connectivity. PLoS ONE. 2012; 
7(4):e35126. https://doi.org/10.1371/journal.
pone.0035126

•	 Freshwater Ecoregions of the World 
(FEOW). 2015. Available from: http://www.
feow.org/ecoregions/details/334

•	 Fricke R, Eschmeyer WN, Fong JD. 
Eschmeyer’s catalog of fishes: genera/
species by family/subfamily. San Francisco: 
California Academy of Science; 2025. 
Available from: http://researcharchive.
calacademy.org/research/ichthyology/
catalog/SpeciesByFamily.asp

•	 Fundação Estadual de Proteção 
Ambiental Henrique Luiz Roessler 
(FEPAM). Qualidade das águas da bacia 
hidrográfica do rio das Antas e rio Taquari. 
2009. Available from: http://www.fepam.
rs.gov.br/qualidade/qualidade_taquari_
antas/taquariantas.asp

https://www.ni.bio.br/
https://www.scielo.br/ni
https://doi.org/10.1111/wej.12101
https://doi.org/10.1111/wej.12101
https://doi.org/10.1111/wej.12101
https://doi.org/10.1111/j.1442-9993.2001.01070
https://doi.org/10.1111/j.1442-9993.2001.01070.pp.x
https://doi.org/10.1111/j.1442-9993.2001.01070.pp.x
http://dx.doi.org/10.1590/1982-0224-20130116
http://dx.doi.org/10.1590/1982-0224-20130116
http://dx.doi.org/10.1590/1982-0224-20130116
https://doi.org/10.1139/f75-110
https://doi.org/10.1139/f75-110
https://doi.org/10.1139/f75-110
https://doi.org/10.1590/S1679-62252008000400002
https://doi.org/10.1590/S1679-62252008000400002
https://doi.org/10.1590/S1519-69842013000100010
https://doi.org/10.1590/S1519-69842013000100010
https://doi.org/10.1093/plankt/fbh123
https://doi.org/10.1007/s10641-004-3795-3
https://doi.org/10.1007/s10641-004-3795-3
https://doi.org/10.1186/1472-6785-6-9
https://doi.org/10.1002/eco.1889
https://doi.org/10.1002/eco.1889
https://doi.org/10.1002/eco.1889
https://doi.org/10.1007/s11269-023-03491-3
https://doi.org/10.1007/s11269-023-03491-3
https://doi.org/10.1007/s11269-023-03491-3
https://doi.org/10.1016/j.scitotenv.2015.04.034
https://doi.org/10.1016/j.scitotenv.2015.04.034
https://doi.org/10.1016/j.scitotenv.2015.04.034
https://cran.r-project.org/web/packages/bipartite/index.html
https://cran.r-project.org/web/packages/bipartite/index.html
https://doi.org/10.1890/06-1252.1
https://doi.org/10.1890/06-1252.1
https://doi.org/10.1371/journal.pone.0035126
https://doi.org/10.1371/journal.pone.0035126
https://doi.org/10.1371/journal.pone.0035126
http://www.feow.org/ecoregions/details/334
http://www.feow.org/ecoregions/details/334
http://www.feow.org/ecoregions/details/334
http://researcharchive.calacademy.org/research/ichthyology/catalog/SpeciesByFamily.asp
http://researcharchive.calacademy.org/research/ichthyology/catalog/SpeciesByFamily.asp
http://researcharchive.calacademy.org/research/ichthyology/catalog/SpeciesByFamily.asp
http://www.fepam.rs.gov.br/qualidade/qualidade_taquari_antas/taquariantas.asp
http://www.fepam.rs.gov.br/qualidade/qualidade_taquari_antas/taquariantas.asp
http://www.fepam.rs.gov.br/qualidade/qualidade_taquari_antas/taquariantas.asp
http://www.fepam.rs.gov.br/qualidade/qualidade_taquari_antas/taquariantas.asp


Neotropical Ichthyology, 23(4):e250083, 2025 20/22 ni.bio.br | scielo.br/ni

Ichthyoplankton in a run-of-river dam cascade

•	 Gogola TM, Daga VS, Silva PRL, Sanches 
PV, Gubiani EA, Baumgartner G et al. 
Spatial and temporal distribution patterns 
of ichthyoplankton in a region affected 
by water regulation by dams. Neotrop 
Ichthyol. 2010; 8(2):341–49. http://dx.doi.
org/10.1590/S1679-62252010000200013

•	 Gogola TM, Sanches PV, Gubiani EA, 
Silva PRL. Spatial and temporal variations 
in fish larvae assemblages of Ilha Grande 
National Park, Brazil. Ecol Freshw Fish. 
2013; 22(1):95–105. https://doi.org/10.1111/
eff.12007

•	 Grill G, Lehner B, Thieme M, Geenen B, 
Tickner D, Antonelli F et al. Mapping the 
world’s free-flowing rivers. Nature. 2019; 
569(7755):215–21. https://doi.org/10.1038/
s41586-019-1111-2

•	 Hammer Ø, Harper DAT, Ryan PD. 
Paleontological statistics software package 
for education and data analysis. Palaeontol 
Electron. 2001; 4(1):1–09.

•	 Hermes-Silva S, Reynalte-Tataje D, 
Zaniboni-Filho E. Spatial and temporal 
distribution of ichthyoplankton in the 
upper Uruguay River, Brazil. Braz Arch 
Biol Technol. 2009; 52(4):933–44. https://
doi.org/10.1590/S1516-89132009000400017

•	 Kubecka J, Matena J, Hartvich P. Adverse 
ecological effects of small hydropower 
stations in the Czech Republic: 1. Bypass 
plants. Regul Rivers Res Manage. 1997; 
13:101–13.

•	 Legendre P, Legendre L. Numerical 
Ecology. 2nd English ed. Amsterdam: 
Elsevier; 1998.

•	 Lenth RV. Package ‘lsmeans’. Am Stat. 
2018; 34(4):216–21.

•	 Luz-Agostinho KDG, Latini JD, Abujarra 
F, Gomes LC, Agostinho AA. A ictiofauna 
do rio das Antas: distribuição e bionomia 
das espécies. Maringá: Clichetec; 2010.

•	 McManamay RA, Peoples BK, Orth 
DJ, Dolloff CA, Matthews DC. Isolating 
causal pathways between flow and fish in 
the regulated river hierarchy. Can J Fish 
Aquat Sci. 2015; 72(11):1731–48. https://doi.
org/10.1139/cjfas-2015-0227

•	 Miranda LE, Habrat MD, Miyazono S. 
Longitudinal gradients along a reservoir 
cascade. Trans Am Fish Soc. 2008; 
137(6):1851–65. https://doi.org/10.1577/
T07-262.1 

•	 Nakatani K, Agostinho AA, Baumgartner 
G, Bialetzki A, Sanches PV, Makrakis 
MC et al. Ovos e larvas de peixes de 
água doce: desenvolvimento e manual de 
identificação. Maringá: Eduem; 2001.

•	 Oksanen J, Kindt R, Legendre P, O’Hara 
B, Stevens MHH, Oksanen MJ et al. The 
vegan package. Community Ecol. 2007; 
10:631–37. Available from: http://vegan.r-
forge.r-project.org/

•	 Paish O. Small hydro power: technology 
and current status. Renew Sustain 
Energy Rev. 2002; 6(6):537–56. https://doi.
org/10.1016/S1364-0321(02)00006-0

•	 Pavlov DS, Mikheev VN, Lupandin 
AI, Skorobogatov MA. Ecological and 
behavioural influences on juvenile 
fish migrations in regulated rivers: a 
review of experimental and field studies. 
Hydrobiologia. 2008; 609:125–38. https://
doi.org/10.1007/s10750-008-9396-y

•	 Pelicice FM, Azevedo-Santos VM, Vitule 
JRS, Orsi ML, Lima Jr. DP, Magalhaes 
ALB et al. Neotropical freshwater fishes 
imperilled by unsustainable policies. 
Fish Fish. 2017; 18(6):1119–33. https://doi.
org/10.1111/faf.12228

•	 Pelicice FM, Pompeu PS, Agostinho AA. 
Large reservoirs as ecological barriers to 
downstream movements of Neotropical 
migratory fish. Fish Fish. 2015; 16(4):697–
715. https://doi.org/10.1111/faf.12089

•	 Pompeu PDS, Agostinho AA, Pelicice 
FM. Existing and future challenges: the 
concept of successful fish passage in South 
America. River Res Appl. 2012; 28(4):504–
12. http://dx.doi.org/10.1002/rra.1557

•	 R Development Core Team. R: a 
language and environment for statistical 
computing. Vienna, Austria: R Foundation 
for Statistical Computing; 2025. Available 
from: https://www.r-project.org/

•	 Reynalte-Tataje DA, Agostinho AA, 
Bialetzki A. Temporal and spatial 
distributions of the fish larval assemblages 
of the Ivinheima River sub-basin (Brazil). 
Environ Biol Fish. 2013; 96:811–22. https://
doi.org/10.1007/s10641-012-0073-7

•	 Reynalte-Tataje DA, Agostinho AA, 
Bialetzki A, Hermes-Silva S, Fernandes 
R, Zaniboni-Filho E. Spatial and temporal 
variation of the ichthyoplankton in a 
subtropical river in Brazil. Environ 
Biol Fish. 2012a; 94:403–19. https://doi.
org/10.1007/s10641-011-9955-3

https://www.ni.bio.br/
https://www.scielo.br/ni
http://dx.doi.org/10.1590/S1679-62252010000200013
http://dx.doi.org/10.1590/S1679-62252010000200013
http://dx.doi.org/10.1590/S1679-62252010000200013
https://doi.org/10.1111/eff.12007
https://doi.org/10.1111/eff.12007
https://doi.org/10.1111/eff.12007
https://doi.org/10.1038/s41586-019-1111-2
https://doi.org/10.1038/s41586-019-1111-2
https://doi.org/10.1038/s41586-019-1111-2
https://doi.org/10.1590/S1516-89132009000400017
https://doi.org/10.1590/S1516-89132009000400017
https://doi.org/10.1139/cjfas-2015-0227
https://doi.org/10.1139/cjfas-2015-0227
https://doi.org/10.1139/cjfas-2015-0227
https://doi.org/10.1577/T07-262.1
https://doi.org/10.1577/T07-262.1
http://vegan.r-forge.r-project.org/
http://vegan.r-forge.r-project.org/
https://doi.org/10.1016/S1364-0321(02)00006-0
https://doi.org/10.1016/S1364-0321(02)00006-0
https://doi.org/10.1016/S1364-0321(02)00006-0
https://doi.org/10.1007/s10750-008-9396-y
https://doi.org/10.1007/s10750-008-9396-y
https://doi.org/10.1111/faf.12228
https://doi.org/10.1111/faf.12228
https://doi.org/10.1111/faf.12228
https://doi.org/10.1111/faf.12089
https://doi.org/10.1111/faf.12089
http://dx.doi.org/10.1002/rra.1557
https://www.r-project.org/
https://doi.org/10.1007/s10641-012-0073-7
https://doi.org/10.1007/s10641-012-0073-7
https://doi.org/10.1007/s10641-012-0073-7
https://doi.org/10.1007/s10641-011-9955-3
https://doi.org/10.1007/s10641-011-9955-3
https://doi.org/10.1007/s10641-011-9955-3


Neotropical Ichthyology, 23(4):e250083, 2025 21/22ni.bio.br | scielo.br/ni

Douglas Ticiani, Andréa Bialetzki, Jislaine C. Silva, Mateus B. V. Souza and Rosilene L. Delariva

•	 Reynalte-Tataje DA, Garcia V, Nunes MC, 
Lopes CA, Zaniboni-Filho E. Armadilhas 
luminosas e o ictioplancion. In: Zaniboni-
Filho E, Nufier APO, editors. Reservatório 
de Machadinho: peixes, pesca e tecnologias 
de criação. Florianópolis: Editora UFSC; 
2012b. p.107–26.

•	 Ripley B, Venables B, Bates DM, Hornik 
K, Gebhardt A, Firth D et al. Package 
‘MASS’. Cran R. 2020; 538:113–20. Available 
from: http://www.stats.ox.ac.uk/pub/
MASS4/ 

•	 Roberts TR. Mekonk mainstream 
hydropower dams: Run-of-the-River or 
Ruin-of-the-River? Nat Hist Bull Siam Soc. 
1995; 43:9–19.

•	 Sanches PV, Nakatani K, Bialetzki 
A, Baumgartner G, Gomes LC, Luiz 
EA. Flow Regulation by dams affecting 
ichthyoplankton: the case of the Porto 
Primavera dam, Parana River, Brazil. River 
Res Appl. 2006; 22(5):555–65. https://doi.
org/10.1002/rra.922

•	 Santos NCL, Santana HS, Ortega JCG, 
Dias RM, Stegmann LF, Araujo IMS 
et al. Environmental filters predict the 
trait composition of fish communities in 
reservoir cascades. Hydrobiologia. 2017; 
802:245–53. https://doi.org/10.1007/s10750-
017-3274-4

•	 Scopel RM, Teixeira EC, Binotto RB. 
Caracterização hidrogeoquímica de água 
subterrânea em área de influência de 
futuras instalações de usinas hidrelétricas - 
bacia hidrográfica do rio Taquari-Antas/RS, 
Brasil. Quim Nova. 2005; 28:383–92.

•	 Silva CB, Dias JD, Bialetzki A. Fish 
larvae diversity in a conservation area 
of a neotropical floodplain: influence of 
temporal and spatial scales. Hydrobiologia. 
2017a; 787:141–52. http://dx.doi.
org/10.1007/s10750-016-2953-x

•	 Silva JC, Rosa RR, Galdioli EM, Soares 
CM, Domingues WM, Verissimo S et al. 
Importance of dam-free stretches for fish 
reproduction: the last remnant in the 
Upper Parana River. Acta Limnol Bras. 
2017b; 29:e106. http://dx.doi.org/10.1590/
s2179-975x10216

•	 Singh G, Agarwal NK. Impact of 
hydropower project (RoR) on the 
ichthyofaunal diversity of river 
Birahiganga in Central Himalaya (India). 
J Fish. 2017; 5(2):507–12.  https://doi.
org/10.17017/j.fish.38

•	 Souza MBV, Tondato-Carvalho KK, 
Bialetzki A. Ichthyoplankton dynamics 
in the Brazilian Pantanal: contribution of 
an important tributary and maintenance 
of connectivity. Ecol Freshw Fish. 2024; 
34(1):e12808. https://doi.org/10.1111/
eff.12808

•	 Tanaka S. Stock assessment by means of 
ichthyoplankton surveys. FAO Fish Tech 
Pap. 1973; 122:33–51.

•	 Tondato KK, Mateus LAF, Ztober SR. 
Spatial and temporal distribution of fish 
larvae in marginal lagoons of Pantanal, 
Mato Grosso state, Brazil. Neotrop Ichthyol. 
2010; 8(1):123–34. https://doi.org/10.1590/
S1679-62252010005000002

•	 Vazzoler AEAM. Biologia da reprodução 
de peixes teleósteos: teoria e prática. 
Maringá: Eduem; 1996.

•	 Ward JV, Stanford JA. The serial 
discontinuity concept of lotic ecosystems. 
In: Fontaine TD, Bartell SM, editors. 
Dynamics of lotic ecosystems. Ann Arbor: 
Ann Arbor Scientific Publishers; 1983. 
p.29–42.

•	 Winemiller KO. Patterns of variation in 
life history among South American fishes 
in seasonal environments. Oecologia. 1989; 
81:225–41.

•	 Ziober SR, Bialetzki A, Mateus LADF. 
Effect of abiotic variables on fish eggs 
and larvae distribution in headwaters 
of Cuiabá River, Mato Grosso State, 
Brazil. Neotrop Ichthyol. 2012; 10(1):123–
32. https://doi.org/10.1590/S1679-

62252012000100012

https://www.ni.bio.br/
https://www.scielo.br/ni
http://www.stats.ox.ac.uk/pub/MASS4/
http://www.stats.ox.ac.uk/pub/MASS4/
https://doi.org/10.1002/rra.922
https://doi.org/10.1002/rra.922
https://doi.org/10.1002/rra.922
https://doi.org/10.1007/s10750-017-3274-4
https://doi.org/10.1007/s10750-017-3274-4
https://doi.org/10.1007/s10750-017-3274-4
http://dx.doi.org/10.1007/s10750-016-2953-x
http://dx.doi.org/10.1007/s10750-016-2953-x
http://dx.doi.org/10.1007/s10750-016-2953-x
http://dx.doi.org/10.1590/s2179-975x10216
http://dx.doi.org/10.1590/s2179-975x10216
http://dx.doi.org/10.1590/s2179-975x10216
http://dx.doi.org/10.17017/jfish.v5i2.2017.192
https://doi.org/10.17017/j.fish.38
https://doi.org/10.17017/j.fish.38
https://doi.org/10.1111/eff.12808
https://doi.org/10.1111/eff.12808
https://doi.org/10.1111/eff.12808
https://doi.org/10.1590/S1679-62252010000100002
https://doi.org/10.1590/S1679-62252010005000002
https://doi.org/10.1590/S1679-62252010005000002
https://doi.org/10.1590/S1679-62252012000100012
https://doi.org/10.1590/S1679-62252012000100012
https://doi.org/10.1590/S1679-62252012000100012


Neotropical Ichthyology, 23(4):e250083, 2025 22/22 ni.bio.br | scielo.br/ni

Ichthyoplankton in a run-of-river dam cascade

AUTHORS’ CONTRIBUTION 

Douglas Ticiani: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, 

Methodology, Validation, Writing-original draft.

Andrea Bialetzki: Conceptualization, Data curation, Formal analysis, Methodology, Supervision, 

Validation, Visualization, Writing-review and editing.

Jislaine Cristina da Silva: Formal analysis, Methodology, Validation, Visualization, Writing-original draft.

Mateus Babichi Veiga de Souza: Formal analysis, Validation, Visualization, Writing-original draft.

Rosilene Luciana Delariva: Conceptualization, Data curation, Formal analysis, Methodology, Supervision, 

Validation, Visualization, Writing-review and editing.

FUNDING INFORMATION

The authors did not receive funding for this research.

ETHICAL STATEMENT

The sampling procedures followed the specifications of the monitoring project approved by the 

current environmental agency (Fundação Estadual de Proteção Ambiental Henrique Luiz Roessler), 

according to the following licenses: FEPAM 1353/2015-DL (HPP CA), 02844/2016-DL (HPP MC), and 

1264/2015-DL(HPP14).

DATA AVAILABILITY STATEMENT

The data supporting the findings of this study are available from the corresponding author upon reasonable 

request.

SUPPLEMENTARY MATERIAL

Supplementary material S1

Supplementary material S2

AI STATEMENT

The authors did not use any AI-assisted technologies in the creation of this manuscript or its figures.

COMPETING INTERESTS

The authors declare no competing interests.

HOW TO CITE THIS ARTICLE

•	 Ticiani D, Bialetzki A, Silva JC, Souza MBV, Delariva RL. Ichthyoplankton in a regulated 

river: community structure and distribution patterns in a run-of-river dam cascade system 

in the Neotropics. Neotrop Ichthyol. 2025; 23(4):e250083. https://doi.org/10.1590/1982-0224-

2025-0083

This is an open access article under the terms of the 
Creative Commons Attribution License, which permits 
use, distribution and reproduction in any medium, 
provided the original work is properly cited.

Distributed under
Creative Commons CC-BY 4.0

© 2025 The Authors.
Diversity and Distributions Published by SBI

https://www.ni.bio.br/
https://www.scielo.br/ni
https://www.ni.bio.br/content/v23n4/1982-0224-2025-0083/supplementary/1982-0224-ni-23-04-e250083-s1.pdf
https://www.ni.bio.br/content/v23n4/1982-0224-2025-0083/supplementary/1982-0224-ni-23-04-e250083-s2.pdf
https://doi.org/10.1590/1982-0224-2025-0083
https://doi.org/10.1590/1982-0224-2025-0083
https://www.sbi.bio.br/pt/
http://www.ni.bio.br
https://en.wikipedia.org/wiki/Open_access#External_links
https://creativecommons.org/licenses/by/4.0/

