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ABSTRACT
The Jequitinhonha River in Brazil is located in a region with a large proportion of endemic freshwater fish species. 
Currently, it is fragmented in its middle stretch by the Irapé Hydroelectric Power Plant. Few studies have been 
done on the dynamics of fish eggs and larvae in this region. Thus, the objectives of this study were to present a 
panoramic view of the spatial and temporal distribution of the eggs and larval assemblage in the Upper-Middle 
stretch of Jequitinhonha River Basin, and to relate them to the existing environmental characteristics. Sampling 
was conducted every three days between October 2014 and March 2015 at two stretches located upstream and two 
downstream of the dam. A total of 2,916 eggs and 2,709 larvae were collected. The highest density of eggs and larvae 
was collected in the environments located downstream of the dam, but the fragmentation of the Jequitinhonha 
River by the dam did not influence the distribution of larval assemblages either upstream or downstream of the 
reservoir. The environments downstream of the dam, especially the Araçuaí tributary, appeared to significantly 
contribute to the reproductive success of fish species in the region.

Keywords: Accessory route; Dam; Eggs and larvae; Jequitinhonha River; Reproduction.

Distribuição do ictioplâncton em um trecho fragmentado de um rio em uma 
bacia hidrográfica do semiárido brasileiro

RESUMO
O Rio Jequitinhonha está localizado em uma região com elevada diversidade de peixes de água doce endêmicos. 
Atualmente, encontra-se fragmentado no seu trecho médio pela Usina Hidrelétrica Irapé, e pouco se conhece sobre 
a dinâmica de ovos e larvas de peixes nessa região. Nesse sentido, este estudo teve como objetivos apresentar um 
panorama da distribuição espacial e temporal de ovos e da assembleia de larvas no alto-médio Rio Jequitinhonha 
e relacioná-las às características dos ambientes existentes nessa área. As amostragens foram realizadas a cada 
três dias entre outubro/2014 e março/2015, em dois ambientes situados a montante e dois a jusante da barragem 
de Irapé. Foram coletados 2.916 ovos e 2.709 larvas de peixes, e a maior densidade de ovos e larvas foi capturada 
no trecho localizado a jusante da barragem, no entanto a fragmentação do Rio Jequitinhonha pelo barramento 
não influenciou na distribuição da assembleia de larvas de peixes situadas nem a montante nem a jusante do 
reservatório. Os ambientes situados a jusante da barragem, principalmente o tributário Araçuaí, parecem contribuir 
de forma importante para o sucesso reprodutivo das espécies de peixes da região.

Palavras-chave: Rota alternativa; Barragem; Ovos e larvas; Rio Jequitinhonha; Reprodução.
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INTRODUCTION
Brazil is home to the largest river system in the world. 

Therefore, it has the richest aquatic biota on the planet (Nogueira 
et al., 2010; Tourinho et al., 2020). According to Lewinsohn 
and Prado (2006), 13.2% of the ichthyofauna of the world is 
concentrated in the Brazilian territory, making it an extremely fish 
diverse country. There are records of 3,661 species of freshwater 
fish described in the country (Froese and Pauly, 2024).

The Jequitinhonha River Basin (JRB) drains the Brazilian east 
coast and is an ecoregion with the highest proportion of endemic 
fish among Brazilian freshwater fish communities (Abell et al., 
2008). Twenty-seven species of fish are considered endemic, with 
taxonomic descriptions spread across the literature. This high 
degree of endemism is attributed to its geological formation, a 
result of ancient (Gondwanaland separation) and recent tectonic 
events, that caused a capture of the headwaters between adjacent 
watersheds (Camelier and Zanata, 2014). 

Although it has a high degree of endemism and is 
considered as a region with a large number of endangered 
species in southeastern Brazil (Agostinho et al., 2005; Rosa 
and Lima, 2008), Steindachneridion amblyurum (Eigenmann 
& Eigenmann, 1888), Nematocharax venustus (Weitzman, 
Menezes & Britski, 1986), Rhamdia jequitinhonha (Silfvergrip, 
1996), Simpsonichthys perpendicularis (Costa, Nielsen & 
de Luca, 2001), and Brycon devillei (Castelnau, 1855) are on 
the official lists of threatened species (Machado et al., 2008). 
Nonetheless, the number of vulnerable species may be higher 
due to the scarcity of scientific studies have been reported on 
JRB. The scarcity of information regarding the ichthyofauna 
of the region is due to the absence of sampling, especially in 
tributaries and their headwaters (Machado et al., 2008).

The Jequitinhonha River, the main river of the basin, is 1,082-
km long and runs through the states of Minas Gerais and Bahia, 
under sub-humid (upper reach) and semi-arid regions (middle 
and lower reaches) (IBGE, 1997). The waters of this river flow 
through constrained channel, without floodplains, connected to 
small periodic tributaries in most part of its course (Brasil, 2006).

Compared to other rivers in southeastern Brazil, it is among 
the least explored basin considering its hydroelectric potential 
(ANEEL, 2016). The Jequitinhonha River has two hydroelectric 
power plants (HPP): Irapé and Itapebi (Albertoni, 2009; CEMIG, 
2017). The Irapé HPP began its operation in 2006, whereas 
Itapebi began its operation three years earlier, in 2003.

Despite the importance of the hydroelectric sector for the 
country’s economic development, such enterprises alter 
the quality of the habitats and the dynamics of the aquatic biota 

(Agostinho et al., 2008; Lemos et al., 2021). They can also modify 
historical patterns of biological production in the distribution 
of biodiversity both in space and time, as well as change the 
functions and services produced by aquatic ecosystems (Nilsson 
et al., 2005; Garrett et al., 2021). Besides, the fragmentation of 
the river by a dam can impede the reproductive success of fish 
(Arantes et al., 2011) or prevent the recruitment of juveniles 
(Pelicice et al., 2015).

Numerous studies have been conducted to identify the 
influence of HPPs on the life cycle of fish, including studies 
on eggs, larval dynamics, and juvenile’s recruitment (Hermes-
Silva et al., 2009; Reynalte-Tataje et al., 2012b; Suzuki and 
Pompeu, 2016; Silva et al., 2018; Lopes et al., 2019; Silva et al., 
2020; Gogola et al., 2023). The conservation of fish stocks in 
fragmented rivers can occur associated with the existence of 
long river stretches (Lopes et al., 2019). These stretches must 
attend to the demand of fishes for different types of habitats 
and flow conditions (Gogola et al., 2010; Reynalte-Tataje et al., 
2012b). In these circumstances, free flowing tributaries are 
being considered important for fish conservation at fragmented 
systems and can work as an alternative route for migration and 
reproduction of fishes (Suzuki et al., 2013; Nunes et al., 2015; 
Marques et al., 2018; Pachla et al., 2022).

In this context, this study evaluated the reproductive activity of 
the fish assemblage (through the occurrence of ichthyoplankton) 
in the upper-middle Jequitinhonha River. Our aim was to present 
a panoramic view of the spatial and temporal distribution of 
fish eggs, fish larval developmental stages, and fish larval 
assemblages in the region, and their relation to the characteristics 
of the environments located upstream and downstream of the 
Irapé HPP. So, the study tested the hypothesis that the distribution 
of eggs and larvae, and the composition of larval assemblage is 
different along the upper-middle Jequitinhonha River stretch, 
which is fragmented by the Irapé HPP.

MATERIAL AND METHODS

Study area
The study was conducted in the upper-middle region of the 

Jequitinhonha River, the area fragmented by the presence of 
Irapé HPP (Fig. 1). Two sampling stations were selected in lotic 
stretches upstream of the reservoir, one on the Itacambiruçu 
River (UPI), and another on the Jequitinhonha River (UPJ), 
about 60 and 140 km upstream the Irapé dam, respectively. 
Two other sampling stations were selected downstream of the 
dam, one in the Jequitinhonha River just before the mouth of 
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the Araçuaí River, 80 km downstream of the dam (DNJ), and 
another in the tributary Araçuaí River (DNA) (Table 1).

Sampling
Sampling was conducted by local fishermen residing in the 

region, who were previously trained by a technical team to 
guarantee the standardization of sampling procedures.

The ichthyoplankton samples were collected, during the 
reproductive season for fish in the semi-arid region (Chellappa 
et al., 2009, 2013), every three days from October 2014 to 
March 2015, totaling 60 samples at each of the four sampling 
stations. All samplings were collected at dusk (~8 p.m.), when 
it is expected a higher ichthyoplankton abundance (Hermes-
Silva et al., 2009), by a trawl in the subsurface for 10 min, with 
a conical-cylinder planktonic net (mesh 0.5 mm). The volume 
of filtered water was obtained through flow meters (General 

Oceanics model 2030R) arranged at the opening of the nets. 
The collected material was fixed in a 4% formalin solution 
buffered with CaCO3 and sent to the laboratory for processing. 

In the laboratory, eggs and larvae were separated from 
the rest of the material sampled using Bogorov’s plate and a 
stereomicroscope (Leica EZ 4HD). The larvae were identified to 
the lowest possible taxonomic level according to a specialized 
reference (Nakatani et al., 2001), and also using the developmental 
sequence technique proposed by Ahlstrom et al. (1976). This 
technique consists of comparing the morphology of smaller 
individuals to a known juvenile form. Whenever possible, larvae 
were classified in four larval stages according to Ahlstrom et al. 
(1976), as modified by Nakatani et al. (2001), as follow: yolk-sac, 
preflexion, flexion, and postflexion. An image capture program 
(LAS V.4.8) was used to assist in species identification and 

UPJ: upstream Jequitinhonha; UPI: upstream Itacambiruçu; DNJ: downstream Jequitinhonha; DNA: downstream Araçuaí. 

Figure 1. Map of the study region indicating the sampling stations selected in the upper-middle Jequitinhonha River during October 
2014 to March 2015.
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classification of the stage of development. All ichthyoplankton 
daily data was grouped by month for each locality.

In order to assess the correlation between environmental 
variables and the occurrence of eggs and larvae, some 
parameters were collected for every sampling day. 
During sampling, the water temperature (°C) was measured 
using a mercury thermometer and the data were recorded in 
their spreadsheet. Data on water flow (m3.s-1) and rainfall 
(mm) for every sampling day were provided by Companhia 
Energética de Minas Gerais and Agência Nacional de Águas e 
Saneamento Básico. All environmental data were grouped by 
month for each locality.

Vouchers of fish species was deposited at Ichthyology 
Collection of the Núcleo de Pesquisas em Limnologia, Ictiologia 
e Aquicultura of the Universidade Estadual de Maringá, in 
Maringá, Paraná, Brazil. 

Following an existing protocol (Tanaka, 1973; Nakatani 
et al., 2001), density estimates at different developmental 
stages were standardized to 10 m3 of filtered water and then 
transformed by log10 (x + 1) to reduce the weight of extreme 
values. All samples obtained every three days from a single 
station were considered replicates.

Statistical analysis
The assumptions of normality and homoscedasticity 

were performed by the Shapiro-Wilk and Levene’s tests, 
respectively. The spatial and temporal variation in the density 
of eggs and larvae and the difference in environmental 
variables were analyzed using the non-parametric Kruskal-
Wallis’ test, and, when significant (p < 0.05), Dunn’s a 
posteriori test was performed to identify pairwise differences. 
All environmental variables were previously transformed 
into log10 (x + 1) to achieve the assumptions of normality and 
homogeneity of variance.

A permutational multivariate analysis of variance 
(PERMANOVA) was used to compare the structure of 
larval fish assemblages between sampling stations across 
months. The unifactorial PERMANOVA and its pair-wise 
test were used to evaluate the spatio-temporal variation in 
larval species composition and abundance. This analysis was 
conducted using the Bray-Curtis similarity matrix constructed 
with data previously transformed by the fourth root. The 
statistical significance of the PERMANOVA was tested with 
9,999 permutations. These multidimensional analyses were 
performed using PRIMER 7 software with the PERMANOVA 

Table 1. Characterization of the selected sampling stations in the middle region of Jequitinhonha River, in the area under the influence 
of the Irapé hydroelectric power plants, from October 2014 to March 2015. 

Sampling 
stations

Location Characterization Coordinates

UPJ
Jequitinhonha River; upstream of Irapé dam in 

the locality of Terra Branca

Lotic
Width: 90 m
Dist.: 130 km
Depth: 1.5 m

17° 18’ 47.79” S
43° 12’ 19.57” W

UPI
Itacambiruçu River; upstream of Irapé dam in 

the locality of Grão Mogol

Lotic
Width: 30 m
Dist.: 40 km
Depth: 0.5 m

16° 36’ 0.64” S
42° 49’ 53.55” W

DNJ
Jequitinhonha River; downstream of the Irapé 

dam, before the mouth of Araçuaí River

Lotic
With: 100 m
Dist.: 83 km
Depth: 1.5 m

16° 45’ 43.89” S
42° 0’ 38.30” W

DNA
Araçuaí River; downstream of the Irapé dam, 

in a tributary

Lotic
With: 115 m
Dist.: 86 km
Depth: 1 m

16° 45’ 47.08” S
42° 0’ 35.34” W

UPJ: upstream Jequitinhonha; UPI: upstream Itacambiruçu; DNJ: downstream Jequitinhonha; DNA: downstream Araçuaí; Dist.: distance from the Irapé HPP.
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+ package. Additionally, the permutational dispersion method 
(PERMDISP) was used to test the assumption of independence 
and homogeneity of multivariate dispersions within groups.

To determine how environmental variables affected the 
larval assemblage distribution of each of the sampled stations, 
a redundancy analysis (RDA) was performed using the 
RDA command in vegan package. For this, the larval matrix 
(composed by larvae identified to the gender and specific level) 
was transformed using Hellinger transformation (Rao, 1995), 
and the environmental variables were standardized using the 
decostand command in the vegan package. A permutation test 
(randomly replicated 9,999 times) was performed to evaluate the 

performance and significance of the generated model. The RDA 
analyses were performed using R 3.5.0 (R Core Team, 2023). 

RESULTS

During the study period, 2,916 eggs were collected. Significant 
spatial variation in egg density was observed among the sampled 
stations, with the highest density observed at DNJ (p < 0.01; Fig. 2a). 
A total of 2,709 fish larvae was caught, and the highest density of 
larvae in the region was observed at DNA (p < 0.01; Fig. 2c). There 
was no temporal variation in the egg or larval density between the 
different sampling months (p > 0.05; Figs. 2b and 2d).

Figure 2. Spatial and temporal variation of eggs and fish larvae density–organisms/10 m3 (log10 (x+1) – at different sampling stations 
and between October 2014 and March 2015 in the upper-middle Jequitinhonha River. (a) Spatial distribution of fish eggs; (b) temporal 
distribution of fish eggs; (c) spatial distribution of fish larvae; (d) temporal distribution of fish larvae.
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Twenty-five taxa were identified, 20 of them at least at the 
gender level, represented by 16 genera, 14 families, and four 
orders. Characiformes represented 72% of the total larvae captured, 
followed by Siluriformes, with 27%. The orders Cichliformes 
and Gymnotiformes were represented by only two and seven 
individuals, respectively. Among the 14 families identified, those 
with the highest number of taxa were Characidae, with six, and 
Anostomidae and Loricariidae, with two taxa each, whereas the 
other families had only one taxon each. Among the 25 taxa found, 
11 were identified to the generic level and nine to the specific level.

Characiformes and Siluriformes orders were identified at 
all sampling stations. Among the most frequently captured taxa, 
Characidae was present at all sampling stations and had the highest 
percentage of frequency of occurrence (FO%) during the entire 
sampling period (37.1%). Megaleporinus spp., which was captured 
at all sampling stations, presented 29.5% of FO% (Table 2). 

Larvae of the genera Megaleporinus and Prochilodus, 
which are considered migratory species in other river basins 
(Carolsfeld et al., 2003), were captured both in environments 
located upstream and downstream of the Irapé dam (Table 2).

Considering the occurrence of each larval stage among 
the four evaluated, the yolk-sac stage (46.6%) was the most 
commonly captured larval developmental stage mainly 
occurring at the DNJ (67.9%) and DNA (48.7%). The preflexion 
stage (45.3%) had higher percentages at UPJ (54.2%) and DNA 
(48.4%). For the flexion (2.8%) and postflexion (5.3%) stages, 
the capture proportions were higher at UPI with 21.6 and 
44.6%, respectively. 

The Kruskal-Wallis’ test showed significant differences for 
environmental variables among the sampling stations (p < 0.01; 
Table 3). Spatially, water temperature was significantly higher 
at DNA than at UPI and UPJ (p < 0.01). Water flow in DNJ 
was significantly higher than in UPI (p < 0.01). No significant 
differences were observed for mean rainfall values among the 
different sampling stations. Temporally, no significant difference 
was observed between the sampling months (p > 0.01). 

The PERMANOVA results showed a significant difference 
in the composition of the larval fish assemblage between 
sampling stations (Pseudo F = 4.46; p < 0.01) and between 
months (Pseudo F = 3.52; p < 0.01). The pairwise test 

Table 2. Larval fish assemblage composition, abundance (N), frequency of occurrence (FO%), and mean density of individuals ± 
standard deviation (organism.m-3) captured at the sampling stations between October 2014 and March 2015 in the Jequitinhonha 
River region. 

Taxa Voucher number1 RS N FO (%) UPJ UPI DNJ DNA
CHARACIFORMES* 79 6.8 0.193 ± 0.786 0.005 ± 0.037 0.002 ± 0.014 0.223 ± 0.902
Anostomidae** 1 0.4 0.014 ± 0.107
Megaleporinus 
garmani 
(Borodin, 1929)

22972; 23008; 
23010

M/s-p 35 7.2 0.017 ± 0.071 0.008 ± 0.035 0.217 ± 0.874

Megaleporinus spp.
22973; 22981;
23009; 23011

M/s-p 690 29.5 0.503 ± 2.081 0.046 ± 0.133 0.203 ± 0.623 3.203 ± 8.532

Characidae** 382 37.1 0.863 ± 4.758 0.120 ± 0.230 0.097 ± 0.193 1.074 ± 3.134

Astyanax spp. 
22974; 22982;

22996
M/N/
s-p/d

14 3.8 0.002 ± 0.014 0.032 ± 0.159 0.020 ± 0.073

Astyanax bimaculatus
(Linnaeus, 1758)

22975; 22983;
22997; 23012

NM/d 37 8.0 0.294 ± 2.043 0.018 ± 0.072 0.011 ± 0.088 0.121 ± 0.434

Psalidodon fasciatus
(Cuvier, 1918)

23013 M/d 11 2.1 0.004 ± 0.033 0.019 ± 0.080

Astyanax scabripinnis
(Jenyns, 1842)

22984 NM/s-p 1 0.4 0.004 ± 0.029

Moenkhausia spp. Unpreserved M/s-p 1 0.4 0.006 ± 0.044
Oligosarcus spp. 22985; 23014 M/d 4 1.7 0.026 ± 0.129 0.004 ± 0.029

Continue...
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Taxa Voucher number1 RS N FO (%) UPJ UPI DNJ DNA
Erythrinidae

Hoplias spp. 
22986; 23000;

23015
NM/d 140 11.0 0.318 ± 1.425 0.026 ± 0.080 0.031 ± 0.094

Prochilodontidae

Prochilodus spp.
22976; 23001; 

23016
M/s-p 396 10.1 0.054 ± 0.224 0.016 ± 0.079

3.385 ± 
17.708

Serrasalmidae 
Serrasalmus brandtii 
Lütken, 1875

22987; 23002;
23017

NM/d 145 11.8 0.054 ± 0.374 0.017 ± 0.057 0.290 ± 0.850

SILURIFORMES* 16 4.2 0.006 ± 0.034 0.005 ± 0.040 0.004 ± 0.033 0.027 ± 0.093
Auchenipteridae 

Trachelyopterus spp.
22988;
23003

NM/d 13 3.8 0.036 ± 0.123 0.005 ± 0.027

Callichthyidae 
Hoplosternum littorale
(Hancock, 1828)

22989 NM/d 1 0.4 0.009 ± 0.071

Doradidae
Wertheimeria maculata
(Steindachner, 1877)

22977; 22990;
23004; 23018

NM/d 59 13.1 0.006 ± 0.036 0.019 ± 0.061 0.031 ± 0.117 0.072 ± 0.153

Heptapteridae 
Pimelodella spp. 22979; 23019 NM/d 14 3.0 0.009 ± 0.055 0.008 ± 0.058 0.043 ± 0.237
Loricariidae 
Delturus brevis
Reis & Pereira, 2006

22991 NM/d 6 0.8 0.011 ± 0.068

Hypostomus spp. 22978; 22992 NM/d 5 1.7 0.091 ± 0.678 0.009 ± 0.047
Pimelodidae** 5 2.1 0.009 ± 0.048 0.012 ± 0.057
Trichomycteridae 

Trichomycterus spp.
22980; 22993;
23006; 23020

NM/d 619 11.4 0.010 ± 0.047 0.019 ± 0.071 0.064 ± 0.282
2.559 ± 
10.022

CICHLIFORMES 
Cichlidae
Geophagus brasiliensis
(Quoy & Gaimard, 1824)

22994 NM/d 2 0.8 0.013 ± 0.070

GYMNOTIFORMES
Gymnotidae

Gymnotus spp.
22995; 23007;

2321
NM/d 7 3.0 0.015 ± 0.056 0.003 ± 0.022 0.011 ± 0.058

Not identified 19 5.9 0.030 ± 0.150 0.006 ± 0.029 0.007 ± 0.041 0.016 ± 0.069
1Voucher number of fish species deposited at Ichthyology Collection of the Núcleo de Pesquisas em Limnologia, Ictiologia e Aquicultura of the Universidade Estadual de Maringá, 
Maringá, Paraná, Brazil; RS: reproductive strategy; NM: non-migratory fish; M: migratory fish’s-p: semi-pelagic eggs; d: demersal eggs; *larvae identified only at order level; 
**larvae identified only at the family level; UPJ: upstream Jequitinhonha; UPI: upstream Itacambiruçu; DNJ: downstream Jequitinhonha; DNA: downstream Araçuaí.

Table 2. Continuation.
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identified a significant difference in larval assemblage among 
all environments (p < 0.01). However, the PERMDISP was 
significant, and its paired test showed significance in comparison 
between UPI and all other stations, as well as DNA compared 
with UPJ. This indicated that the dispersion of the samples at 
UPI was heterogeneous with respect to their centroid, indicating 
a combination of differences in localization and dispersion 
between groups in the multivariate space, as well as the 
comparison between DNA and UPJ.

The temporal variation of the assemblage structure was 
evidenced in the pairwise test, showing differentiation between 
some months analyzed regarding species composition, except 
for November in relation to December, February, and March, 
December in relation to February and March, and also February 
in relation to March (p > 0.01).

The RDA generated significant models (p < 0.01, permutational 
ANOVA, permutations = 9,999) and constrained 93% of fish 
larvae variance in relation to the explanatory variables. The Monte 
Carlo permutation test was significant for axes (F = 6.6; p = 0.001) 
and rejected the null hypothesis of independence between fish 
larvae and explanatory variables. The environmental variables 
tested were selected by RDA using forward selection and were 
significant (p < 0.01). The first axis (RDA 1, F = 12.5, p = 0.001) 
accounted for 61% of the variance and was negatively correlated 
with water temperature (-0.53) and positively correlated with water 

flow (0.70) and rainfall (0.51). The second axis (RDA 2, F = 6.0, 
p = 0.001) accounted for 32% and was negatively correlated with 
water temperature (-0.74) and positively correlated with water 
flow (0.62) and rainfall (0.46). RDA also showed similarities 
between DNJ, in the main river, and DNA, in a tributary, both 
located downstream of Irapé HPP. The samples from the UPI 
segregated from the other sampling stations and UPJ samples 
were well dispersed between the RDA axes (Fig. 3).

According to the taxa distribution, larvae of the genus 
Megaleporinus spp. and Prochilodus spp. were positively 
correlated with water flow. The larvae of Wertheimeria maculata 
(Steindachner, 1877) and Serrasalmus brandtii (Lütken, 1875) 
were positively correlated with water temperature. The other 
species were grouped around the crossing of the axes of the 
RDA (Fig. 3).

DISCUSSION

This study showed that several fish species were successful 
in spawning and rear their offspring in this fragmented river 
stretch, including migratory fish species, both upstream and 
downstream of the Irapé HPP. Additionally, some patterns were 
observed in the distribution of egg and larvae density, with 
higher abundance of ichthyoplankton downstream of the dam, 
mainly in the Araçuaí River, for rearing larvae. This tributary 

Table 3. Mean values (± standard deviation) of environmental variables observed at the different sampling stations located in the 
upper-middle Jequitinhonha River for the samples taken between October 2014 and March 2015. 

Sampling stations
Water temperature 

(°C)
Rainfall 

(mm)
Water flow 

(m3∙s-1)

UPJ 26.3 ± 2.1a 2.0 ± 5.9 60.9 ± 60.7a

UPI 25.9 ± 1.4b 3.4 ± 12.3 6.6 ± 8.7 b

DNJ 27.0 ± 1.8b 0.4 ± 0.9 133.7 ± 46.0a

DNA 29.1 ± 1.9a 1.8 ± 4.9 46.2 ± 52.5a

Months
October 26.3 ± 1.2 1.7 ± 1.7 42.7 ± 48.8
November 26.0 ± 1.2 4.4 ± 3.3 87.0 ± 53.6
December 26.5 ± 1.4 1.7 ± 0.9 77.2 ± 40.3
January 28.8 ± 1.7 0.1 ± 0.2 42.9 ± 48.6
February 27.4 ± 1.2 2.7 ± 1.3 65.8 ± 48.2
March 27.5 ± 1.4 3.6 ± 1.2 27.7 ± 18.1

a,b: Significant difference (p < 0.05); UPJ: upstream Jequitinhonha; UPI: upstream Itacambiruçu; DNJ: downstream Jequitinhonha; DNA: downstream Araçuaí.
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appeared to contribute significantly to the conservation of fish 
species in the region. 

The larval assemblage observed in the river stretch under 
study was composed mainly by the Characiformes and 
Siluriformes orders, showing a similar pattern to that found 
in other basins in the neotropical region (Lowe-McConnell, 
1987; Malabarba and Malabarba, 2014). This pattern was also 
observed by Godinho et al. (1999) in an ichthyofauna survey in 
the Jequitinhonha basin. 

There are 72 species of fish described for the JRB, however 
Pugedo et al. (2016) suggested that this number should reach 
110 species. The larval assemblage identified in this study 

consisted of 25 taxa. Due to the high degree of endemism (Abell 
et al., 2008) and the lack of studies on ichthyoplankton in that 
region, many of the captured larvae were only identified to the 
family level.

Among the species identified in this study, we highlighted 
some that are important to fishing in the region, especially those 
related to the genera Megaleporinus and Prochilodus, which 
occurred in environments upstream and downstream of the dam. 
Some species of these genus, found in other watersheds, exhibit 
migratory behavior (Carolsfeld et al., 2003; Baldisserotto and 
Gomes, 2010); thus, revealing the importance of environments 
for the conservation of these species in the region. 
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Figure 3. Redundancy analysis (RDA) ordination of the fish larvae assemblage of the upper-middle Jequitinhonha River according 
to environmental variables from October 2014 to March 2015. 
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Considering that the reproduction of migratory fish requires 
a connection of different habitats that meet the needs of different 
phases of the life cycle (Winemiller, 1989; Makrakis et al., 2012; 
Suzuki et al., 2013), the presence of larvae of this genus upstream 
and downstream of the Irapé HPP shows that they are succeeded in 
completing their life cycles in both regions. Besides, the presence 
of these larvae was registered in environments distant more than 
200 km from each other, as well as in a tributary, which proves 
the existence of spawning and breeding sites both upstream 
and downstream the dam. However, the presence of the dam 
over time could generate genetic isolation between populations 
because of the absence of gene flow between populations that 
inhabit downstream and upstream areas (Pompeu et al., 2012). 
Therefore, it is crucial monitoring these species, upstream and 
downstream, for the purpose of assessing the possibility of 
genetic exchanges throughout populations and choose the best 
mode of action for preserving genetic variation.

The presence of larvae of W. maculata, an endemic species of 
the region, in all environments under study, also deserves to be 
noticed. Vono and Birindelli (2007), who described the natural 
history of this Doradidae in the basin, highlighted the need for 
conservation of stretches free of anthropogenic influences in 
the basin, such as the Araçuaí tributary river. In this study, the 
Araçuaí River was the one that exhibited the highest density 
for W. maculata larvae, reinforcing the importance of this 
environment for the maintenance of the stock of this species. 

It is also important to note the presence of larvae of S. brandtii 
in JRB, an invasive species (Pugedo et al., 2016). This taxon 
was recorded in the reservoir for the first time in 2009 and after 
few years became dominant in this environment (Andrade et al., 
2019). Although this species was not found in lotic environments 
above the Irapé reservoir by Andrade et al. (2019), in this study it 
was the second most abundant taxon at the UPI sampling station, 
where juveniles were also caught in 2016. No larvae were found 
in UPJ, suggesting that the upper stretches from Jequitinhonha 
River are still free from this invasive species.

The highest intensity of reproductive activity was observed 
in the environments downstream of the dam, both in the main 
river and in the Araçuaí River, a free-flowing tributary in the 
region. The importance of tributary river mouths as areas for 
breeding young forms of fish has been observed in other studies 
(Zaniboni-Filho and Schulz, 2003; Corrêa et al., 2010; Gogola 
et al., 2010; Reynalte-Tataje et al., 2012b; Suzuki et al., 2013; 
Sulzbacher et al., 2023). Free flowing tributaries are also being 
considered important for conservation and can work as an 
alternative route for migration and reproduction (Antonio et al., 

2007; Reynalte-Tataje et al., 2011; Silva et al., 2015; Nunes 
et al., 2015; Casarim et al., 2018; Marques et al., 2018; Lopes 
et al., 2019). The results obtained in this study also reinforced 
the ecological importance of tributaries for several fish species, 
suggesting that these environments should be studied as a matter 
of priority, and that conservation measures should be adopted to 
mitigate impacts on fragmented environments.

In addition to the marked influence caused by variation 
in rainfall and river levels (Nascimento and Nakatani, 2006; 
Baumgartner et al., 2008; Hermes-Silva et al., 2009; Suzuki and 
Pompeu, 2016), some physical factors, such as water temperature, 
can strongly influence the distribution of the ichthyoplanktonic 
community (Baumgartner et al., 2008; Reynalte-Tataje et al., 
2012a). Temperature as a decisive factor for the fish reproductive 
process was observed in the Paraná River (Baumgartner et al., 
1997; Bialetzki et al., 2002) and the Uruguay River (Reynalte-
Tataje et al., 2008; Reynalte-Tataje et al., 2012c). In these two 
watersheds, there was a direct relationship between the increase 
in water temperature and the higher reproductive intensity of 
some fish species. In this study, the highest density of captured 
larvae occurred in the environment where the highest water 
temperature values were recorded. 

The structure of the larval assemblage in the Jequitinhonha 
River exhibited differentiation in the temporal and spatial scales. 
However, this segregation was more pronounced regarding 
species abundance in different sampling environments and 
months, without much variation in its composition, revealing 
fish reproductive activity in all regions. The fragmentation of 
the Jequitinhonha River did not influence the distribution of the 
larvae assemblies upstream and downstream of the Irapé Dam; 
however, the environments upstream and downstream of the 
dam, mainly the Jequitinhonha River and the Araçuaí tributary, 
respectively, seem to significantly contribute to the conservation 
of fish species in the region. Although part of Jequitinhonha River 
upstream Irapé dam is a protected area under a state law (from its 
source to the mouth of the Tabatinga River), there is an important 
stretch about 150 km of free-flowing river uncover by the law 
(from Tabatinga River until HPP Irapé reservoir, which includes 
the UPJ sampled segment). Also, the Araçuaí River basin, 
despite having shown extreme relevance for fish reproduction 
in the region, is intensely modified by eucalyptus plantations, 
soil erosion, and intense water deficit (evapotranspiration greater 
than precipitation in the last 50 years), which progressively 
reduces the Araçuaí River flow (Leite and Fujaco, 2010). These 
results demonstrate the importance of JRB for the reproductive 
activity of fish and possibly for the recruitment and conservation 
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of species. This can be achieved protective; conservation and 
restoration measures need to be urgently implemented in the 
region to preserve this important endemic ichthyofauna.

CONCLUSION
The present study demonstrated that several fish species, both 

upstream and downstream of the Irapé HPP, may successfully 
reproduce, spawn, and develop their young in this region of the 
JBR. Nevertheless, it was also noted that there is an important 
difference in ichthyoplankton abundance in the areas downstream 
of the dam, especially in the Araçuaí River, indicating that it 
provides an essential role in the number and diversity of fish larvae 
species in the region.
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