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Resumo

Ecossistemas aquaticos sdo impactados em todo 0 mundo, e dentre impactos, ressaltam-se 0s
barramentos de rios que afetam diretamente a ictiofauna por alterarem as caracteristicas
fisico—quimicas e vazdo da &gua liberada pelas usinas hidrelétricas. Com objetivo de
comparar a reproducéo de A. lacustris em dois trechos do rio Sdo Francisco, capturaram-se,
entre maio de 2011 a junho de 2012, 521 exemplares adultos com auxilio de redes de emalhar
de 3 a 8 mm entre nds opostos. O trecho 1 localiza-se logo a jusante da barragem de Trés
Marias e o trecho 2, na confluéncia do rio S&o Francisco com o rio Abaeté. De cada exemplar
foram registrados comprimento total (CT), peso corporal (PC) e peso gonadal (PG) para
calcular o indice gonadossomatico (IGS) e o fator de condicdo de Fulton (K). Fragmentos de
gbnadas foram fixados em liquido de Bouin por 8-12 horas e submetidos as técnicas
histoldgicas de rotina. Fragmentos de ovarios maduros foram pesados e fixados em solucédo de
Gilson para determinar a fecundidade. O didmetro dos foliculos vitelogénicos (DFV) foi
medido em laminas histologicas sob microscopio de luz acoplado com ocular micrométrica.
Os parametros fisico-quimicos da agua foram obtidos com sonda Horiba U-10. Peixes
capturados no trecho 2 apresentaram maiores valores de CT e PC. Os valores médios de IGS e
K de fémeas e machos ndo mostraram diferencas estatisticas entre os peixes de cada trecho,
bem como os valores médios de DFV e fecundidade em lotes. A presenca de foliculos pos
ovulatorios foi observada nos ovéarios de fémeas capturadas nos dois trechos a qual esta
associada ao longo periodo de desova. A ocorréncia de classes de tamanhos variados de
foliculos vitelogénicos indicaram que a desova de A. lacustris é do tipo parcelado. Os
resultados mostraram que A. lacustris, diferentemente de outros teledsteos Neotropicais, nao
tem sua reproducdo comprometida pelo impacto da barragem de Trés Marias, onde as
condicdes termais e hidrologicas do rio Sdo Francisco estdo alteradas pela d&gua do hipolimnio

liberada pela usina hidrelétrica.

Palavras chave: teleGsteo neotropical, desovas multiplas, estratégia reprodutiva, longo periodo
reprodutivo.



Abstract

Aquatic ecosystems are impacted worldwide, and of these impacts, the rivers damming
directly affect fish populations by altering the physico-chemical and discharge of water
released by hydroeletric power plants. To compare the reproduction of A. lacustris in two
differently sections of the river Sdo Francisco, adult specimens were captured between May
2011 to June 2012, 521 adult specimens with the aid of gillnets with 3-8 mm between
opposite knots. The first section is located immediately downstream the Three Marias dam,
and section 2, located at the confluence of the S&o Francisco and the Abaeté rivers. Of each
specimen were recorded total length (TL), body weight (BW) and gonad weight (GW) to
calculate the gonadosomatic index (GSI) and Fulton's condition factor (K). Fragments gonads
were fixed in Bouin's fluid for 8-12 hours and subjected to routine histological techniques.
Fragments of mature ovaries were weighted and fixed in Gilson fluid in order to determine
fecundity. The diameter of vitellogenic follicles (DFV) was measured on histological sections
under light microscopy coupled with ocular micrometer. The physico-chemical parameters of
water were obtained with probe Horiba U-10. Statistical tests were performed for the
variables analyzed. Fish captured in section 2 had higher values of TL and BW. The mean
values of GSI and K of females and males showed no statistical differences between fish of
each section, as well as the average values of DFV and batch fecundity. The presence of post
ovulatory follicles was observed in the ovaries of females captured in the two samples
sections which was associated with long spawning period and the occurrence of classes of
varying sizes of vitellogenic follicles indicated that spawning of A. lacustris is the multiple
type. The results showed that A. lacustris unlike other Neotropical migratory teleost, has its
reproduction not compromised by the impact of the Trés Marias dam, where thermal and
hydrological conditions of the river S&o Francisco are altered by water from the hypolimnion
released by the hydroelectric power plant.

Key words: dam impact, multiple spawning, reproductive strategy, long breeding season.
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INTRODUCAO

Ictiofauna Neotropical
Entre as regiGes zoogeograficas do mundo, a Neotropical, que inclui a América do Sul,

abriga 0 maior nimero de peixes de agua doce do planeta, aproximadamente 4475 espécies
(Reis et al., 2003) o que representa cerca de 25 % da ictiofauna mundial (Brito et al., 2007), e
desses peixes, a maior parte, cerca de 2587, ocorre em territorio brasileiro (Buckup et al.,
2007). Estes numeros refletem a grande disponibilidade e variedade de ambientes e a
marcante histéria evolutiva da ictiofauna ao longo do tempo (Brito et al., 2007; Langeani et
al., 2009). De modo geral, os ecossistemas aquaticos estdo atualmente bastante
impactados, incluindo a América do Sul, regido Neotropical, e esta condi¢do influi
diretamente na sua ictiofauna. Dentre os principais impactos relatados para ecossistemas
aquaticos fluviais estdo o barramento dos rios, a perda de vegetacao, poluicdo, introducdo de
espécies exoticas e sobrepesca (Barletta et al., 2010; Welcomme et al., 2006; Abell et al.,
2008).

O barramento dos rios causa grande impacto sobre a ictiofauna por constituir
separacdo fisica entre os organismos e pela transformacdo de um ambiente 16tico em Iéntico,
com a formagédo de reservatorio e também pela regulagdo da vazao a jusante (Agostinho et al.,
2008; Santos et al., 2012). Dentre o0s reservatorios, existem aqueles em que ocorre
estratificagdo térmica na coluna d’agua com formagdo de hipoliminio nas camadas mais
profundas. Nos reservatorios, a captacdo de agua pode ser realizada no hipolimnio para a
geracgdo de energia nas usinas hidrelétricas (UHE’s), e ap0s este processo a agua é liberada a
jusante das UHE’s com os pardmetros fisico-quimicos alterados, tais como temperatura,
oxigénio dissolvido, turbidez e condutividade elétrica. Esta condicdo da dgua é negativa para
a biota aquatica, especialmente para os peixes, que sdo ectotérmicos, e tem a temperatura
corporal regulada pela temperatura da dgua (Clarkson & Childs, 2000; Olden & Naiman,
2010).

Area de estudo
A bacia do rio Sao Francisco é a terceira maior da América do Sul, drenando 645.067

km2 e abrangendo varios estados brasileiros. O rio Sdo Francisco nasce na serra da Canastra
em Minas Gerais e percorre 3.160 km até a sua foz localizada entre os estados de Alagoas e
Sergipe (Godinho & Godinho, 2003; Langeani et al., 2009). A barragem da usina hidrelétrica
de Trés Marias, localizada no alto rio Sdo Francisco (18°12'51.37"S; 45°15'42.45"W) possuli



reservatorio com capacidade de armazenar 21x10°m3 de 4gua, e inunda uma &rea de
aproximadamente 100.000 ha. Na estacdo chuvosa (novembro a fevereiro), na qual ocorre
estratificacdo térmica na coluna d"&gua no reservatério de Trés Marias com formacgdo de
hipoliminio, que possui como caracteristicas menor temperatura e menor oxigénio dissolvido
nesta camada da coluna d"agua. Como a agua do hipoliminio é captada para utilizacdo das
turbinas da usina hidrelétrica, a agua liberada a jusante possui temperatura 2-3° C mais fria do
que a agua normal do curso do rio (Esteves et al.,, 1985; Santos et al., 2012).

A jusante a barragem de Trés Marias, 0 primeiro tributario de grande porte é o rio
Abaeté na margem esquerda, e alguns estudos (Sato et al., 2005, Arantes et al., 2010;
Domingos et al., 2012; Thomé et al., 2013) indicam que na regido de confluéncia entre estes
rios, ha melhores condi¢bes para a reproducdo de teledsteos migradores, sendo estas
condicBes relacionadas @ maior temperatura, oxigénio dissolvido e turbidez da agua do rio
Abaete.

Ciclo reprodutivo, estadios de maturacdo gonadal e tipo de desenvolvimento ovariano, tipo
de desova e espermatogénese

A reproducdo dos peixes é ciclica, correspondendo a um periodo de repouso
intercalado por periodos de atividade sexual os quais finalizam com o surgimento de nova
prole. No periodo de repouso, as gonadas estdo com tamanho reduzido, contendo apenas
celulas gametogénicas em fases iniciais de desenvolvimento. Com o progresso do ciclo, elas
acumulam ovacitos vitelogénicos ou espermatozoides que serdo liberados no momento da
reproducdo (Godinho, 2007; Schulz et al., 2010). O ciclo reprodutivo dos peixes esta
vinculado as variacdes de temperatura e ao regime de chuvas (Bazzoli, 2003). Na regido
tropical o verdo € quente e chuvoso, coincidindo com a estacdo reprodutiva da maioria dos
peixes brasileiros. Assim, a reproducdo dos peixes pode ser caracterizada por sazonalidade
(Lowe-McConnell, 1987). A duracdo do periodo reprodutivo variavel entre as espécies, e é
relacionada ao tipo de estratégia reprodutiva.

As fases do ciclo reprodutivo podem ser classificadas em estadios de maturacdo
gonadal, baseando-se nas caracteristicas macroscopicas e microscopicas das gdnadas e nas
variagfes do indice gonadossomatico durante o ciclo. Para fazer o diagnostico preciso dos
estadios € necessario utilizar a anélise histolégica como ferramenta, pois a técnica permite
identificar os tipos celulares presentes nos ovarios e testiculos (Bazzoli 2003; Nufez &
Duponchelle, 2009).
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Existem trés tipos principais de desenvolvimento dos ovarios: sincrénico em que ha
amadurecimento de todos 0s seus ovdcitos em um unico lote; grupo-sincrénico, no qual pelo
menos dois tipos de ovocitos em fases diferentes de desenvolvimento estdo presentes no
ovario durante a estacdo reprodutiva, e assincronico, no qual existem ovdcitos em todas as
fases de desenvolvimento, sem um tipo predominante (Lowe-McConnell, 1987; Andrade et
al., 2001; Godinho, 2007; Nufiez & Duponchelle, 2009; Lubzens et al., 2010).

O tipo de desova pode ser total, quando a maior parte dos ovécitos vitelogénicos é
ovulada em um unico evento ou em um curto periodo de tempo, ou do tipo parcelado, quando
0s ovacitos vitelogénicos sdo recrutados em lotes para a ovulacdo (Lowe-McConnell, 1987;
Andrade et al., 2001; Godinho, 2007; Nufiez & Duponchelle, 2009; Lubzens et al., 2010).

De acordo com Schulz et al. (2010) a espermatogénese é um processo complexo, que
consiste na proliferacdo e diferenciacdo de uma espermatogdnia diploide em espermatozoides
maduros, com motilidade, este processo pode ser influenciado pela temperatura da agua. O
tubulo seminifero dos teledsteos é constituido por uma membrana basal e células midides que
abrigam o epitélio germinativo, formado por células de Sertoli e células germinativas. A
espermatogénese dos teledsteos é cistica, pois as células de Sertoli que circundam os tubulos
seminiferos emitem prolongamentos que formam os cistos, envolvendo um grupo de células
germinativas em mesma fase de desenvolvimento derivadas de uma Unica espermatogonia.
Nos tubulos seminiferos sdo encontradas células germinativas em varias fases de

desenvolvimento simultaneamente.

Indice gonadossomatico
Indice gonadossomatico, que é a relacio entre o peso gonadal e o peso corporal, é um

bom indicador da atividade reprodutiva de peixes, podendo ser utilizado na determinacéo dos
estadios de maturacdo gonadal durante o ciclo reprodutivo, pois 0 peso gonadal aumenta
simultaneamente ao desenvolvimento das células germinativas (Maddock & Burton, 1999;
Lubzens et al., 2010).

Fecundidade
Fecundidade avalia o potencial reprodutivo de uma espécie, podendo ser estudada

através do numero de ovdcitos vitelogénicos presentes nos ovarios antes de iniciar a desova

(Bagenal, 1978). Para eliminar a interferéncia do comprimento total, peso corporal e peso
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gonadal, calcula-se a fecundidade relativa. A fecundidade é utilizada para avaliar o potencial
reprodutivo das espécies, e pode variar entre individuos do mesmo tamanho e peso (Lowe-
McConnell, 1987), e também em funcéo da temperatura da &gua, disponibilidade de alimento
e condicdo intrinseca de cada fémea (Yoda & Yoneda, 2009; Arantes et al., 2010). Espécies
que possuem longo periodo reprodutivo, com multiplas desovas e fecundidade em lotes, a
estimativa do potencial reprodutivo é comumente obtida contando-se o nimero de ovdcitos

vitelogénicos produzidos por lote (Yoda & Yoneda, 2009).

Diametro folicular
Varios estudos relacionam diametro dos foliculos ovarianos com fecundidade, cuidado

parental e migracdes reprodutivas, sendo parametro importante porque a qualidade do gameta
é diretamente ligada ao seu volume, avaliado pelo diametro (Suzuki et al., 2000; Kolm &
Ahnesjo, 2005). O diametro folicular pode ser alterado quando os peixes estdo sob condicdes
adversas, influenciando negativamente o fitness reprodutivo, constituindo um parédmetro
importante na avaliacdo de distarbios reprodutivos (Yoda & Yoneda 2009; Arantes et al.,
2010).

Foliculos pos ovulatérios
Foliculos p6s ovulatérios sdo remanescentes dos foliculos ovarianos apds ovulagéo,

sendo constituidos de lume, onde havia um foliculo vitelogénico, delimitado pelas células
foliculares e teca conjuntiva, esta estrutura é importante pois indica que ocorreu ovulacéo, e
por consequiéncia pode-se inferir que a espécie apresenta atividade reprodutiva completa, com
desova (Drummond et al., 2000).

Espécie em estudo
A familia Acestrorhynchidae da ordem Characiformes possui um Unico género,

Acestrorhynchus, e 15 espécies de peixe cachorro popularmente conhecidas e identificadas.
Estas espécies ocorrem nas bacias dos rios Amazonas, Orinoco, Sdo Francisco, Parana e
Paraguai (Menezes, 2003). Esta familia tem morfologia conica de todos os dentes e possui
fortes caninos na premaxila, regido anterior da maxila e no dentario. O padréo de denti¢do dos
Acestrorhynchidae torrna-os predadores especializados, utilizando 0s peixes como
alimentacdo principal (Menezes, 2003; Silva & Goitein, 2009). O peixe cachorro
Acestrorhynchus lacustris (Litken, 1875) ocorre nas bacias dos rios S&o Francisco e Alto
Parana, e pode atingir 27 centimetros de comprimento padréo. O peixe cachorro é importante

elo na manutencdo da cadeia alimentar da ictiofauna onde ocorre, servindo de alimento para
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0s grandes peixes piscivoros de interesse comercial (Hahn et al., 2000; Silva & Goitein,
2009).

Figura 1. Exemplar de Acestrorhynchus lacustris (Litken, 1875) com 18 cm de
comprimento total, capturado no rio Sdo Francisco, a jusante da barragem da usina
hidrelétrica Trés Marias.

OBJETIVOS

Objetivo geral
Verificar se ocorrem diferencas na reproducdo de A. lacustris em dois trechos do rio
Sdo Francisco a jusante da barragem de Trés Marias, através de analises comparativas dos

principais pardmetros reprodutivos da espécie, capturada em cada trecho.

Obijetivos especificos
- Obter os parametros fisico-quimicos da agua;

- Determinar os valores de comprimento total e peso corporal de machos e fémeas nos dois
trechos do rio;

- Determinar os estadios de maturacdo gonadal, e respectivas frequéncias, época de
reproducéo e tipo de desova;

- Calcular o indice gonadossomatico e o fator de condicao de Fulton;

- Determinar em laminas histolégicas o didmetro e o indice de atresia dos foliculos
vitelogénicos;

- Calcular os valores da fecundidade absoluta e relativa ao peso corporal;

- Comparar comprimento total, peso corporal, indice gonadossomatico, fator de condi¢éo de



13

Fulton diametro dos foliculos vitelogénicos, fecundidade absoluta, fecundidade relativa e

pardmetros fisico-quimicos da agua entre os dois trechos estudados.

ARTIGO A SER SUBMETIDO

REPRODUCTION OF THE DOGFISH Acestrorhynchus lacustris IN TWO SECTIONS
OF THE SAO FRANCISCO RIVER, DOWNSTREAM FROM THE TRES MARIAS
DAM, SOUTH-EASTERN BRAZIL

Abstract

Aquatic ecosystems are impacted worldwide, and among the impacts, the rivers damming
directly affect fish populations by altering the physico-chemical and discharge of water
released by hydroeletric power plants. To compare the reproduction of A. lacustris in two
differently sections of the river Sdo Francisco, 521 adult specimens adult specimens were
captured between May 2011 to June 2012, with the aid of gillnets with 3-8 mm between
opposite knots. The first section is located immediately downstream the Three Marias dam,
and section 2, located at the confluence of the S&o Francisco and the Abaeté rivers. Of each
specimen were recorded total length (TL), body weight (BW) and gonad weight (GW) in
order to calculate the gonadosomatic index (GSI) and Fulton's condition factor (K).
Fragments of gonads were fixed in Bouin's fluid for 8-12 hours and subjected to routine
histological techniques. Fragments of mature ovaries were weighted and fixed in Gilson fluid
in order to determine fecundity. The diameter of vitellogenic follicles (DFV) was measured
on histological sections under light microscopy coupled with an micrometric ocular lens. The
physico-chemical parameters of water were obtained with probe Horiba U-10. Statistical tests
were performed for the variables analyzed. Fish captured in section 2 had higher values of TL
and BW. The mean values of GSI and K of females and males showed no statistical
differences between fish of each section, as well as the average values of DFV and batch
fecundity. The presence of post ovulatory follicles was observed in the ovaries of females
captured in the two samples sections which was associated with long spawning period and the
occurrence of classes of varying sizes of vitellogenic follicles indicated that spawning of A.
lacustris is the multiple type. The results showed that A. lacustris unlike other Neotropical

migratory teleost, has its reproduction not a compromised reproduction due to the impact of
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the Trés Marias dam, where thermal and hydrological conditions of the river Sdo Francisco

are altered by water from the hypolimnion released by the hydroelectric power plant.

Introduction
River damming is considered to be one of the main impacts on the aquatic riverine

ecosystems, due to the fact that it alters the physical and chemical parameters of the water and
control the released discharge downstream, influencing the whole aquatic communities (Abell
et al., 2008; Agostinho et al., 2008; Donaldson et al., 2008; Olden & Naiman 2010). Because
fish are ectothermic, the cooler water temperature downstream from the reservoirs may affect
their reproductive activity, altering gonadal development, ovarian follicle diameter and
fecundity, besides impairing growth (LukSiené & Svedang 1997; Gray et al., 2000; Kolm, &
Ahnesjo 2005; Armstrong & Witthames 2012). In studies of fish reproduction, sampling sites
are important since the reproductive activity may vary depending on immediate responses to
the environmental conditions, thus allowing the comparison of populations of certain species
from different locations (Gray et al., 2000).

Most species of the Neotropical ichthyofauna are sedentary and present a long
reproductive period, multiple spawning and batch fecundity (Winemiller 1989; Godinho,
Lamas & Godinho 2009), but few studies on Neotropical rivers assessed the impact of dams
on the reproduction of sedentary fish (Donaldson et al., 2008).

The species Acestrorhynchus lacustris (Litken, 1875) occurs in the basins of the
Parana and Sdo Francisco Rivers, Brazil, and can reach 27 centimetres in standard length. The
dogfish is an important link in the food chain, serving as food for large piscivorous fish of
commercial interest (Hahn et al., 2000; Silva & Goitein 2009).

Same studies (Sato et al., 2005, Arantes et al., 2010; Domingos et al., 2012; Thomé et
al., 2012) show that the reproduction of migratory teleosts is compromised in Sdo Francisco
River just downstream from the Trés Marias Dam where the temperature and dissolved
oxygen are lower in the summer, related to thermal stratification of the reservoir at this time
of year. Downstream of the Trés Marias dam the first large tributary is the Abaeté river, and
the same studies (Sato et al., 2005, Arantes et al., 2010; Domingos et al., 2012; Thomé et al.,
2012) suggest that in this region of the Sdo Francisco River, influenced by the water
characteristics of the tributary there are better conditions for the reproduction of migratory
teleosts, these conditions are the higher temperature, dissolved oxygen and turbidity, of

Abaeté river water.
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Studies of the reproductive biology of this species in lotic environments influenced of
a dam have not yet been undertaken. Therefore, this study aimed at assessing the reproduction
of the dogfish A. lacustris in two sections of the Sdo Francisco River downstream from the

Trés Marias dam, south-eastern Brazil.

Material and Methods
Sampling

Specimens of A. lacustris were captured between May 2011 and June 2012 on two
sections of the Sdo Francisco River: section 1, just downstream of the Trés Marias dam
(18°11'3.75"S, 45°14'51.54"W) and section 2, downstream of the dam, on the region of
confluence with Abaeté river (18°2'3.94"S,45°11'0.83"W). The specimens were captured
using gillnets with 3-8 centimetres between opposite knots. The nets were placed in the river
late afternoon and removed early the following morning, totalling 12 hours of exposure. The
specimens were immediately transported to the Trés Marias Hatchery and Hidrobiology
Station — CODEVASF. The fish, if alive, were killed by transversal section of the cervical
medulla, following the ethical principles of animal handling established by the Brazilian
College for Animal Experimentation (COBEA). For each specimen, the following parameters
were recorded: total length (TL), body weight (BW) and gonadal weight (GW). While in the
field, fragments of gonads were collected and fixed in Bouin’s fluid for 8-12 hours for routine
histological processing. Fragments of 40 mature ovaries were also weighed and fixed in
Gilson’s fluid for posterior determining fecundity after the dissociation of the ovarian
follicles.

Stages of gonadal maturation, follicular diameter, biological indices and body-weight ratio

The gonadal maturation stages were determined by observing the macro and
microscopic features of gonads and the changes in the gonadosomatic index according to
Carvalho et al., (2009). For microscopic analyses, fragments of gonads, previously fixed in
Bouin’s fluid, underwent routine histological techniques, embedding in paraffin, 5 pum thick
microtome sections and haematoxylin-eosin (HE) stain.

The diameters of 50 vitellogenic follicles (VF) were obtained from histological slides
using an ocular micrometer attached to a light microscope of mature ovaries for 10 specimens
from each section of the river being studied. Only intact vitellogenic follicles, with little

shrinkage and with the nucleus visible, were measured.
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From each specimen, we determined: the gonadosomatic index (GSI= GWx100/BW
and the length-weight relationship (BW= a. TLP).

Fecundity

In order to determine the batch fecundity, samples from the middle region of mature
ovaries of 20 females of each section of the river were fixed in modified Gilson’s solution
(100 ml of 60% ethanol, 880 ml distilled water, 15 ml of 80% nitric acid, 18 ml of glacial
acetic acid and 20 g of mercury chloride) until the complete dissociation of the follicles. With
the aid of a stereoscopic microscope, the vitellogenic follicles were visibly separated from the
others by their opaque color and counted. The batch fecundity (BF) was determined by the
expression: BF= FVxGW, in which FV = number of vitellogenic follicles per ovary gram and
GW= gonadal weight. Relative fecundity is estimated by the expression: RF= BF/BW, where
BF= batch fecundity, BW= body weight.

Physical and chemical parameters of the water

The physical and chemical parameters of the water of the two sections of the study
were recorded on the same day of fish samples, during the rainy season (November to
February) and the dry season (March to October). The following variables were analysed: pH,
temperature, dissolved oxygen concentration and electric conductivity, taken with a Horiba U-
10 probe. The water discharge values were supplied by Companhia Energética de Minas
Gerais (CEMIG).

Statistical Analyses

We conducted Lilliefors normality test for all studied parameters. In order to analyse
the variables between the sections, we used for independent samples the T-student test for the
parametric data and the Mann-Whitney test for nonparametric data. For GSI comparison
between the maturation stages, we used the Kruskal-Wallis test, followed by the post hoc
Dunn test. Diameter classes of the vitellogenic follicles were verified through the one-way
ANOVA test, followed by the post hoc Dunn test. A significance level of P <0.05 was used
for all analysed tests.

Biometric data, GSI, fecundity, K, vitellogenic follicles diameters, maturation stages
and abiotic factors are expressed in tables and graphs with mean * standard deviation.
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Results
Physical and chemical parameters of the water

The parameters: temperature, dissolved oxygen and discharge presented higher mean
values for section 2, with significant statistical differences in relation to the values of section
1 (Table 1).

Biometrics

A total of 521 specimens were captured, of which there were 127 females and 116
males from section 1 and 134 females and 144 males from section 2. Females and males of
section 2 showed statistically higher values of total length and body weight, compared to
those captured in section 1 (Table 2 and 3). The length-weight relationship between fishes of
the sections for females and males presented a higher correlation for fish caught in section 2.
The value of the parameter b of the length-weight ratio was less than 3 for fish of the two

sections, showing a negative allometric growth (Figure 2 A, B, C, D).

Gonadal maturation stages

The following maturation stages were identified for females: F1= resting: thin,
translucent and less vascularised ovaries with follicles initial (O1) and advanced (O2)
perinucleolar (Figure 3A); F2= initial maturation: voluminous, orange ovaries, and
histologically containing O1, O2 and previtellogenic follicles (O3) (Figure 3B); F3= advanced
maturation/mature: ovaries of maximum volume, with numerous vitellogenic follicles (O4)
visible to the naked eye, dark brown in colour, besides follicles at all developmental stages
(Figure 3C); F4A= partially spawned: flaccid, haemorrhagic ovaries with follicles at all
developmental stages, besides post-ovulatory follicles (Figure 3D) and F4B= totally spawned
ovaries: very flaccid and haemorrhagic, histologically containing O1, O2, O3, post-ovulatory
follicles and residual yolk (Figure 3E).

The following maturation stages were identified for males: M2= early maturation,
whitish testicles, with open lumen, containing a small amount of spermatozoa and
seminiferous tubules wall with cysts of spermatogenic cells in all developmental stages
(Figure 4A). M3= advanced maturation/mature, testes reach the maximum volume, are milky-
white in colour and presenting the lumen of seminiferous tubules filled with spermatozoa

(Figure 4B). M4A= partially spent, testicles are flaccid, haemorrhagic, with translucent and
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milky-white areas, seminiferous tubules’ lumen partially empty, containing few spermatozoa

(Figure 4C). Early maturing males (M1) and totally spent ones (M4B) were not captured.

Frequency of the maturation stages

Females and males in reproductive activity, stages 2, 3, and 4A, were recorded
throughout the year in both sampling sections (Figure 5 and 6). Through variance analysis,
four classes of vitellogenic follicle diameters with statistical differences between the classes
were observed, indicating asynchronous growth of the follicles (Figure 7). The long
reproductive period and the presence of spawned females with post-ovulatory follicles and
follicles in all developmental stages indicate that the species present batch spawning of the

multiple type.

Gonadosomatic index:

The mean gonadosomatic index (GSI) of females and males did not present statistical
differences between stages 3 and 4A (Figure 8). Comparing the two sampling sections, the
mean GSI values by each maturation stages were not statistically different (Figure 8).

Histometry
The vitellogenic follicles of A. lacustris collected in section 1 had an average diameter
of 768.1 + 67.4 um and, in section 2, 765.3 + 82.3 um, and no statistical difference between

them (Table 2 - lowercase) was observed.

Fecundity

The batch fecundity (BF) (table 2) averaged 3712.2 + 2615.5 vitellogenic follicles in
fish caught in section 1 and 3710.6 + 1821.2 in the fish of section 2, with no significant
statistical differences between fish of each section. Relative fecundity (RF) to body weight
averaged 41.5 + 22.3 follicles per gram of fish from section 1 and 40.5 + 20.5 for section 2,
with no statistical differences between sections. The relative fecundity to body weight showed
that the heavier specimens presented lower relative fecundity. The highest Pearson
correlations for fecundity occurred between batch fecundity and gonadal weight followed by

the gonadosomatic index in fish caught in section 2.
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Table 1: Temperature, dissolved oxigen, pH, conductivity and discharge of 2 sections
downstream of the Trés Marias dam, on Sdo Francisco river. Different letters represents
statistically differences (p<0.05) between parameters on the samples sections.

Section 1 Section 2
Mean + SD Range Mean + SD Range
Temp. (°C) 23.21 £ 0.57° 22.68 - 24.00 24.31+0.71° 23.58 - 25.40
Oxygen (mg/L) 555+ 1.67% 4.13-8.12 7.97 £0.55° 7.33 - 8.65
pH 5.83 £ 0.46% 512-6.24 6.35 £ 0.51% 5.62 - 7.02
Cond. (uS/cm) 68.6 £ 1.512 67.00 - 71.00 64.2 £7.192 56.00 - 74.00

Discharge (m%/s) 693.22 + 100.58° 584.93 - 798.22 815.13 #52.71°  724.57 - 854.51

Table 2: Total length (TL), body weight (BW), gonadosomatic index (GSlI), Fulton condition
factor (K), vitelogenic follicle diameter (DFV), batch fecundity (BF), relative fecundity per
unit of body weight (RF), r= Pearson correlation between batch fecundity and GSI, BF-GSI
and between batch fecundity and gonadal weight, BF-GW of females of A. lacustris captured
from May 2011 to June 2012 in two sections on S&o Francisco river downstream Trés Marias
dam. Different letters represents statistically differences (p<0.05) between parameters on the
samples sections.

Females Section 1 Section 2
N 127 134

Mean + SD Range Mean £ SD Range
TL 20.0+2.3° 15.0-2438 21.2+2.6° 14.4-25.9
BW 80.24 + 27.9° 25.8 - 158 94.9 + 36.3" 24.4-187.0
GSI 3.6+£23° 0.03-10.5 2.7+1.92 0.14-94
DVF 768.1 £ 67.4¢° 628.6 - 915.8 765.3 £82.3¢2 532.2-918.7
BF 3712.2 £ 2615.5° 1980 - 7150 3710.6 £ 1821.2° 510 - 7363
RF 415+ 22.3% 10-93 40.5 £ 20.5% 19-83
r BF-GSI 0.50 0.60

r BF-GW 0.71 0.75
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Table 3: Total length (TL), body weight (BW), gonadosomatic index (GSI), Fulton condition
factor (K), of males of A. lacustris captured from May 2011 to June 2012 in two sections on
Séo Francisco river downstream Trés Marias dam. Different letters represents statistically
differences (p<0.05) between parameters on the samples sections.

Males Section 1 Section 2
N 116 144
Mean + SD Range Mean = SD Range
TL 164 +1.52 14.0-21.0 172 +1.9° 13.8-25.5
BW 39.5+£14.02 15.0-85 45.6 + 21.6° 20.0-176.0
GSI 0.61+£0.432 0.02-2.3 0.56 £ 0.422 0.01-2.37
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Figure 2: Lenght-weitgh relationship with logarithmic data of females, F, and males, M,
captured from may 2011 to june 2012 in two sections on S&o Francisco river downstream Trés

Marias dam.
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Figure 3: Ovaries in different maturation stages and the respective transversal sections
stained by HE. A= resting; B= initial maturation; C= advanced maturation/mature; D=
partially spawned, E= totally spawned ovaries. O1= early perinucleolar follicles; O2= late
perinucleolar follicles; O3= previtellogenic follicles ; O4= vitellogenic follicles ; POF= post
ovulatory follicle. Scales bars represent 100 pm.
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Figure 4: Testes in different maturation stages and respective transversal sections stained by
HE. A= early maturation; B= advanced maturation/mature; C= partially spent; Z=
spermatozoa; C2= secondary spermatocytes T= spermatids; ST= seminiferous tubules. Scales
bars represents A= 100 pum, B= 200 pum and C= 500 pum.
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Figure 5: Frequency of the maturation stages of the A. lacustris reproductive cicle captured
from may 2011 to june 2012 in two sections on S&o Francisco river downstream Trés Marias
dam. Gonadal maturation stages of females: F1= resting, F2= initial maturation, F3=
advanced maturation/mature, F4A= partyally sapawned and F4B= totally sapawned.
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Figure 6: Frequency of the maturation stages of the A. lacustris reproductive cicle captured
from may 2011 to june 2012 in two sections on S&o Francisco river downstream Trés Marias
dam. Gonadal maturation stages of males: M2= initial maturation, M3= advanced
maturation/mature and M4A= partyally spent.
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Figure 7: Diameter in micrometers (um) of 100 vitelogenic follicles from histologic sections
of mature ovaries of A. lacustris. Different bar colors indicates signifficant statistycaly
differences between the diameter classes (p< 0.05).
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Figure 8: Gonadosomatic index (GSI) (mean + sd) by gonadal maturation stages of females
(F), A, and males (M), B, of A. lacustris captured from may 2011 to june 2012 in two
sections on S&o Francisco river downstream Trés Marias dam, section 1 — dark bars, section 2
— bright bars. Different capital letters indicates signifficant statistycaly differences between
gonadal maturation stages, different lowercase letters indicate signifficant statistycaly
differences between fishes captured in each section of study area (p<0.05).
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Discussion
The results of this study showed that in the S&o Francisco River, sectionl immediately

downstream from Trés Marias dam, A. lacustris presents reproductive success where the
physical and chemical conditions of the water are not favourable to reproduction of others
large migratory species (Sato et al., 2005; Arantes et al., 2010; Domingos et al., 2012, Thomé
etal., 2012).

Previous studies have shown that some physical and chemical parameters of the Séo
Francisco River water show statistically significant differences between the two sections
analysed: immediately downstream from the dam and after the confluence of the S&o
Francisco River and the Abaeté River (Esteves et al., 1985, Sato et al., 2005; Arantes et al.,
2010; Domingos et al., 2012; Thome et al., 2012). In this study, the low values of temperature
and dissolved oxygen in the section of the Sdo Francisco River immediately downstream of
the dam may be due to thermal stratification of the reservoir water during the summer and
also the release of hypolimnion water through the turbines as well as the anthropogenic
impact of flow control (Esteves et al., 1985; Santos et al., 2012). The impacts due to the
release of colder water, which is low in dissolved oxygen, were also detected downstream of
several dams in different parts of the world (Hubbs 1972; Clarkson & Childs 2000; Bunn &
Arthington 2002; Preece & Jones 2002; Graf 2006; Donaldson et al., 2008; Mantel & Hughes
2010).

In this study, for both sections analysed, we observed that females were larger than
males. This sexual dimorphism seems to be a common feature for most Characiformes
(Azevedo 2010). Length and weight of fish in section 1 were statistically lower than those of
section 2 and these differences may also be due to the negative environmental impacts of the
dam just downstream of the Trés Marias dam.

The length-weight relationship and Fulton condition factor may indicate differences
between populations of the same species (Froese 2006, Gray et al., 2000), and they depend on
the environmental conditions to which the fish are subjected (Clarkson & Childs 2000;
Campos-mendoza & Mcandrew 2004; Armstrong & Witthames 2012). In both sections of the
Sé&o Francisco River analysed in this study, A. lacustris showed negative allometric growth; in
section 2, however, we observed a length-weight ratio greater than that of section 1, probably
due to the better conditions for somatic growth in section 2, where better quality water in the

Sédo Francisco River was found.
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Accurate classification of fish gonadal maturation stages is important for the correct
analysis of the reproductive biology and the use of histological diagnoses is critical and
necessary in these analyses (NUfiez & Duponchelle 2009). In this study, through macro and
microscopic analysis, five main maturation stages were found: resting, early maturation,
advanced maturation, partially spawned to females and partially spent to males and fully
spawned to females and fully spent and males. These gonadal maturation stages show marked
variations in the macroscopic and microscopic gonadal structure, following the GSI changes
during the reproductive cycle. The classification into five stages of maturation showed that
the A. lacustris reproductive cycle is similar in both sampling sections, presenting the mature
gonadal maturation stage throughout the year with reproductive activity peak in the rainy
season, which has also been observed in migratory and totally spawn species, in the same
sampling sections of this study (Sato et al., 2005, Arantes et al., 2010; Thomé et al., 2012;
Domingos et al., 2012). Acestrorhynchus lacustris showed reproductive activity during almost
the whole year peaking during the rainy season, between November and February, as also
observed by Bazzoli & Godinho 1991 who studied the reproductive biology of the species in a
lentic environment, i.e. the Trés Marias dam. The absence of the resting and fully spermed
males was also noted in the work of Bazzoli & Godinho (1991), which may be indicative of
fast spent period.

The GSI may reflect environmental quality, since it is directly linked to the energetic
reserves available for reproduction (Frenkel & Goren 1997; Yoda & Yoneda 2009; Thomé et
al., 2012). In this study, there were no statistical differences in mean values of maximum GSI
between fish from the two sections analysed, contrary to was found for migratory species
(Sato et al., 2005).

The histometric analysis also showed that there are no differences in the vitellogenic
follicle diameter of fish caught in the two sections analysed, unlike was observed by Sato et
al., (2005) and Arantes et al., (2010) in a Neotropical species of group synchronous follicle
development and total spawning. The vitellogenic follicle diameter is reported as an important
parameter related to reproductive fitness because larger follicles produce offspring with more
energy reserves, thus being of better quality (Kinnison et al., 1998; Kolm & Ahnesjo 2005;
Lubzens et al., 2010) and may vary during the reproductive cycle depending on fecundity and
environmental factors such as water temperature (Kinnison et al., 1998; Donaldson et al.,
2008; Armstrong & Witthames 2012). Therefore, our results showed that the physical and

chemical conditions of the water in section 1 did not negatively affect the vitellogenic
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follicles’ growth, as occurs for other teleosts species studied under the same conditions (Sato
et al., 2005; Arantes et al., 2010).

Through histometric analysis, it was also observed that there are four classes of
vitellogenic follicle diameter (Figure 6) simultaneously occurring in mature females of A.
lacustris, showing asynchronous folliculogenesis development with distinct populations of
vitellogenic follicles, forming batches, as observed in other teleost with batch fecundity (Melo
et al., 2011; Armstrong & Witthames 2012). Asynchronous folliculogenesis is typical of fish
with long reproductive periods, multiple spawning and batch fecundity (Kurita & Kjesbu
2009; Yoda & Yoneda 2009; Nafiez & Duponchelle 2009; Lubzens et al., 2010; Armstrong &
Witthames 2012). Fish with these characteristics generally have greater biological plasticity,
greater tolerance to variations in the environmental conditions they are subjected to, compared
to fish with distinctive seasonal reproductive activity, such as the Neotropical migrators (Luks
& Svedang 1997; Campos-Mendoza & Mcandrew 2004; Sato et al., 2005; Godinho et al.,
2009; Arantes et al., 2010; Thomé et al., 2012).

Fecundity is reported as a parameter which is strongly linked to the environmental
conditions in which females live before spawning, and can be physiologically regulated
(Armstrong & Witthames 2012). Food availability and water temperature are reported as
major factors capable of influencing the reproductive potential through the number and
diameter of vitellogenic follicles (Luks & Svedéng 1997; Kinnison et al., 1998; Yoda &
Yoneda 2009; Armstrong & Witthames 2012). In this study, batch fecundity and fecundity
relative to weight showed no statistically significant differences between fish collected from
the two sampling sections, showing that, related to the diameter of vitellogenic follicles,
fecundity was not affected by the conditions of the S&o Francisco River in section 1. This
shows that A. lacustris maintain their reproductive potential even in environments with lower
temperature and dissolved oxygen, a parameters that, for other fishes, alters fecundity.

Regarding spawning frequency, A. lacustris, as well as other multiple spawning fish,
may present a greater number of spawning when the water temperature is higher, such as in
section 2, as also reported for species living in environments with better water quality,
especially with respect to temperature (Campos-Mendoza & Mcandrew 2004; Yoda &
Yoneda 2009; Armstrong & Witthames 2012).

Although damming negatively impacts the reproduction of several fish species,
especially migratory ones, the results of this study showed that for the sedentary species A.

lacustris in the Sao Francisco River, downstream from the Trés Marias dam, such damming
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did not alter their reproductive activity even in the section immediately downstream from the
dam, where the physical and chemical conditions of the water are notoriously unfavourable to
fish reproduction, such fact could be related to the species reproductive strategy.

CONCLUSOES

- No rio S&o Francisco, a jusante da barragem de Trés Marias ndo foi registrado colapso
reprodutivo para Acestrorhynchus lacustris;

- A estratégia reprodutiva de A. lacustris esta diretamente associada ao modo como a espécie

responde as condi¢Ges ambientais;

-Na regido da confluéncia do rio Sdo Francisco com o rio Abaeté A. lacustris encontra

melhores condi¢fes para o crescimento somatico.
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