
Neotropical Ichthyology, 16(4): e170163, 2018	 Journal homepage: www.scielo.br/ni
DOI: 10.1590/1982-0224-20170163	 Published online: 06 December 2018 (ISSN 1982-0224)
Copyright © 2018 Sociedade Brasileira de Ictiologia	 Printed: 07 December 2018 (ISSN 1679-6225)

e170163[1] 

Original article

1Departamento de Ecologia, Universidade Federal do Rio Grande do Sul (UFRGS). Av. Bento Gonçalves, 9500, Setor 4, Prédio 43422, CP 
15007, 91501-970 Porto Alegre, RS, Brazil. (LDF) lucas.defries@yahoo.com.br, http://orcid.org/0000-0001-8361-2608 (corresponding 
author), (GR) gilberto.rosa@ufrgs.br, (FGB) fgbecker@ufrgs.br
2JPSBIO Consultoria Ambiental, Estrada Francisca de Oliveira Vieira, 796, 91780-050 Porto Alegre, RS, Brazil. josefpezzi@gmail.com
3Simbiota Consultoria Ambiental, Rua Emiliano de Macedo, 1425, 95800-000 Venâncio Aires, RS, Brazil. fabio@simbiota.com.br

Introduction

Gonadal development, timing and duration of spawning, 
and recruitment success of fish can be strongly affected by 
endogenous and exogenous factors (Bye, 1984). In high lati-
tudes, seasonality in temperature and day length are impor-
tant abiotic factors controlling reproduction, while in low la-
titudes, where those factors are relatively invariable, rainfall 
and floods strongly influence fish reproductive events (Lowe- 

McConnell, 1999; Winemiller et al., 2008). Most fish species 
in tropical streams and rivers spawn just before or just after 
the onset of flooding (Winemiller et al., 2008; see examples 
in Paugy, 2002; Rutaisire, Booth, 2005; Bailly et al., 2008) 
because survival, growth and recruitment of the new cohort 
occurs in floodplain habitats that become available when ri-
ver water level rises. Many studies on reproduction, particu-
larly in the neotropics, have largely focused on lowland ri-
vers with floodplains (e.g., Kramer, 1978; Winemiller, 1989; 
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A reprodução de peixes em rios com planície de inundação está associada ao regime de vazão e sua interação com os hábitats 
laterais. Entretanto, em rios confinados, sem planícies de inundação, pode-se esperar que a relação entre reprodução e vazão 
seja comparativamente distinta. Neste estudo, descrevemos as características reprodutivas da história de vida de Hemiancistrus 
fuliginosus e Hypostomus isbrueckeri em um rio confinado, discutimos as diferenças em relação à reprodução de loricarídeos 
em planícies de inundação e também as implicações para o efeito de barragens e manejo da vazão de rios. O pico reprodutivo de 
ambas as espécies ocorreu durante o período de baixa vazão, logo após o período de máxima vazão, contrastando com o padrão 
observado na reprodução de espécies em planícies de inundação, que ocorre principalmente no período de incremento de vazão. 
As duas espécies apresentaram história de vida com estratégia de equilíbrio. Pelo fato de ambas espécies desovarem durante 
a baixa vazão do rio, cuja ocorrência no verão é historicamente previsível, sugerimos que seus padrões de desova podem ser 
severamente alterados, dependendo de como o regime de vazão for afetado pela operação da barragem. Esses resultados têm 
implicações para avaliação e manejo de impactos ambientais de barragens em rios confinados, sendo que o manejo ecológico de 
vazão e a conservação de rios livres de barragens como alternativas de mitigação e conservação, respectivamente.
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Suzuki et al., 2000, 2004; Agostinho et al., 2004; Andrade, 
Braga, 2005). Fish reproduction in confined rivers, which 
are entrenched in narrow valleys with no typical floodplain, 
however, is much less documented (e.g., Hermes-Silva et al., 
2009; Correa et al., 2011; Lopes et al., 2014).

In confined rivers, the advantage of producing offspring in 
time to benefit from the expanded and productive flooded ha-
bitats (Winemiller et al., 2008) is less evident because flooded 
habitats are much smaller in area and less persistent compared 
to large floodplain rivers. In confined rivers, growth and refu-
ge habitats for fish offspring are probably located in pools or 
at tributary confluences (Reynalte-Tataje et al., 2008, 2012; 
Hermes-Silva et al., 2009; Ávila-Simas et al., 2014). Thus, it 
is plausible to expect that in confined rivers relations betwe-
en abiotic factors and fish reproduction will differ from those 
observed in floodplain rivers, particularly in subtropical lati-
tudes where temperature and daylight are seasonally variable.

Knowledge about reproductive biology of fishes inhabi-
ting confined rivers is particularly important in Brazil, becau-
se the physical characteristics of confined channels are usually 
favorable for damming and hydroelectric power generation 
(Reynalte-Tataje et al., 2012). In fact, there are more than 700 
large dams (>15 meters high) in large rivers of Brazil (Agos-
tinho et al., 2008). This continuous and widespread process 
of environmental change threatens the spawning of habitats 
and recruitment of many fish species. Correctly predicting 
impacts on fish species, and eventually designing adequate 
conservation plans and management actions, depends on ba-
sic life-history information (Agostinho et al., 2007, 2008).

In this study, we have two objectives. The first one is to 
provide a description of fundamental reproductive characte-
ristics of two armored catfish species (Hemiancistrus fuligi-
nosus Cardoso, Malabarba, 1999 and Hypostomus isbruecke-
ri Reis, Weber, Malabarba, 1990; Loricariidae) in a confined 
river just before the closing of a hydroelectric reservoir. The 
second is to investigate how abiotic factors (flow, temperatu-
re, day-length and rainfall) relate to reproduction in a subtro-
pical confined river, under the hypothesis that these relations 
should be different from those known for floodplain river 
species.

Material and Methods

This study was carried out in the Passo Fundo River and 
its main tributary, the Erechim river, in Southern Brazil. The 
Passo Fundo River is a major tributary of the Uruguay river, 
which joins the Paraná river to form the La Plata estuary. It 
is a confined river with no clear floodplain, flowing along a 
basaltic plateau, in elevations from ca 750 m to 250 m abo-
ve sea level (drainage area = 4077 km2; length = 247 km). 
The upper course of the Passo Fundo River was dammed for 
hydropower production in 1971 upstream from the confluen-
ce with the Erechim River (UHE Passo Fundo hydropower 
plant; 27°33’11’’S, 52°44’29’’W) and in 2009 another dam 
was built downstream of the confluence with the Erechim 
River (UHE Monjolinho; 27°19’43’’S, 52°44’05’’W) (Fig. 
1). River discharge is seasonally variable and predictable, 
with two typical high flow periods in the late fall and in 

Fig. 1. Geographical situation of the study area and sampling points. Note that fish samples for this study were taken before 
river damming by the UHE Monjolinho.



L. De Fries, G. da Rosa, J. P. da Silva, F. S. Vilella & F. G. Becker
Neotropical Ichthyology, 16(4): e170163, 2018

3

e170163[3] 

spring, and a lower flow in summer. Climate in the region 
is humid temperate (Cfa, Köppen classification), with mean 
annual temperature of 20 ºC and annual rainfall of 2000 mm. 
Summer temperature (January-March) can reach 38 ºC and 
negative temperatures may occur in winter. In contrast to 
tropical parts of South America, there is no clear dry season, 
although rainfall is higher in fall and spring (Fig. 2).

Fig. 2. Historical and observed variation of abiotic factors in 
the Passo Fundo river basin. a. river flow; b. rainfall; c. air 
temperature and daylight hours.

We sampled Hem. fuliginosus and Hyp. isbrueckeri 
approximately every two months, with eight samples en-
compassing a 12 month period, between February 2008 and 
January 2009. We placed gillnets in two sites (P1 and P2) at 
the Erechim River and in three sites (P3, P4 and P5) at the 
Passo Fundo River (Fig. 1). Erechim River is the main tribu-
tary of the Passo Fundo River, and the five sampling points 
encompassed a 168 km-long stretch of free-flowing confined 
river upstream from the confluence with Uruguay river.

Our samples were taken before UHE Monjolinho was 
built, in May 2009. In each sampling site we used one 100-m 
gillnet set (mesh-sizes: 12 mm, 20 mm, 30 mm, 40 mm e 50 
mm, bar measure between knots), which was set in mid-af-
ternoon and collected in the next morning (ca. 12 hours in 

water). The sampled sites can be described as channels with 
mainly rocky substrate and occasional sandy patches; water 
flow is heterogeneous (fast flowing waters and low flowing 
waters along the same stretch) and riparian vegetation inte-
grity is relatively good. All collected specimens were fixed 
in 10% formalin. Voucher specimens for Hem. fuliginosus 
and Hyp. isbrueckeri were deposited in the Department of 
Zoology of Universidade Federal do Rio Grande do Sul 
(UFRGS 11396 and UFRGS 22553, respectively).

From each specimen, we measured total length (to the ne-
arest mm) and total weight (g). Gonads were removed, wei-
ghted (0.01 g) and macroscopically inspected for maturity 
stage. We initially applied a classification with five gonadal 
development stages (immature, maturing, mature, spawning, 
spent), but macroscopical distinction of maturing, spawning 
and spent ovaries was difficult because specimens were ini-
tially stored in formalin. We then reallocated gonads to only 
three categories: immature, mature, and not mature. The ma-
ture category included females in early spawning stages (i.e, 
macroscopical characteristics of both mature and spawning 
gonads). Oocytes from mature ovaries were counted and me-
asured under stereomicroscope, and these data were used to 
describe fecundity and oocyte development type.

Gonadosomatic index values (GSI) was calculated as 
GSI = (Wg.Wt

-1)*100, where Wg is the gonad weight and Wt 
is the total weight (Vazzoler, 1996). Condition factor (K) 
(Le Cren, 1951) was estimated as K = Wc.(Lt

b)-1
, where Wc = 

Wt -Wg and b is the coefficient of the length-weight relation 
(Wt = a.Lt

b). We analyzed the monthly frequency of mature 
females and mean gonadosomatic index values for determi-
ning the reproductive season. Monthly differences in mean 
K and GSI were tested by one-way non-parametrical ANO-
VA (Kruskall-Wallis test). We pooled individual data from 
all five sampling sites to calculate the GSI mean, K mean, 
and frequency of mature females in a given month.

The reproductive strategy of the studied species was as-
sessed by examining total and relative fecundity, GSI and 
size of oocytes. Fecundity was defined as the number of oo-
cytes in mature ovaries (n = 28, Hem. fuliginosus; n = 12, 
Hyp. isbrueckeri). Relative fecundity was expressed as the 
number of oocytes.Wt-1 (after testing for linear relationship 
between number of oocytes and Wt). The type of oocyte de-
velopment was determined by inspecting the pattern of oo-
cyte size frequency distribution (Vazzoler, 1996).

Size at first maturity (L50) was defined as the total length 
where 50% of all individuals are predicted to be adults (Vaz-
zoler, 1996). For each species, L50 was estimated by logistic 
regression (Roa et al., 1999), with total length as indepen-
dent variable and life stage (either adult or non-adult) as de-
pendent variable. Individuals were classified as either adult 
or non-adult according to the gonadal maturity stage (non-a-
dult = immature gonads; adults = all other gonadal stages).

To investigate the relation between river flow and repro-
ductive timing, we obtained historical data (1969 to 2006) 
on river flow (discharge, m3/s) from the fluviometric station 
“Ponte do rio Passo Fundo” (Agência Nacional de Águas; 
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code 73480000; drainage area = 3709 km2). Flow data for 
the study period (February 2008 to January 2009) was ob-
tained from the flow monitoring program at the UHE Mon-
jolinho (drainage area 3770 km2). Temperature and rainfall 
data for the nearest meteorological station (Iraí) were provi-
ded by the National Meteorological Institute (INMET – 8° 
Distrito), including historical rainfall data (1961-1990). For 
analysis purposes, all variables were averaged over the pe-
riod one month (mean river flow in month m is the average 
of daily flow values in that month).

The relation of reproductive period and condition factor 
with seasonality of abiotic factors was examined by calcula-
ting Pearson correlations between mean monthly values of 
GSI and K (average of individual values over each sampled 
month) and river flow (2008-9), historical river flow (1961-
1990), rainfall, day length, and mean monthly air tempera-
ture. Because reproductive events may be time lagged (e.g., 
Torres-Mejia, Ramírez-Pinilla, 2008), correlations were also 
calculated between GSI at month m and values of abiotic 
factors one month (m-1) or two months (m-2) before. This 
procedure resulted in 11 pairwise correlation tests for female 
GSI, therefore we corrected for multiplicity of tests using 
the false discovery rate (FDR), i.e, we corrected p-values 

to control the proportion of false positives (Benjamini, Ho-
chberg, 1995; Verhoeven et al., 2005; Waite, Campbell, 
2006). We also tested the correlation of fish condition with 
reproduction and abiotic factors.

Results

A total of 216 Hem. fuliginosus and 312 Hyp. isbruecke-
ri were captured. The length frequency distribution in the 
samples suggests that males of both species tend to reach 
larger sizes than females (Figs. 3a, b). Sex ratio was not 
significantly different from 1:1 (Figs. 3c, d). There was no 
significant difference in the length-weight relation for males 
and females (Tab. 1).

Reproductive characteristics. Mature ovaries of Hem. fu-
liginosus contained a lower number of oocytes in compa-
rison to Hyp. isbrueckeri, but oocyte diameter was similar 
for both species (Tab. 2). Relative fecundity was higher in 
Hyp. isbrueckeri. The number of oocytes presented positive 
linear relations to total length (Fig. 4), as well as to gonad 
weight (n oocytes = 13.79Wg + 21.88; p < 0.01; r² = 0.80 to 
Hem. fuliginosus and n oocytes = 7.03Wg + 96.38; p < 0.01; 

Fig. 3. Total Length (Lt) frequency distribution and female/male proportion sampled in the Passo Fundo river basin. a. He-
miancistrus fuliginosus; b. Hypostomus isbrueckeri; c. Hemiancistrus fuliginous; d. Hypostomus isbrueckeri. Proportion of 
males and females was not significantly different from 1: 1 (Hem. fuliginosus, χ2 = 7.97, df = 7, p < 0.34; Hyp. isbrueckeri, 
χ2 = 3.47, df = 7, p < 0.34, p <0.84).
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r² = 0.57 to Hyp. isbrueckeri) and total weight just to Hem. 
fuliginosus (n oocytes = 1.41Wt + 41.38; p < 0.01; r² = 0.68). 
The two modes in the size frequency distribution of oocytes 
indicate that oocyte development is group-synchronic with 
two groups (Fig. 5).

Tab. 1. Length-weight relations for Hypostomus isbrueckeri and Hemiancistrus fuliginosus. ANCOVA results refer to com-
parison of parameter b between females and males in each species. n = number of individuals; Lt min and Lt max = minimum 
and maximum observed Total Length; a and b = parameters of the length-weight relation; r2= coefficient of determination.

Sex n Lt min-Lt max (cm) a b r2 ANCOVA

Hypostomus isbrueckeri
Female 167 95-297 0.0000136 2.985 0.982

F = 0.176; p = 0.67
Male 184 94-339 0.0000134 2.968 0.985

Hemiancistrus fuliginosus
Female 108 87-205 0.0000100 3.054 0.969

F = 1.025; p = 0.31
Male 122 112-208 0.0000180 2.950 0.968

Tab. 2. Fecundity and oocyte diameter of Hemiancistrus fuliginosus (n = 27 mature females) and Hypostomus isbrueckeri 
(n = 12 mature females).

Hemiancistrus fuliginosus Hypostomus isbrueckeri
Mean number of oocytes (min – max) 104.4 (51-185) 248.7 (108-462)
Relative fecundity (n oocytes/g) 2.53 1.47
Oocyte diameter in mature ovaries (mm) 0.3-6.8 0.2-7

Fig. 4. Relation between number of oocytes and total length. a. Hemiancistrus fuliginosus; b. Hypostomus isbrueckeri.

Fig. 5. Mean frequency (± SE) of oocytes per size (diameter) class in mature ovaries. a. Hemiancistrus fuliginosus (n = 27); 
b. Hypostomus isbrueckeri (n = 12) in the Passo Fundo and Erechim rivers, southern Brazil.

Mature females of both species were observed from Oc-
tober 2008 to January 2009, suggesting that reproductive 
activity may have initiated in early spring (Fig. 6), howe-
ver, monthly changes in mean GSI and variation of indi-
vidual GSI values (Figs. 7a, b) indicate that reproduction 
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was concentrated in a two-month period during summer 
(December and January). Females of Hem. fuliginosus rea-
ched maximum gonad development at smaller lengths than 
Hyp. isbrueckeri (Figs. 8a, b), with most individuals of Hem. 

fuliginosus probably spawning between January and Febru-
ary and Hyp. isbrueckeri between December and January. 
Immature females were found all year round, except in late 
fall (June; Fig. 6). Apparently, there were no mature males 

Fig. 6. Frequency of ovarian maturity stages. a. Hemiancistrus fuliginosus; b. Hypostomus isbrueckeri in the Passo Fundo 
river basin, between February 2008 and January 2009.

Fig. 7. Monthly changes in mean (± SE) gonadosomatic index (GSI; dots represent individual values) of Hemiancistrus fuli-
ginosus (a. females; c. males) and Hypostomus isbrueckeri (b. females; d. males). Results of the Kruskal-Wallis tests: Hem. 
fuliginosus females, H = 47.5, df = 7, p < 0.001; males, H = 6.9, df = 7, p < 0.44; Hyp. isbrueckeri females, H = 14.4, df = 7, 
p < 0.045, males H = 20.4, df = 7, p < 0.005.
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Fig. 8. Logistic regressions for estimating size at first maturity Hemiancistrus fuliginosus and Hypostomus isbrueckeri in the 
Passo Fundo and Erechim rivers, southern Brazil.

Fig. 9. Observed variation of river flow and mean gonado-
somatic index (GSI) of Hemiancistrus fuliginosus (females) 
and Hypostomus isbrueckeri (females) in the Passo Fundo 
and Erechim rivers.

of either species in our samples, but this could have been a 
bias resulting from our procedure for maturity stage classi-
fication (only macroscopical inspection). Length at first ma-
turity was 96.5 mm (females) and 125 mm (males) for Hem. 
fuliginosus, and 141 mm (females) and 140.7 mm (males) 
for Hyp. isbrueckeri (Fig. 8).

Reproduction and Abiotic factors. The GSI of both species 
was significantly correlated only to time-lagged river flow 
(Tab. 3). For Hem. fuliginosus females, mean GSI was corre-
lated with river flow after a two-month delay, while for Hyp. 
isbrueckeri females there was one-month delay (Tab. 3, Fig. 
9). No other environmental variable was correlated to GSI 
variation during the study period, although the increase in 
female GSI generally coincided with increasing temperature 
and daylight hours. Therefore, for both species, the peak go-
nadal maturity and the subsequent spawning (steep decrease 
in GSI, Fig. 7) seem to have occurred during low river flow 
period in summer, after the spring high flow period (which is 
a historically consistent flow pattern, Fig. 9). Condition fac-
tor varied significantly along the sampling period (except for 
male Hyp. isbrueckeri) (Fig. 10), but it was not related to the 
gonadal cycle or to abiotic variables (Pearson correlations 
were not significant after correction for FDR).

Discussion

The reproductive characteristics, population size and sex 
structure of Hem. fuliginosus and Hyp. isbrueckeri indicate 
that these species tend toward an equilibrium strategy (total 
spawning, balanced sex ratio, low fecundity and large oo-
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Fig. 10. Monthly changes in mean (± SE) condition factor (K; dots represent individual values) of Hemiancistrus fuliginosus 
(a. females; c. males) and Hypostomus isbrueckeri (b. females; d. males). Condition factor (K) varied significantly for Hem. 
fuliginosus (Kruskal-Wallis test; females H = 15.14, df = 7; p = 0, 034; males H = 16.52, gl = 7; p = 0, 021); and female Hyp. 
isbrueckeri (H = 16.34, df = 7, p = 0, 022), but not for male Hyp. isbrueckeri (H = 10.65, df = 7, p = 0, 155).

cytes; see Winemiller (1989) and Winemiller, Rose (1992). 
This strategy has been commonly attributed to armored-ca-
tfishes (Winemiller et al., 2008; Gomes et al., 2015), howe-
ver, loricariids can also exhibit tactics of non-equilibrium 
strategists, such as multiple spawning (Mazzoni, Caramas-
chi, 1997a), unbalanced sex ratio (Goulart, Verani, 1992) 
and high fecundity (for instance, maximum fecundity > 
2.800, see Suzuki et al., 2000).

The reproductive period of Hem. fuliginosus (October 
to February) and Hyp. isbrueckeri (October to January) is 
similar to that of other loricariids from tropical latitudes, 
although armored catfishes encompass a wide diversity of 
forms and behaviors (Burgess, 1989; Agostinho et al., 1995; 
Suzuki et al., 2000). Present knowledge about loricariid li-
fe-history indicates that reproduction takes place in spring 
and summer (Agostinho et al.,1987, 1991; Mazzoni, Cara-
maschi, 1995, 1997a, 1997b; Ramos, Konrad, 1998, 1999; 
Hirschmann et al., 2011; Gomes et al., 2015), as is also the 

case for many other Neotropical groups (Lampert et al., 
2004; Dala-Corte, Azevedo, 2010). However, in contrast to 
species from tropical latitudes and floodplain rivers, we ob-
served that GSI values of Hem. fuliginosus and Hyp. isbrue-
ckeri females were strongly correlated to flow in the mon-
ths preceding spawning (r ≥ 0.87; two-month lag for Hem. 
fuliginosus and one-month lag for Hyp. isbrueckeri); and a 
weaker positive relation with daylight and temperature (0.5 
< r < 0.7). Other studies in upper Uruguay River suggest that 
temperature increase is the trigger to fish reproductive acti-
vity (Hermes-Silva et al., 2009; Correa et al., 2011; Lopes 
et al., 2014), but we observed that GSI variation was highly 
related to two-month previous river flow, while temperature 
and daylight were only mildly related to GSI variation. Fish 
eggs and larvae studies have revealed that fish reproduction 
is highly seasonal in the Upper Uruguay River, being related 
to temperature and water flow (Correa et al., 2011). Flow 
regime has a strong relationship with fish life history (Te-
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desco, Hugheny, 2006; Olden et al., 2006; Tedesco et al., 
2008), especially with predictability and variability of river 
flow (Olden, Kennard, 2010). We then suggest that tempera-
ture and day-light are probably related to the acceleration of 
gonadal development, but spawning (as measured by steep 
decrease in GSI) is probably related to seasonally predictab-
le decreases in river flow.

We also found that peak reproduction of Hem. fuligi-
nosus and Hyp. isbrueckeri was delayed in relation to river 
flow, occurring in summer, just after the decrease of peak 
river flow, differing from the reproductive pattern of floo-
dplain species, which tend to reproduce during rising wa-
ters, preceding flood peaks (Agostinho et al., 1991; Paugy, 
2002; Agostinho et al., 2004; Suzuki et al., 2004; Rutaisire, 
Booth, 2005; Andrade, Braga, 2005; Bailly et al., 2008). In 
confined rivers, discharge increase may result in unfavorab-
le conditions for reproduction (for example, higher mortality 
or lower recruitment due to physical removal of eggs, larvae 
and spawning substrate), thus, reproducing during low flow 
would represent a more favorable condition (Pusey et al., 
2001). Humphries et al. (1999) proposed that in rivers with 
relatively unpredictable flood dynamics or where flood does 
not coincide with adequate temperatures, recruitment should 
occur during low-flow (Low Flow Recruitment hypothesis, 
LFR). According to Humphries et al. (1999), periods of low 
flow during summer are more predictable from year to year. 
In our study, the historic flow 1969-2006 and flow 2008-9 
showed a predictable low flow pattern during summer in the 
Passo Fundo River. In situations where LFR is plausible, fish 
reproduction should coincide with predictable low flows, 
when temperatures are warm and food resources are more 
concentrated (Lytle, Poff, 2004; Zeug, Winemiller, 2007). 

Additionally, we speculate that suitable physical conditions 
for oviposition (water depth and velocity) possibly become 
more available during the recession limb of the hydrograph. 
Such coincidence between life-history (reproductive) and 
low river flow in summer may result in higher fitness (Lyt-
le, Poff, 2004). In the upper Uruguay River, ichthyoplank-
ton studies have shown that pool habitat formation during 
summer – in low flow and high temperature conditions – is 
relevant for development of loricariid species (Hypostomus 
spp., Loricariichthys spp. and Rineloricaria spp.), because 
pool habitats provide both favorable physical habitat condi-
tions and concentration of food resources for larvae growth 
(Ávila-Simas et al., 2014; Lopes et al., 2014). According to 
Correa et al. (2011), the particular topography of the upper 
Uruguay River favors spawning in the rapids, and pools are 
used as nursery areas for larvae. We thus suggest that, in 
confined rivers, reproduction of fish – both migratory and 
non-migratory – has a distinct relation with abiotic factors 
in comparison to reproduction in floodplain rivers. In con-
fined rivers, because of the absence of floodplain habitats 
(floodplain lakes, back waters and wetlands), fish reproduc-
tion must take place within the river channel, so that mor-
tality of early-life stages is much more dependent on flow 
variation. In this sense, predictability of flow (particularly 
of low-flow) and its coincidence with historical river flow 
patterns, would be key factors for reproductive success and 
population persistence in the long term (Lytle, Poff, 2004). 
Under these circumstances, species tending to equilibrium 
life-history strategies, with reproduction synchronized with 
low river flow, might be relatively more common than in 
other environments. Both these later ideas should be tested 
in the future, by assessing reproduction of other species in a 
wider taxonomic scope (families, orders) and in comparison 
to other environments.

Our results have implications for assessing and mitiga-
ting the impacts of river damming on fish populations in 
confined rivers. Because river damming and flow manage-
ment affect the predictability of low flow in confined rivers, 
fish reproduction could be severely affected, particularly for 
species that evolved to cope with natural flow regimes (seen 
Lytle, Poff, 2004). The fish species studied here presented an 
equilibrium life history strategy (Winemiller, 1989; Wine-
miller, Rose, 1992) correlated to a historical pattern of low 
river flow in summer. Equilibrium strategists are expected 
to be positively related with predictability of water flow and 
to be favored in more stable environments (Mims, Olden, 
2012, 2013; Gomes et al., 2015). The formation of the UHE 
Monjolinho reservoir could affect the spawning of Hem. fu-
liginosus and Hyp. isbrueckeri, which are cumulatively af-
fected by flow regulation by the upstream Passo Fundo Dam, 
resulting in the disappearance of favorable environments for 
recruitment of loricariids species and of the hydrological re-
gime associated to the reproductive cycle. Drastic reduction 
in loricariids after reservoir formation has been previously 
reported (see Agostinho et al. (1999) for Hypostomus sp. 
and Hirschmann et al. (2008) for Hemiancistrus punctula-

Tab. 3. Pearson correlations (r) between monthly mean of 
gonadosomatic index (GSI) and monthly values (n = 8) of 
environmental variables in the Passo Fundo river (Brazil). 
Significance of the correlations was determined using the 
false discovery rate (FDR) procedure. Significant correla-
tions (p ≤ 0.05) are in bold and underlined. Lagged variables 
are indicated by i-1 and i-2 for one and two-month shifts 
respectively (see text).

H. fuliginosus H. isbrueckeri

GSIFemales GSIMales GSIFemales GSIMales

Daylight hours 0.69 0.55 0.62 0.55
Flow 1969-1990 -0.34 -0.51 -0.23 -0.61
Flow 2008 0.05 -0.16 -0.05 -0.24
Total rainfall (mm) -0.23 -0.01 -0.27 -0.06
Temperature (°C) 0.57 0.39 0.53 0.49
Flow 2008 (-1 month) 0.41 -0.10 0.87 -0.15
Total rainfall (mm) (-1 month) -0.10 -0.54 0.06 -0.09
Temperature air (°C) (-1 month) 0.48 0.62 0.36 0.65
Flow 2008 (-2 months) 0.95 0.63 0.76 0.65
Total rainfall (mm) (-2 months) 0.05 0.21 0.44 -0.26
Temperature air (°C) (-2 months) 0.19 0.43 0.10 0.53



Reproduction of loricariids and the impact of dams
Neotropical Ichthyology, 16(4): e170163, 2018
10

e170163[10] 

tus). Our results thus add support to the need for managing 
river flow in accordance to the historical patterns under whi-
ch fish populations evolved. This means not only that seaso-
nal flow patterns should be taken into account in reservoir 
operation, but also that short-term (few hours) extreme va-
riations in flow should be avoided. Short-term extreme va-
riation in discharge is common in dammed confined rivers as 
a result of high demand for power generation. Ecologically 
oriented management of low flow during summer could be 
a useful strategy for conservation of fish species in dammed 
confined rivers. Clearly, information about fish life-history 
and its relation to abiotic factors should be obtained before 
dam construction and fish monitoring programs demanded 
by environmental agencies should objectively assess how 
fish reproduction is affected. Flow management should than 
be regulated in a multiobjective manner that includes not 
only power generation, but also fish life-cycles, according 
to the Natural Flow Paradigm (Poff et al., 1997; Lytlle, Poff, 
2004). A complementary conservation strategy would be the 
preservation of undammed or, at least, unregulated confined 
free-flowing rivers or river segments.
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