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Abstract: Aim: Determine the length-weight relationship (LWR), the period of reproduction, and 
evaluate the variation of the condition factor (K) of Hypostomus affinis from two coastal drainages in 
southeastern Brazil, assessing the influence of the rainfall on these biological aspects. Methods: fish were 
sampled quarterly between April 2008 and April 2010 in tributaries of the Doce River basin (DRB) 
and the Paraíba do Sul River basin (PSRB). Specimens were caught using gillnets. LWR parameters 
were assessed by location and sex through a t-test. We used the frequency of mature specimens (FM) to 
evaluate the breeding period. Both FM and K values were assessed by a sinusoidal equation. Results: A 
total of 492 specimens was captured, of which 128 were from the Doce River basin (DRB) and 364 
from the Paraíba do Sul River basin (PSRB). In both areas, specimens showed a negative allometric 
growth type. We collected mature specimens along the studied period in both drainages, with the 
highest frequency observed at the beginning of the rainy season. We found a positive correlation 
between the rate of matures and the local rainfall variation. The condition factor (K) was lower for 
specimens from DRB and did not show a cyclic trend. On the other hand, we observed a cyclic 
chance of the K values for the individual from the PSRB, peaking in the transitional dry-rainy period. 
However, it was not possible to correlate it to the rainfall variation. Conclusions: LWR parameters of 
H. affinis were consistent with data already available in the literature. The rainfall may influence the 
FM but not the K values. In this case, biological characteristics such as reproduction and (or) feeding 
may be jointly driving a discrete variation of K values. The reduction in K values in the rainy periods 
suggests a remarkable energetic cost for the reproductive process. In short, our results help us to 
understand the life cycle of a fish species within a highly modified environment, especially by dams. 

Keywords: armored catfish; length-weight relationship; fish biology; reproduction; condition factor.

Resumo: Objetivo: Determinar a relação peso-comprimento (LWR), período de reprodução e 
variação do fator de condição (K) de Hypostomus affinis em duas drenagens costeiras do sudeste do 
Brasil, avaliando a influência da precipitação sobre esses aspectos biológicos. Métodos: Os peixes foram 
amostrados trimestralmente entre abril de 2008 e abril de 2010 em afluentes da bacia do Rio Doce 
(DRB) e do Rio Paraíba do Sul (PSRB). Os espécimes foram capturados com redes de emalhar. Os 
parâmetros de LWR foram avaliados por localização e sexo, através de um teste t. Usamos a frequência 
de espécimes maduros (FM) para avaliar o período de reprodução da espécie. Ambos os valores de FM e 
K foram avaliados por uma equação sinusoidal. Resultados: Um total de 492 espécimes foi capturado, 
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2015; Vieira & Rodrigues, 2010). It is considered 
a medium-size benthonic fish that feeds on detritus 
and reproducing primarily during the rainy season 
(Froese & Pauly, 2021; Mazzoni & Caramaschi, 
1997). However, data on the reproductive traits of 
H. affinis is missing for the Doce River basin, or it 
is prevenient from decades ago for the Paraíba do 
Sul River basin (Mazzoni & Caramaschi, 1997).

Studies addressing quantitative aspects of the 
population structure and reproductive biology, 
such as length-weight relationship (LWR), breeding 
period, and condition factor (K), are essential tools to 
investigate the life cycle of freshwater fishes (Ferreira 
& Súarez, 2015; Sales et al., 2016). LWR studies 
can be applied as a surrogate to weight when only 
the length is known and infer on reproductive fish 
biology when jointly assessed with other biological 
parameters (Freitas  et  al., 2016; Froese, 2006). 
The evaluation of a breeding period uses different 
characteristics; for instance, the gonadal maturation 
through a time series (Montag et al., 2011; Vazzoler, 
1996). The condition factor index (K) is another 
commonly-used attribute in fish biology studies 
(Camara  et  al., 2011). This index represents the 
specimens’ health, assuming that more body mass by 
a given length indicates a better physiological status 
of a specimen (Froese, 2006). A joint assessment of 
the seasonal variation of these parameters provides 
a sound basis for understanding fishes’ ecology and 
their role in the aquatic environment (Vazzoler, 
1996). This is especially true when biological data 
are associated and evaluate with abiotic factors, 
such as pluviosity. For instance, many fish species 
synchronize their reproduction with the rainy 
season, when conditions for the survival of juveniles 
are increased (Durham & Wilde, 2008).

Given the above, this study aimed to assess 
biological aspects of the pleco Hypostomus affinis 

1. Introduction

The Neotropical armored catfish family 
Loricariidae, commonly known as plecos, is one of 
the most species-rich fish families on Earth, with 
almost one thousand valid species (Fricke  et  al., 
2021; Weber, 2003). Harboring about 150 species 
(Dias & Zawadzki, 2018; van der Laan & Fricke, 
2021), the genus Hypostomus Lacepède, 1803 is 
the richness taxa within loricariids, and most of 
them are endemic to the Brazilian coastal drainages 
(Camelier & Zanata, 2015). This genus usually fed 
on detritus (Power, 1984; Salvador Junior  et  al., 
2009) and shows great adaptability to different 
habitats, from clear running water with rocky-bed 
to muddy water with soft bottoms (Garavello & 
Garavello, 2004; Sales et al., 2016). For this reason, 
some Hypostomus species can withstand rivers 
damming, with a notorious adaptation of their life 
cycles to the reservoir environments (Duarte et al., 
2011; Gomes et al., 2015).

The knowledge on the biological aspects 
of Hypostomus species is scarce, considering its 
diversity (Gomes  et  al., 2015). Until now, the 
existent studies regard few species, addressing: the 
breeding cycle (Galarça  et  al., 2014; Mazzoni & 
Caramaschi, 1997), spawning behavior (Menezes 
& Caramaschi, 1994), fecundity (Mazzoni & 
Caramaschi, 1997; Takahashi et al., 2008), growth 
pattern (Salvador et al., 2018, 2017), and general 
reproductive tactics (Gomes et al., 2015; Sales et al., 
2016). Although the shortfall in knowledge, the 
pleco Hypostomus affinis (Steindachner, 1877) is 
one of the most studied taxa of this genus regarding 
its biology (Duarte et al., 2011; Duarte & Araújo, 
2002; Mazzoni & Caramaschi, 1997). This species is 
distributed along the south portion of the Brazilian 
coastal drainages, including the Paraíba do Sul 
and Doce River basins (Vieira, 2009; Vieira et al., 

sendo 128 foram provenientes da DRB e 364 da PSRB. Em ambas as áreas, os espécimes apresentaram 
crescimento alométrico negativo. Coletamos espécimes maduros ao longo do período estudado em 
ambas as drenagens, sendo a maior frequência observada no início do período chuvoso. Encontramos 
uma correlação positiva entre FM e a variação local da precipitação. O fator de condição (K) foi menor 
na DRB e não apresentou tendência temporal. Por outro lado, foi observada uma variação de K para 
o indivíduo do PSRB, com um pico no período de transição seco-chuvoso. Porém, não foi possível 
correlacionar esse resultado com a variação da precipitação. Conclusões: Os parâmetros de LWR de 
H. affinis foram consistentes com os dados já disponíveis na literatura. A precipitação pode influenciar 
o FM, mas não os valores de K. Nesse caso, aspectos biológicos como a reprodução e/ou alimentação 
podem estar influenciando uma variação discreta do fator de condição. A redução dos valores de K 
nos períodos chuvosos sugere um maior gasto energético para o processo reprodutivo. Em resumo, 
nossos resultados nos ajudam a entender o ciclo de vida de uma espécie de peixe em um ambiente 
altamente modificado, especialmente por barragens. 

Palavras-chave: cascudo; relação peso-comprimento; biologia de peixes; reprodução; fator de condição.
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from two Brazilian Coastal drainages (Doce River 
basin and Paraíba do Sul River basin), as follow: 
(i) describe the species’ growth type in these two 
basins, (ii) estimate the breeding season, and (iii) 
evaluate the influence of local rainfall rates in the 
reproduction and the species welfare. As reported 
in other studies, we assume that greater rainfall 
rates might be a relevant biological trigger for the 
reproductive activity of Hypostomus affinis.

2. Material and Methods

2.1. Study area

Samples were carried out in the Matipó 
river (20°10’50”S/42°21’53”W), a tributary 
from Doce river basin, and in the Glória 
(21°02’25”S/42°19’45”W) and Pomba rivers 
(21°20’49”S/42°58’36”W), both from Paraíba do 
Sul River basin, southeastern Brazil (Figure  1). 
These basins are included in the borderer aquatic 
ecoregions “Northeastern Mata Atlântica” and 
“Paraíba do Sul” (Abell et al., 2008). These areas 
are recognized by the high fish endemism rates 
(Bizerril, 1994; Camelier & Zanata, 2015) and 
65 hydroelectric dams (ANEEL, 2010).

In the Matipó River, we sampled five sites near 
the small hydroelectric power (SHP) Granada. This 
SHP has a reservoir with 0.33 km2 and a reduced 
flow stretch (RFS) of 2.3 km long and 20 m/km 
slope. In the Pomba River, with four SHP built-in 
cascades, we established nine sampling sites along 
its course. The most upstream dam is the SHP 
Ponte, with a reservoir of 1.5 km2 and a RFS of 
one kilometer long and 45 m/km slope, whereas 
the most downstream is the SHP Triunfo with a 
reservoir of 1.9 km2. Between them, there are the 
SHPs Palestina (reservoir of 0.6 km2) and Barra do 
Carrapato (reservoir of 0.3 km2). Finally, in Glória 
River (Figure 1), we sampled in ten samplings sites 
between the SHP Cachoeira Encoberta (reservoir of 
0.2 km2, RFS of 0.7 km, and 70 m/km slope) and 
the SHP Glória (reservoir of one km2, RFS of one 
km of extension, and 45 m/km slope).

Figure 1

2.2. Sampling methods and biological data

We collected specimens of H. affinis quarterly 
from April 2008 to April 2010 in the Paraíba 
do Sul River basin (hereafter as PSRB) and from 
July 2008 to April 2010 in the Doce River basin 
(hereafter as DRB). At each expedition, we expended 
12 days on PSRB and five on DRB. We set gillnets 
of eight different mesh sizes (30 – 120 mm mesh 

sizes) for fifteen hours per day (6:00 PM – 9:00 AM) 
under local fishermen’s guidance. For all specimens, 
we measured the standard length (SL, centimeter, 
precision of 0.1 cm) SL; to the nearest 0.1 cm) and 
total mass (TM, gram, precision of 0.1 g).

We visually determined the sex and maturation 
stages of each specimen through a macroscopic 
inspection of the gonads. Gonads of loricariids 
conform to the general pattern observed for teleosts: 
paired, longitudinally flattened, located in the 
dorso-posterior region, and joined each other at the 
caudal part, forming a common duct, terminating 
in a short duct, and finally opening at the urogenital 
papillae (Duarte et al., 2007; Suzuki et al., 2000). 
We sexed the individuals of Hypostomus affinis based 
on the morphology of gonads: testes are thin and 
filiform and ovaries fairly cylindrical, enlarged, 
and saculiform (Duarte et al., 2007). The gonadal 
maturation stages were adapted from the Núñez 
& Duponchelle (2009): stage I (immature); stage 
II (maturing); stage III (mature); and stage IV 
(spawned for females and spent for males). These 
stages are defined according to the morphology, 
color, presence of oocytes (for females), and tissue 
appearance [see Núñez & Duponchelle (2009) for 
detailed description].

Voucher specimens were fixed in 10% formalin 
for 48h, transferred to 70% ethanol, and deposited 
in the museum of natural sciences of PUC Minas 
in Belo Horizonte (Minas Gerais, Brazil) under the 
codes MCNIP 1068 and MCNIP 1178. We used 
a collection license expedited by the Instituto 
Estadual de Florestas (IEF) under the numbers 
003/08, 066/08, 062/09, and 064/09.

2.3. Rainfall data

We surveyed historical rainfall data in the 
database of the Instituto National de Meteorelogia 
(INMET, 2020) to evaluate its influence on the 
biological parameters of the H. affinis. Because no 
meteorological station was explicitly located within 
our studied area, we used the average rainfall data 
from the five nearest surrounding stations of our 
sampling sites, named: Barbacena (code 83689), 
Caparao (83639), Caratinga (83592), Coronel 
Pacheco (83037), and Viçosa (83642). The monthly 
rainfall averages obtained from these five stations 
are available in Table 1.

Table 1

2.4. Data analysis

We assessed the specimens for the length-weight 
relationship (LWR), breeding season, and condition 
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factor (K). The LWR followed the model first proposed 
by Järvi (1920) (see Froese, 2006), * b

M LT a S= , and 
consider the total mass (TM), standard length (SL), 
coefficient of proportionality (a), and the coefficient 
of allometry (b). We interpreted the latter parameter 
as the fish growth type (Froese, 2006). First, to assess 
differences concerning growth patterns between 
the individuals from the two studied areas, we 
established a merged LWR for all specimens. Then, 
we compared the proportional residues of the SL 
([observed-predicted]/predicted) using a t-test (see 

Fontoura & Conter, 2008; Freitas  et  al., 2016). 
Once we identified morphological bias, the LWR 
was established separately for the specimens of each 
drainage. In the case of morphological segregation 
among the basins, we applied the routine mentioned 
above to evaluate differences for females and males. 
That is, if we also identified morphological bias 
between sexes, a separately LWR was established for 
males and females.

We evaluated the growth type (b values) 
by a t-test, comparing it with a hypothetical 

Figure 1. Map showing the location of the collection sites in the (A) Matipó River (Doce River basin) and (B) 
Glória and (C) Pomba Rivers (Paraíba do Sul River basin), southeastern Brazil. Circles with black spots represent the 
collection sites. SPH means small powerplant, and RFS means reduced flow stretch. * Location of the meteorological 
stations used to obtain the rainfall data.
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b = 3 (isometric growth) when length and weight 
vary proportionately. The negative allometry (b < 3) 
occurs when the body length increases at a faster 
rate than weight, whereas positive allometry 
occurs when weight increases at a faster rate than 
length (b > 3) (Froese, 2006). We assessed the 
reproductive activity using the frequency of mature 
specimens (FM), which is given by the percentage 
of individuals in stage III of gonadal maturation of 
each field campaign. Although fish reproductive 
ecology is mostly assessed by the gonadosomatic 
index (GSI), our project had no contingency for 
a proper digital scale to measure gonad weights 
for the GSI calculation. However, our approach 
is considered reliable and was already applied 
as the primary method to assess fish breeding 
season in another study (Montag  et  al., 2011). 
Finally, we calculated the condition factor (K) by 
the formula: / b

M LK T S= , which considered the 
coefficient of allometry (b) of the LWR.

For both analyses (FM and K), we used a 
sinusoidal equation (SE) following Fontoura & 
Agostinho (1996) (further applied by Freitas et al., 

2011; Montag  et  al., 2011), which describes a 
cyclic (seasonal trend) variation of a data. Using the 
sinusoidal equation instead of conventional analysis 
of variance is given by the increased sensitivity since 
we can evaluate a continuous process of a dataset 
instead of independent categories. Also, it allows a 
numerical description of the phenomena and the 
direct evaluation of time intervals between distinct 
cycles (Fontoura & Agostinho, 1996).

The  SE was  ba sed  on  the  fo rmula : 
( )( )  *cos 2 / *MF or K M A Frq t fπ= + − ,  M  w h e r e 

M = the mean global value of the frequency of 
mature individuals (FM) or condition factor (K), 
A = amplitude of the FM or K, Frq = units of 
time in which the events were measured (here, 
Frq = 4; because our estimated time is “four” distinct 
hydrological period), t (time) = numerical scale of 
time [here, 1 = transitional rainy-dry period (which 
includes January, February, March – hereafter as 
“R-D”), 2 = dry period (April, May, June - “D”), 
3 = transitional dry-rainy period (July, August, 
September - “D-R”), 4 = rainy period (October, 

Table 1. Monthly rainfall average (April 2008 to April 2010) of five meteorological stations from southeast Brazil. 
Data obtained from the database of the Instituto National de Meteorelogia (INMET).

Years Months

Meteorological stations

Averages
Caratinga 

(83592)
Caparão 
(83639)

Viçosa 
(83642)

Coronel 
Pacheco 
(83037)

Barbacena 
(83689)

19°43’48”S/ 
42°07’48”W

20°30’36”S/ 
41°54’W

20°45’36”S/ 
42°51’36”W

21°33’S/ 
43°15’36”W

21°15’S/ 
43°45’36”W

2008 April 91.8 123.1 62.8 135.0 141.0 110.7
May 7.3 13.4 7.2 0.0 1.6 5.9
June 19.5 9.4 12.7 20.5 10.1 14.4
July 2.0 7.4 0.2 0.0 1.0 2.1

August 21.4 8.0 15.4 6.0 12.4 12.6
September 30.7 101.8 147.4 62.7 88.2 86.2

October 32.9 38.4 41.4 175.3 109.0 79.4
November 253.5 376.9 224.8 3.0 232.4 218.1
December 260.6 497.7 605.7 - 466.0 457.5

2009 January 260.9 410.2 253.1 267.9 295.7 297.6
February 87.9 182.7 224.1 149.3 244.2 177.6

March 152.2 230.6 243.1 167.1 149.7 188.5
April 84.2 141.8 90.9 37.0 49.7 80.7
My 29.4 33.2 9.6 - 10.3 20.6

June 31.9 32.2 53.6 - 28.7 36.6
July 2.3 34.4 14.6 - 13.4 16.2

August 9.4 47.8 13.7 - 13.4 21.1
September 160.9 111.5 72.2 - 98.4 110.8

October 147.2 165.7 127.9 - 246.6 171.9
November 69.9 93.7 131.5 - 149.6 111.2
December 342.5 309.3 333.1 - 310.0 323.7

2010 January 85.1 78.2 117.7 - 273.6 138.7
February 50.0 56.0 37.8 - 74.0 54.5

march 249.4 251.1 192.5 - 277.0 242.5
April 63.0 58.3 18.3 - 66.8 51.6
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November, December - “R”)], and f (phase) = the 
difference between the baseline time (zero) and the 
time with the maximum mean of FM or K. That is, 
the phase signifies the time (hydrological periods) 
with more significant estimated values of FM or K. 
We calculated a coefficient of determination (R2) by 
the ratio of the sum of the squares of the residuals to 
the total sum of squares, and a p-values based on the 
F statistic (Zar, 2010). We estimated the sinusoidal 
equation’s parameters by using the Solver routine of 
the Microsoft Office Excel® 2010.

Lastly, in the case of significant p values of the 
sinusoidal equations, we correlated the FM and K 
values against the local variation of rainfall by a 
Pearson correlation test (we checked the assumption 
criteria), using the software R (R Core Team, 2017). 
This analysis aimed to evaluate the correlation 
between the cyclic variation of these biological 
parameters against the seasonality of rainfall. 
We assessed all statistics with a 5% significance 
level (Zar, 2010).

3. Results

We collected 492 specimens of H. affinis, of 
which 128 were from the Doce River basin (DRB) 
– 61 females and 67 males – and 364 from the 
Paraíba do Sul River basin (PSRB) – 175 females 
and 189 males. The LWR residues indicated a clear 
bias in the growth patterns concerning these two 
areas (t = -14.255, p < 0.001), which elucidated 
the need to apply distinct LWR equations. That is, 
the growth pattern of H. affinis in the DBR and 
PSRB was different, and henceforward, the LWR 
and condition factor were analyzed separately for 
these basins.

Subsequently, the evaluation of LWR residues 
for the individuals from the DRB did not evidence 
differences in the growth pattern between males and 
females (t = 1.468, p = 0.072), and we established 
a merged LWR equation through the formula 

2.782 0.032*M LT S=  (R2 = 0.990). This indicates a 

negative allometric growth type for the population 
from the DRB (t = 7.786; p < 0.001), which means 
that the specimens were increasing proportionately 
in length rather than weight. On the other hand, 
the LWR residues were biased between sexes for 
the set of specimens from the PSRB. Thus, it 
was necessary to establish an LWR equation for 
females – 2.753 0.076*M LT S= (R2 = 0.955) – and for 
males – 2.697 0.063*M LT S=  (R2 = 0.979) – separately. 
Both equations indicated negative allometric growth 
either for females (t = 5.255, p< 0.001) neither 
for males (t = 7.769, p < 0.001). It also highlights 
that both sexes were increasing proportionately in 
length rather than weight. We summarized the LWR 
parameters in Table 2.

The frequencies of specimens in the mature stage 
of gonadal development (FM) showed a cyclic pattern 
for both studied areas (Figure 2). In the DRB, the FM 
varied from zero to 0.630, with an average FM equal 
to 0.082 (F = 8.492, p = 0.029). In the PSRB, the FM 
varied from zero to 0.561, with an average FM equal 
to 0.269 (F = 12.090, p = 0.015). The “phase” (f) was 
equal to 3.977 for the DRB and 3.860 for the PSRB, 
which means that the peak of mature individuals 
occurred at the end of the transitional dry-rainy 
period for both areas (see material and methods). 
We summarized the results of the sinusoidal equation 
for the FM in Table 3.

In addition, the linear regression model showed 
consistent relationship between the frequency of 
mature specimens (FM) and rainfall rates for the 
DRB (y = 0.002x - 0.043; R2 = 0.509; p = 0.037) 
and PSRB (y = 0.001x + 0.083; R2 = 0.407; 
p = 0.048), which evidence the importance of 
pluviosity on the H. affinis reproduction.

Given the biased growth patterns between the 
studied areas, and also between sexes among the 
PSRB’s specimens, we presented the condition 
factor (K) as follows: 1) separately for areas; 2) 
merged for sexes for the specimens from the DRB 
basin; and 3) separately for sexes for the individuals 

Table 2. Parameters of the length-weight relationships of Hypostomus affinis from the Doce River basin (DRB) and 
the Paraíba do Sul River basin (PSRB), southeastern Brazil, collected between from April 2008 to April 2010. Sample 
size (N); estimated a and b values with confidence limits (95%), determination coefficient (R2).

Basins Sex N
Estimated Parameters

R2 t value p value Growth 
patterna (95% CL) b (95% CL)

DRB Merged 128 0.032
(0.026 - 0.038)

2.782
(2.726 - 2.838) 0.989 7.786 <0.001 Negative 

allometry

PSRB
Females 175 0.076

(0.053 - 0.099)
2.753

(2.660 - 2.846) 0.955 5.255 <0.001 Negative 
allometry

Males 189 0.063
(0.047 - 0.080)

2.697
(2.619 - 2.774) 0.979 7.769 <0.001 Negative 

allometry
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from the PSRB (Figure  3). The K values from 
DRB’s specimens varied from 0.021 to 0.036, 
with an average equal to 0.029, but did not bias 
toward a seasonal pattern (F = 1.314, p = 0.447). 
In contrast, we evidenced a significant cyclic 
variation of K values of females and males from the 
PSRB. For females, K values varied from 0.032 to 
0.060, with an average equal to 0.044 (F = 50.690, 
p = 0.001). For males, K values varied from 0.039 to 

0.071, with an average equal to 0.055 (F = 7.962, 
p = 0.027). The “phase” (f parameter) was equal 
to 3.067 for females and 2.997 for males, which 
represents the beginning of the transitional dry-
rainy period (D-R). We summarized the parameters 
of the sinusoidal equation evaluating the condition 
factor in Table 4.

Since we did not evidence a cyclic variation 
of K values for the DRB’s specimens, we did not 
perform the linear regression model to assess the 
influence of the rainfall on the fish reproduction. 
On the other hand, the cyclic variation of K values 
(for both sexes) for the population from the PSRB 
encouraged us to perform the linear regression 
between rainfall rates and K values. However, 
we did not notice significative relationship 
between these parameters for both sexes (females: 
R2 = 0.188; p = 0.244; males: R2 = 0.007; 
p = 0.836), which means that rainfall are not 
influencing the specimens’ welfare.

Figure 2. Frequency of mature specimens of 
Hypostomus affinis from the Doce River basin (A) and 
Paraíba do Sul River basin (B) through the hydrological 
periods (D = dry, D-R = transitional dry-rainy period, 
R = rainy, and R-D = transitional rainy-dry period). 
Statistics values presented are from the sinusoidal 
function (represented by the dotted curves). We show the 
rainfall variation in the grayness background. For visual 
comparison, we applied the same range of frequency in 
both graphics.

Table 3. Parameters of the sinusoidal equation for the 
relative frequencies of mature specimens of Hypostomus 
affinis from the Doce River basin (DRB) and the Paraíba 
do Sul River basin (PSRB), southeastern Brazil, collected 
between from April 2008 to April 2010.

Parameters DRB PSRB

Frequency of 
mature (FM)

Amplitude (A) 0.439 0.197
Mean (M) 0.082 0.286
Phase (f) 3.977 3.860

R2 0.850 0.890
p value 0.029 0.015

Figure 3. Variation of the condition factor of 
Hypostomus affinis from the Doce River basin (A) and 
Paraíba do Sul River basin (B) through the hydrological 
periods (D = dry, D-R = transitional dry-rainy period, 
R = rainy, and R-D = transitional rainy-dry period). 
We represented females by the light gray symbol and 
males by the dark gray. Statistics values presented are 
from the sinusoidal function (represented by the dotted 
curves). We show the rainfall variation in the grayness 
background. For visual comparison, we applied the same 
range of K values in both graphics.
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4. Discussion

Our results showed a negative allometry growth 
type for H. affinis from the Doce River basin and 
Paraíba do Sul River basin. Although the LWR of 
H. affinis have been established for other basins, we 
showed it for the first time using specimens from 
the Doce River basin. We evidenced a prolonged 
breeding period, peaking in October for both 
sampled years (2008 and 2009), at the beginning 
of the rainy season. The cyclical variation in 
reproductive activity was positively correlated with 
the local rainfall variation. In our case, it means 
that we observed more mature individuals with the 
increase of rainfall. On the other hand, we found 
a cyclic variation of the condition factor only for 
specimens from the PSRB, peaking in August 
(2008 and 2009), representing the transitional dry-
rainy period. However, this variation of K values was 
not related to the local rainfall quotas.

The allometric coefficients for H. affinis were 
coherent to other studies using the same pleco 
species (Albieri  et  al., 2014; Costa  et  al., 2014). 
An exception is shown by Mendonça  et  al. 
(2015), which recorded an isometric growth for 
H. affinis from Juturnaíba Reservoir, southeastern 
Brazil. The variation in the allometric coefficient 
in H. affinis is also in according to the pattern 
described to other Hypostomus species, which values 
ranging from 2.604 for Hypostomus margaritifer to 
3.104 for Hypostomus velhochico, both from the 
São Francisco River basin (Nobile  et  al., 2015; 
Pessali et al., 2022; Salvador et al., 2018).

The growth pattern is a physiological response of 
each fish population according to the environmental 
features (e.g., rainfall, temperature) (Froese, 2006), 
which may explain the differences found in LWR of 
H. affinis between the studied basins herein. Given 
that each place has its biological characteristics 
(e.g., resource availability, inter and intraspecific 
relations), growth patterns can be changeable even 
within the same species (Fontoura  et  al., 2010; 

Freitas et al., 2016) or between males and females 
of the same species (Freitas et al., 2016).

We observed mature specimens along the whole 
studied period for both drainages, with the highest 
frequency seen at the beginning of the rainy period 
(October 2008 and 2009). The reproduction in 
Hypostomus species seems to occur primarily in 
the rainy season (Mazzoni & Caramaschi, 1997; 
Sales et al., 2016), despite some exceptions (e.g., 
(Medeiros & Pompiani, 2009). A breeding peak 
in September to February was previously recorded 
for H. affinis from the Paraíba do Sul River 
(Mazzoni & Caramaschi, 1995), corroborating our 
observations. Sympatric and congener species also 
showed a similar trend of the breeding season in the 
Paraíba do Sul River. For instance, the spawning 
period of Hypostomus luetkeni Lacepède 1803 and 
Hypostomus auroguttatus Kner, 1854 (now synonym 
of H. luetkeni) occurred throughout the year but 
also peaking in September-February (Mazzoni 
& Caramaschi, 1997) and September-October 
(Gomes  et  al., 2015), respectively. Despite the 
overlapping in the reproductive period of both 
Hypostomus’ species, they show distinct patterns 
of oocyte development (Duarte & Araújo, 2002; 
Mazzoni & Caramaschi, 1997) and segregation in 
habitat use, with H. affinis occurring from streams 
to reservoirs, and H. luetkeni being a species with 
more restricted distribution (Teixeira et al., 2005; 
Vieira  et  al., 2014). Additionally, the studies 
mentioned above (and our results) showed that 
the reproductive period of the Hypostomus species 
is influenced by environmental factors such as 
local rainfall periods and annual flood regimes. 
Those periods of the year coincide with the greater 
rainfalls and higher water levels in the Doce River 
basin and Paraíba do Sul River (Cruz et al., 2015; 
Marengo & Alves, 2005). Concerning the condition 
factor, it is not possible to correlate the lower and 
evenness K values for the specimens from DRB 
against the rainfall variation. However, we may 
link to other local environmental features, such as 

Table 4. Parameters of the sinusoidal equation for the condition factor of Hypostomus affinis from the Doce River 
basin (DRB) and the Paraíba do Sul River basin (PSRB), southeastern Brazil, collected between from April 2008 
to April 2010.

Parameters DRB PSRB
Sex merged Female Male

Condition factor (K)

Amplitude (A) 0.001 0.003 0.002
Mean (M) 0.029 0.043 0.055
Phase (f) 0.475 3.067 2.997

R2 0.041 0.362 0.082
p value 0.447 0.001 0.027
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the physical characteristics of the habitat. Almost 
all individuals from DRB were collected in the 
reduced flow stretch (RFS) of the SHP Granada, 
which differs from other RFS. A noteworthy part 
of its extension shows a lower slope, with a flat and 
shallow river channel. This flow reduction creates 
a lentic-like environment where H. affinis shows 
high adaptability (Gomes et al., 2015). Although we 
did not perform a specific analysis to evaluate this 
scenario, a shallow and sunny aquatic environment 
might promote a higher availability of periphyton 
– the primary food source of H. affinis (Buck & 
Sazima, 1995; Garavello & Garavello, 2004). As a 
result, the abundance of H. affinis in this type of 
habitat may also increase, as reported by (Power, 
1984) for grazers loricariid fishes. Again, although 
we did not formally test this relationship between 
environment and condition factor, it is feasible 
that a trade-off between food availability and fish 
abundance may promote lower (and uniform) K 
values due to a possible interspecific competition 
(Grenouillet et al., 2002). In this case, biological 
aspects such as reproduction or even feeding (not 
evaluated here), maybe drive a discrete variation of 
the condition factor.

Regarding the cyclical variation of K values 
of H. affinis from the PSRB, it was not possible 
to correlate it to the rainfall variation. That is, we 
argue that abiotic features would play a secondary 
role in the condition factor, and the reproductive 
process itself may be a crucial component to 
explain the K variation. Despite higher K values 
were recorded in the transitional dry-rainy period 
– the period before the reproductive intensity – the 
gonadal maturation or/and fat accumulation for 
breeding may be increasing the condition factor. 
The following reduction in K values in the rainy 
season suggests a remarkable energetic cost for the 
reproductive process. This result is corroborated by 
Mazzoni & Caramaschi (1995), which also found 
lower K values among reproductive specimens of H. 
affinis in the Paraíba do Sul River basin and even 
for other siluriforms fishes (Freitas  et  al., 2011; 
Narahara et al., 2018).

In short, biological parameters of H. affinis in 
Brazilian coastal drainages seem to be influenced by 
environmental factors, such as rainfall rates. Despite 
our findings, the knowledge about the reproductive 
biology of this species and other loricariids from 
Brazilian coastal basins (Gomes et al., 2011; Zardo 
& Behr, 2015) is far from being flawless. There is 
still a striking challenge for biologists and ecologists 
to understand the effect of the anthropogenic 

environmental changes on the fishes’ life cycle, 
particularly the river damming.
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