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Abstract

This work aimed to describe the reproductive biology of Hypoptopoma inexspectatum in southern Pantanal. A total of
538 individuals were sampled and analyzed from February 2009 through January 2011 in southern Pantanal. We did
not observe differences in sex-ratio, and both sexes presented positive allometric length/weight relationship (LWR).
Reproduction occurs mainly from January to February. Females reached first maturation (L,;) with 37.80 mm and
males with 45.80 mm. Absolute fecundity is estimated in mean=177.43 (sd+127.06) oocytes and relative fecundity in
3.12 (sd+2.23) oocytes/mg. Fecundity is positively correlated with standard length (Spearman r= 0.43; p=0.013), and
total spawning is a used spawning strategy for H. inexspectatum.

Keywords: size at first maturation, gonadosomatic index, reproductive period, spawn type.

Reproducio de Hypoptopoma inexspectatum (Holmberg, 1893) (Siluriformes,
Loricariidae) na planicie de inundacio do Pantanal Sul, bacia do alto
rio Paraguai, Brasil

Resumo

Este trabalho teve como objetivo descrever a biologia reprodutiva de Hypoptopoma inexspectatum na regiao do Pantanal
Sul. Foram amostrados e analisados entre fevereiro de 2009 a janeiro de 2011 um total de 538 individuos. Néo foi
observada diferenca na proporgao sexual e ambos os sexos apresentam relagdo alométrica de peso/comprimento positiva.
A reprodug@o ocorreu principalmente entre os meses de janeiro e fevereiro. Fémeas atingiram o tamanho de primeira
maturagdo (L)) com 37,80 mm e machos com 45,80 mm. A fecundidade absoluta média foi 177,43 (dp+127,06)
ovdcitos e a fecundidade relativa foi de 3,12 (dp+2,23) ovoécitos/mg. A fecundidade foi positivamente correlacionada
com o comprimento padréo (Spearman r= 0,43; p=0,013) e a desova parcelada foi a estratégia de desova utilizada por
H. inexspectatum.

Palavras-chave: tamanho de primeira maturagdo, indice gonadossomatico, periodo reprodutivo, tipo de desova.

1. Introduction

The Upper Paraguay Basin has a diversified and relatively
well-preserved ichthyofauna, mainly in the Pantanal
floodplains that present differences in flood pulse dynamics
among subregions and along longitudinal gradient. For small
fish species, little information is available about biological
traits in the context of adjustment to seasonal variations in
the Pantanal (Junk et al., 1989; Alho and Sabino, 2011).

It is expected that the life cycle of fishes adjusts to
flood pulse as a strategy to optimize reproductive success in
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floodplain river systems (Junk et al., 1989). This means that
the increase of river level would allow for the expansion of
aquatic habitats and offer resources otherwise unavailable
before such increase. These conditions would also increase
recruitment success (Junk et al., 1989; Freitas et al., 2015).

Siluriforms are the main Neotropical freshwater
fish group with diversified biological characteristics
(Reis et al., 2016). For Hypoptopoma, 15 species are
valid (Fricke et al., 2019) with seven (46.7%) described

Braz. J. Biol., 2021, vol. 81, no. 2 pp.326-334


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-3770-2474
https://orcid.org/0000-0002-6654-0355
http://orcid.org/0000-0003-1226-4321

Reproduction of Hypoptopoma inexspectatum

in the last ten years. Only Hypoptopoma inexspectatum
is registered occurs outside the Amazon basin and
frequently sampled in association with macrophyte beds
in the main channel of larger rivers. Species of this group
are commonly used for ornamental purposes. Yet, the
absence of biological data makes it difficult to propose
policies aimed at the conservation and sustainable use
of these resources.

Therefore, to understand the effect of temporal
variation on reproductive and population characteristics
of Hypoptopoma inexspectatum in the southern Pantanal
region, the present work describes the effect of seasonality
on reproduction, as well as reproductive characteristics,
such as sex-ratio, size at first maturation, fecundity, and
spawning type.

2. Material and Methods
2.1. Study area

The Pantanal is the greatest floodplain area in the
world (140,000 km?). It is located in the Upper Paraguay
River Basin (Junk et al., 2006; Starez et al., 2017), mainly
in Brazilian territory, but also Bolivia and Paraguay.
The Porto Murtinho region represents approximately 2.8%
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of Brazilian Pantanal, one of the smallest areas (Silva
and Abdon, 1998), and marks the southern limit of the
Brazilian Pantanal. In Porto Murtinho Pantanal, the river
level historically peaks from May to July, and dry season
occurs from October to December (Tondato et al., 2018;
Santana et al., 2019).

The Paraguay River is the main watercourse of the
Pantanal, and the Amonguija River is one of its tributaries in
the Porto Murtinho region. The lower part of the Amonguija
River is a wide floodplain with narrow areas covered by
macrophytes. In the Paraguay River, macrophytes are
restricted to the river banks (Scanferla and Suarez, 2016;
Starez et al., 2017).

Samples of Hypoptopoma inexspectatum were collected
from beds of aquatic macrophytes along 25 km of the
Paraguay and Amonguija Rivers in the Pantanal at Porto
Murtinho (Figure 1). Captures were performed monthly
from February 2009 through January 2011. In each
month, approximately six sampling stations, distributed
in the Paraguay and Amonguija Rivers, were sampled,
totaling 109 sampling stations in two years. In some cases,
the same sampling stations were repeated, but in different
months. The repeated months over the two-year period
were grouped for statistical analysis.
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Figure 1. Location of the sampling area along the Paraguay and Amonguija Rivers near the Municipality of Porto Murtinho
(Brazil), which is situated in the extreme southern Pantanal region. Samples were collected from February/2009 to

January/2011.

Braz. J. Biol., 2021, vol. 81, no. 2 pp.326-334

327



Pereira, M.J. et al.

2.2. Data collection

Samples of H. inexspectatum were collected using a
sieve (0.8 x 1.2 m) and drag nets (1.5 x 5.0 m) with 2 mm
mesh. They were placed in 5% Eugenol solution, fixed
in 10% formalin, and preserved in 70% ethanol. In the
laboratory, each specimen was identified, measured for
total length (mm), standard length (mm) and total body
weight (g) and, after abdominal incision, the samples were
sexed. Stages of gonadal maturation and gonad weight (g)
were also recorded for both males and females. Gonad
stages were determined macroscopically, according to
Vazzoler (1996), as: A=immature, B = maturing, C =ripe,
D = semi-spent and E = spent.

2.3. Data analysis

Differences in sex-ratio for the whole period and
quarterly variation were quantified using the y* test with
Yates correction for the first case.

Linear regression was used to estimate the length-weight
relationship (LWR) according to the equation TW =aTLb
(Ricker, 1973) after logarithmic transformation (Froese, 2006).
The degree of association between TW and TL was calculated
by the determination coefficient (1?). The confidence interval
(0.=0.05) of parameters “a” and “b” was also estimated.

The monthly variation in gonadosomatic index (GSI)
was quantified through an analysis of covariance, using
GSI as response variables, months as categorical variables
and standard length as covariable. The correlation between
female size and total fecundity was estimated using the
Spearman correlation. The size of oocytes in mature
females was measured by optical stereomicroscopy, and
frequency distribution was used to determine if spawning
was total or split.

Variance partitioning was used (Peres Neto et al.,
2006) to explain the effects of environmental descriptors
on female reproduction activity, using the “varpart”
command in “vegan” package. Historic river level, mean
water temperature during sampling, cumulative rainfall in
the sampling period, and length of daylight were used as
explanatory variables. Historic river level was obtained
from the Brazilian Navy stationed at Porto Murtinho
Municipality.

The size at first sexual maturation was estimated for
males and females using a logistic regression, and then
the variation in the relationship between reproductive (1)
and immature individuals (0) was modeled as a function
of fish size. All fishes with stage of gonadal maturation
superior to immature (i.e., maturing, mature, semi-spent
and spent) were considered reproductive individuals (1).

Absolute fecundity was estimated based on the total
number of vitellogenic oocytes of 32 mature females,
whereas relative fecundity was determined by the number
of vitellogenic oocytes per milligram of body weight for
these same females (Suzuki et al., 2000; Arantes et al.,
2013). For bulky ovaries, only a subsample was used,
and the fecundity was estimated by a simple rule of three
based on the assumption that the subsample would contain
the number of counted oocytes proportional to the weight
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of'this subsample relative to full ovarian weight. Relative
fecundity was obtained from the number of mature oocytes
per milligram of the total weight of females. Values for
absolute fecundity, relative fecundity and mean number
of mature oocytes are presented.

The type of spawning was determined by analysis of
the relative frequencies of diameter classes of oocytes in
ten mature females. Diameters of one hundred and fifty
randomly chosen oocytes were measured using a magnifying
glass with an ocular micrometer. The measurements
were then converted into millimeter and used to obtain
occurrence frequencies for oocyte diameters, which were
then used to infer the type of spawning. Hatching mode was
evaluated using density plots of the frequency distribution
of oocyte diameters (Vazzoler, 1981). Observation of the
most advanced mode of hatching, along with the position
of the ovaries, indicated developmental oocyte phases,
which permitted the inference of spawning type.

All statistical analyses were performed using the
R platform (R Development Core Team, 2017). For all
statistical tests, a significance level of p<0.05 was adopted.

3. Results

We sampled and analyzed a total of 538 individuals form
the Paraguay and Amonguija Rivers, including 231 females
and 248 males. We could not identify the sex for a total
of 59 individuals. The standard length varied from 28.26 mm
to 81.14 mm for females and from 27.24 mm to 72.73 mm
for males. Total weight varied from 0.23 g to 12.09 g for
females and from 0.23 g to 7.26 g for males. While the
distribution of sexes using standard length was similar
between the sexes, females reached higher total weight
than males (Figure 2).

We encountered no significant differences in sex-ratio for the
whole samples (Chi-squared=0.60, gl=1, p=0.43), and the sex-ratio
did not vary temporally (Chi-squared=17.10, gl=11, p=0.10).
The general sex-ratio was 1.07 males:females, and this
ratio did not vary along the year (Figure 3). On the other
hand, the number of sampled individuals did present a
clear temporal pattern in that we observed a decrease of
sampled individuals from May to July.

The length/weight relationship (LWR) results showed
that both sexes present positive allometric growth, according
to the following equation describing LWR for females:
Total Weight=0.00000246*Standard Length** with
confidence interval (0=0.05) for angular coefficient varying
from 3.42 to 3.53. For males, the equation was Total
Weight=0.00000332*Standard Length®* with confidence
interval for angular coefficient varying from 3.36 to 3.46.
In spite of the overlap of confidence interval, no significant
differences in angular coefficient were found for either
sex (Figure 4).

Females of H. inexspectatum presented higher GSI
from January to February (F=10.12, p<0.001). Males also
presented higher GSI values in the same period (F=8.95,
p<0.001). Importantly, the higher GSI values occur in
months with higher temperatures and greater precipitation
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Figure 2. Density plot of standard length and total weight for females and males of H. inexspectatum in the southern
Pantanal region where samples were captured from February/2009 through January/2011.
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Figure 3. Number of individuals by sex analyzed for females and males of H. inexspectatum in the southern Pantanal region
where samples were captured from February/2009 through January/2011.
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Figure 4. LWRs for females and males of H. inexspectatum captured in the southern Pantanal region from February/2009

through January/2011.

(December to February). Our data also suggest that larger
females and males have higher GSI values (F=84.98;
p<0.001; 1>=0.53 and F=8.01; p=0.005; r’=0.36, respectively),
suggesting that the increase of size allows a corresponding
increase in reproductive investment (Figure 5). River
level and day length were the best predictors of temporal
variation of gonadosomatic index for H. inexspectatum
in southern Pantanal (Figure 6).

The estimated size at first maturation for females (L, )
was estimated to be 37.8 mm (IC«FO_OS): 35.7t039.9 mm),
and 100% of females reached sexual maturity (L )
with 47.7 mm (IC(“ZO_()S: 43.5 to 51.9 mm). For males,
we estimated that 50% would be sexually mature
with 45.8 mm (IC _, = 44.02 to 47.6 mm), and 100%
of males reached sexual maturity (L ) with 78.3 mm

Braz. J. Biol., 2021, vol. 81, no. 2 pp.326-334

(IC 5= 70.2 to 86.5 mm). The size at first maturation
for females represents 46.6% of their maximum observed
standard length, while males represent 62.9% of their
maximum observed standard length (Figure 7).

Absolute fecundity varied from 16 to 595 vitellogenic
oocytes (mean=177.43+127.06). Relative fecundity varied
from 0.28 to 10.47 oocytes/mg (mean=3.12+2.23). Total
fecundity is positively correlated with standard length
(Spearman r=0.43, p=0.013), indicating that larger females
have higher fecundity (Figure 8).

Oocyte diameters showed two peaks, the first representing
reserve oocytes and the second varying from 0.9 to 1.5 mm
as mature oocytes ready to spawn. Thus, our results suggest
a total spawning for H. inexspectatum in the southern
Pantanal region (Figure 9).
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Figure 5. Frequency distribution of GSI (Mean+Confidence Interval) values relative to river level for females and males of
H. inexspectatum in the southern Pantanal region where samples were captured from February/2009 through January/2011.
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Figure 6. Variance partitioning of river level, water
temperature, cumulative rainfall, and day length all influence
the gonadosomatic index for females of H. inexspectatum in
the southern Pantanal region where samples were captured
from February/2009 through January/2011.
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Figure 7. Proportion of mature H. inexspectatum females and
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in the southern Pantanal region from February/2009 through
January/2011. The arrow indicates size at first maturation
(L50) for Females (F) and Males (M).
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Figure 8. Variation in fecundity, as a function of standard
length of females of H. inexspectatum, for samples captured
in the southern Pantanal region from February/2009 through
January/2011.
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Figure 9. Density graph of oocyte diameter of females
of H. inexspectatum for samples captured in the southern
Pantanal region from February/2009 through January/2011.
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4. Discussion

According to the theory of sexual selection, a 1:1 sex-ratio
is a stable evolutionary strategy (Fisher, 1930). From this
perspective, the analyzed population of H. inexspectatum
presented an expected result in equilibrium conditions.
Although sex-ratio is an important biological characteristic,
it has been largely neglected in fish population studies;
however, it remains an important descriptor of reproductive
potential of a population (Marshall et al., 2006).

Temporal variation in the number of sampled individuals
was measured by a non-standard method. Nonetheless, this
parameter was still difficult to calculate in months with
a higher river level, suggesting that the increase in river
level leads to a reduction in sampled individuals. This is
an understandable result considering the occurrence of
individuals at the edge of macrophyte beds, which become
less accessible during peak flooding. This contributes to
less capture frequency, as well as the natural reduction
of fish density when the river levels rise. This result can
also be explained by increase of habitat availability and
resultant refuge for the species. Temporal variation in
species abundance is common in many environments and
is considered fundamental to defining species diversity in
communities (Shimadzu et al., 2013). In our study area,
the variation in flood pulse is an important determinant of
variation in the abundance of aquatic species (Junk et al.,
1989; Scarabotti et al., 2011).

The larger size of females is also observed in other
Loricariidae species, such as Loricariichthys castaneus
(Gomes et al., 2011), Hypostomus affinis (Duarte et al.,
2011), and Hypostomus francisci (Sales et al., 2016). This
difference is usually explained by the need of females to
invest in fecundity, and larger females can produce more
oocytes, a phenomenon observed in our study (Dala-Corte
and Azevedo, 2010; Sales et al., 2016).

We observed that both sexes presented positive allometric
growth, suggesting a higher investment in mass increase
relative to length. This result can be considered a strategy to
rapidly accumulate energy before the reproductive phase of
life, leading to higher fitness (Froese, 2006). Some species
show differences in LWR between sexes, as observed for
Odonstostilbe pequira and Astyanax lacustris, also found
in the southern Pantanal region (Tondato et al., 2012;
Starez et al., 2017). For other species, both sexes can
present the same weight increment rate as that observed for
H. inexspectatum (our data) and also for Hyphessobrycon
eques in the southern Pantanal region (Santana et al.,
2019). Again, while energy allocation schemes are
fundamental to understand the life cycle histories of fish,
few studies reporting on this can be found in the literature
(Olsson and Gislason, 2016). Notwithstanding the lack
of previous literature, our studies lead us to propose that
H. inexspectatum allocates similar energy in proportion
to weight and length along size growth in the southern
Pantanal region.

The higher GSI values at the beginning of the year,
followed by higher temperature, pluviosity and day length,

Braz. J. Biol., 2021, vol. 81, no. 2 pp.326-334

are inconsistent with the idea that flood pulse plays a key
role in the life cycle of fish in the southern Pantanal region
where flooding peaks from June to July. Therefore, our
results suggest that river level does not trigger reproduction
in H. inexspectatum individuals, but rather presents an
inverse correlation with gonadosomatic index. While
few studies have reported on Loricariidae reproduction,
higher reproductive intensity during a period of higher
temperatures and pluviosity can also observed in such
species as Loricariichthys platymetopon (Marlucci et al.,
2005), Loricariichthys castaneus (Gomes et al., 2011),
Loricariichthys melanocheilus (Zardo and Behr, 2015),
and Farlowella hahni (Figueiredo et al., 2019). Thus, the
short reproductive period concentrated in the summer
appears to be a more common strategy in Loricariidae.
Water temperature is considered one of the important factors
for the reproductive period of fish, acting as a trigger for
hatching eggs and larvae. Conversely, Otocinclus vittatus,
also found in the southern Pantanal region, has a different
reproductive seasonality with a longer reproductive period
following the flood pulse (Pereira and Suarez, 2019).
Multicolinearity of environmental variables is commonly
used to explain fish reproduction. However, we used a
variance partitioning method that estimates the individual
fraction of the influence to each environmental variable.
Thus, our results showed that river level and day length
play important roles in H. inexspectatum spawning in
southern Pantanal.

The importance of environmental variables on reproductive
dynamics varies according to fish species (Araujo et al.,
2012; Pessoa et al., 2013); however, the role of different
responses to seasonality in the same habitat is poorly
studied. Clearly, an understanding of the environmental
features that drive the life cycle in the Pantanal floodplain
can provide foundational knowledge that will help explain
the species-specific response to seasonality among species
with different life-history traits. Evaluating how fishes
of different reproductive guilds respond to seasonality,
Bailly et al. (2008) suggested that short-distance migration
is less affected by flood pulse. While we did not consider
the migration of H. inexspectatum, this characteristic was
not evaluated in this study.

Females of H. inexspectatum reach larger sizes, but
reach sexual maturity at smaller sizes. This suggests a
lower growth rate by females when compared to males,
even though females and males reach sexual maturity
at the same age, but with different size. In general, it
is accepted that size at first maturation is adjusted to
maximize resource allocation to somatic growth and
reproduction (Mazzoni et al., 2005; Karna and Panda,
2011; Lemos et al., 2011) with physiological and behavioral
consequences. Comparing relative size at first maturation
between sexes, we observed even greater difference
in size at the beginning of reproduction. Considering
stream fishes, Castro (1999) proposed that small-sized
fishes reach sexual maturity early. The same conclusion
was drawn by Azevedo (2010) in a meta-analysis with
Characidae species. However, the phylogenetic influence on
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reproductive traits, as observed, along with the respective
biological data, is unavailable for Loricariidae species.
This means that the differences between the sexes during
the early stage of reproduction need to be more intensely
investigated for H. inexspectatum.

Larger females presented higher fecundity, which is a
common pattern in fishes, and our results also showed an
increase of investment in reproduction along somatic growth
with larger females presenting greater GSI values. Thus,
with smaller growth rate in larger females, it is plausible
that a higher proportion of obtained resources could be
allocated to reproduction in females of H. inexspectatum
(Beldade et al., 2012).

Our results suggest that H. inexspectatum presents
higher fecundity when compared to Otocinclus vittatus
in the same region (Pereira and Suarez, 2019). Usually
Loricariidae species are considered fishes with lower
fecundity (Gomes et al., 2015) and greater number of
oocytes (Winemiller and Rose, 1992; Kolm and Ahnes;jo,
2005) when compared to Characiforms. Low fecundity
can usually be explained as a strategy to compensate for
higher energy allocation to parental care (Winemiller and
Rose, 1992; Bailly et al., 2011; Gomes et al., 2015), and
some Loricariidae species do display some parental care
behavior. However, we saw no indication of parental care
in H. inexspectatum, and the absence of data for other
Hypoptopoma species makes it rather difficult to define
quantitatively how much lower fecundity can be considered
within the same species group.

We observed two synchronous peaks in oocyte size in
H. inexspectatum, as also observed in Hypostomus ternetzi
(Suzuki et al., 2000) and Hypostomus francisci (Sales et al.,
2016), suggesting total spawning. This behavior can be
considered a strategy that coincides with higher temperatures
and increased rainfall in this Pantanal region, characteristics
usually associated with a higher probability of juvenile
survival (Gomes et al., 2011). The asynchronous river level
flood pulse, as observed in this region (river level peaks
are not coincident with higher temperatures and rainfall),
can present a negative influence on growth parameters for
this species (Tondato et al., 2018), resulting in smaller Loo
and k when compared to species inhabiting the Cuiaba
River, which shows synchronicity among water level,
temperature and rainfall. On the other hand, the recruitment
pattern observed in the southern Pantanal is significantly
correlated with river level (Tondato et al., 2018).

To conclude, the reproductive strategy of H. inexspectatum
in the southern Pantanal region leads to a total spawning
and smaller L50 and L100 for females and reproductive
success can be maximized through a greater adjustment
between juvenile input and river level and longer days
in this Pantanal region. Our study proposes that the
correlation of reproductive seasonality with environmental
variables can be evaluated, thereby removing spurious
correlation by the commonly used multicolinearity of
variables. As such, it is anticipated that our work will
earn a place with policymakers engaged in conserving
these resources.

332

Acknowledgements

We thank the Centro de Pesquisa do Pantanal (MCT),
FUNDECT and CNPq for financial support. We are grateful
to all those who helped with the fieldwork. Y. R. Suarez is
supported by productivity grants from CNPq.

References

ALHO, C. and SABINO, J., 2011. Seasonal Pantanal flood pulse:
implications for biodiversity conservation: a review. Oecologia
Australis, vol. 16, no. 4, pp. 958-978. http://dx.doi.org/10.4257/
0ec0.2012.1604.17.

ARANTES, FE.P, SATO, Y., SAMPAIO, E.V., RIZZO, E. and
BAZZOLI, N., 2013. Spawning induction and fecundity of
commercial native fish species from the Sdo Francisco River
basin, Brazil, under hatchery conditions. Agricultural Sciences,
vol. 4, no. 8, pp. 382-388. http://dx.doi.org/10.4236/as.2013.48055.

ARAUIJO, A.S., NASCIMENTO, W.S., YAMAMOTO, M.E. and
CHELLAPPA, S.,2012. Temporal dynamics of reproduction of the
Neotropical fish, Crenicichla menezesi (Perciformes: cichlidae).
The Scientific World Journal, vol. 2012, pp. 1-10. http://dx.doi.
org/10.1100/2012/579051. PMid:22919339.

AZEVEDO, M.A., 2010. Reproductive characteristics of characid
fish species (Teleostei, Characiformes) and their relationship with
body size and phylogeny. lheringia: Série Zoologia, vol. 100, no. 4,
pp. 469-482. http://dx.doi.org/10.1590/S0073-47212010000400020.

BAILLY, D., AGOSTINHO, A.A. and SUZUKI, H.I., 2008.
Influence of the flood regime on the reproduction of fish species
with different reproductive strategies in the Cuiaba River, Upper
Pantanal, Brazil. River Research and Applications, vol. 24,1n0.9,
pp. 1218-1229. http://dx.doi.org/10.1002/rra.1147.

BAILLY, D., BATISTA-SILVA, V.F., ABELHA, M.C.F.,
KASHIWAQUIL E.A.L., FERNANDES, C.A. and CARVALHO,
E.D., 2011. Relative abundance and reproductive tactics of a
Loricariidae species at Saraiva Lagoon, Ilha Grande National Park,
MS-PR, Brazil. Biota Neotropica, vol. 11, no. 3, pp. 171-173.
http://dx.doi.org/10.1590/S1676-06032011000300014.

BELDADE, R., HOLBROOK, S.J., SCHMITT, R.J., PLANES,
S., MALONE, D. and BERNARDI, G., 2012. Larger female
fish contribute disproportionately more to self- replenishment.
Proceedings of the Royal Society B,vol.279,no. 1736, pp. 2116~
2121. http://dx.doi.org/10.1098/rspb.2011.2433.

CASTRO, R.M.C.,, 1999. Evolugao da ictiofauna de riachos sul-
americanos: padrdes gerais e possiveis processos causais. In: E.P.
CARAMASCHI, R. MAZZONI and P.R. PERES-NETO, eds.
Ecologia de peixes de riachos. Rio de Janeiro: PPGE-UFRJ, pp.
139-155. Série Oecologia Brasiliensis, vol. 6, no. 1. http://dx.doi.
org/10.4257/0ec0.1999.0601.04.

DALA-CORTE, R.B. and AZEVEDO, M.A., 2010. Biologia
reprodutiva de Astyanax henseli (Teleostei, Characidae) do curso
superior do Rio dos Sinos, RS, Brasil. lheringia: Série Zoologia,
vol. 100, no. 3, pp. 259-266. http://dx.doi.org/10.1590/S0073-
47212010000300012.

DUARTE, S.,ARAUJO, F.G. and BAZZOLI, N., 2011. Reproductive
plasticity of Hypostomus affinis (Siluriformes: Loricariidae) as a
mechanism to adapt to a reservoir with poor habitat complexity.
Zoologia, vol. 28, no. 5, pp. 577-586. http://dx.doi.org/10.1590/
S1984-46702011000500005.

Braz. J. Biol., 2021, vol. 81, no. 2 pp.326-334


https://doi.org/10.4257/oeco.2012.1604.17
https://doi.org/10.4257/oeco.2012.1604.17
https://doi.org/10.4236/as.2013.48055
https://doi.org/10.1100/2012/579051
https://doi.org/10.1100/2012/579051
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22919339&dopt=Abstract
https://doi.org/10.1590/S0073-47212010000400020
https://doi.org/10.1002/rra.1147
https://doi.org/10.1590/S1676-06032011000300014
https://doi.org/10.1098/rspb.2011.2433
https://doi.org/10.4257/oeco.1999.0601.04
https://doi.org/10.4257/oeco.1999.0601.04
https://doi.org/10.1590/S0073-47212010000300012
https://doi.org/10.1590/S0073-47212010000300012
https://doi.org/10.1590/S1984-46702011000500005
https://doi.org/10.1590/S1984-46702011000500005

Reproduction of Hypoptopoma inexspectatum

FIGUEIREDO, R.S., VIANA, L.F., MORAES, D.A. and
SUAREZ, Y.R., 2019. Life-history traits of Farlowella hahni
(Siluriformes, Loricariidae) in streams of the Ivinhema River
Basin, Upper Parana Basin. Brazilian Journal of Biology = Revista
Brasileira de Biologia, vol. 79, no. 2, pp. 286-293. http://dx.doi.
0rg/10.1590/1519-6984.181073. PMid:30110082.

FISHER, R.A., 1930. The genetical theory of natural selection.
Oxford: Claredon Press, 272 p.

FREITAS, T.M.S., PRUDENTE, B.S., OLIVEIRA, V.A.,
OLIVEIRA, M.N.C., PRATA, E.G., LEAO, H. and MONTAG,
L.F.A., 2015. Influence of the flood pulse on the reproduction of
Tocantinsia piresi (Miranda Ribeiro) and Auchenipterus nuchalis
(Spix & Agassiz) (Auchenipteridae) of the middle Xingu River,
Brazil. Brazilian Journal of Biology = Revista Brasileira de
Biologia, vol. 75, no. 3, suppl. 1, pp. 158-167. http://dx.doi.
org/10.1590/1519-6984.00114BM. PMid:26691087.

FRICKE, R., ESCHMEYER, W.N. and VAN DER LAAN, R.,
2019 [viewed 16 June 2019]. Eschmeyer’s catalog of fishes:
genera, species, references [online]. San Francisco: California
Academy of Sciences. Available from: http:/researcharchive.
calacademy.org/research/ichthyology/catalog/fishcatmain.asp

FROESE, R., 2006. Cube law, condition factor, and weight-length
relationships: history, meta-analysis and recommendations. Journal
of Applied Ichthyology, vol. 22, no. 4, pp. 241-253. http://dx.doi.
org/10.1111/1.1439-0426.2006.00805 .x.

GOMES, B.1.D.,ARAUJO, F.G.,UEHARA, W. and SALES, A.,
2011. Reproductive biology of the armoured catfish Loricariichthys
castaneus (Castelnau, 1855) in Lajes reservoir, southeastern Brazil.
Journal of Applied Ichthyology, vol. 27, no. 6, pp. 1322-1331.
http://dx.doi.org/10.1111/j.1439-0426.2011.01874 x.

GOMES, 1.D., ARAUJO, F.G.,NASCIMENTO, A.A. and SALES,
A., 2015. Equilibrium reproductive strategy of the armored
catfish Hypostomus auroguttatus (Siluriformes, Loricariidae) in
a tropical river in Southeastern Brazil. Environmental Biology
of Fishes, vol. 98, no. 1, pp. 249-260. http://dx.doi.org/10.1007/
$10641-014-0256-5.

JUNK, W.J., BAYLEY, P.B. and SPARKS, R.E., 1989. The flood
pulse concept in river floodplain systems. Canadian Journal of
Fisheries and Aquatic Sciences, vol. 106, pp. 110-127.

JUNK, W.J., DACUNHA, C.N., WANTZEN, K.M., PETERMANN,
P., STRUSSMANN, C., MARQUES, M.I. and ADIS, I., 2006.
Biodiversity and its conservation in the Pantanal of Mato Grosso,
Brazil. Aquatic Sciences, vol. 68, no. 3, pp. 278-309. http://dx.doi.
org/10.1007/s00027-006-0851-4.

KARNA, S.K. and PANDA, S., 2011. Growth estimation and
Length at maturity of a commercially important fish species i. e.,
Dayscieaena albida (Boroga) in Chilika Lagoon, India. European
Journal of Experimental Biology, vol. 1, no. 2, pp. 84-91.

KOLM, N. and AHNESJO, I, 2005. Do egg size and parental care
coevolve in fishes? Journal of Fish Biology, vol. 66, no. 6, pp.
1499-1515. http://dx.doi.org/10.1111/j.0022-1112.2005.00777..x.

LEMOS, V.M., VARELA JUNIOR, A.S., VELASCO, G. and
VIEIRA, J.P,, 2011. The reproductive biology of the plata
pompano, Trachinotus marginatus (Teleostei: Carangidae), in
southern Brazil. Zoologia, vol. 28, no. 5, pp. 603-609. http://
dx.doi.org/10.1590/S1984-46702011000500008.

MARLUCCI, K.M.L., ORSI, M.L. and SHIBATTA, O.A.,
2005. Abundancia e aspectos reprodutivos de Loricariichthys
platymetopon (Siluriformes, Loricariidae) em quatro trechos

Braz. J. Biol., 2021, vol. 81, no. 2 pp.326-334

da represa Capivara, médio rio Paranapanema. lheringia: Série
Zoologia, vol. 95, no. 2, pp. 197-203. http://dx.doi.org/10.1590/
S0073-47212005000200010.

MARSHALL, C.T., NEEDLE, C.L., THORSEN, A., KJESBU,
0.S. and YARAGINA, N.A., 2006. Systematic bias in estimates of
reproductive potential of an Atlantic cod (Gadus morhua) stock:
implications for stockrecruit theory and management. Canadian
Journal of Fisheries and Aquatic Sciences, vol. 63, no. 5, pp.
980-994. http://dx.doi.org/10.1139/f05-270.

MAZZONI, R., MENDONCA, R.S. and CARAMASCHI, E.P.,
2005. Reproductive biology of Astyanax janeiroensis (Osteichthyes,
Characidae) from the Ubatiba River, Marica-RJ. Brazilian Journal
of Biology = Revista Brasileira de Biologia, vol. 65, no. 4, pp.
643-649. http://dx.doi.org/10.1590/S1519-69842005000400012.
PMid:16532189.

OLSSON, K.H. and GISLASON, H., 2016. Testing reproductive
allometry in fish. ICES Journal of Marine Science, vol. 73, no.
6, pp. 1466-1473. http://dx.doi.org/10.1093/icesjms/fsw017.

PEREIRA, M.J. and SUAREZ, Y.R., 2019. Reproductive ecology
of Otocinclus vittatus (Regan, 1904) in the Pantanal floodplain,
upper Paraguay River basin. Brazilian Journal of Biology = Revista
Brasileira de Biologia, vol. 79, no. 4, pp. 735-741. http://dx.doi.
org/10.1590/1519-6984.191560. PMid:30484478.

PERES-NETO, P., LEGENDRE, P., DRAY, S. and BORCARD,
D., 2006. Variation partitioning of species data matrices: estimation
and comparison of fractions. Ecology, vol. 87, no. 10, pp. 2614-
2625. http://dx.doi.org/10.1890/0012-9658(2006)87[2614:VPO
SDM]2.0.CO;2. PMid:17089669.

PESSOA,E.K.R.,LIMA, L.T.B., CHELLAPPA,N.T., SOUZA, A A.
and CHELLAPPA, S., 2013. Aspectos alimentares e reprodutivos
do cascudo, Hypostomus pusarum (Starks, 1913) (Osteichthyes:
Loricariidae) no agude Marechal Dutra, Rio Grande do Norte,
Brasil. Biota Amazonia, vol. 3, no. 3, pp. 45-53. http://dx.doi.
org/10.18561/2179-5746/biotaamazonia.v3n3p45-53.

R DEVELOPMENT CORE TEAM, 2017 [viewed 16 June 2019.
R: a language and environment for statistical computing [software].
Vienna: R Foundation for Statistical Computing. Available from:
https://www.R-project.org/

REIS, R.E., ALBERT, J.S., DI DARIO, F., MINCARONE,
M.M., PETRY, P. and ROCHA, L.A., 2016. Fish biodiversity
and conservation in South America. Journal of Fish Biology,
vol. 89, no. 1, pp. 12-47. http://dx.doi.org/10.1111/jfb.13016.
PMid:27312713.

RICKER, W.E., 1973. Russian-english dictionary for students of
fisheries and aquatic biology. Ottawa: Fisheries Research Board of
Canada, 148 p. Bulletin of the Fisheries Research Board of Canada.

SALES, C.F., DOMINGOS, F.F.T., BRIGHENTI, L.S., RIBEIRO,
R.M.A., SANTOS, H.B. and THOME, R. G., 2016. Biological
variables of Hypostomus francisci (Siluriformes: Loricariidae) from
Itapecerica River, Minas Gerais State, Brazil. Anais da Academia
Brasileira de Ciéncias, vol. 88, no. 3, suppl., pp. 1603-1614. http:/
dx.doi.org/10.1590/0001-3765201620150513. PMid:27411068.

SANTANA, C.A., TONDATO, K.K. and SUAREZ, Y.R., 2019.
Reproductive biology of Hyphessobrycon eques (Characiformes:
Characidae) in Southern Pantanal, Brazil. Brazilian Journal of
Biology = Revista Brasileira de Biologia, vol. 79, no. 1, pp. 70-79.
http://dx.doi.org/10.1590/1519-6984.176273. PMid:29538483.

SCANFERLA, A F.L.S. and SUAREZ, Y.R., 2016. Flood pulse
are the main determinant of feeding dynamics and composition

333


https://doi.org/10.1590/1519-6984.181073
https://doi.org/10.1590/1519-6984.181073
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30110082&dopt=Abstract
https://doi.org/10.1590/1519-6984.00114BM
https://doi.org/10.1590/1519-6984.00114BM
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26691087&dopt=Abstract
https://doi.org/10.1111/j.1439-0426.2006.00805.x
https://doi.org/10.1111/j.1439-0426.2006.00805.x
https://doi.org/10.1111/j.1439-0426.2011.01874.x
https://doi.org/10.1007/s10641-014-0256-5
https://doi.org/10.1007/s10641-014-0256-5
https://doi.org/10.1007/s00027-006-0851-4
https://doi.org/10.1007/s00027-006-0851-4
https://doi.org/10.1111/j.0022-1112.2005.00777.x
https://doi.org/10.1590/S1984-46702011000500008
https://doi.org/10.1590/S1984-46702011000500008
https://doi.org/10.1590/S0073-47212005000200010
https://doi.org/10.1590/S0073-47212005000200010
https://doi.org/10.1139/f05-270
https://doi.org/10.1590/S1519-69842005000400012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16532189&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16532189&dopt=Abstract
https://doi.org/10.1093/icesjms/fsw017
https://doi.org/10.1590/1519-6984.191560
https://doi.org/10.1590/1519-6984.191560
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30484478&dopt=Abstract
https://doi.org/10.1890/0012-9658(2006)87%5b2614:VPOSDM%5d2.0.CO;2
https://doi.org/10.1890/0012-9658(2006)87%5b2614:VPOSDM%5d2.0.CO;2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17089669&dopt=Abstract
https://doi.org/10.18561/2179-5746/biotaamazonia.v3n3p45-53
https://doi.org/10.18561/2179-5746/biotaamazonia.v3n3p45-53
https://doi.org/10.1111/jfb.13016
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27312713&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27312713&dopt=Abstract
https://doi.org/10.1590/0001-3765201620150513
https://doi.org/10.1590/0001-3765201620150513
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27411068&dopt=Abstract
https://doi.org/10.1590/1519-6984.176273
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29538483&dopt=Abstract

Pereira, M.J. et al.

of Odontostilbe pequira (Characiformes: Characidae) in southern
Pantanal, Brazil. Acta Limnologica Brasiliensia, vol. 28, pp. e19.
http://dx.doi.org/10.1590/s2179-975x3316.

SCARABOTTI, P.A.,LOPEZ, .A., GHIRARDI, R. and PARMA,
M.J.,2011. Morphological plasticity associated with environmental
hypoxia in characiform fishes from neotropical floodplain lakes.
Environmental Biology of Fishes, vol. 92, no. 3, pp. 391-402.
http://dx.doi.org/10.1007/s10641-011-9850-y.

SHIMADZU, H., DORNELAS, M., HENDERSON, P.A. and
MAGURRAN, A.E., 2013. Diversity is maintained by seasonal
variation in species abundance. BMC Biology, vol. 11, no. 98, pp.
1-9. http://dx.doi.org/10.1186/1741-7007-11-98. PMid:24007204.

SILVA, J.S.V.and ABDON, M.M., 1998. Delimitag¢ao do Pantanal
brasileiro e suas sub-regides. Pesquisa Agropecuaria Brasileira,
vol. 33, pp. 1703-1711.

SUAREZ, Y., SILVA, E.A. and VIANA, L.F., 2017. Reproductive
biology of Astyanax lacustris (Characiformes: Characidae) in the
southern Pantanal floodplain, upper Paraguay River basin, Brazil.
Environmental Biology of Fishes, vol. 100, no. 7, pp. 775-783.
http://dx.doi.org/10.1007/s10641-017-0604-3.

SUZUKI, H.I., AGOSTINHO, A.A. and WINEMILLER, K.O.,
2000. Relationship between oocyte morphology and reproductive
strategy in loricariid catfishes of the Parana River, Brazil.
Journal of Fish Biology, vol. 57, pp. 791-807. http://dx.doi.
org/10.1111/5.1095-8649.2000.tb00275 .x.

334

TONDATO, K K., FIALHO, C.B. and SUAREZ, Y.R., 2012. Life
history traits of Odontostilbe pequira (Steindachner, 1882) in the
Pantanal of Porto Murtinho, Mato Grosso do Sul State, Brazil.
Oecologia Australis, vol. 16, no. 4, pp. 878-890. http://dx.doi.
org/10.4257/0ec0.2012.1604.11.

TONDATO, K.K., SUAREZ, Y.R. and MATEUS, L.A.F,, 2018.
Life history characteristics and recruitment of fish under the
effect of different hydrological regimes in a tropical floodplain.
Environmental Biology of Fishes, vol. 101,n0. 9, pp. 1369-1384.
http://dx.doi.org/10.1007/s10641-018-0784-5.

VAZZOLER, A.E.AM., 1981. Manual de métodos para estudos
biolégicos de populagées de peixes: reprodugdo e crescimento.
Brasilia: CnPq/Programa Nacional de Zoologia, 127 p.

VAZZOLER, A.E.A.M., 1996. Biologia da reprodugdo de peixes
teledsteos: teoria e pratica. Maringa: EDUEM, 169 p.

WINEMILLER, K.O. and ROSE, K.A., 1992. Patterns of life
history diversification in North American fishes: implications
for population regulation. Canadian Journal of Fisheries and
Aquatic Sciences, vol. 49, no. 10, pp. 2196-2218. http://dx.doi.
org/10.1139/192-242.

ZARDO, E.L. and BEHR, E.R., 2015. Population structure and
reproductive biology of Loricariichthys melanocheilus Reis &
Pereira, 2000 (Siluriformes: Loricariidae) in the rio Ibicui, Brazil.
Neotropical Ichthyology, vol. 13, no. 2, pp. 371-382. http://dx.doi.
org/10.1590/1982-0224-20140052.

Braz. J. Biol., 2021, vol. 81, no. 2 pp.326-334


https://doi.org/10.1590/s2179-975x3316
https://doi.org/10.1007/s10641-011-9850-y
https://doi.org/10.1186/1741-7007-11-98
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24007204&dopt=Abstract
https://doi.org/10.1007/s10641-017-0604-3
https://doi.org/10.4257/oeco.2012.1604.11
https://doi.org/10.4257/oeco.2012.1604.11
https://doi.org/10.1007/s10641-018-0784-5
https://doi.org/10.1139/f92-242
https://doi.org/10.1139/f92-242
https://doi.org/10.1590/1982-0224-20140052
https://doi.org/10.1590/1982-0224-20140052

