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Abstract

We studied the reproductive biology of Otocinclus vittatus in the southern Pantanal, Brazil. A total of 1066 fishes were
analyzed (490 males, 488 females and 88 individuals of undetermined sex), sampled with a rectangular sieve and a
seine net from February/2009 to January/2011. Variations in the sex ratio, seasonality in reproduction, fecundity, and
size at first maturity were estimated. No variations were detected in the total sex ratio for the study period as a whole;
although ratio has varied over time. The gonadosomatic index varied according to the river level, but not according
to water temperature and rainfall. The mean fecundity was estimated at 84.1 oocytes, with a positive correlation with
standard length. The size at first maturity (L50) estimated was 18.7 mm for females and 20.1 mm for males.

Keywords: fecundity, life history, sex ratio, size at first maturity.

Ecologia reprodutiva de Otocinclus vittatus (Regan, 1904) na planicie de
inundacio do Pantanal, bacia do alto rio Paraguai

Resumo

Estudamos a biologia reprodutiva de Otocinclus vittatus no Pantanal Sul, Brasil. Um total de 1066 peixes foram
analisados (490 machos, 488 fémeas e 88 de sexo indeterminado), amostrados com tela de isca e rede de arrasto entre
Fevereiro/2009 e Janeiro/2011. Foram estimadas as variagdes na propor¢ao sexual, a sazonalidade na reprodugéo e o
tamanho da primeira maturagdo. Nao foi detectada variagdo na proporgdo sexual total para o periodo de estudo como
um todo; embora a proporgao tenha variado ao longo do tempo. O indice ganadossomatico variou de acordo com o
nivel do rio, mas ndo de acordo com a temperatura da dgua e a pluviosidade. A média de fecundidade foi estimada em
84.1 ovocitos, com uma correlag@o positiva com o comprimento padrao. O tamanho de primeira maturagao (L50) foi
estimado em 18.7 mm para fémeas e 20.1 mm para machos.

Palavras-chave: fecundidade, histoéria de vida, propor¢éo sexual, tamanho de primeira maturagao.

1. Introduction

Siluriformes comprise approximately 33.6% (£1400 species)
of Neotropical fishes (Léveque et al., 2008), of which
the Loricariidae are the most species-rich family with
971 valid species (Eschmeyer and Fong, 2018). Belonging
to this family and subfamily Hypoptopomatinae the genus
Otocinclus Cope, 1871 is composed of 20 species of small
(less than 60 mm SL) freshwater catfishes distributed
in the Neotropics from Colombia to northern Argentina
(Eschmeyer and Fong, 2018). The species Otocinclus vittatus
Regan, 1904 is a small armored catfish that is found widely
in the Pantanal, where it occurs associated with aquatic
macrophytes (e.g., Eichhornia azurea, Polygonum spp.
and Urochloa subquadripara) near river banks.

Braz. J. Biol., 2019, vol. 79, no. 4, pp. 735-741

Locally this species is used as ornamental fish, however
there is no information about its exploitation/commerce,
nor the aspects of its ecology are know. The knowledge
of basic biological information (e.g. reproductive period,
size at first maturation and fecundity) are important for
the management and sustainability of ornamental species,
thus, aspects of population dynamics and reproductive traits
are extremely important for management of ornamental
fishery (Rhyne et al., 2009; Baeza et al., 2013). Some
reproductive characteristics are strongly associated with
the rainy period, higher temperatures and the increase of
river levels (Agostinho et al., 2004) to maximize juvenile
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survival and to speed up their development (Wootton,
1991; Lowe-McConnell, 1999).

The Brazilian Pantanal is the larger wetland area
worldwide, with great differences in flood pulse according
to geographical position. The southern Pantanal presents
an asynchrony between river level, temperature and rainy
periods, so the flood pulse occurs both in dry and wet
seasons. The reproductive dynamics in fish are directly
associated with environmental conditions that are favorable
for the development of progeny, such as time periods and
locations with greater food supply and habitat availability
(Tondato et al., 2014; Barzotto & Mateus, 2017; Stiarez et al.,
2017; Santana et al., 2018), therefore, these asynchronous
climatologic/hydrologic regimes can affect seasonality in
fish reproduction leading to alterations in spawning period
and other reproductive traits. The higher levels of the river
lead to a greater supply of food, making conditions more
favorable to reproduction (Tondato et al., 2013), thus
generating the hypothesis that reproductive periods are
associated with the increase of river level.

Thus, the present study aimed to investigate the seasonal
dynamics of reproduction, by defining the reproductive
period, size at first maturity and fecundity, relating seasonal
gonadosomatic index to environmental descriptors for
Otocinclus vittatus in Porto Murtinho, Pantanal.
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2. Material and Methods

Fish were sampled monthly from February/2009 to
January/2011 in macrophyte patches in the Paraguay and
Amonguija rivers, in a sub-region of the Pantanal, known as
Pantanal of Porto Murtinho (Figure 1). A total of 109 sample
units were obtained and in 78 samples O. vittatus was
sampled and in present study are included individuals from
64 sampling sites. Samples were taken during daylight, by
means of a rectangular sieve 1.2 x 0.8 m (2 mm mesh size)
and a seine 1.5 x 5 m (2 mm mesh size). The sieve was
maneuvered beneath the vegetation and raised to the
surface to remove the captured species at each sampling
point. The seine was pulled manually, forming an siege in
areas free of obstructions. The samples units were obtained,
with non-standardized sampling effort. Specimens were
fixed in 10% formalin and preserved in 70% ethanol for
subsequent identification and biometry, in the laboratory,
fishes were identified. Voucher specimens are deposited
in the fish collection of UFRGS (#11164).

For each specimen the standard length (mm), total
weight (g), sex, maturation stage and gonad weight (g)
were obtained. Using a binocular stereomicroscope the
individuals were classified into immature (juveniles),
maturing (adults), ripe (ready to spawn) and spawned
(oocytes released) according to Vazzoler (1996), and

<%, \
D:

Porto Murtinho
City

BRAZIL

== Floodplain area

¥ Flow Dircction
@ Sampling sites

2.6km

1 L
57°56 ST 587

Figure 1. Location of sampling sites in the study area at Porto Murtinho, Pantanal flooplain, Brazil, from February 2009 to

January 2011.
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all vitellogenic oocytes of 141 mature individuals were
counted to determine fecundity.

The differences in sex ratio for the entire period and for
the monthly variation were analyzed using the y? test, with
Yates correction for the first case. The seasonal variation in
reproduction was determined by the monthly variation in
gonadosomatic index (GSI), that represents the percentage
ratio between body weight (W) and gonad weight (Wg) using
the formula GSI=100*(Wg/W) analyzed by a Kruskal-Wallis
test, once data normality and homoscedasticity were not
reached (Kruskal and Wallis, 1952). The seasonal variation
in GSI and proportion of gonad maturity stages for females
were used to define the reproductive season.

The relationships between the monthly mean values
of GSI and the river water level, water temperature and
rainfall were analyzed using a Spearman correlation to
evaluate the influence of these environmental descriptors
on reproduction of O. vittatus. The influence of female size
on total fecundity was also estimated using a Spearman
correlation test (Spearman, 1987). Size at the first sexual
maturity (L,)) was estimated for males and females using
a logistic regression. Being this, individuals classified as
immature as defined as non reproductive (0) and individuals
classified as maturing, ripe and spawned as defined as
reproductive individuals (1). All statistical analyses were
performed using R platform (R Core Team R, 2017).
The adopted threshold for significance was p < 0.05 for
all statistical tests.

3. Results

Atotal of 1452 individuals of Otocinclus vittatus were
sampled and 1066 individuals were analyzed, including
490 males, 488 females and 88 individuals of undetermined
sex. The standard length varied from 10.5 to 41.25 mm
(mean=24.07+3.9) and total weight varied from 0.013 to 1.3g
(mean = 0.308 £ 0.155). Considering all individuals the
sex ratio has not differed from 1:1 (3> = 0.004; df = 1,
p=0.945) but the ratio has varied seasonally (y> = 104.90;
df=23;p< 0.001), with the highest proportion of males
in September (falling period).

We observed a significant seasonal difference in the
GSI (Kruskall-Wallis H = 265.2; df = 23; p < 0.001), for
wich highest values of GSI were observed in March, with
a small reduction in April and a later increase from May
to July. The GSI has changed together with the river water
level (Spearman r = 0.52; p = 0.008), however it was not
correlated with water temperature (Spearman r = -0.02;
p=0.92) and rainfall (Spearman r=0.16; p = 0.44). Then the
main predictor of GSI was the river water level (Figure 2).
Complementarily, ripe females appeared throughout the
year, however a higher proportion in March and from May
to July (Figure 3).

The absolute fecundity ranged from 16 to 202 vitellogenic
oocytes (mean = 84.1 + 35.05 sd) and was positively
correlated with standard length (Spearman r=0.29; p <0.001)
(Figure 4). The relative mean fecundity was estimated at
0.171 £ 0.064 oocytes/mg.
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The size at the first sexual maturity was estimated
at 18.7 mm (CIL . = 17.7 to 19.7 mm) for females and
20.1 mm (CI .=19.8t020.5 mm) for males. All females
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Figure 2. Seasonal variation in gonadosomatic index
for Otocinclus vittatus and Paraguay River level, water
temperature and rainfall (dotted line) at Porto Murtinho
Pantanal, Brazil, from February 2009 to January 2011.

ik

Proportion of females

=]
o
I

0.0 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Months
B Immature Maturing B Ripe B Spawned

Figure 3. Seasonal variation in gonadal maturation stages
for females of Otocinclus vittatus at Porto Murtinho
Pantanal, Brazil, from February 2009 to January 2011.
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Figure 4. Scatterplot of correlation between standard length
and absolute fecundity of O. vittatus at Porto Murtinho
Pantanal, Brazil, from February 2009 to January 2011.
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Figure 5. Size at first maturity (L,)) indicated by arrows
for Otocinclus. vittatus at Porto Murtinho Pantanal, Brazil,
from February 2009 to January 2011.
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Figure 6. Distribution of oocytes diameter for Otocinclus
vittatus at Porto Murtinho Pantanal, Brazil, from February
2009 to January 2011.
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were considered mature at 25.8 mm, and all males were
considered mature at 28.8 mm (Figure 5).

The diameter of oocytes varied between 0.012 and 0.37 mm,
being the vitelogenic oocytes presented mean of 0.28 mm
(SD=0.054). The distribution of the frequencies of the
oocyte diameters showed various modes, where the first
was formed by the reserve oocytes, the intermediate by
oocytes in different phases of development and the last
by large, mature oocytes, indicating multiple spawning
(Figure 6).

4. Discussion

Theoretical studies on sex ratio propose that a biased
proportion acts negatively on species with one predominant
sex, which will transmit their genes with proportionally
lower frequency to the next generation (Fisher, 1930), and
experimental studies are demonstrated the tendency to fish
species converge equal sex ratio (Basolo, 1994) suggesting
the robustness of this pattern. For many fish species,
differences in the 1:1 pattern are considered results from
differential predation, growth and/or mortality between
sexes (Vazzoler, 1996). For Otocinclus vittatus, in the region
sampled and considering the whole sample period, males
and females are equally abundant, however, temporally,
the sex-ratio changed with predominance of males only in
the falling water period which may suggests differences
in growth rate (Nikolsky, 1969; Garcia et al., 2004) or
possibly differences in their spatial distribution in dry
period as a result of reduction in macrophyte beds along
the river banks (Personal observation).

The seasonality in fish reproduction depends on water
temperature, rainfall and river level and has been observed
in many watersheds (Vazzoler and Menezes, 1992). In our
study, the reproductive period for O. vittatus in the Pantanal
of Porto Murtinho occurred all over the studied year with
greater reproductive intensity in months with higher water
levels of the river, lower rainfall and according to the flood
pulse. The positive relationship of reproduction frequency
with river level observed in our study, is expected in
floodplains. Zeug and Winemiller (2007) suggested that
small-sized fishes with longer reproductive periods show
reproductive peaks coinciding with peak river flows, as
a strategy to colonize floodplain habitats, this hypothesis
is corroborated by our results. Usually the reproductive
period occurs in synchrony with the rainy season, river
levels, and temperature; however, in this part of the Pantanal
these factors are asynchronous then, higher temperature
and rainfall are observed from November to February,
while river level continues increasing to higher levels in
June and July. This asynchronous pattern of environmental
characteristics and the observed seasonal variation in
O. vittatus reproduction also corroborate the Zeug and
Winemiller (2007) hypothesis suggesting that river level
are the main determinant of reproductive activity for
O. vittatus in Southern Pantanal.

The flood pulse concept proposes that in rivers with
flooded areas the seasonal variation in river level is the
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main driver of ecological roles in the watershed, influencing
population dynamics and assemblage organization. Studies
on fish reproduction have commonly encountered a
seasonal pattern of reproduction, beginning in the rainy
phase (Santos et al., 2010; Godinho et al., 2010) and
some studies suggested that spawning is restricted to
the rainy season when floods help the early life stages to
reach the floodplains (Godinho et al., 2010). In studied
area, O. vittatus occurred mainly associated to aquatic
macrophytes in Paraguay and Amonguija rivers, then is
expected that the reproduction in flooding period act as
strategy to the reproductive success since the increase of
rainfall provides for the expansion of the habitats, which is
important for its reproductive success, because allows the
exploration of the new available environments as nurseries
and sites of growth for the juvenils (Junk et al., 1989).

Despite this, graphically it was possible to observe a
correspondence between GSI and rainfall in the first months
of the studied year, suggesting that rainfall can act as a
starter of breeding, which continues occurring in months
with lower cumulative rainfall influenced by the higher
river levels in this period. Gutreuter et al. (1999) suggested
that the advantage of floodplain inundation can be greater
when floods coincide with optimal temperatures, then this
hypothesis corroborates our idea that the raise in water
temperature can trigger the reproduction in O. vittatus,
which can continue when river levels achieve higher values.

The small number of reproductive studies on other
small loricariid species makes it difficult to compare
the results obtained for O. vittatus with other members
of this family. However the species showed a larger
fecundity (mean = 84.1) when compared with other
Hypoptopomatinae species, as Hypoptopoma spectabile
(H. spectabile = Otocinclus spectabile) that showed a
fecundity mean = 62 (Villamil-Moreno and Arias-Castellanos,
2011). Others species of Hypoptopomatinae had fecundity
low in relation to O. vittatus, in headwater streams of the
Brazilian Atlantic Rainforest, e.g. Pareiorhina rudolphi
which is larger, (mean = 69.5 TL) than O. vittatus, however
present smaller mean fecundity (58 oocytes) (Braga et al.,
2009). In the same habitat, Neoplecostomus microps,
also larger than O. vittatus (total length up to 127.5 mm),
have the estimated mean fecundity was 49.3 oocytes
(Braga et al., 2008). Comparatively, O. vittatus shows
a higher mean fecundity, probably in response to higher
productivity and hydrological stability of the floodplain
environment in comparison to headwater streams, once,
despite of great seasonal variation in river level the
predictability of its occurrence leads this phenomenon to
be imprinted in O. vittatus life history.

The difference in size at first maturity between sexes is
commonly observed in fish, mainly in species with parental
care. However the absence of available data for others
species of Hypoptopomatinae difficult the evaluation of
size at first maturation. Despite this, the unique available
information suggest that females of Pareiorhina rudolphi
reaches sexual maturity with 64% of maximum length
(Braga et al., 2009) while for O. vittatus reach sexual
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maturation with approximately 45% (both sexes). Then,
the higher productivity expected in Pantanal floodplain
when compared with headwaters streams may be explain
the smaller size at first maturation.

The spawning type is one reproductive traits adjusted by
environment in that the individual lives and that determine
population survival (Winemiller, 1989). For O. vittatus the
analysis suggests spawning divided, because it was noted
apolymodal pattern in the distribution of oocytes diameter
in mature females. The multiple spawning, associated
with a long reproductive period, is the main reproductive
characteristics of tropical fishes (Nikolsky, 1969).

Reproductive data about Pantanal fish species are more
frequent to larger and fishing target species (Resende,
1992; Resende et al., 1996; Peixer et al., 2006; Costa and
Mateus, 2009; Barzotto et al., 2017; Barzotto and Mateus,
2017) and only recently smaller fish species are studied
(Tondato et al., 2014; Starez et al., 2017). Therefore
the study of smaller fish species, that despite are few
commercially used present great ecological importance
to maintaining ecological functioning and secondary
productivity of Pantanal.

Our data showed that the gonadosomatic index is
strongly associated with the river level and the spawning
can be triggered by an increase in rainfall, however ripe
females can be found throughout the year. The analysis
O. vittatus, suggests that spawning is divided, because
a polymodal pattern is observed in the distribution of
oocytes width in mature females. The mean fecundity is
higher when compared to other Hypoptopomadinae in
upper Parana streams (Braga et al., 2008; Braga et al.,
2009), however, the lack of information about reproductive
ecology in floodplains hinders comparisons.
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