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Abstract

The objective of this study was to analyze the gonadossomatic relation of males and females of Brycon opalinus
(the Pirapitinga do Sul) in the Serra do Mar State Park-Nucleo Santa Virginia. The study area included three rivers:
Paraibuna, Ipiranga, and Grande. From the gonadossomatic relation, it was possible to determine the reproductive
season and strategy of this species. The gonadossomatic relation was high throughout the year for both males and
females. Sperm competition and dilution of the ejaculate in the spawning locations favored substantial development of
the testicles. The sex ratio of Brycon opalinus was always in favor of females. The existence of sexual dimorphism in
this species was confirmed from the larger size of the females.

Keywords: Brycon opalinus, gonadossomatic relation, reproductive strategy, Brazil.

Relac¢io gonadossomatica e estratégia reprodutiva de Brycon opalinus no
Parque Estadual da Serra do Mar - Niicleo Santa Virginia, Mata Atlantica, Brasil

Resumo

O objetivo deste estudo foi o de analisar a relagdo gonadossomadtica de machos e fémeas de Brycon opalinus (Pirapitinga
do Sul) no Nicleo Santa Virginia - PESM. A drea de estudo abrangeu trés rios (Paraibuna, Ipiranga e Grande). Com
este parametro foi possivel determinar a época e a estratégia reprodutiva para esta espécie. A RGS foi alta durante o
ano tanto para machos quanto para fémeas. A competicdo de esperma e a dilui¢do da ejaculag¢@o nos locais de desova
acarretaram o grande desenvolvimento dos testiculos. A propor¢do sexual de Brycon opalinus sempre foi maior para

as fémeas e o dimorfismo sexual da espécie foi constatado devido ao maior tamanho das fémeas.

Palavras-chave: Brycon opalinus, relacdo gonadossomatica, estratégia reprodutiva, Brasil.

1. Introduction

Teleost fishes show the greatest variation of gonadal
structure compared to other vertebrate groups (Srivastava
and Sinch, 1994).

The gonadossomatic relation (GSR) expresses the
percentage which the gonads represent of the total weight
of an individual, and is an efficient indicator of the func-
tional state of the gonads (Vazzoler, 1996). In addition,
the GSR provides a basis for determining the period of
greatest reproductive intensity, evidencing the reproduc-
tive strategy of each species. These strategies can vary
within a species, and even within a sex, and may occur
in most taxa (Gross, 1996). Alternative mating strategies
are expected in the presence of strong sexual selection
or when some males are excluded from mating (Gross,
1985; Vieites et al., 2004).

In aquatic environments, at the moment of mating,
the gametes are liberated freely into the water and the
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proportion of the spawn that will be fertilized is strongly
influenced by the number of spermatozoa and by the wa-
ter movement (Denny and Shibata, 1989). Among fish
with external fertilization, the number of spermatozoa
may be very limited because of the rapid dilution of the
sperm when it is liberated into the water, and because of
this, the amount of sperm may be insufficient to fertilize
all the oocytes deposited during mating (Levitan et al.,
1995). The reproductive success of the males depends on
their distance from the females, the presence or absence
of a potential competitor, and on the current velocity
(Levitan, 2005).

To increase the number of their descendents, the
males can mate with several females, although the fe-
males in turnabout can mate with several males at the
same time (polyandry) (Yasui, 1998). Several factors
may lead to simultaneous polyandry, such as a high den-
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sity of males, explosive reproductive activity, and com-
petition for egg-laying sites (Prado and Haddad, 2003).
In such cases, there may be sperm competition (Yasui,
1998), which is defined as competition among sperm
from two or more males to fertilize the eggs of a single
female (Parker, 1970). Normally, when several males are
involved in spawning, the quantity of sperm increases,
facilitating fertilization of the female’s oocytes (Zbinden
et al., 2003).

The objective of the present study was to analyze the
gonadossomatic relation (GSR) of males and females
of Brycon opalinus (Cuvier, 1819) in three rivers of the
Parque Estadual da Serra do Mar-Nucleo Santa Virginia.
From the GSR, it was possible to determine the breeding
season and reproductive strategy of this species.

2. Material and Methods

A total of 12 samples were made monthly from
January to December 2004. Each collection period lasted
four days. Three sites in the Paraibuna basin were se-
lected for the collections: the Paraibuna, Ipiranga, and
Grande rivers. These sites are located within of the Santa
Virginia Unit of the Serra do Mar State Park (23° 24’
and 23° 17" S and 45° 03° W). At each sample point,
individuals were collected using gill nets with mesh sizes
of 1.5;2.0; 2.5; 3.0; 3.5, and 4.0 cm, measured between
adjacent knots (10 m long and 1.5 m high), and totalizing
60 m. In addition to the nets, sieves and traps were also
used.

Fish effort was standardized, keeping time and the
quantity of instruments employed at each point con-
stant.

Each individual was measured: total length (cm), to-
tal mass (g), testes or ovaries mass (g), and gonad matu-
ration stage (Braga, 1990).

The maturation stage of each specimen was deter-
mined macroscopically, considering coloration, trans-
parency, superficial vascularization, and, for ovaries, the
visualization and appearance of the oocytes. In agree-
ment with a previously established scale, four different
maturation stages were considered: A: immature, B: in
maturation, C: mature, and D: spent (Vazzoler, 1996).

The population structure was analyzed according to
locality and period of collection, as to the variations in
the proportion of the sexes (sex-ratio). The i X 2 type
contingency table (where i > 2) was used for the sex-ratio
analyses to the stages of maturity (B and C) at each col-
lection point (Vanzolini, 1993).

According to Vazzoler (1996), the gonadossomatic
relation is determined by the ratio between the weight of
the gonad and the body weight of each specimen, multi-
plied by 100 (percentage). The means of these relation-
ships were determined at each locality and stage of ma-
turity for males, females, and immatures. The variations
of the gonadossomatic relations of males and females in
stage C (matures) according to period, collection locale,
and length class are also presented.

3. Results

During the collecting period, 216 specimens of
Brycon opalinus in three sites were analyzed.

The gonadossomatic relation for the immatures
(stage A) of B. opalinus was low because of the lack of
development of the gonads. For maturing individuals
(stage B), males in the Ipiranga River showed the high-
est GSR. In mature individuals (stage C), males in the
Grande River showed the highest GSR (8.13), the mean
being 6.36. For females, the GSR was also highest in the
Grande River (8.54), with a mean of 8.08. The GSR for
spent individuals (stage D) was relatively low for males
as well as for females in all three rivers (Table 1).

The analysis of the sex-ratio to the stage of matu-
rity B (in maturation) indicated no difference ()2 > 0.05),
but for mature males and females, it demonstrated that
the females were always more numerous at all collec-
tion points (%> < 0.05) and seasons of the year, except in
Autumn for the Ipiranga River (Figure 1).

The highest GSR values were obtained for mature
individuals (stage C). The GSR values for males as well
as those for females were above 5% for all three collec-
tion points (Figure 2).

Autumn Winter
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Period
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Figure 1. Numerical distribution of mature males and fe-
males of Brycon opalinus in each season of the year and at
the three collection points (1. Paraibuna; 2. Ipiranga; and 3.
Grande).
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Figure 2. Gonadossomatic relation (GSR) for immatures,
males, and females of Brycon opalinus at each stage of ma-
turity (A: immature, B: maturing, C: mature, and D: spent)
at the three collection points (1. Paraibuna; 2. Ipiranga; and
3. Grande).
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Table 1. Mean values of the gonadossomatic relation (GSR) for immatures, males, and females of Brycon opalinus in each
stage of maturity at the three collection points (Paraibuna, Ipiranga, and Grande).

Stage A (immatures)

N GSR (min.-max.)
Paraibuna 01 0,22
Ipiranga 01 0,22
Grande - -
Total 02 0,35 (0,22-0,47)
Stage B (in maturation)
Males Females
N GSR (min.-max.) N GSR (min.-max.)
Paraibuna 11 0.63 (0.18-1.47) 18 0.87 (0.47-1.42)
Ipiranga 15 1.11 (0.14-4.72) 38 0.83 (0.25-2)
Grande 01 0.32 03 0.76 (0.43-1.11)
Total 27 0.89 (0.14-4.72) 59 0.84 (0.25-2)
Stage C (mature)
Males Females
N GSR (min.-max.) N GSR (min.-max.)
Paraibuna 15 6.07 (1.05-9.87) 42 8.32 (1.21-17.19)
Ipiranga 16 6.09 (3.56-9.93) 11 5.4 (2.23-11.91)
Grande 03 8.13 (6.4-10.88) 15 8.54 (2.36-16.85)
Total 34 6.36 (1.05-10.88) 68 8.08 (1.21-17.19)
Stage D (spent)
Males Females
N GSR (min.-max.) N GSR (min.-max.)
Paraibuna 01 0.76 10 1.59 (0.71-3.69)
Ipiranga 01 0.62 11 2.58 (0.92-8.32)
Grande - 03 0.94 (0.66-1.18)
Total 02 0.69 (0.62-0.76) 24 1.97 (0.66-8.32)
During the course of the year, the GSR of mature 12 -
males and females was always high, with peaks in 10
spring and winter for females, and in autumn for males < 81
(Figure 3). & 6
In spring, the GSR of mature females was above O 4 | J
10% and that of mature males was above 6%. In sum- 2 | h ﬂ
mer, the GSR fell, with males showing values above 0 4
those of females in the Paraibuna and Ipiranga rivers. In Spring SummerP ) ;\utumn Winter
€T10!

the autumn, the GSR increased for both sexes, but was
still higher for the males. In winter the GSR of the males
fell and for the females of the Paraibuna River returned
to above 10% (Figure 4).

An analysis of the Kolmogorov-Smirnov test
(Vanzolini, 1993) applied to the frequency distributions
of total-length classes for males and females revealed a
difference between these distributions (%> < 0.05). The
analysis of total-length classes of mature males and fe-
males showed that the GSR was always above 5%. The
highest values were obtained for the classes of 28 to
32 cm and of 32 to 36 cm for males and females, respec-
tively. The smallest length class (16 to 20 cm) contained
only males, and the largest (32 to 36 cm) only females,
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Figure 3. Gonadossomatic relation (GSR) for mature males
and females of Brycon opalinus in each season of the year.

evidencing the sexual dimorphism of males and females
(Figure 5).

4. Discussion

The larger size of mature females of Brycon opalinus
in relation to males (sexual dimorphism) appears to be
very common in fishes. This occurs because of the pres-
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sures for greater fecundity of the females (Pauly, 1994;
Vazzoler, 1996), because the reproductive success of fe-
males increases directly with size (Conover, 1984).

The GSR shown by mature females of Brycon
opalinus was much lower than that of Brycon orbignyanus
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Figure 4. Gonadossomatic relation (GSR) for mature males
and females of Brycon opalinus in each season of the year
and at the three collection points (1. Paraibuna, 2. Ipiranga,
and 3. Grande).
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Figure 5. Gonadossomatic relation (GSR) for mature males
and females of Brycon opalinus in the total-length classes.

(Valenciennes, 1850) and Brycon hilarii (Valenciennes,
1850) (Table 2); nevertheless, in B. opalinus, part of the
population had mature gonads all year long. This may be
related to a longer reproductive period and to the lack of
seasonal long-distance migration.

The values of the GSR may vary widely among spe-
cies. In 80 teleost species in the Upper Parand River,
the GSR for females varied from 2.94 to 28.39%, with
83.75% of the species showing a maximum GSR above
7, 48.75% above 12%, and 10 above 22% (Vazzoler,
1996).

In relation to B. opalinus, the GSR of mature males
reached higher values in Brycon cephalus (Glinther,
1869), B. orbignyanus and B. hilarii, as reported in the
literature (Table 2). These values are higher than those of
other species which have sperm competition during mat-
ing. In these species, the highest values of the GSR for
females varied from 6 to 9%, and for males from 0.9 to
3.32% (Treasurer, 1990; Gongalves and Almada, 1997;
Neat et al., 2003b).

Fishes show a greater variation of intensity in sperm
competition than does any other animal group (Stockley
et al., 1997; Taborsky, 1998). In these cases, sperm pro-
duction, the size of the testicles, and the energy costs are
higher than in species in which sperm competition does
not occur (Shapiro et al., 1994; Tomkins and Simmons,
2002; Neat et al., 2003b; Zbinden et al., 2003). Sperm
competition is common in fishes with external fertiliza-
tion, because of the high predictability of the moment
of liberation of the oocytes, and also because it is very
difficult for a male to monopolize a female (Birkhead,
1995).

Sperm production is an energy-expensive process,
and this extra production must offer an adaptive advan-
tage (Ota et al., 1996). When females mate with more
than one male, selection must favor males with larger

Table 2. Data from the literature and from the present investigation on GSR of Brycon species.

Authors Species Sex <GSR % > GSR %
(condition) (season) (season)
Zaiden (2000) Brycon hilarii (captive) Males <0.1 1.4
Autumn Spring
Winter Summer
Zaiden (2000) Brycon hilarii (captive) Females 0.78 22
Autumn Spring
Romagosa et al. (2000) Brycon cephalus (captive) Males 0.019 1.9
Autumn Spring
Carvalho and Urbinati (2005) Brycon cephalus (captive) Females 0.06 3.7
Winter Summer
Zaiden (1997) Brycon orbignyanus (captive) ~ Males 0.03 1.46
Autumn Spring
Vazzoler (1996) Brycon orbignyanus (wild) Females 20.57
Spring
Present work Brycon opalinus (wild) Males 0.32 8.13
Winter Autumn
Present work Brycon opalinus (wild) Females 0.76 8.54
Summer Spring
Braz. J. Biol., 67(4): 727-733, 2007
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and high-quality testicles and ejaculations, because the
importance of competition is reflected in the investment
in testicular tissue (Birkhead, 1995). Success in compe-
tition for males directly affects the number of descend-
ents, and polyandry for females increases the quality and
genetic diversity of the descendents (Parker, 1970; Yasui,
1998).

The mature testicles of Brycon opalinus were always
very large, occupying about 1/3 of the abdominal cav-
ity. Possession of large testicles in relation to body size
(GSR) is an indicator of species with a mating system
in which the females mate with more than one male
(Taborsky, 1998; Pyron, 2000). With the increase in
sperm competition, the GSR and the number of sperma-
tozoa increase and the size of the spermatozoa decrease
(Ball and Parker, 1996; Stockley et al., 1997; Arnaud
et al., 2001). After they are diluted (liberated), the sper-
matozoa are mobile for only + 2 mm in freshwater fishes
(Ota et al., 1996), and normally have a short lifespan
with high mobility (Gage et al., 1998).

Brycon opalinus spawns in small streams with vari-
able current velocity and turbulence (Villani J. P., pers.
com.). Water turbulence negatively influences the fertili-
zation rate, which must be compensated by the increase
in sperm production. Under these conditions, selection
must favor females which mate with males that liberate
large amounts of sperm (Shapiro et al., 1994). In popu-
lations of Salaria fluviatilis (Asso, 1801) in rivers and
lakes, there were differences in the investment in sperm.
In the populations in rivers, there was greater investment
in sperm, and this is related to losses of sperm during
fertilization because of the greater flow and turbulence of
the water (Neat et al., 2003a).

Another characteristic that evidences spawning of
Brycon opalinus in locales with water currents is the con-
centration of sperm. This species has a spermatic con-
centration of 50 X 10%mm?® (Narahara et al., 2002). This
is twice as high as that of Brycon insignis (Steindachner,
1876) which is 24.76 x 10°mm?. B. insignis incubates
its eggs in backwaters or in floodplain lakes (Andrade-
Talmelli et al., 2001). The greater the concentration of
spermatozoa around the egg mass, the more efficient
will be the fertilization (Shapiro et al., 1994). Because of
this, a higher spermatic concentration is expected in fish
in lotic waters. The characteristics of the medium, such
as internal or external fertilization and the velocity and
salinity of the water, alter the adaptive requirements for
the concentration, size, and longevity of the spermatozoa
(Stockley et al., 1997).

Different locales afford different ecological niches,
predation regimes, and population densities. These dif-
ferences lead to evolutionary responses in the fishes’
life histories, in their adaptations for exploiting resourc-
es, avoiding predation, and reproduction (Neat et al.,
2003a).

The GSR of mature males of B. opalinus evidences
the great development of the testicles, because of sperm
competition (among several males) and the dilution of
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the ejaculate by water currents during the spawning
processes. In this context, it was expected that the sex-
ratio would tend toward males; however, the contrary
occurred. The values of the sex-ratio may mask what
actually occurs during mating. For example, Engraulis
ringens (Jenyns, 1842) has a sex-ratio close to 1; how-
ever, females ready to spawn appear to attract males,
forming “spawning schools,” with a strong predomi-
nance of males, and these schools segregate themselves
from the normal school during the night (Vazzoler,
1996). According to Conover (1984), Menidia menidia
(Linnaeus, 1766) showed a sex-ratio of 10 males per
female during spawning; both sperm competition and
successive mating of the males with different females
occurred. Nevertheless, the sex-ratio for this species was
one male per female, or tended slightly toward females
in non-breeding schools.

In Brycon opalinus, the size of the testicles, besides
indicating sperm competition, may be related not only to
increased production, but also to increased accumulation
of sperm. These characteristics developed because of the
evolutionary pressures of successive mating with differ-
ent females at any season of the year (long reproduc-
tion), thus explaining the higher sex-ratio for females.
Further, the collections were made over only a single
year, which may have led to errors in analyzing the sex-
ratio, because the ratio may vary in different seasons
(Korpelainen, 1990).

The mechanisms of sex determination in fishes are
still little explored. Environmental factors cannot be dis-
carded as possible variables that influence the sex-ratio of
the species. Sex determination in teleosts may, in many
cases, be non-genetic (Strussmann et al., 1996), because
sex determination by environmental factors appears to
be more common than expected in fishes (Korpelainen,
1990; Romer and Beisenherz, 1996).

In fishes, sex determination by environmental factors
can occur through temperature, pH, salinity, light, water
quality, and nutrition (Korpelainen, 1990). Environmental
sex determination may act mainly in species which ex-
hibit sexual dimorphism (females larger than males),
sperm competition, a prolonged breeding season, and
early sexual maturity (Conover, 1984; Korpelainen,
1990). This kind of sex determination must be favored
when these factors differentially improve the fitness of
male or female young, and also in environments that
do not fluctuate excessively (Charnov and Bull, 1977;
Conover and Kynard, 1981; Conover and Heins, 1987).

The mechanisms of sex determination in Brycon
opalinus are still unknown; however, this species has all
the prerequisites for environmental sex determination.
This is corroborated by its reproductive characteristics,
such as sperm competition, sexual dimorphism, and the
long reproductive period.

Given the growing recognition of the effects of en-
vironmental factors on sex determination, the possible
effects of global climate changes and of the changes in
temperature induced by humans in localized environ-
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ments merit more thorough investigation (Craig et al.,
1996).
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