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ABSTRACT - The objective of this study was to evaluate the effects of water volume and water temperature on the sperm
motility duration and the number of spermatozoa, and the water volume on the fertilization rates of oocytes of Rhinelepis aspera.
Experiments were carried out to evaluate the effect of semen dilutions (1.74x107, 1.74x10%, 1.74x103, 1.74x102, 1.74x10"!
and 1.00 mL of sperm.mL"! of water) and water temperature (5, 10, 15, 20, 25, 30, 35, 40, 45, and 50 °C) on spermatozoa
motility duration. In addition, the effects of insemination dose (7x103, 7x10%, 7x10°, 7x10°¢ and 7x107 spermatozoa.oocyte™')
and water volume (1.0, 30.0, 60.0, 90.0 and 120.0 mL water.2.0 mL"!' oocytes) on the artificial fertilization rates of oocytes were
evaluated. The longest sperm motility duration were observed for the semen dilution of 1.74x10° mL semen.mL"!' water and in
water at 5 °C. The highest fertilization rates were obtained for insemination doses between 7.00x10° and 1.23x107 spermatozoa.
oocyte! and water volume of 28.11 mL water.2.0 mL™! oocytes.
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Introduction

Cascudo-preto (Rhinelepis aspera, Agassiz, 1829) is a
species of fish that belongs to the family Loricariidae (Graga &
Pavanelli, 2007). In Brazil, it is found in the S3o Francisco
and Parand basins (Armbruster, 1998). The reproduction of this
species is limited to lotic environments (Suzuki et al., 2000).
It undergoes gonadal blockage and does not reproduce
naturally in captivity and its reproduction must be induced
with hormones (Zaniboni Filho & Weingartner, 2007).

The knowledge about the artificial reproduction of this
species may be relevant for the development of technological
packages (Lopez, 2005) for offspring production to meet
the ornamental market demands (Hayashi et al., 2002;
Guerreiro et al., 2011) and the storage or restocking
programs (Carolsfeld et al., 2003). The storage or restocking
practices are important to promote the conservation of
biodiversity in damaged populations (Miranda et al., 2000)
provoked by the destruction of habitats, the obstruction of
migration routes, pollution and overfishing. As a result of
anthropogenic actions, R. aspera is a threatened species in
some regions of Brazil (Mikich & Bérnils, 2004).

Although previous research had been suggested as
relatively efficient reproductive protocols to R. aspera
(Sato et al., 1998), some important aspects about sperm
activation and artificial fertilization still require further
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studies. Some priorities could be the use of adequate sperm
dosages, providing an adequate fertilization medium and
the use of broodfish with high-quality gametes.

Usually, the procedures of artificial reproduction
of fish are performed by dry artificial fertilization
(Woynarovich & Horvath, 1983). However, this method
has limited efficiency and large variations. Additionally,
the application of improper amounts of sperm and water
result in reduced artificial fertilization rates (Cherenguini
et al., 1999). Thus, the control of these parameters will
allow an improvement in the success of reproductive
procedures and promote a rational use of gametes, limiting
the number of breeders in fish farming and reducing the
production costs (Bombardelli et al., 2006).

The objective of the present study was to evaluate the
effects the water volume and water temperature on the
sperm motility duration and the effects of the spermatozoa:
oocyte ratio and the water volume on the fertilization rates
of Rhinelepis aspera.

Material and Methods

This study was carried out at Laboratorio de Tecnologia
da Reproducdo de Animais Aquaticos Cultivaveis
(LATRAAC), Universidade Estadual do Oeste do Parana
(UNIOESTE), Toledo, Parana state, Brazil.
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Females with soft and rounded abdomen, with uniform
oocyte coloration and size and males releasing sperm
under slight abdominal pressure were selected during the
reproductive period. Females and males were taken to the
laboratory and weighed individually, marked and separated
by sex into two tanks of 1,500 L. The water was constantly
renewed (750 L.h").

Initially, five males (1,286+162 g) and five females
(1,340+283 g) of R. aspera were used to evaluate (a) the
effects of spermatozoa:oocyte ratio on the oocyte artificial
fertilization rate and (b) the effects of water volume:sperm
volume ratio on the spermatozoa activation process.

Males and females were treated with two dosages of
carp pituitary extract (CPE). The first dosage had 0.5 mg
of CPE.kg of breeders'. The second dosage was applied
12 hours later, with 5.0 mg of CPE.kg"' of breeders
(Woynarovich & Horvath, 1983). Gametes were collected
after 10 hours at a water temperature of 24+1 °C (240 degree-
hours) (Sato et al., 2003).

Males were individually stripped to collect the sperm
in graduated test tubes (£0.1 mL). After measuring the total
released sperm volume, the male gametes were stored in
refrigerator at 13 °C (Sanches et al., 2011b). The sperm
collected from all breeders were mixed and analyzed. The
sperm concentrations (spermatozoa.mL") were determined
by counting sperm cells in a Neubauer hematimetric
chamber (Wirtz & Steinmann, 2006). The sperm survival
rate was evaluated by the cosin-nigrosin staining method
(Blom, 1950) by mixing 30 pL sperm and 90 uL of each dye
and preparation of a smear (Sanches, 2007). The material
was visualized at 400X magnification (light microscopy).
Overall, 400 spermatozoa were assessed. Pink cells were
considered dead, whereas unstained cells were live. For
the sperm motility duration test, 5.0 puL of sperm were
diluted in 200 pL water at 27 °C (semen:water volume ratio
of 1:40). After dilution, 5 pL of this mixture were used
to evaluate the time necessary for 50% of spermatozoa
to lose their motility. These analyses were carried out
under light microscopy at 400X magnification (Sanches,
2007). All males released sperm (8.06+£6.67 mL of sperm,
1.90x10"+0.09%10'° spermatozoa.mL"!, 98.77+3.45% of
live spermatozoa, 21.25+0.23 s sperm motility duration).

The oocytes collected from each female were mixed
to compose the samples for artificial fertilization assays.
A randomized experimental design with five spermatozoa:
oocyte ratios (7x10%, 7x10% 7x10° 7x10% and 7x107
spermatozoa.oocyte™!) and four repetitions was used.
Each 2.5 L incubator containing 2.0 mL of non-hydrated
oocytes (£1,420 oocytes), later fertilized, was considered
an experimental unit. The activation of gametes and

fertilization were performed in 180 mL plastic containers
through the addition of 30 mL of water at 27 °C for one
minute under slow homogenization (Sanches et al., 2011a).
Water at 27 °C from an artesian well (pH = 6.8; dissolved
oxygen = 4.26 mg.L™!; nitrate = 0.29 mg.L!; nitrite =
0.0038 mg.L™'; ammonia = 0.126 mg.L™"; alkalinity =
49.815 mg CaCO3.L ") was used as activating solution. The
eggs were placed in 20 PVC conical experimental incubators
with 2.5 L of water. After fertilization, the water from
experimental units was maintained at 27.0+1.0 °C by an
electric water heating system. Twelve hours after activation of
gametes, the artificial fertilization was measured by counting
three samples with 400 eggs from each experimental unit.

The mixed sperm from the same five males was used
to assess the effects of water:sperm volume ratio on sperm
motility duration. The same water used in the fertilization
assay was used as sperm activating solution. A randomized
experimental design with six water:sperm volume ratios and
three repetitions were used. The water:sperm volume ratio
tested (corresponding to the same dilution rate from the
spermatozoa:oocyte ratio assay) were 1.74x107, 1.74x10,
1.74x1073, 1.74x102, 1.74x10"" and 1.00 mL of sperm.mL
of water!. The sperm activations were carried out in 180 mL
plastic recipients.

In the second assay, (a) the effects of water volume
used for the activation of gametes on the oocyte fertilization
rate and (b) the temperature of water on the sperm motility
duration were assessed. Procedures for the selection of
breeders, hormonal induction, collection and evaluation
of the gametes and artificial fertilization were carried out
as in the previous experiments. However, another five
males (1,215+87.37 g) and five females (1,360+£280.80 g)
were used. After hormonal induction, the males released
8.95+3.93 mL of semen, containing 1.89x10'°+0.11x10'"
spermatozoa.mL! and 95.9244.23% live sperms and had
sperm motility duration of 19.19+0.84 s.

The experimental design was similar to the previous one.
However, five volumes of water were assessed on gamete
activation and oocyte artificial fertilization rate. Volumes of
1.0, 30.0, 60.0, 90.0 or 120.0 mL water.2 mL non-hydrated
oocytes! were assessed. The same fertilization procedures
described above were employed using 1,014 oocytes per
experimental unit. The ratio of 208,200 spermatozoa.
oocyte! (results from the 1st assay) was used.

Similarly to the previous trial, the mixed sperm from
the same five males was used to assess the effects of water
temperature on sperm motility duration. A randomized
experimental design with ten water temperatures and three
repetitions was used. The water temperatures of 5, 10, 15,
20,25, 30, 35, 40, 45, and 50 °C were employed to evaluate
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the sperm motility duration. The spermatozoa activation
process was carried out in 180.0 mL plastic recipients
(Sanches et al., 2011a) using 25 pL semen.mL"! water.

The fertilization rate and sperm motility duration
were submitted to regression analysis at 5% significance.
Analyses were carried out with software SAEG (Sistema
para Analises Estatisticas, version 7.1). Fertilization rates
from the last assay (water volume:oocyte volume) were
analyzed by the following model: FR = aVolume’e’""", in
which: FR = fertilization rate (%); Volume = water volume
(mL); a, b, and ¢ = constants; and e = 2.718282. This
model was linearized by a natural log transformation. The
parameters were estimated and evaluated at a significance
level of 5% with the multiple linear regression protocol.
The software used was Statistica 7.0®.

Results and Discussion

The fertilization rates of R. aspera oocytes were
affected (P<0.05) by the spermatozoa:oocyte ratio. The
results show a tendency to plateau, with stable fertilization
rate as a function of increasing spermatozoa:oocyte ratios
between 7.0x10° and 1.23x107 spermatozoa.oocytes™,
resulting in a theoretical fertilization rate of 71.96%
(Figure 1). Above this level the results showed a linear
tendency, inversely proportional to the increase of the
spermatozoa:oocyte ratio (Figure 1).

Bombardelli et al. (2006) observed the plateau
tendency on the fertilization rates of Rhamdia quelen
oocytes when the spermatozoa:oocyte ratios were increased.
However, despite the initial increase in the fertilization
rates, proportionally with the increase in the spermatozoa:
oocyte ratios, they observed a beginning of plateau after
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Figure 1 - Artificial fertilization rate of R. aspera oocytes according
to the increasing spermatozoa:oocyte ratio.

90,000 spermatozoa.oocyte”’ (86.68% of fertilization)
and no additional effect until 2.0x107 spermatozoa.oocyte™.
Rurangwa et al. (1998), suggested that the best fertilization
rates occur within a wide insemination dose range. In
addition, the optimal spermatozoa:oocyte ratio presents
a species-specific relationship, such as the Salminus
brasiliensis, which requires 30,722 spermatozoa:oocyte
to promote high fertilization rates (Sanches, 2007) and
Piaractus mesopotamicus, which requires 7,000 to
7,000,000 spermatozoa:oocyte ratio for the same result
(Sanches et al., 2007).

The fertilization rates of R. aspera oocytes were also
affected (P<0.05) by the different water volumes (Figure 2)
used during the activation of gametes. The fertilization rate
(%) increased quickly with the increase in the water volume
(mL). The fertilization rates were adjusted by the model
FR = 70.1851* Volume 078729 ¢~0-0028%Volume gy owing that
2mL of oocytes, when fertilized with 208,200 spermatozoa.
oocyte! required 28.11 mL of water to promote the best
theoretical fertilization rate corresponding to 84.36%.
Higher volume of water results in damage in the artificial
fertilization rates.

According to Rurangwa et al. (2004), factors such
as gamete contact time and the fertilization protocol may
influence fertilization rates. However, it is worth considering
that some characteristics, such as oocyte size, spermatozoa
swimming distance, sperm motility duration and micropyle
closing time, are determinants in the procedures of application
of insemination doses (Billard & Cosson, 1992; Suquet et al.,
1995) and are sharply different for the fish species teleosts
(Godinho, 2007).

The results from experiment of spermatozoa:oocyte
ratio (Figure 1) suggest that high spermatozoa/sperm
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Figure 2 - Artificial fertilization rate of R. aspera oocytes by the
increasing water volume during activation of gametes,
using a 208,200 spermatozoa:oocyte™ ratio.
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concentrations in a fertilizing medium promote a low
fertilization rate. These effects can be related with the
inefficient reduction of the osmolarity of the fertilization
medium (Alavi et al., 2007) when high sperm quantities
are used, which negatively affected the spermatozoa
activation or did not afford an adequate fertilization
medium (Chereguini et al., 1999). The inadequate medium
can be related with the availability of oxygen to ensure
the energetic or enzymatic activity (Lahnsteiner et al.,
1998; Weingartner & Zaniboni-Filho, 2007) during the
spermatozoa movement.

On the other hand, damages in fertilization rates when
water volumes were higher than 28.11 mL of water.2 mL" of
oocyte (Figure 2) could be related to the excessive water
volume employed, which caused a high dilution of sperm
in the fertilizing medium. These dilution effects may have
resulted in high dispersion of spermatozoa, thus hindering
or reducing the probability of spermatozoa catch up the
micropyle (Chereguini et al., 1999), during the short
activating period.

The experiment to assess the water volume:sperm
volume ratio on the activation of spermatozoa showed that
the duration of sperm motility was proportional (P<0.05) to
the increase in the sperm dilution (Figure 3). The greatest
motility of spermatozoa (24.61+1.50 s) was verified at
1.74x10° mL semen.mL water! (Figure 3), whereas at
1.0 mL semen.mL of water!, the motility was not assessed
because the spermatozoa had not been activated. Such
results are common in other neotropical fish species,
such as the Piaractus mesopotamicus (Sanches et al.,
2007). According to Billard & Cosson (1992), the sperm
concentration in the fertilizing medium and the volume of
diluents are the main triggers of spermatozoa activation.
Therefore the sperm:water volume ratio is a limiting factor
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Figure 3 - Spermatozoa motility duration from R. aspera sperm
activated by different water volumes.

in motility of spermatozoa, mainly becayse the spermatozoa
activation process is initiated by the reduction of the osmotic
concentration of the medium (Billard et al., 1995). Billard
& Cosson (1992) suggest that for the complete activation
of spermatozoa, the dilution must be higher than 1:1000 to
ensure an efficient change in semen viscosity. Despite these
results showing that high sperm dilution promotes a longer
period of spermatozoa motility, care should be taken during
the artificial fertilization procedures to avoid dispersion of
the spermatozoa in the fertilizing medium and final damage
in the fertilization process.

The water temperature affected the spermatozoa motility
duration (P<0.05), showing an inversely proportional
linear trend (Figure 4). The high water temperature led to
areduction of sperm motility duration and the temperature
lower than 5 °C promoted the longer time of spermatozoa
activation. Although R. aspera is a tropical fish, the best
spermatozoa activation times were those for low activating
solution temperatures. Water at low temperature might not
always be used to activate the R. aspera gametes in artificial
fertilization procedures, because low temperatures can
cause damage to the oocytes or to the embryos in the
initial phases of development.

Alavi & Cosson (2005) reported some changes in
spermatozoa motility as a function of water temperature.
In some species, the high water temperatures apparently
lead to reduction in the total spermatozoa motility time,
but this reduction is compensated by a higher spermatic
speed when compared with those spermatozoa activated
at low temperatures and with longer motility duration.
The reduction of the total time of spermatozoa motility
can be due to the limited energetic resources and
the influence of the temperature on the spermatozoa
activation process.
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Figure 4 - Spermatozoa motility duration from R. aspera sperm

activated by water at different temperatures.
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The results from this research suggest that the sperm
dilution is one of the main factors affecting the fertilization
of oocytes and spermatozoa motility duration of R. aspera.
Therefore, the use of procedures combining the interaction
of the sperm density, the water volume and water
temperature can be useful to achieve high fertilization rates.
The correct use of these procedures will be fundamental
for the development of the artificial reproduction and the
technology of artificial production of R. aspera, which is
an important fish species to the fisheries and aquaculture of
Latin America. This knowledge will promote improvement
of breeding procedures through the optimization of the use
of the gametes and will possibly be a useful tool to help the
programs of biodiversity conservation.

Conclusions

The artificial fertilization procedure affected the
success of artificial reproduction of Rhinelepis aspera.
The maximal optimization of sperm use can be obtained
with 7.00x10% spermatozoa.occyte!. However, the water
volume and the water temperature must be controlled
because they affect the activation of spermatozoa and the
fertilization of oocytes.
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