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Abstract: The objective of this study was to obtain information about the reproductive performance of tilapia gametes GIFT and 
compare the influence of the weight of these animals on quality of gametes. We used thirty healthy breeding females and males 
weighing between 250 and 500 g (light animals) and thirty breeding females and males ranging in weight from 600 to 1000 
g (heavy animals). The animals were placed in tanks and after twenty days, the gametes were collected for further analysis. 
Were evaluated sperm morphology, sperm motility, and sperm concentration in males. In females, we evaluated the diameter 
of oocytes and morphology of the micropyle. The weight of the animals did not affect (P>0.05) sperm motility, whose values   
for heavy and light animals were 86 ± 6% and 96 ± 1% respectively, and influence the sperm concentration (P<0.05) whose 
values were 2.44 ± 0.41 × 109 sperm/mL in weighed animals and 1.66 ± 0.14 × 109 sperm/mL light animal. The animal weight 
did not change size of oocytes (P>0.05) with 1.31 ± 0.04 µm for light animals and 1.27 ± 0.02 for heavy animals. The animal 
weight influenced (P<0.05) the sperm morphology. The heavier animals had higher rates of abnormalities tail tucked, head and 
isolated part degenerated intermediate in relation to light animals whose highest level of abnormality in relation to the sperm 
head was heavy degenerate. The micropyle GIFT tilapia showed a funnel-shaped depression, with vocal arrangements around 
the micropylar region and after thirty minutes from the entrance of the sperm, a lump was found in the micropylar channel, 
giving birth to its closure. Taking into account the parameters studied, tilapia breeding GIFT between 250 and 1.000 g can be 
used in commercial breeding herds and comparable to the traditional lineages.
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Introduction

The tilapia culture has witnessed a considerable growth in recThe 
tilapia culture has witnessed a considerable growth in recent years, 
driven mainly by growth performance of species and their acceptance 
in market, putting them among the most produced in the world (Yasui, 
G.S., et al. 2007).

According to Moreira et al. (2007), rearing of tilapia in Brazil 
had the initial introduction of a breeding tilapia rendalli in the 
1950s, followed by a new introduction of Nile tilapia in 1972. World 
production of tilapia has focused on three species: Oreochromis 
niloticus, Oreochromis mossambicus and Oreoclhromis aureus 
(Coward, K., 2000). Since the dominating niloticus 44% of the total 
produced in the world of tilapia (Rana, k.J. 1990).

The sexual maturity of this species is related to the age and 
size and can be tilapia although easy to grow fish; this may present 
some constraints such as the early breeding, which occurs from 
four months and 12 months (Proença E.C.M., 1994). So in order 
to produce genetically modified animals, both in the reproductive 
and economically, were developed several programs for genetic 
improvement of tilapia. Among them, GIFT Genetic Improvement 
of Farmed Tilapia, which consists of an inventory developed through 
combinations of species, producing a strain genetically improved, 
with better weight gain and feed conversion than the other strains of 
tilapia (Joen, G.H.M. 2005).

Despite its good GIFT reproductive performance are scarce in the 
literature that reports the reproduction of this species. According to 
Coward and Bromage (Coward, K., 2000), advances in understanding 
the reproduction of tilapia are essential to overcome the restrictions 
of their culture, and promote ease of handling and experimentation.

This study aimed to obtain information on the reproductive 
performance of tilapia GIFT, and compare the influence of the weight 
of breeding fish in the quality of gametes.

Material and Methods
Selection of Breeding
The selection of breeding occurred in Fish Aquasport Station 

located in Br 491 Km 158 at Alfenas city in Minas Gerais State-
Brazil. Thirty healthy breeding females and males weighing between 
250 and 500 g (light animals) and thirty breeding females and males 
ranging in weight from 600 g to 1000 g (heavy animals) were used. 
The selection of males was performed by preliminary evaluation of 
urogenital papilla and elimination of semen by manual compression 
of the coelomic cavity. In turn, in females we had used abdominal 
pressure next to the urogenital papilla to allow the oocytes output. 
After selection, the animals were placed in hapas and then separated 
by weight and sex in reproduction tanks and fed with extruded feed 
for a period of twenty days. No applications of reproduction induce 
hormones was used in this work. 

Semen Analysis

Collection and Semen Volume

Obtaining semen consisted of light massage on the ventral 
region, and semen was collected in identified microtubule, with 

a capacity of 2 mL and free of any contaminants (urine, water or 
blood). The semen quality was assessed according to the following 
parameters.

Sperm Concentration
The sperm concentration was carried out individually. 1μl of 

semen was diluted in 990μl of formaldehyde. We used the method 
of sperm count in a Neubauer chamber hematology. Sperm cells 
present were counted in ten fields of the chamber (Streit, J.R. 
D.P., et al. 2003, Wirtz, S., 2006). The sperm concentration was 
calculated similarly recommended by CBRA (1998). 

Sperm Morphology
To analysis of sperm morphology were counted 200 sperm 

cells from each animal. The sperm abnormalities classification 
was based on the damage proposed y Paulino et al. (Paulino, M.S., 
2011) and (Miliorini et al. 2011).

 Sperm Motility
Under optical microscope slide 26x76 mm, a drop of semen 

was diluted in 0.03 mL distilled water then the slide was brought 
to phase-contrast microscope 40x, by assessing the sperm motility 
percentage and duration of the swimming ability of sperm. The 
sperm motility percentage was used a score of 0-100% and the 
time duration of the motility was analyzed over time in seconds 
of the swimming capacity of spermatozoa (Matavelli, M., et al. 
2007).

 Collection and Analysis of oocytes
Through massage on the ventral region, the oocytes were 

collected in petri dishes and investigated the total weight of 
spawning, shape and color of oocytes and oocyte diameter.

To measure the diameter of the oocyte, a sample of the oocytes 
was determined in solution by Gilson (50mL of 60% alcohol. 
440cc of distilled water, 7 mL of nitric acid, 10 g of mercuric 
chloride - HgCl2 and 9 ml glacial acetic acid) for 30 minutes, the 
oocytes were measured (µm) with the aid of ocular micrometer 
(10x) under an optical microscope (40x), Pereira et al. (Pereira, 
G.J.M., 2009).

 Analysis of the Gametes Ultraestrutual
Morphology of the micropyle and Blocking 

Polyspermy and Morphometry of Sperm 
We analyzed the morphometric measurements of sperm (length 

and width of head, length of the middle piece and flagellum). 
Oocytes were analyzed in the size of the ostium and vestibule of 
micropyle and time of opening of the micropyle. Both gametes 
were fixed in Karnovsk solution (2.5% glutaraldehyde, 2.0% 
paraformaldehyde in sodium cacodylate buffer 0.05 M, pH 7.2, 
calcium chloride, 0.001 M) for further analysis. For analysis of 
the opening time of the lock and micropyle polyspermy, gametes 
samples of six breeder males and females were mixed individually, 
1μl of sperm into 2 g oocytes and hydrated with water tank at a 
time of 0 seconds to 30 seconds.

The samples were diluted in 1% osmium tetroxide for 4 hours 
at room temperature and subsequent dehydration through a series 
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The index of more pronounced morphological abnormalities in 
animals weighed can be explained by the age of the animals, since 
the seminal production can be influenced by several factors: size 
of the individual, Mendes (2003), the reproductive age, Bastard et 
al. (2004), successive collections seminal Kavamoto et al. (1999) 
and season (Borges, A., 2005).

 Sperm Motility
Sperm motility of heavy animals was similar (P>0.05) to the 

light animals, being, respectively, 86 ± 6% and 96 ± 1%. The weight 
did not influence the duration of motility, with 153 ± 24 seconds for 
heavy animals and 143 ± 26 seconds to light animals. These data 
were higher than those reported by Matavelli et al., who found 
81.08% of motility in O. niloticus. Although the authors have 
used vitamin C supplementation, there was no interference of this 
addition in the motile parameters.In many species of fish, sperm 
motility is triggered after contact with a hypotonic and motility 
lasts too fast. Thus, the use of salt solutions prolongs the ability 
of the sperm fish swimming. As an example, the motility of 
Oreochromis niloticus may be extended by up to 15 minutes if 
activated with NaCl or KCl, Mochida et al. (1999). Distilled water, 
in turn, was used in this study in order to verify the effectiveness 
of sperm motility and not the efficiency of saline. While not 
include activating solutions, sperm motility showed satisfactory 
rates of these species, demonstrating that the animals were able 
to reproduce, regardless of weight and time of semen collection.

Analysis of oocytes
The weight of the animals did not influence (P>0.05) on the 

total weight of spawning, which averaged 58 ± 7 g and 60 ± 8 g in 
animals light and heavy, respectively, and the yellow yolk oocytes 

of increasing acetone (25%, 50%, 75%, 90% and 100%). Prior 
to evaluation by scanning electron microscopy, the samples were 
dehydrated with the aid of apparatus CPD030 critical, and the 
samples coated with gold under vacuum evaporator SCD 050, 
using methods adapted for Psenicka et al. 2009.

Results and Discussion
Semen Analysis 
Sperm Concentration and Seminal Volume
The fish weight did not influence (P>0.05) semen volume, 

which averaged 0.30 ± 0.07 ml, and had effect on sperm 
concentration (P<0.05), whose values   for heavy animals were 
2.44 ± 0.41×109 sperm/ml and light animals were 1.66 ± 0.14×109 
sperm/ml. Possibly the temperature factor may have interfered in 
the seminal volume of species studied, since the collection was 
held in June, when environmental temperatures are reduced. 

However, the temperature can be influenced in the least amount 
of sperm per ml, in comparison with other species. According to 
Godinho et al. (2007) that variation in sperm concentration can be 
explained by several factors, such as provision of the individual, 
the particular species, collection method and season of year, being 
the time for collecting a variable that can limit the production of 
sperm cells (Borges, A., et al. 2005).

Similar studies with Oreochromis niloticus confirm the 
hypothesis of temperature influence the amount of sperm per ml. 
Matavelli et al. (2007), to perform collection in August, showed 
similar results to the results of our study, which found in semen 
volume of 0.40 ml and the concentration of 2.63×109 ml-1.

Sperm Morphology
The weight influenced major and minor sperm abnormalities 

(P<0.05). In heavy animals, anomalies tail tucked, head and 
middle piece isolated degenerate, were higher with averages of 
5.9 ± 0.6, 23.6 ± 1.1 and 18.8 ± 2.3 respectively compared to 
light animals with averages of 2.6 ± 0.7, 5.5 ± 0.4 and 13.1 ± 3.5, 
respectively. On the other hand the anomaly of the head showed 
degenerate was higher in light animals, with averages of 2.8 ± 
0.4 in relation to heavy animals, whose average was 1.0 ± 0.4. 
Figures 1, 2 and 3 denote the major and minor abnormalities in 
animals heavy and light.

This value is within the acceptable limits for use to fertilization 
according to Miliorini et al. (2011) who reported that the critical 
percentage of total sperm abnormalities to be used for artificial 
fertilization is below 50%, given that this technique involves a 
high ratio of sperm: oocytes in a controlled environment.

According Cosson, J. (1999) the increase in abnormal sperm 
causes a decrease in sperm motility, unlike in the present study 
despite the high rate of abnormal sperm head, middle piece and 
tail, these did not affect sperm motility in animals and heavy, since 
both showed high rate of mobile sperm was over 80%. However 
rate of normal sperm were lower when compared to studies of 
other tilapia strains. Matavelli et al. (2007) found that sperm from 
Oreochromis niloticus showed 16.28% of normal spermatozoa.
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showed irregularly shaped.

Lowe and McConell (1955) observed that the size of the egg 
tilapia is species-specific, although there is evidence to suggest 
that larger eggs are produced by the larger fish (Trewavas E. 
(1982).Conversely, the diameter of oocytes from GIFT tilapia 
verified in this study did not influence (P>0.05) by the weight of 
the animals, being 1.31 ± 0.04 g for light animals and 1.27 ± 0.02 
for heavy animals, which allows to infer that age oocyte volume 
does not interfere with the species.

The evaluation of the diameter is a fast method for confirmation 
of the maturity of the fish, Vazzoler (1981), and is therefore widely 
used for the selection of breeding females (Pereira, G.J.M., 2009).
In addition to decrease problems associated with the fish farm as 

low fecundity and asynchronous spawning (Coward, K., 2000).

Species of tilapia have average oocytes diameters greater 
than those presented in our work, usually from 1.5 mm to 2 mm 
in diameter (Coward, K., 2000). But in native species such as 
Prochilodus lineatus, induced with hormones the media of the 
oocyte diameter ranging from 1.45 mm Vazzoler (1996) and 1.36 
mm (Pereira, G.J.M., 2009).

The variation of egg size has also been observed in several 
marine teleosts, although the mechanisms that influence this 
variation remain unclear (Coward, K., 2000). However there are 
studies that report that the size of the oocyte in several teleosts 
can be strongly influenced by the nutritional status of the female 
(Bromage, N.R., 1992). Studies by Gunasakasa and Lam (1997), 
show that the reduced protein content in the diet can significantly 
decrease the proportion of the vitellogenin oocyte/ovary. But in 
a study made with 20-35% in the diet of Oreochromis niloticus 
feeding increased fertility despite the size of the oocyte have 
remained unchanged.

Other studies also report that the protein-based diet can 
influence the growth and maturation of oocytes (Rosanthi, M., 
1995). However, the reproductive physiology of tilapia species is 
complex and requires further investigation (Coward, K., 2000).

According to these authors, there are several factors that may 
be involved in oocyte size, including growth factors that regulate 
the receptor for vitellogenin. They may play a critical role in 
oocyte growth.

We can also assume that the low egg size of tilapia may have 
been influenced by collection time, since the time of spawning 
occurred in low temperature.

Ultrastructural Analysis of the Gametes
Morphology of the Micropyle, Blocking 

Polyspermy and Morphometry of Sperm.

The micropyle tilapia GIFT analyzed after being presented 
a funnel-shaped depression, with vocal arrangements 
around the micropylar region. This tapered shape has 
also been reported in European catfish (Silurus glanis)  
(Kudo, S., 1994), piracanjuba (Brycon orbignyanus) (Ganeco, 
L.N., 2003) and curimatã-pacu (Prochilodus marggravii) (Rizzo, 
E., 2003).

According to Riehl (1993) the arrangement of pores or 
channels in the zona radiata and the morphology of the micropyle 
are characteristic of specific species. Oocytes opening micropyle 
started at the time of hydration, and thirty minutes after the entry 
of sperm, a protrusion was observed in micropylar channel and 
starts the closure micropyle.

According Iwamatsu et al. (2000) the link between sperm 
fertilizing the egg surface causes a series of reactions that prevent 
supernumerary sperm entering the oocyte. This phenomenon is 
called the blocking polyspermy and is very important in normal 
development of monoespermatic eggs. In Brazil native species as 
Brycon orbignyanus (Piracanjuba), this block is characterized by 
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piece. The fact that the intermediate parts of the total spawning 
species were higher when compared with species spawning plot 

can be related to the type of fertilization.

Conclusion
Taking into account the parameters studied, tilapia breeding 

GIFT between 250 and 1.000 g can be used in commercial 
breeding herds and comparable to the traditional lineages. 
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