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ABSTRACT. This study aimed to evaluate the effects of water temperature during 
fertilization and egg incubation in the determination of the sex ratio of fingerlings of silver 
catfish Rhamdia quelen. Water temperatures of 19, 25 and 30°C were used during the egg 
fertilizations, and the eggs were then incubated at temperatures of 19, 25 or 30°C for each 
fertilization temperature condition. An increase in temperature reduced the fertilization rate 
of R. quelen, while the final number of fish was reduced when a lower temperature was used 
during egg incubation. The temperatures of fertilization and incubation that were tested did 
not alter the sex ratio. 
Key words: hatching time, survival. 

RESUMO. Temperatura de fertilização e incubação e sua influência na 
determinação da proporção sexual do jundiá, Rhamdia quelen. O presente estudo teve 
como objetivo avaliar o efeito da temperatura da água de fertilização e de incubação na 
determinação da proporção sexual do jundiá, Rhamdia quelen. Para tanto, foram utilizadas 
três temperaturas de água de fertilização de ovos (19, 25 e 30°C), e para cada uma delas os 
ovos foram incubados nas temperaturas de 19, 25 e 30°C. O aumento da temperatura 
reduziu a taxa de fertilização de Rhamdia quelen, enquanto o número final de indivíduos foi 
reduzido quando a menor temperatura de incubação foi utilizada. As temperaturas de 
fertilização ou incubação testadas não alteram a proporção entre os sexos. 
Palavras-chave: tempo de eclosão, sobrevivência. 

Introduction 

Determination and sexual differentiation have 
been studied for a long time in a wide variety of 
vertebrates, including many species of fish 
(NAKAMURA et al., 1998; BAROILLER et al., 
1999; DEVLIN; NAGAHAMA, 2002).  

The effects of environmental factors on 
determination and sexual differentiation have been 
demonstrated in several fish species; temperature is 
one of the important factors, as it can influence the 
structure and function of proteins and other 
macromolecules. Thus, the variation of 
temperatures found in different fish habitats can 
change the processes of development and sexual 
differentiation (DEVLIN; NAGAHAMA, 2002).  

The effect of temperature appears to be partially 
mediated by the influence of the activity of 
aromatase, the synthesis of estradiol in females and 
of steroid receptors in both sexes (CREWS, 
BERGERON, 1994; CREWS, 1996). For 
Paralichthys olivaceus, high temperatures are associated 
with reduced levels of aromatase and low levels of 

estradiol, causing masculinization (KITANO et al., 
1999). Temperature also influences the production 
of steroids in tilapia Sarotherodon mossambicus (KIME; 
HYDER, 1983), in trout Salmo gairdneri 
(MANNING; KIME, 1985) and in carp Cyprinus 
carpio (KIME; MANNING, 1986).  

Römer and Beisenherz (1996) demonstrated that 
the sex ratio of 33 species of the genus Apistogramma 
is influenced by temperature and that, for most 
species, high temperatures increased the percentage 
of males. Similarly, when Oreochromis mossambicus is 
exposed to high temperatures in the early stages of 
development, an increase in the proportion of males 
is registered (WANG; TSAI, 2000). For Oreochromis 
aureus, temperature variations can also induce 
masculinization, but not as effectively as a constant 
temperature of 35°C (BARAS et al., 2000). For the 
channel catfish, Ictalurus punctatus, asymmetric sexual 
rates occurred, which favored the development of 
females when higher temperatures were applied 
during the critical period for sex determination 
(PATINO et al., 1996).  
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As the silver catfish males exhibit an earlier 
sexual maturation and a lower growth rate than 
females (FRACALOSSI et al., 2004), monosex 
female cultivation could be used for the production 
of larger sized fish in a lesser amount of time.  

The management of the sex ratio can be 
extremely useful for the cultivation of some species, 
and hormonal treatments are in fact used to control 
the phenotypic sex of various fish species. As these 
treatments may pose risks to human health and to 
the environment, the identification of safe methods 
for sex ratio control becomes important. The 
present study was carried out to evaluate the effect 
of temperature on the determination of the sex ratio 
in fingerlings of the silver catfish, Rhamdia quelen.  

Material and methods 

The eggs were obtained by the induced breeding 
of four females and one male of wild broodstock of 
Rhamdia quelen, which were captured in the Uruguay 
river (Santa Catarina State, Brazil).  

During the breeding period, the fish were 
stocked in 1,000 L cages with water at a temperature 
of 24.7°C, with constant aeration and water 
exchange. For the females, hormonal inductions of 
two doses of carp pituitary extract were used; the 
first dose measured 0.25 mg kg-1 and the second 
dose 4.0 mg kg-1; whereas a single dose of 5.0 mg kg-1 
was used for the male. The females presented a 
mean weight of 646.3±296.0 g and the male 
presented a weight of 495.0 g. The time between the 
doses was 11h, and spawning, which was obtained 
by gamete extrusion, occurred 8h after the second 
dose of hormone. After extrusion, a pool of oocytes 
from the females was obtained. This pool, after 
being homogenized and weighed, was separated into 
5.0 g portions for use in each treatment.  

The eggs were mixed with 25 μL of semen, 
which was added to each portion of oocytes. 
Fertilization was done in 500 mL plastic cups, where 
water was added at temperatures of 19, 25 and 30°C, 
using three replicates for each treatment. After 3 
min., the eggs were washed with water and 
transferred to incubators. In the incubators, in order 
to establish a fertilization rate, the eggs were 
sampled and observed every 20 min. to detect the 
time of blastopore closure. Observations were made 
on a stereomicroscope; white or malformed eggs 
were quantified as dead, and translucent or 
transparent eggs were considered viable.  

The viable eggs were incubated at temperatures 
of 19, 25 or 30oC, with three replicates per 
treatment. The incubation was performed in 16-L 
fiberglass, cylindrical-conical type incubators. To 

maintain constant temperature in the experimental 
units, the incubators were immersed into 1000 L 
cages, in which heaters were used to keep 
temperatures at 25 and 30°C. For the temperature of 
19°C, a controlled temperature recirculation system 
was used. Oxygenation and egg buoyancy were 
maintained by artificial aeration equipment, installed 
at the bottom of the incubators.  

Every hour, a sample of eggs was taken to 
identify the time of larval hatching. Upon hatching, 
the water volume of the incubators was reduced to  
5 L, homogenized, and in order to obtain the 
hatching rate, three samples of 80 mL each were 
taken for larva counting. After this stage, the larvae 
were acclimated to each experimental temperature.  

The larvae were held in tanks with 16 L of water 
in a closed recirculation system, artificially supplied 
with aeration and maintained at a temperature of 
27.5°C. All larvae of each incubation temperature 
were kept separately in new experimental units. 
The larvae were fed four times a day during the first 
days after hatching with newly hatched Artemia sp., 
and after that period, with feed that contained 40% 
crude protein. The fish were kept in these units for 
two months and then transferred to larger units  
(50 L) until a size that was suitable for macroscopic 
analysis of gonads, at which time a precise 
identification of fish sex was established.  

The temperature and dissolved oxygen 
concentration of water in the different treatments 
were measured every 8h with an oxymeter YSI-55 
and a YSI-63 pH probe.  

To evaluate the sex ratio of the juveniles, the 
gonads of all individuals within each treatment were 
analyzed, and sex was determined by a macroscopic 
exam that detected the anatomical difference 
between males and females. At that time, the fish 
presented an average weight (± standard deviation) 
between 2.97±1.15 and 5.07±1.53 g, and an average 
length between 7.55±1.00 and 8.93±1.06 cm.  

To evaluate the influence of water temperature on 
the rates of fertilization and hatching in the different 
treatments, a regression analysis was applied. The final 
number of larvae was analyzed by ANOVA, followed 
by the Tukey test (ZAR, 1996) when necessary. For 
sex ratio analysis, the chi-square test was used (ZAR, 
1996), which considered equality between the sexes (1 
female: 1 male) as the null hypothesis. 

Results and discussion 

Temperatures were maintained within the range 
that was proposed for the incubation, and the 
concentrations of dissolved oxygen remained very 
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close to saturation (Table 1). Woynarovich and 
Horváth (1983) affirmed the oxygen consumption 
of eggs in the early stages is very low, but increases 
considerably as their development progresses. 
According to these authors, if the concentration of 
dissolved oxygen in the water after hatching reaches 
low levels, the larvae become weak and may not be 
able to recover even if the level of dissolved oxygen 
in the water came back to a normal condition.  

The pH remained close to neutral in all 
treatments, although R. quelen is resistant to pH 
change and supports pH from 4.0 to 9.0 (ZAIONS; 
BALDISSEROTTO, 2000). 

The time expended for the closure of the 
blastopore varied between the different incubation 
temperatures, with eggs that were incubated at 30°C 
having shown a faster embryonic development 
compared to the other treatments. At that 
temperature, the closure of the blastopore occurred 
8h after fertilization; whereas at 25 and 19°C, the 
closure of the blastopore occurred 9 and 25h after 
fertilization, respectively.  

Temperature showed an influence (p < 0.05) on 
fertilization rates (Figure 1), since a reduction of 
fertilization was recorded with an increase in 
incubation temperature. Eggs fertilized at 30°C 
showed lower rates of fertilization for the different 
incubation temperatures, which demonstrates the 
negative influence of temperature over fertilization. 
However, lower fertilization rates were registered 
with higher incubation temperatures.  

Hatching time varied among the different 
temperatures, with larvae that were incubated at 
30°C hatching faster (26h after fertilization) than 
those incubated at the temperatures of 25°C or 
19°C, for which the hatchings occurred 32 and 77h 
after fertilization, respectively. 

Similar results were reported by Baldisseroto and 
Radünz Neto (2004), who found that eggs of R. 
quelen that were incubated at 24°C can extend their 
hatching time from 27 to 36h after fertilization. For 
the same species, Mardini et al. (1981) showed that 
eggs incubated at 16°C hatched around 72h after 
fertilization and took about 24h when incubated at 

24°C. A similar pattern was reported by Luz et al. 
(2001) for eggs of the Pimelodus maculatus that 
showed blastopore closure after 5h 5 min. and 
hatched 21h 20 min. after fertilization when an 
average temperature of 23.1°C was used.  

As cooler temperatures prolong the duration of 
the embryonic and larval stages of R. quelen, the 
stocking time for the production of larvae is higher, 
which makes the time for using the production 
facilities longer. Hatching rates were not influenced 
by incubation temperature (p > 0.05), although the 
hatching time in the treatment with the coldest 
temperature was higher. 

Pavlidis et al. (2000) studying Dicentrarchus 
labrax, tested the hypothesis that sex determination 
could be affected by the incubation temperature 
during the early stages of embryonic development. 
They concluded that, for larvae, the incubation 
temperature is a crucial factor in the process of 
sexual differentiation, and that low temperatures (13 
or 15°C) favor the development of female fish. 
Regarding Paralichthys olivaceus, however, higher 
and lower temperatures induced male single sex 
populations, while intermediate temperatures 
produced a sexual ratio of 1:1 (YAMAMOTO, 1999).  

The combination of genetic and environmental 
mechanisms in sex determination has been 
examined for the Atlantic silverside, Odontesthes 
bonariensis. For this species, Strüssmann et al. (1996) 
showed that the critical period for sex determination 
occurs between the 28th and 49th day after hatching, 
and that the proportion of females and males ranged 
from 100% between 17-19°C to 0% at 29°C. 
However, the prolonged exposure of the juveniles to 
29°C produced completely sterile individuals 
(STRÜSSMANN et al., 1997). For the Atlantic 
silverside larvae incubated at higher temperatures, 
there was an increase in the proportion of males 
compared to females (CONOVER, KYNARD, 
1981). In this species, sex determination occurred in 
the first half of the larval period, and temperature 
variation in subsequent periods had no effect on the 
sex ratio (CONOVER, FLEISHER, 1986). 

Table 1. Water temperature (T,oC), pH and dissolved oxygen (DO) concentration (mg L-1) (mean ± standard deviation) during silver 
catfish Rhamdia quelen egg incubation period. 

  Fertilization temperature (oC) 
  19 25 30 
  T pH DO T pH DO T pH DO 

19 19.0±0.2 7.2±0.1 9.3±0.2 19.0±0.1 7.2±0.1 9.3±0.1 19.1±0.7 7.3±0.2 9.3±0.1 
25 25.2±0.6 6.8±0.1 8.2±0.1 25.2±0.6 6.9±0.1 8.1±0.9 25.2±0.9 6.8±0.4 8.2±0.1 

Incubation 
temperature 
(ºC) 30 30.3±0.3 6.8±0.2 7.2±0.2 30.4±0.3 6.8±0.2 7.2±0.3 30.2±0.1 6.8±0.3 7.2±0.1 
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Figure 1. Fertilization rate (mean ± standard deviation) of silver 
catfish Rhamdia quelen eggs at different temperatures of fertilization 
(F19 = 19ºC; F25 = 25ºC and F30 = 30ºC) and incubation.  

In the present study, determination of the sex 
ratio was not influenced by the temperatures for 
fertilization or hatching (Table 2), since the 
male:female ratio was not different from 1:1 (p > 
0.05). In addition to the absence of a direct 
influence of temperature on sex ratio determination, 
other conditions, like the use of temperature outside 
the period of gonadal differentiation and/or the 
application of inappropriate temperatures can also be 
important factors. At the end of the experiment, the 
number of fish was correlated with temperature 
(Figure 2), since the lowest number of individuals, 
among the incubation temperatures tested  
(p < 0.05), was found at the lowest incubation 
temperature (19ºC). 

Table 2. Final number of silver catfish Rhamdia quelen males and 
females at day 90 after being fertilized and incubated at different 
temperatures. 

  Fertilization temperature (oC) 
  19 25 30 
  males females males females males females 

19 7 8 5 6 7 6 
25 34 34 28 18 29 25 

Incubation 
 temperature 
(oC) 30 25 40 23 15 23 27 
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 F (2.6) = 16.00; p = 0.004 

Figure 2. Number (mean ± standard deviation) of silver catfish 
Rhamdia quelen after fertilization and incubation at temperatures 
19 (I-19), 25 (I-25) and 30ºC (I-30). Means followed by different 
letters indicate statistical difference (Tukey test; p <0.05). 

Conclusion 

The increase in temperature reduced the rate of 
fertilization of R. quelen eggs. While the final number of 
larvae was reduced when the lower temperature for 
incubation was used, temperatures for fertilization and 
incubation, however, did not alter the sex ratio.  
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