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Abstract 
The aim of this study compared to effect on survival and growth rates of rainbow Trout Eggs of applied 
shocks in different temperatures. Throughout this study, four different temperatures (24, 26, 28 and 300C) 
and a control group (9.60C) were used.Eggs fertilized by milt of male fish were shocked for 7 minutes in 
four different water batches provided to 24±0.10C, 26±0.l0C, 28±0.10C and 30±0.10C by aquarium 
heaters. The survival rates of eggs from fertilization to hatching were determined as 87.1% for control 
group (9.60C), 86.6% for 240C, 84.6% for 260C and 80.1 for 280C, and 76.3% for 300C. The difference 
between groups was important as statistical (P<0.05).No significant differences between groups with 
regard to weight gain and feed conversion rates (FCR), specific growth rates (SGR) of fry at the end of 
the 120-days experiment were determined, but, the growth rate, FCR and SGR of fish shocked in 240C 
were found to be higher than that of the other groups.Finally, the heat shock applied in 240C could be 
important for the optimal development in rainbow trouts. 
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1. Introduction 
Rainbow trout, one of the most significant species in terms of the rearing of aquaculture, have 
high market value in Turkey and the World [1]. However, the increasing demand for 
aquaculture and decline day by day of natural stocks has made aquaculture farming even more 
important [2]. Whereas, one of the most important environmental factors affecting the 
development of trouts rearing in culture conditions is temperature. Increase or decrease in 
temperature may lead to slowing down in development of the fish. Therefore, the best growth 
temperature for the fish should be known. Fisheries sectors are generally concentrated on a 
very fast growing fish under the name of increase efficiency in production. There are two 
processes that accelerate the growth of fishes. First, the fish are transferred to cages upon their 
grown up to a certain level. Secondly, fish is applied to biotechnological methods developing 
further in recent years [3]. Heat shock application from biotechnological methods is often a 
preferred method for triploid fish production. The heat shock applied to fish eggs is necessary 
to know whether this is related with optimum growth temperature or not [4].  
Gene manipulations (such as heat shocks, radiation) applied to fish can be provided to rapid 
growth the fish from fry stage [2]. However, there is a limited study on the development of 
diploid fish obtained with heat shock applied to fish eggs. In this study, we compared in terms 
of survival and growth rates rainbow trout eggs fertilized in different water temperature. This 
is first study evaluated effect on survival and growth of eggs of heat shock. 
 
2. Material and methods  
2.1 Fertilizing, hot shock and incubation 
This study was carried between 29 November 2008 and 11 March 2009 in Aquaculture 
Faculty Trout Production and Research Center (Ataturk University, Erzurum, Turkey). Eggs 
taken from a female fish were divided into four groups and were used 60 cc (896 pieces) for 
every groups, Eggs were poured into water provided to 24±0.1, 26±0.1, 28±0.l, 30±0.10C by 
aquarium heaters, and immediately after, were fertilized by milking to milt of a male fish (four 
fish) for every groups to temperature water. Fertilization process was provided by mixing of 
eggs for 7 minutes [5]. Fertilized eggs were taken to incubators spawn (with four divisions) 
placed on the fiberglass tanks of 310 lt. Incubation water used for eggs is an artesian water 
which has 9.6 mg/L dissolved oxygen, 7.2-7.6 pH, 9.60C temperature, 1 L/s flow rate [2].



 

~ 572 ~ 

International Journal of Fisheries and Aquatic Studies 

2.2 Determination of survival rates of eggs 
The death eggs, having a white color, and not fertilized eggs 
were removed and counted daily from experimental groups 
(24, 26, 28 and 300C) and the control (K) during the 45 days of 
incubation period. The fertilization, embryo, eyed stage and 
hatching of eggs were calculated by using values obtained at 
end of experiment [6]. 
 
2.3 Determination of Triploid  
Determination of triploid in groups was done according to the 
method described by Tomas [7] and Schreck and Moyle [8]. 
 
2.4 Feed conversation rate and specific growth rate 
Following of hatch period, fry freely fed with commercial 
trout feed (150, and 300 µ) up to 2 g. Then, fish taken 
randomly from each group (enough number fish) were fed in 
controlled manner. Fish reached to weigh 2 g weighed with a 
sensitive scale in every 15 days throughout 120 days and 
amounts of the daily feed given to fish at the end of weighing 
were determined. Throughout experiment, fish fed with 
commercial trout feed (500 µ, 800 µ and 1mm). FCR and SGR 
of fish were calculated according to values obtained at the end 
of experiment. SGR was calculated as SGR = [(lnR2 - lnR1) / 
(F2 - F1)] X 100where R2 and R1were fish weights at times F2 
and F1, and (F2-F1) were the number of days between 
weighings. FCR for the groups was calculated as FCR =(R) / 
(Y2 – Y1) where R was the amount of food consumed by the 
groups between weight measurements, Y2was the final groups 
weight and Y1 was the initial groups weight [4]. 

2.5 Statistical Analyses 
To estimate statistically differences between groups in 
experiment, ANOVA test was performed to all groups. To that 
end, the 11.5 version of SPSS program was used (SPSS Inc, 
Chicago, USA). For all date was accepted statistically 
significant P<0.05 [4].  
 
3. Results 
Results obtained from fertilization (DR), embryo (ER),eyed 
stage (ES), hatching, initial weight (IW), final weight (FW), 
specific growth rate (SGR) and food conversion rate (FCR) 
between the groups (K, 24, 26, 28 and 300C) fertilized in 
different water temperature and the results of statistical 
analysis are given in Table 1. According to the results obtained 
from this study, the survival rates from fertilization to hatching 
of rainbow trout eggs were determinate as Control > 240C > 
260C > 280C> 300C. Increased heat shock reduced survival 
rates of eggs from fertilization to hatching. All groups applied 
to heat shock were 100% diploid. There were statistically 
significant differences between the groups (24, 26, 28 and 
300C) (P<0.05). Following of growth 120 days, growth rates, 
SGR and FCR rates were determined as 240C >300C>280C 
>260C > Control. There were statistically insignificant 
differences between the groups in terms of SGR, FCR and 
growth rates (P>0.05). But, even if there is not a statistically 
significant difference, growth of fish shocked at 240C was 
higher when compared with other groups. Heat-shock applied 
at 240C have an important effect on growth of fish.  

 
Table 1: Comparıson of survival and growth rates of Rainbow trout eggs fertilized in different water temperatures 

 

0C DR (%) ER (%) ES (%) Hatching IW(g) FW(g) SGR (%) FCR 
Control 95,9±2,4a 94,7±4,0 a 93,9±1,0a 87.1±2.5a 2±0,1 10,1±2,9 a 2,16 a 1,06±0,01a 

240C 94,8±2,4a 97,5±1,7 a 95,7±1,5ab 86.6±3.0a 2±0,1 16,0±5,3 a 2,77 a 1,02±0,02 a 
260C 93,1±2,6a 94,6±4,2 a 91,3±1,5c 84.6±1.9ab 2±0,1 11,5±3,5 a 2,33 a 1,05±0,01 a 
280C 90,6±5,8a 92,0±15,2a 87,1±2,5cd 80.1±2.7b 2±0,1 13,5±4,4 a 2,54 a 1,04±0,02 a 
300C 88,7±6,3a 86,9±17,8a 80,2±1,1e 76.3±2.8c 2±0,1 15,6±5,1a 2,73 a 1,03±0,01 a 

Results were given as mean±SD and %. Control group was compared with 24, 26, 28 and 300C in terms of growth 
and survival rates. DR, fertilization rates; ER, embryo rates; ES; eyed rates; IW, initial weights; FW, final 
weights; SGR, specific growth rates; FCR, food conversion rates. There is significant difference between 
parameters given as different superscripts 

 
4. Discussion 
Heat shock application from biotechnological methods is often 
a preferred method for triploid fish production. Heat shock 
applied to rainbow trout eggs have influenced the survival 
rates from fertilization to first feeding (range 88,7– 95,7%) [9]. 
Chourrout [10] has reported that eggs taken from rainbow trout 
were exposed to heat shock with times 2, 4, 6, 8, 10, 15 and 20 
minutes in 26°C, and survival rates of fertilized eggs were 
more than 90% in all groups. In another study, 10 and 20 mins 
after the fertilization, eggs taken from Atlantic salmon (Salmo 
salar) were applied to shocks at temperature changing between 
26-29°C for 1,5 and 10 mins and eggs showed a fairly good 
survival rate (range 66-89%) [11]. In present study, the survival 
rates from fertilization to hatching of rainbow trout eggs 
exposed to heat shock for 7 minutes in 24, 26, 28, 30°C were 
determined changing between 76%-87% (respectively). Our 
results were compatible with results of Quillet and Gaignon [11] 
and Ingrid [9]. But, were different than that of chourrout [10]. 
Differences in survival rates may be associated with heat 
shock period or application. There was a significant difference 
between the groups (p<0.05).  
The heat shock applied to fish eggs is necessary to know 
whether this is related with optimum growth temperature or 

not. The optimum temperature for growth of Salmonides is 
obtained as 12°C, 19°C, 15°C, 17°C and 17.2°C for Cutthroat 
trout [12], Chinook salmon [13], Sockeye salmon [14], Brown trout 
[15] and Rainbow trout [16], respectively. In the present study, 
the optimum shock temperature for growth of rainbow trouts 
was obtained at 24°C (Table 1). Obtained results were found to 
be different from the literature. This difference can be resulted 
from fertilization for 7 min of rainbow trout eggs.  
Specific development rate is important in terms of determining 
the growth rate of the fish [2]. The specific growth rates (SGR) 
in our study (range 2.16-2.77%) were higher than reported by 
Yanik et al. [17] (1.67%), Uysal and Alpbaz [18] (1.87 to 2.01%) 
and Kocaman et al. [19] (1.24) but, were lower than the values 
reported by Kızak et al. [20] (3.63) for rainbow trout. Increased 
or decreased specific development rates (SGR) can be resulted 
from application of heat shock. 
In controlled rainbow trout farming, feed conversion rates 
(FCR) of rearing process are desired to be between 1,50 and 
1,80 [21]. Feed conversion rates (FCR) in our study were in the 
range of 1.03-1.06%. FCR of rainbow trouts were found to be 
0.59 [20] and 1.36 [22] before. In the present study, FCR in all 
groups were found to be lower than the values reported by 
Kocaman et al. [22], but, were found to be higher than the 



 

~ 573 ~ 

International Journal of Fisheries and Aquatic Studies 

values reported by Kızak et al. [20]. The lower or higher values 
of FCR may be due to environmental factors such as oxygen, 
temperature, pH and hardness. As a result, a positive effect on 
growth and survival of rainbow trout eggs fertilized in the 
different water temperatures were determined. 
 
Note:The survival rates (except hatching) of eggs in this study 
have been summarized from master’s degree and this study 
was presented The first International Fisheries symposium in 
Northern Cyprus. 
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