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Abstract 
 Effect of rearing density (5, 15, 25, 35 and 45 fish/l2) on reproductive 
performances such as spawning success, fertilization rate, hatching rate and 
embryogenesis in terms of per cent survival rate of embryos at cleavage, gastrula, 
segmentation, pharyngula and hatching were evaluated. Survival, hatching, 
fertilization rate and per cent survivability of embryos did not differ significantly 
between the treatments 1, 2 and 3, but showed significant difference (p < 0.05) 
between 4 and 5.  Treatment three (25 fish/l2) had five-folds higher number of 
successful progeny than treatment one. Results suggest that 25 fish/l2 can be used 
as optimum rearing density. 

 
Introduction 
 Zebrafish Danio rerio is an inhabitant of freshwater of tropical region. The fish is small 
shoaling cyprinid fish(1) widely distributed throughout south and south-east Asia, with 
maximum species diversity in north-eastern India, Myanmar and Bangladesh(2). 
Zebrafish is one of the most important aquarium fish and has been used as a model 
organism in different fields of biology including genetics, developmental biology, 
biomedicine, neurophysiology etc.(3-5) because of its unique features such as, optical 
clarity of the embryo, amenability to genetic manipulation, and tolerance of a wide range 
of environmental conditions(5). Several transgenic strains have been produced by 
modified zebrafish(6). However, the husbandry conditions of this fish have not been yet 
optimized. Therefore, husbandry questions remain unsolved, including how rearing 
density affects the reproduction and embryogenesis of zebrafish(5). 
 Stocking density is one of the key factors that influence the perceived level of stress in 
fish(7). Inappropriate rearing densities may impair the growth and reduce immune 
competence due to factors such as social interaction and the deterioration of water 
quality, which can affect the reproduction, survivability, the performance of 
embryogenesis and feed conversion efficiency of the fish(8-10).   Moreover,  rearing  density  
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of larvae significantly influences the growth rates and final larval survival(11). The 
objective of this study was to identify the effects of rearing density on reproduction and 
embryogenesis of zebrafish. 
 
Methods and Materials 
 Zebrafish, Glotype (red) was used in this study. One month old fish were purchased 
from Kataban aquarium fish market, Dhaka, Bangladesh. Glass made 15 tanks of 16 cm3 
each were set up in a laboratory at the Department of Fisheries, University of Dhaka, 
Bangladesh. The tanks were washed properly with detergent before stocking the fish. 
Then the tanks were filled with clean tap water. 
 The experiment was designed with 5 treatments in triplicates. Zebrafish were 
randomly stocked in15 tanks at five treatments of stocking densities as T1, T2, T3, T4 and 
T5 corresponding to 5, 15, 25, 35, 45 fish.litre-2 of water. Fish were fed to satiation level 
twice a day at 7 a.m. and 6 p.m. with commercial pellet (TetraBits® Complete, Tetra 
GmbH, Germany). The ingredients of diet were as protein 47.5%, oil 6.5%, ash 10.5%, 
moisture 6%; additives: vitamin A 29770 IU/kg, vitamin D31860 IU/kg, vitamin E 200 
mg/kg, L-ascorbyl-2-polyphosphate 137 mg/kg. Aeration was given to each tank by using 
air pump. Water was siphoned manually in every two days. 
 After 2-months rearing, 5 pairs of matured male and female were collected from each 
treatment to observe their reproductive performance. Each pair with one male and one 
female was hold in 1 L capacity breeding tank as Beta tank for mating. These breeding 
tanks were specially made and composed of one transparent separation sheet, one 
perforated bottom plate and a plastic box. These tanks were purchased from local 
market. Thus, total 25 pairs of male and female fish were hold separately in 25 breeding 
tanks for mating. During breeding period the temperature and photoperiod of 14 hrs of 
light and 10 hrs dark period were strictly maintained.  After spawning, the eggs were 
collected into Petri dishes and incubated at 28.5°C. Percent spawning success, 
fertilization rate and hatching rate were measured using the following formulas(5). 
Survival rate was also counted during different stages of embryogenesis. The following 
stages were observed under microscope: zygote period (0 - 3/4 h), cleavage period (3/4 - 2 
¼ hrs), blastula period (2¼ - 5¼ hrs), gastrula period (5 ¼ - 10 hrs), segmentation period 
(10 - 24 hrs), pharyngula period (24 - 48 hrs), hatching period (48 - 72 hrs).  
 

Percent spawning success =                                                                                           × 100  
 
 
Fertilization rate (%) =                      × 100 
 
 

Total number of successful spawns at a given density 
Total number of crosses 

Number of fertilized embryos 
Total number of embryos produced during a spawning event 
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Hatching rate (%) =                × 100 
 
 The water temperature (°C), pH, dissolved oxygen (mg/l) and conductivity (ms/cm), 
were measured using bench photometer (Model HI 9828, HANNA Instruments, 
Woonsocket RI-USA).  
 Data were analyzed statistically by one-way ANOVA and Tukey test(12) using SPSS 
software (version 16.0, SPSS Inc., Chicago, USA) with the level of significance at p < 0.05. 
 
Results and Discussion 
 Significantly higher spawning successes were found in T1 (86.66 ± 6.66%) when 
compared with T4 (45.83 ± 4.16%) and T5 (50 ± 0%) treatments (Fig. 1). However there is 
no significant difference between T2 (72.21 ± 5.55%) and T3 (72.21 ± 5.55%) whereas T2 
had significantly higher spawning success than T4. 
 

 
Fig. 1. Spawning success of zebrafish Danio rerio in five treatments. Bars (mean ± SEM) with 

different letters denote significant differences (p < 0.05). 

 The observed results of stocking density on spawning success showed that the rate of 
spawning success is inversely proportional to rearing density. Rearing density is an 
important factor affecting growth of wild and laboratory fish(13-15). High density of fish 
might have produced a stressful situation and toxic substances which could be the 
probable cause for lower per cent of spawning success in T4 and T5(16). 
 No significant differences were detected in hatching rate and fertilization rate in T1, 
T2 and T3 treatments (Figs 2 and 3). Similarly, there is no significant difference between 

Number of hatched embryos 
Total number of embryos produced during a spawning event 
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T4 and T5. But the T1 (56.41 ± 2.86%), T2 (56.03 ± 3.67%) and T3 (54.4 ± 1.10%) had 
significantly higher hatch rate than T4 (28.23 ± 1.72%) and T5 (28.23 ± 1.38%). Fertilization 
rate of T1 (88.72 ± 5.16), T2 (87.32 ± 3.87) and T3 (84.36 ± 1.04) was also significantly 
higher than T4 (45.33 ± 2.84) and T5 (47 ± 2.08) treatments. 

 

 
Fig. 2. Hatching rate of zebrafish Danio rerio in five treatments. Bars (mean ± SEM) with different 

letters indicate significant differences (p < 0.05). 
 

 
Fig. 3. Fertilization rate of zebrafish Danio rerio in five treatments. Bars (mean ± SEM) with different 

letters are significantly different (p < 0.05). 

 The observed result indicated that fertilization and hatching rate has decreased with 
the increase of stocking density. The lower hatching and fertilization rate could be the 
result of poor egg and sperm quality and insufficient nutrition due to higher stocking 
rate of fish(17-18). Castronova et al.(5)  found no negative impact on percent spawning 
success and fertilization rate of zebrafish stocked up to 12 fish L-2. They also observed 45 
to 85% fertilization rate and 65 to 70% spawning rate.  
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 In this experiment, different developmental stages of embryogenesis were observed.  
Survival rates (%) of embryos were calculated at different developmental stages (Table 
1). In cleavage, pharyngula and hatching stages, T1, T2 and T3 had greater survival rate 
than T4 and T5 stages. However there was no significant difference among T1, T2 and T3 
treatments.  
 

Table 1. Survival rate (%) of embryos of zebrafish Danio rerio at different developmental stages. 
Mean (± SEM) values with different superscript letters in each row indicate significant 
difference (p < 0.05). 

 
 

Variables (%) Treatments 
1 2 3 4 5 

Cleavage  88.72 ± 5.16a 87.32 ± 3.87a 84.36 ± 1.04a 45.33 ± 2.84b 47 ± 2.08b 

Gastrula 70.90 ± 0.40a 67.36 ± 1.14ab 65.16 ± 1.04b 40.79 ± 0.51c 41.34 ± 0.79c 

Segmentation 62.33± 0.43a 59.92 ± 0.59ab 57.27 ± 1.05b 35.43 ± 1.12c 36.22 ± 1.01c 

Pharyngula 58.06 ± 0.84a 57.21 ± 0.31a 55.38 ± 0.17a 30.82 ± 0.49b 30.60 ± 0.58b 

Hatching 56.41 ± 2.86a 56.03 ± 3.67a 54.4 ± 1.10a 28.23 ± 1.72b 28.23 ± 1.38b 

 

 In gastrula and segmentation stages, T1 had significantly greater survival rate than 
T3, T4 and T5 treatments. However, there was no significant difference between T4 and 
T5. Embryogenesis is significantly influenced by the quality of egg and sperm and the 
quality of gamete is highly dependent on some external factors or broodstock 
management practices(19). For this reasons, lower survival rate in T4 and T5 treatments 
could be the impact of higher stocking density. The water quality parameters were 
almost similar and in acceptable range in all treatments. Temperature, pH, DO and 
conductivity were 27.13 ± 0.31°C, 8.3 ± 0.09, 2.63 ± 0.45 mgL2 and 0.37 ± 0.02 ms/cm, 
respectively. 
 Results suggests that stocking density of 25 fish/l2 can be used in studying the 
reproductive performance of zebrafish.  
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