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Abstract. The striped catfish, Pangasianodon hypophthalmus is a facultative air-breathing fish. This 
species is widely cultured in the freshwater areas of the Mekong Delta, Vietnam. This study reports the 
effects of elevated temperatures, carbon dioxide (CO2) concentrations, and the combination of CO2 with 
different temperatures on embryonic development, fertilization, and hatching. The first experiment 
included four temperatures (27, 30, 33, and 36ºC); the second experiment consisted of four 
concentrations of CO2 (0.7±0.02, 7.05±0.22, 14.2±0.6 and 21.4±0.3 mmHg CO2), and the third one was 
the combination of CO2 and temperatures with five treatments including the temperature and CO2 ≤ 0.7 
mmHg) (control), 7 mmHg CO2 at two temperatures (27 and 33ºC) and 14 mmHg CO2 at two 
temperatures (27ºC and 33ºC). The fertilized eggs from artificial breeding were directly exposed to the 
tested treatments. The results show that the hatching rate of eggs (62.3%) was highest at 30ºC, and the 
time spent to complete embryonic development (20.2 hours) was shortest at 33ºC. The increase in CO2 
concentrations in the water did not affect the fertilization rate (p > 0.05), but the hatching rate 
decreased with the increased CO2 concentrations. The embryonic development was significantly affected 
by high CO2 concentrations at elevated temperatures. Particularly, the lowest hatching rate (40.8%) and 
the longest time for embryonic development (approximately 25.5 hours) were found in the treatment of 
14 mmHg CO2 at 33ºC. It is summarized that the increase in temperature combined with a high 
concentration of CO2 in water affects the embryonic development of striped catfish.   
Key Words: embryo, hatching, fertilization, hypercapnia.  

 

 

Introduction. The Mekong Delta has been identified as one of the three hardest-hit 

deltas by climate change worldwide (IPCC 2007). Climate change manifests through the 

increasing frequency of droughts, hot weather, and heavy rain, as well as highly variable 

rainfall patterns and increases in CO2. The climate change in this delta was forecasted 

that the rainfall would decrease by 10-20% in the early rainy season and increase at the 

end of the rainy season; the temperature would increase by 2oC (up to 35-37ºC) as 

highest between 2030 and 2040 (Tuan & Chinvanno 2009); the sea level rise was 

projected to be 75 cm (52-106 cm) at the end of this century, causing salinity intrusion 

into inland areas (MONRE 2016). These factors highly affect fish farming practices and 

have been seen in the past few years. High CO2 concentrations in the water affect aquatic 

animals. Grottum & Sigholt (1996) found that 50% of Dicentrarchus labrax died within 96 

hours in pCO2 50 mmHg. Studies on the acid-base regulation under elevated CO2 and 

temperature have been reported in three facultative air-breathing fish, Pangasianodon 

hypophthalmus (Damsgaard et al 2015), Monopterus albus (Thinh et al 2018) and Chitala 

ornata (Gam et al 2020) with typical responses. P. hypophthalmus completed 

compensation pHe (plasma pH) after 72 hours of exposure to 34 mmHg CO2 by the 

associated increase of plasma bicarbonate (Damsgaard et al 2015). 

P. hypophthalmus is a non-obligated air-breathing species identified as having 

high tolerance in extreme environmental conditions. The optimal fish growth was at 33ºC 

in the water environment (Phuong et al 2017). Phuc et al (2007) reported that P. 

hypophthalmus was not stressed in high temperatures combined with salinities and even 
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the growth performance improved in the water environment of 35ºC and 6 ppt. Studies 

about the effects of different temperatures or CO2 concentrations and the combined 

impact of these two factors on the haematological functions of the P. hypophthalmus, 

have also been examined by Huong et al (2021).  

There have been limited studies on the effects of temperature, CO2 exposure, and 

CO2 at elevated temperatures on fertilization, the time spent to complete embryonic 

development, and hatching in bimodal breathers, as seen in aquatic organisms and air-

breathers. Therefore, this study aimed to investigate the effects of different 

temperatures, CO2 concentrations, and combinations of CO2 with various temperatures 

on the embryonic development of P. hypophthalmus to determine the adaptation of this 

species under high CO2 levels and temperatures in water.  

  

Material and Method 

 

Time, eggs, and environmental parameters of the experiments. The study was 

conducted at the College of Aquaculture and Fisheries, Can Tho University from June to 

October 2022. Healthy matured broodstocks were used to produce eggs by artificial 

breeding. Eggs were fertilized by the drying method and transferred to test jars. During 

the experimentation, the temperatures and CO2 concentrations in water of experimental 

jars were kept corresponding to test levels; temperatures were 26.9±0.03oC, 

30.0±0.04oC, 33.2±0.07oC, 36±0.08oC, 39±0.06oC and CO2 concentrations were 

0.7±0.02, 7.05±0.22, 14.2±0.6 and 21.4±0.3 mmHg CO2. The jars were aerated well 

and also maintained other parameters within the suitable range, such as dissolved 

oxygen (7.05±0.15 mg L-1), pH (7.75±0.06), total ammonia nitrogen (0.74±0.04 mg L-

1), and NO2
- (0.04±0.01 mg L-1). All the experiments followed national guidelines on the 

protection and experimental animal welfare in Vietnam (Law of Animal Health 2015).  

 

Effects of different temperatures. The experiment was conducted with five different 

temperatures, including 27oC (control condition), 30oC, 33oC, 36oC, and 39oC with three 

replicates. An amount of 0.8 g of eggs after fertilization (approx. 960 eggs) was 

randomly distributed to each 10 L glass jar (containing 8 L of water, approx. 120 eggs L-1 

representing each replicate). In addition, 120 eggs were also distributed to 2 L glass 

bottles (containing 1 L of water) representing the same five temperature levels with three 

replicates each for observing fertilization and hatching rate. All experimental jars and 

bottles for each treatment were arranged in a big plastic tank of 300 L of water with a 

tested temperature to keep the desired water temperatures in the jars and bottles. The 

water temperatures in the big tanks were increased and controlled using Heaters (EHEIM 

professional 4+ 350T – Germany).  

Ten eggs from each jar were sampled every 15 minutes from fertilization to the 

stage of multiple cells and 30 minutes for the later stages until hatching to observe 

embryonic development. The time spent to complete embryonic development was 

calculated from fertilization to hatching. The characteristics of the developmental phases 

of the embryos were recorded under a microscope (Olympus CX 21). The fertilization and 

hatching rates of eggs were observed at 2 hours and 30 hours after hydration from the 

bottles, respectively. The number of fertilized eggs that maintained translucence was 

determined at 2 hours after insemination, while the unfertilized eggs that turned whitish 

were removed from the bottles. The fertilization rate was determined by the number of 

fertilized eggs divided by the number of observed eggs. While the hatching rate was 

calculated by the number of hatched eggs divided by the number of fertilized eggs.  

 

Effects of different CO2 concentrations.The experiment was designed in 10 L glass 

jars (containing 8 L water) with four treatments, including control (below 0.7 mmHg 

CO2), 7 mmHg CO2, 14 mmHg CO2, and 21 mmHg CO2. As above,  an amount of 0.8 g of 

eggs after fertilization (approx. 960 eggs) was randomly distributed to each 10 L glass 

jar (containing 8 L of water, approx. 120 eggs L-1 representing each replicate). 

Additionally, 120 eggs were distributed to 2 L glass bottles (containing 1 L of water) 

representing the same five CO2 levels with three replicates each for observing fertilization 
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and hatching rate. CO2 was added to experimental jars corresponding to the desired 

concentrations from oxygen tanks and CO2 cylinders which were automatically controlled 

by the Oxyguard Pacific system coupled with a G10 ps CO2 probe and a K01svpld pH 

probe (Oxyguard International A/S, Farum, Denmark). The time spent to complete 

embryonic development, fertilization rate, and hatching rate were observed as described 

above (Item: Effects of different temperatures). 

 

Effects of CO2 at different temperatures. The study was designed in 10 L glass jars 

(containing 8 L water) with five treatments, including the control (normal temperature 

and CO2 < 0.7 mmHg), 7 mmHg CO2 at two temperatures (27 and 33oC) and 14 mmHg 

CO2 at two temperatures (27oC and 33oC). An amount of 0.8 g of eggs after fertilization 

(approx. 960 eggs) was randomly distributed to each 10 L glass jar (containing 8 L of 

water, approx. 120 eggs L-1 representing each replicate). Besides, 120 eggs were also 

distributed to 2 L glass bottle (containing 1 L of water) representing the same five CO2 

levels with three replicates each for observing fertilization and hatching rate. All 

experimental jars and bottles for each treatment were placed in a big plastic tank of 300 

L of water with a tested temperature to keep the desired water temperatures in the jars 

and bottles. The desired temperatures of treatments were controlled by heaters (EHEIM 

professional 4+ 350T – Germany) and the set-CO2 concentrations were controlled by an 

Oxyguard Pacific system coupled with a G10 ps CO2 probe and a K01svpld pH probe 

(Oxyguard International A/S, Farum, Denmark). The time spent to complete embryonic 

development, fertilization rate, and hatching rate were observed as described above 

(Item: Effects of different temperatures).  

 

Statistical analysis. All data were analyzed using PASW statistics (SPSS 18.0). A one-

way ANOVA was used for embryonic development indicators (time of embryonic 

development, fertilization rate, and hatching rate) between treatments with a p-value of less 

than 5% (p < 0.05). All data were presented as means±standard error of the mean (SEM). 

 

Results  

 

Embryonic development of the striped catfish exposed to different 

temperatures. Hatching rates were significantly different between treatments 30oC 

(62.3%) and control (53.7%) and 33oC (49.9%) (p < 0.05) (Table 1). However, the 

fertilization rates among these temperatures were not significantly different, ranging 

from 83.0 to 85.7%. The time spent to complete embryonic development at the 

treatments of 30oC and 33oC (21.0 hours and 20.2 hours) were significantly shorter than 

those at 27oC (22.5 hours) (Table 1).  
 

Table 1 

Time of embryonic development, fertilization rate, hatching rate of P. hypophthalmus at 

different temperatures 
 

 

Treatments 

Quota 

Time of embryo development 

(hours) 

Fertilization rate 

(%) 

Hatching rate 

(%) 

27oC (Control) 22.5±0.06a 85.7±0.87a 53.7±1.07a 

30oC 21.0±0.06b 83.0±1.56a 62.3±2.37b 

33oC 20.2±0.23c 83.0±2.08a 49.9±2.35a 
All data are displayed as mean±standard error; different subscript letters (a, b, c) in the same column indicate 
significant differences (p < 0.05).  

 

It is noticeable that the embryos in the 36 and 39oC treatments were just able to reach 

the multiple-cell and 16-cell stages, respectively. Normal development of the embryos is 

shown in Figures 1A to 1H, and the abnormal embryonic development is indicated in 

Figures 2A, 2B, and 2C.  
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Figure 1.A. Zygote (40x).  

 
Figure 1.B1. 2 cell.                Figure 1.B2. 4 cell.           Figure 1.B3. 8 cell (40x). 

 

 
Figure 1.C. Morula stage (40x). 

 

  
Figure 1.D1. Early blastula (40x). Figure 1.D2. Late blastula (40x). 
 

 
Figure 1.E. Gastrula stage (40x). 

 

 
Figure 1.F. Organogensis. (40x). 

 
Figure 1.H. Hatching out (10 x). 

 

Figure 1. Normal development of embryos exposed to different temperatures. 
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Abnormal morula  

stage (A) (40x)   

Abnormal blastula 

stage (B) (40x) 

Abnormal gastrula  

stage (C) (40x) 

Figure 2. Abnormal development of embryos exposed to different temperatures. 

 

Embryonic development of the striped catfish exposed to different CO2 

concentrations. Fertilization rates of all CO2 treatments and control had no significant 

difference (82.3 to 85.0%). However, the time of embryonic development in the three 

CO2 treatments was significantly longer than those of the control, whereas hatching rates 

in CO2 tested groups had significantly low values (56.1, 53.0 and 47.7% at 7, 14 and 21 

mmHg CO2, respectively) compared to that in control (69.3%) (Table 2). 

 

Table 2 

Time spent to complete embryonic development, fertilization rate, and hatching rate of P. 

hypophthalmus embryos at different CO2 concentrations 

 

 

Treatments 

Quota 

Time of embryo development 

(hours) 

Fertilization rate 

(%) 

Hatching rate 

(%) 

Control 21.2±0.22a 85.0±3.46a 69.3±2.29a 

7 mmHg CO2 22.6±0.51b 84.3±1.85a 56.1±0.88b 

14 mmHg CO2 22.6±0.44b 84.3±1.20a 53.0±0.87c 

21 mmHg CO2 24.4±0.39c 82.3±3.18a 47.7±0.61c 
All data are displayed as mean±standard error; different subscript letters (a, b, c) in the same column indicate 
significant differences (p < 0.05).  

 

Embryonic development of the striped catfish exposed to CO2 at different 

temperatures. The time of embryonic development was significantly longer in the 

treatments of higher CO2 concentration at the same temperature (p < 0.05), but there 

was no significant difference in fertilization rates for all combinations of CO2 and 

temperatures compared to that in control treatments (85.7% at 27oC and 83.0% at 

33oC) (p > 0.05) (Table 3A, 3B). Nevertheless, hatching rates at elevated temperatures 

and CO2 levels were significantly decreased to 47.9% and 43.5% in the treatments of 7 

and 14 mmHg at 27oC (Table 3A), and 41.4% and 40.8% in the treatments of 7 mmHg 

and 14 mmHg at 33oC (p < 0.05), respectively (Table 3B).  

 

Table 3A 

Time of embryonic development, fertilization rate, hatching rate of P. hypophthalmus 

embryos in CO2 exposure at 27oC 

 

 

Treatments 

Quota 

Time of embryonic 

development (hours) 

Fertilization rate 

(%) 

Hatching rate 

(%) 

Control (27oC) 22.5±0.06a 85.7±0.87a 53.7±1.07a 

7 mmHg CO2 at 27oC 24.6±0.33b 84.3±1.85a 47.9±1.69b 

14 mmHg CO2 at 27oC 26.4±0.43c 83.7±2.33a 43.5±1.45b 
All data are displayed as mean±standard error; different subscript letters (a, b, c) in the same column indicate 
significant differences (p < 0.05). 
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Table 3B 

Time of embryonic development, fertilization rate, hatching rate of P. hypophthalmus 

embryos in CO2 exposure at 33oC 

 

 

Treatments 

Quota 

Time of embryonic 

development (hours) 

Fertilization rate 

(%) 

Hatching rate  

(%) 

Control (33oC) 20.2±0.23a 83.0±2.08a 49.9±2.35a 

7 mmHg CO2 at 33oC 23.4±0.22b 82.3±3.18a 41.4±1.39b 

14 mmHg CO2 at 33oC 25.5±0.20c 81.0±1.15a 40.8±0.66b 
All data are displayed as mean±standard error; different subscript letters (a, b, c) in the same column indicate 
significant differences (p < 0.05). 

 

Discussion. The time cost for embryonic development in the control treatment (27oC) 

was 22.5±0.06 hours, which is the same as those of yellow tail catfish (Pangasius 

pangasius) (Ferosekhan et al 2015). dos Santos et al (2016) reported that the hatching 

time of Astyanax altiparanae at 30oC is 11 hours after fertilization, which is shorter than 

those of 25 and 16 hours at 22oC or 26oC, respectively. In this study, the embryos of P. 

hypophthalmus died within 2 to 3 hours post-fertilized at 36 and 39oC, which closely 

resembles the embryos of the Australian strain of Lates calcarifer could not develop after 

two hours of fertilization at 36oC (Thepót & Jerry 2015). 

Fish are commonly considered to have high tolerance to increased CO2 levels and 

declined water pH because of their well-developed mechanisms for acid-base regulation. 

Juvenile and adult-stage fish regulate the concentrations of acid-base-relevant ions in the 

blood and tissues to protect from acidosis in a high CO2 environment (Heuer & Grosell 

2014). Fish are more susceptible to elevated CO2 levels in the early life stage because 

their physiological regulatory processes are still developing (Brauner 2008). Some 

previous studies presented no impacts or only minor impacts of high CO2 on the growth 

and survival rate of fish at early life stage or juvenile stage (Munday et al 2009; Franke & 

Clemmesen 2011; Bignami et al 2014; Pope et al 2014; Huong et al 2021), whereas 

other studies found adverse effects of high CO2 on embryonic development (Forsgren et 

al 2013), yolk provisioning (Chambers et al 2014), tissue and organ development 

(Frommel et al 2012; Chamber et al 2014), swimming duration (Pimentel et al 2014), 

growth and survival (Baumann et al 2012). 

The embryonic development of fish is significantly affected by high CO2 

concentrations in the water. Extreme environmental conditions seriously injure embryonic 

development at the detached stage, and the adverse effects of CO2 depend on fish 

species. In the present study, isolated and combined high temperatures and high CO2 

concentrations caused adverse effects on the time of embryonic development and 

hatching rate in P. hypophthalmus. In contrast, fertilization rates at all treatments 

remained significantly unchanged during the experimentation. The result is similar to 

some previous studies on CO2 and temperatures in aquatic animals; particularly, 50% 

mortality appeared in red sea bream (Pagrus major) and Japanese whiting (Sillago 

japonica) in CO2 exposures of 1.4 and 2.4 kPa for cell-detached stage and 4.9 and 5.1 

kPa for embryonic stage (Kikkawa et al 2003). Similarly, there are significant effects in 

the cell-detached stage in Japanese flounder (Paralicthys olivaceus) with CO2 exposure of 

2.8 kPa and in Eastern little tuna (Euthynnus affinis) with CO2 exposure of 11.8 kPa 

(Kikkawa et al 2003). Egg mortality in red sea bream (Pagrus major) was 85.8% and 

97.4% at 5% and 10% CO2, respectively (Kikkawa et al 2004). After 9 and 19 hours in 

CO2 exposures (876, 949, and 957 ppm), the time of embryonic development in Cobia 

(Rachycentron canadum) had no significant difference (p > 0.05) (Ebanks 2013). 

 

Conclusions. The elevated temparatures, CO2 and the combination of these two 

parameters prolonge the embryonic development time of P. hypophthalmus. The 

hatching rates of fish reduced at high CO2 and high CO2 combined with elevated 

temperatures. These results suggest that the control of water temparature and CO2 in the 
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hatchery of P. hypophthalmus sould be considered in the context of increased 

temparature and CO2 caused by climate change in the Mekong Delta, Vietnam.  
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