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Abstract. We compared the effects of two sets of growth conditions, high temperature (34°C) plus high 
salinity (9‰) [treatment 34°C-9‰], and an ambient temperature of 28°C plus freshwater (0‰) 
[treatment 28°C-0‰] on survival, growth and the utilization of energy, protein and amino acids in 
snakehead, Channa striata at feeding rates of 0 (fasting), 25%, 50%, 75%, 85% and 100% (apparent 
satiation) for 26 days. Fingerlings of uniform weight (7-8 g) were acclimated to the water conditions for 
seven days before being assigned randomly to 250L composite tanks with the designed temperature and 
salinity, at a density of 30 fingerlings per tank. Fingerlings were fed commercial feed formulated for 
snakehead. Fingerling weight, and content in the fish body of crude fat, crude protein and amino acids 
were measured at the start and at the end of the feeding experiment. Snakehead fingerlings cultured at 
28°C-0‰ had higher final weight, greater weight gain, better survival, and higher feed intake, and a 
lower feed conversion ratio than fingerlings cultured at 34°C-9‰. Fingerlings cultured at 28°C-0‰ had 
significantly higher amino acid digestibility coefficients and maintenance requirements for energy, 
protein, and amino acids than those at 34°C-9‰, but conversely, utilization rates were lower at 28°C-
0‰ than at 34°C-9‰. For typical ambient conditions of 28°C-0‰, maintenance requirements and 
utilization rate were, respectively, 44.8 KJ·kg-0.82 day-1 and 0.49 for energy, 0.44 g·kg-0.76 day-1 and 0.58 
for protein, and from 0.014 to 0.050 g·kg-0.76 day-1 and 0.41 to 0.64 for essential amino acids. These 
results imply that snakehead cultured at a combination of high temperature and high salinity requires 
high levels of dietary energy and protein to satisfy their maintenance requirements. 
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Introduction. Global warming and rising sea levels are leading to higher water 
temperatures and salt intrusion into coastal estuaries and freshwater bodies, and these 
are likely to impact on the culture of many fish species in coastal water bodies. 
Consequently, there is an increasing body of literature on the effect of elevated 
temperature and salinity, either individually or in concert, on the biology and productivity 
of fish species, but in most cases the focus has been on widely captured or cultivated, 
relatively euryhaline and eurythermal species. For example, at lower salinities, elevated 
temperatures have been reported to increase fish performance and feed utilization in Nile 
tilapia Oreochromis niloticus (Likongwe et al 1996), juvenile turbot Scophthalmus 
maximus (Imsland et al 2001, 2003), and GIFT tilapia O. niloticus (Qiang et al 2013), but 
water temperatures  above the species optimum often lead to a decrease in feed 
utilization or retained energy for growth, for example in barramundi Lates calcarifer 
(Glencross & Bermudes 2011), Nile tilapia (Xie et al 2011), and cobia Rachycentron 
canadum (Sun et al 2006). In general, energy expenditure in tropical species usually 
increases with higher water temperatures in the range of 18-35ºC (Guillaume et al 
2001), which is also consistent with the observation of higher oxygen consumption by 
Nile tilapia with increasing temperature (Maricondi-Massari et al 1998).   

Salinity has a profound effect on osmoregulation and the maintenance of a 
physiologically acceptable ionic balance in fish (Evans 2010). It also influences growth 
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(Boeuf & Payan 2001), feed intake (MacLeod 1977), feed utilization (Kang'ombe & Brown 
2008; Partridge & Jenkins 2012; Hamed et al 2016), and various physiological properties 
in the gut such as pH (Giffard-Mena et al 2006; Psochiou et al 2007) and the mix of 
digestive enzymes (Moutou et al 2004). These effects result in changes in energy 
expenditure (Sun et al 2006; Wang et al 2007), chemical composition (Mandal et al 
2020; Xu et al 2020), and nutrient requirements (Larumbe-Morán 2010; Wu et al 2021). 

The effect of synergistic interactions between water temperature and salinity on 
fish biology and nutrition is unclear. Several studies found almost no interaction between 
water temperature and salinity on nutrition of some species (Imsland et al 2007; Nepal & 
Fabrizio 2020). However, in a freshwater species, snakehead Channa striata, interaction 
and cumulative effects were found at high water temperature and high-water salinity 
(Lan et al 2020).   

Snakehead is a widely cultured freshwater stenohaline species. This species is 
farmed mainly in China and in Vietnam, particularly aquaculture in Vietnam from 16 
thousand tones in 2006 to 85.6 thousand tonnes in 2016 (Hien et al 2018). From a 
commercial viewpoint, as well as from the perspective of a more fundamental 
understanding, snakehead provides a useful case study for the adaptability of freshwater 
stenohaline species in response to elevated temperature and salinity as a consequence of 
climate change. Some authors have reported that snakehead grew reasonably well up to 
salinities of 10‰, though they were stressed and used more energy for brachial 
Na+K+ATPase metabolism (Nakkrasae et al 2015; Amornsakun et al 2017). Other studies 
have found that growth rates of snakehead were significantly lower at a salinity of 9‰ 
than in fresher water of 0 and 3‰ salinity, even though the isotonic point (equivalence 
between plasma osmolality and environmental osmolality, 323 mOsm kg-1) in snakehead 
was reported to be 12‰ (Huong & Trinh 2013). However, the nutrient requirement 
(especially for maintenance and growth) of snakehead under conditions of both high 
temperature and salinity is largely unknown. In this study we assessed the combined 
effects of temperature and salinity on the maintenance requirement and the utilization of 
nutrients (including amino acids) of snakehead fingerlings. 

 
Material and Method. The experiment was done from January 2020 to December 2020 
and involved culturing snakehead fingerlings under two sets of water conditions, one 
consisting of ambient water temperature (27-28°C) and a salinity of 0‰ (treatment 
28°C-0‰), and the other an elevated water temperature of 34°C coupled with a salinity 
of 9‰ (treatment 34°C-9‰). Within each set of conditions, fingerlings were fed at six 
different levels (0, 25, 50, 75, 85, and 100% of satiation). Each treatment was 
triplicated. Fingerlings were given a period of acclimation, as described below, before 
imposing the experimental conditions. 
 
Fish and acclimation conditions. About 3000 snakehead fingerlings, with an initial 
body weight of 5-6 g fish-1 from a commercial hatchery in Can Tho city were transferred 
to a wet laboratory at Can Tho University where they were acclimated in two 4-m3 tanks 
for two weeks. During this time, the fish were fed commercial snakehead pellets twice a 
day (at 08:00 and 16:00) to satiation. The 2 mm-sized pellets contained 45.6% crude 
protein, 6.9% crude lipid, and 13.0% total ash, and had a calorific value of 19.2 KJ g-1. 
After two weeks of acclimation, the experimental fish in the first tank were kept at the 
normal ambient water temperature of 27-28°C and a water salinity of 0‰ (freshwater). 
The temperature of the second tank was raised to a final water temperature of 34°C in 
steps of 2°C per day (Selong et al 2001), and the water salinity was increased by 3‰ 
daily to a final water salinity of 9‰. This step (experimental preparation) lasted for four 
days and then all fish were fed to satiation for a further seven consecutive days to 
determine the mean amount of “full” feed intake per fish daily for each water condition. 
After seven days of feeding, the fish were fasted for one day in preparation for the 
experimental treatments. 
 
Experimental design. As indicated above, the experiment was conducted at two 
different water conditions, i) an ambient water temperature of 27-28°C and freshwater 
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0‰ (treatment 28°C-0‰), and ii) a higher water temperature of 34°C with a salinity of 
9‰ (treatment 34°C-9‰). For the experiment, fish acclimated to each condition were 
randomly assigned to 18 aerated composite tanks (250 L) with matching water conditions 
at a stocking density of 30 fish tank-1. Fish in each tank except those in the fasted 
treatment (0% feed), were fed one of the different feeding rates (25, 50, 75, 85 and 
100%) calculated as a proportion of the maximum feed consumption at 100% apparent 
satiation (where 100% apparent satiation corresponded to 3.3% and 3.0% of body 
weight for treatment 28°C-0‰ and treatment 34°C-9‰, respectively) over the seven-
day period.  

These different feeding rates were then applied during the experimental period of 
26 days. The fish were fed with the same commercial snakehead pellets used during the 
acclimation period. 

We recorded the amount of feed consumed, and weighed and removed excess 
feed and dead fish daily. Approximately 30-50% of the water in each tank was replaced 
with water of the same temperature and salinity every three days. Water pH (7.1-7.5) 
and dissolved oxygen (4.06-5.57 mg L-1) were measured twice a day with a pH meter 
(SevenGo, Mettler Toledo, USA) and an oxygen meter (SevenGo pro, Mettler Toledo, 
USA), respectively. The temperature was maintained at the set-up levels: 27.5-28.8°C for 
treatment without temperature adjustment, and at 33.1-34.2°C for the treatment at 
34°C, as recorded by the thermometer (SevenGo, Mettler Toledo, USA). Nitrite (NO2

-) 
concentration ranged from 0.114 to 0.211 mg L-1 and total ammonia nitrogen was below 
1 mg L-1, as measured using the Sera test kit (Germany). The water salinity was 
measured using a refractometer (Atago, Japan). 
  The average live weight (LW) per fingerling in each tank at the beginning (Wi) and 
end (Wf) of the experiment was obtained by counting and weighing all fingerlings at the 
beginning and end of the experiment. The survival rate (SR, %), daily weight gain (DWG, 
g LW day-1), feed intake (FI, g fish-1) and feed conversion ratio (FCR) were measured as 
follows (where t = time in days): 
  
SR (%) = 100 x (number of fish at the end of experiment) / (number of fish at the start 

of the experiment) 
DWG (gLW fish-1 day-1) = (Wf – Wi) / t 

FI (g fish-1) = total of dry weight of feed consumed / number of fish in the tank 
FCR = dry weight of feed consumed / fish live weight gain 

 
For measurements of chemical composition, six fish were sampled from each tank 

at the beginning and again at the end of the feeding period. These were killed by placing 
in iced water for 30 minutes then in ice for two hours, minced, and stored at -20°C for 
later analysis of their chemical composition. The moisture content of the fish and feed 
was determined by drying the samples at 105°C to a constant weight. Total nitrogen in 
fish and feed was analyzed using the Kjeldahl system. Crude protein was calculated as 
total nitrogen x 6.25 (AOAC 2016). Crude fat was extracted with petroleum ether in a 
Soxhlet apparatus, and then determined by weight after evaporating the petroleum ether. 
The ash content was determined by placing the samples in a furnace at 560-600°C for 6 
hours. The carbohydrate (CHO, as a percentage) was calculated as 100 – crude protein – 
crude fat – crude ash. The energy (KJ g-1) of the sample was also calculated based on the 
mean values of gross energy of protein, fat, and CHO (NRC 2011) with the contents of 
these chemicals in the sample as [(Protein*23.64) + (Fat*39.54) + (CHO*17.57)]/100 
(Halver & Hardy 2002). The amino acids in feed and feces were analysed by Upscience 
Ltd. Comp. (Vietnam) following these steps: oxidation by formic acid-hydrogen peroxide, 
incubation at 0ºC for 16 hours, hydrolysis at 110ºC for 23 hours, adjustment pH 2.2, 
filtration, and analysed with a Biochrom 30+ amino acid analyzer (Biochrom, England). 

The efficiency of protein, amino acid, and energy utilization was estimated from 
the linear relationship, y = ax + b, where y = daily gain in nutrient (or energy) g/kg live 
weight (LW) / day, x = digestible intake of the nutrient (or energy), a = efficiency of 
utilization for that nutrient (or energy), and b is a constant representing the basal losses 
at zero intake. The value for y (daily gain of each nutrient) was calculated as the product 
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of DWG (daily weight gain in gLW fish-1 day-1) and the relative proportion (ratio) of that 
nutrient in the fish body. The maintenance requirement of each nutrient (or energy) was 
calculated based on the equation ax + b = 0 (y = 0) (Lupatsch et al 2003).  
  The live weight (LW) used in calculating maintenance requirements and utilization 
rates was based on metabolic weight and an energy (0.82) and protein/amino acid (0.76) 
of snakehead (Minh & Thanh 2017). The digestible intake of energy, protein and amino 
acids was calculated from the measured chemical composition of the feed, measured feed 
intake and apparent digestibility coefficients for energy, protein and amino acids reported 
by Lan et al (2020). All experiments were carried out in accordance with national 
guidelines on the protection and experimental animal welfare in Vietnam, Law of Animal 
Health, 2015 (Report number: VM5068). 
 
Statistical analyses. Before statistical analyses, data were checked for statistical 
normality and homogeneity of variance. Firstly, we ran a two-way ANOVA for the two 
factors (environmental conditions and feeding rates). Next, a one-way ANOVA was 
applied when an interaction between the two factors was found. Duncan tests were 
employed for specific comparisons, where appropriate. The digestibility of nutrients 
between the two rearing conditions was tested using a paired sample t-test. Differences 
were considered significant at p < 0.05. All statistical analyses were performed using 
SPSS statistical software (version 27.0, IBM, USA). 
 
Results 
 
Fish performance. Fish performance (i.e., growth and feed utilization efficiency) was 
strongly affected by both water conditions and feeding rates (Table 1). Final weight, 
weight gain, and survival rate were all significantly higher at normal ambient conditions 
(28°C-0‰) than at elevated temperature and salinity (34°C-9‰). The highest growth 
rates (up to 0.27 g fish-1 day-1) in treatment 28°C-0‰ were observed at feeding rates of 
85 and 100% satiation, while in treatment 34°C-9‰ the highest growth (0.20 g fish-1 
day-1) was found at the feeding rate of 100% satiation. The fish cultured without feed 
(0% feeding rate) lost more weight in treatment 34°C-9‰ (-0.06 g fish-1 day-1) than in 
treatment 28°C-0‰ (-0.04 g fish-1 day-1).  

Feed consumption (feed intake, FI) was higher at 28°C-0‰ than that at 34°C-
9‰, whereas the feed conversion ratio (FCR) was lower at 28°C-0‰ than at 34°C-9‰ 
(Table 1). The FCR decreased with increasing feeding rate at 28°C-0‰, falling to a low 
of 0.82 at 85% satiation, but then rose to 0.99 at the full 100% feeding rate (Table 1).  
 
Chemical composition and amino acid composition. At the start of the feeding 
experiment, in addition to having lower body weight, Wi (Table 1), fish in the 34°C-9‰ 
treatment also had lower relative levels of crude protein, crude fat and gross energy, and 
a higher relative ash content than those at 28°C-0‰ (Table 2), despite having been 
from the same original batch of fingerlings. Crude protein, crude fat and gross energy 
and amino acid contents (but not ash content) in the fish body increased with increasing 
feeding rate and feed intake (Table 2). Furthermore, the initially higher levels of nutrients 
and energy in treatment 28°C-0‰ compared to treatment 34°C-9‰ for matching 
feeding rates were maintained or amplified (Table 2). These results imply that fingerlings 
in the 34°C-9‰ treatment experienced stress over the 4-day period of raising the 
temperature and salinity from 28°C-0‰ to 34°C-9‰, and did not recover, even at high 
feeding rates. 
 
Digestibility of nutrients. The apparent digestibility coefficients (ADC) values for amino 
acids of the fish cultured at 28°C-0‰ were significantly higher (p < 0.05) than that at 
34°C-9‰ (Table 3).  
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Table 1 
Daily weight gain (DWG), survival rates (SR), feed intake (FI), and feed conversion ratio (FCR) of snakehead fish reared in different combinations of 

water temperature and salinity (28°C-0‰ and 34°C-9‰) 
 

28°C-0‰ 34°C-9‰ 
Feeding treatments Feeding treatments 

P values Parameters 
0 25 50 75 85 100 0 25 50 75 85 100 

SEM 
Env FR Env*FR 

Wi (g fish-1) 8.09 8.08 8.10 8.08 8.07 8.09 7.52 7.39 7.42 7.28 7.26 7.17 0.08 ** ns ns 
Wf (g fish-1) 7.17h 9.83f 12.5c 14.2b 15.2a 15.0a 6.04i 8.37g 9.69f 10.9e 11.4d 12.4c 0.48 ** ** ** 

DWG (g day-1) -0.04i 0.07g 0.17d 0.23b 0.27a 0.27a -0.06j 0.04h 0.09f 0.14e 0.16d 0.20c 0.02 ** ** ** 
Survival rate 

(%) 
81.7d 88.3c 93.3ab 94.4ab 96.7a 93.3ab 62.2e 86.7c 93.3ab 85.0cd 82.2c 92.2b 1.55 ** ns * 

Feed intake  
(g fish-1) 

- 1.84i 3.49g 5.06d 5.85b 6.87a - 1.42j 2.73h 4.37f 4.79e 5.67c 0.32 ** ** ** 

FCR - 1.05bc 0.80e 0.83de 0.82de 0.99cd - 1.45a 1.21b 1.21b 1.17b 1.08bc 0.04 ** ** ** 
Wi: initial mean weight, Wf: final mean weight. Data are presented as means. Env: Environment factor, FR: Feeding rate factor, SEM: standard error of mean. Different 
letters in the same row represent significant difference (p < 0.05). ns: not significance; *p < 0.05; **p < 0.01. 

 
Table 2  

Chemical composition and amino acid composition the fish body of snakehead reared in different combinations of water temperature and salinity (28°C-0‰ and 34°C-9‰) 
 

28°C-0‰ 34°C-9‰ P values 
Feeding treatments Feeding treatments 

SEM 
Env FR Env*FR Nutrients 

0 25 50 75 85 100 0 25 50 75 85 100     
Moisture (%) 73.4 72.1 73.5 72.3 72.3 72.8 74.7 74.3 73.5 73.4 73.1 74.6 0.17 ** * ns 
Protein (%) 15.9bc 16.6b 17.4a 18.0a 17.9a 17.3a 13.8e 14.6d 14.7d 14.9d 15.3cd 15.8c 0.24 ** ** * 

Fat (%) 2.77def 3.48b 2.48fg 3.12c 2.90cde 3.80a 1.43i 1.87h 2.30g 2.57efg 2.59efg 2.95cd 0.11 ** ** ** 
Ash (%) 7.47c 7.51c 6.22de 6.18de 6.54d 5.68e 9.75a 8.83b 9.20ab 8.85b 8.67b 6.40d 0.23 ** ** ** 

GE (KJ g-1) 4.94 5.36 5.16 5.55 5.43 5.67 3.88 4.27 4.44 4.59 4.70 4.95 0.09 ** ** ns 
Arginine 3.55bcd 3.54bcd 3.45cd 3.69a 3.54bcd 3.63ab 3.43d 3.48cd 3.57bc 3.52bcd 3.32e 3.18f 0.02 ** ** ** 
Histidine 1.10f 1.20cd 1.21c 1.27a 1.10de 1.23bc 1.12ef 1.15de 1.26ab 1.19cd 1.12ef 1.09f 0.01 ** ** ** 

Isoleucine 1.92f 2.18cd 2.24c 2.47a 2.25c 2.47a 2.07e 2.19c 2.34b 2.24c 1.94f 2.11de 0.03 ** ** ** 
Leucine 3.95de 4.38c 4.34c 4.72a 4.22c 4.56b 3.84e 4.06d 4.35c 4.34c 4.01d 4.00d 0.04 ** ** ** 
Lysine 4.20fg 4.18fg 4.29ef 4.93a 4.56c 4.85a 4.13g 4.51cd 4.71b 4.61bc 4.38de 4.40de 0.04 ** ** ** 

Methionine 1.31f 1.48de 1.45e 1.57ab 1.51cd 1.60a 1.27g 1.53bc 1.46e 1.43e 1.27g 1.33f 0.02 ** ** ** 
Methionine + 

Cysteine 
1.79e 1.99c 1.95cd 2.12a 1.89d 2.07ab 1.74e 2.00bc 1.96cd 1.95cd 1.73e 1.79e 0.02 ** ** ** 

Phenylalanine 2.23gh 2.39de 2.46cd 2.66a 2.38def 2.55b 2.22h 2.32efg 2.49bc 2.44cd 2.29fgh 2.33ef 0.02 ** ** ** 
Threonine 2.46def 2.63ab 2.54bcd 2.69a 2.46def 2.59bc 2.33g 2.44ef 2.57bc 2.50cde 2.40fg 2.38fg 0.02 ** ** ** 

Valine 2.22f 2.52c 2.50cd 2.75a 2.53bc 2.72a 2.36e 2.48cd 2.62b 2.52c 2.19f 2.42de 0.03 ** ** ** 
Data are presented as means. Different letters in the same row represent significant differences (p < 0.05). Env: Environment factor, FR: Feeding rate factor, SEM: standard 
error of mean. Whereas fish body protein, fat, ash, and gross energy are expressed on a wet weight basis. The composition of the ten essential amino acids is shown on a 
dry matter basis. ns: not significance; *p < 0.05; **p < 0.01. 
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Table 3  
Apparent digestibility coefficient (ADC; % DW) for amino acids in the diet of snakehead fish 

cultured in different combinations of water temperature and salinity 
 

ADC of essential amino acids (%) 28°C-0‰ 34°C-9‰ p values 
Arginine 97.0±0.12 95.5±0.54 ** 
Histidine 97.2±0.11b 95.6±0.52 ** 

Isoleucine 95.2±0.20 91.8±0.97 ** 
Leucine 95.8±0.18 92.8±0.86 ** 
Lysine 96.6±0.14 94.3±0.68 ** 

Methionine 96.5±0.15 94.8±0.61 ** 
Methionine+Cysteine 94.8±0.22 92.2±0.93 ** 

Phenylalanine 95.7±0.18 93.2±0.81 ** 
Threonine 95.0±0.21 92.0±0.95 ** 

Valine 94.2±0.24 91.0±1.07 ** 
Data are presented as mean±standard error. The ADC for all amino acids was significantly different between 
the two-water treatments (p < 0.05), ns: not significance; *p < 0.05; **p < 0.01. 
 
Maintenance requirement and utilisation rate of nutrients and amino acids. The 
maintenance requirement and the utilization rate of nutrients (energy, protein, fat, and amino 
acids) at 28°C-0‰ were higher than at 34°C-9‰ (Figure 1). The maintenance requirement 
for energy, protein, and amino acids at 34°C-9‰ was two- to three-fold higher than that at 
28°C-0‰ (Figure 2). Utilisation rates of energy and protein were marginally higher at 28°C-
0‰ (0.49 for energy; 0.58 for protein) compared with those at 34°C-9‰ (0.46 for energy; 
0.52 for protein (Table 4 and Table 1). As for the utilization of amino acids, utilization rates at 
28°C-0‰ were higher than at 34°C-9‰ (Table 4 and Table 2). 
 

Table 4 
Maintenance requirement and utilization rate for energy (KJ/kg0.82/day), and protein and amino 
acid (g/kg0.76/day) of snakehead fish cultured at ambient temperature and salinity (28°C-0‰), 

and at elevated temperature and salinity (34°C-9‰) 
 

Maintenance requirement Utilization rate Nutrients 
28°C-0‰ 34°C-9‰ 28°C-0‰ 34°C-9‰ 

Energy 44.77 88.31 0.485 0.462 
Protein 0.435 1.177 0.581 0.516 

Amino acid     
Arginine 0.050 0.084 0.428 0.319 
Histidine 0.014 0.020 0.408 0.315 

Isoleucine 0.033 0.047 0.565 0.365 
Leucine 0.030 0.059 0.517 0.418 
Lysine 0.037 0.080 0.640 0.459 

Methionine 0.016 0.030 0.603 0.445 
Methionine + Cysteine 0.020 0.031 0.516 0.381 

Phenylalanine 0.032 0.052 0.473 0.388 
Threonine 0.025 0.043 0.525 0.461 

Valine 0.041 0.058 0.539 0.387 
 

  
Figure 1. Relationship between (left) energy gain and digestible energy intake and (right) protein 
gain and digestible protein intake in snakehead fish reared at ambient temperature and salinity 
(28°C-0‰) and elevated temperature and salinity (34°C-9‰). In each case the slope of the 

relationship is a measure of the utilization rate. 
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Figure 2. Relationship between amino acid gain and digestible amino acid intake for essential amino 

acids in snakehead reared at ambient temperature and salinity (28°C-0‰) and elevated 
temperature and salinity (34°C-9‰). In each case the slope of the relationship is a measure of the 

utilization rate. 
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Discussion. Snakehead cultured at high temperature and salinity (34°C-9‰) had lower 
feed intake, growth, and digestibility than those in freshwater at ambient temperature 
(28°C-0‰). This in turn led to lower feed utilization by snakehead at 34°C-9‰, and 
higher energy, protein, and amino acid requirements for maintenance. The chemical 
composition of the fish body was influenced by the combination of temperatures and 
salinities used in our study. The ash content was higher, but body protein, fat and energy 
were significantly lower at the higher temperature and salinity (34°C-9‰) than at 
normal ambient temperature and salinity (28°C-0‰). As a result, the utilisation rate of 
energy, protein, and amino acids was lower at the higher temperature and salinity (34°C-
9‰) than that at ambient temperature and salinity (28°C-0‰). Broadly, our results are 
in agreement with those of Huong & Trinh (2013) who investigated the effect of high 
salinity (9‰) alone on growth rate and stress tolerance in snakehead. 

Normally, feed intake (and energy intake in particular) increases with increasing 
temperature (Henken et al 1986), but temperatures above the threshold for a given 
species can lead to stress, lower feed intake and reduced growth (Pörtner et al 2005). 
Responses to high salinities, however, seem to be more complex because although 
salinity seems to be a key environmental parameter for the survival and distribution of 
many freshwater fish (Landaeta et al 2012), some studies have found that exposure of 
some freshwater species to moderate salinities below the salinity threshold for that 
species improved survival rate without hampering growth, by reducing parasitic infections 
(Waltman et al 1986; Plumb & Shoemaker 1995; Aihua & Buchmann 2001). It has also 
been argued that freshwater fish cultured at low salinities would require less energy for 
osmoregulation and so would experience less stress and grow better (Mqolomba & Plumb 
1992). Our results show that snakehead does in fact perform much better in freshwater 
with a temperature of 28°C than at a combination of 34°C and 9‰ salinity, and 
essentially confirm an earlier study that found that a salinity above a certain threshold 
led to stress and lower feed intake in snakehead (Lan et al 2019). A possible explanation 
for this is a reduction in appetite because of the higher osmotic pressure of blood plasma 
(AlFaez et al 2009). It is also possible that salinities outside the normal range for 
snakehead influence water intake, which in turn could alter the flow of chyme fluid in the 
gut, its rate of evacuation and feed intake (Vinagre et al 2007). A third explanation could 
be that higher water salinities impair the secretion and specific activity of digestive 
enzymes, thus reducing feed digestibility, as observed in Trachinotus carolinus (Riche & 
Williams 2010), Cyprinus carpio (Wang et al 1997). A combination of these effects would 
explain our results for the lower body mass, lower feed intake (Table 1) and lower feed 
digestibility (Table 3) at 34°C-9‰ observed in our study, and also the findings (except 
the digestibility of feed) of Likongwe et al (1996). It is clear that the 34°C-9‰ treatment 
imposed osmoregulatory stress, as shown by the greater loss in weight in fish without 
feed 34°C-9‰, together with the significantly lower body mass and crude protein, crude 
fat and gross energy levels at 34°C-9‰ after the acclimation period and before 
commencing the feeding. 

Digestibility has been reported to increase with increasing water temperature due 
to an increase in the activity of digestive enzymes in rainbow trout Oncorhynchus mykiss, 
although above a certain upper temperature threshold, the digestive enzymes were easily 
denatured, reducing feed digestibility (Cho & Slinger 1979; Choubert et al 1982). 
Although we could not distinguish between the effects of elevated temperature and 
elevated salinity on the digestibility of feed ingredients, it is possible that a temperature 
of 34°C is above the threshold at which digestive enzymes begin to be denatured in 
snakehead.  

The maintenance requirement for energy, protein, and amino acids varies with 
fish species, environmental conditions and dietary composition (Schrama et al 2012). Our 
results for the maintenance requirement and utilization rate of energy and protein at 
28°C-0‰ are in agreement with findings from a previous study of snakehead cultured in 
similar conditions (Minh & Thanh 2017). We also found that the maintenance requirement 
for energy, protein, and amino acids at 34°C-9‰ was two- to three-fold higher than that 
at 28°C-0‰ (Table 4), most likely because the fish had to expend more energy for basic 
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metabolic activity (Brett & Groves 1979). A similar finding was reported for barramundi 
(Glencross & Bermudes 2011).  

Utilisation rates of energy and protein were marginally higher at 28°C-0‰ (0.49 
for energy; 0.58 for protein) compared with those at 34°C-9‰ (0.46 for energy; 0.52 
for protein), mainly due to the changes in composition of the fish body, especially the 
higher water content and lower protein and lipid contents at 34°C-9‰ (Figure 1). 
Interestingly, the higher feed conversion ratio at 34°C-9‰ compared with 28°C-0‰ 
appears to be due mainly to the significantly higher maintenance requirements at 34°C-
9‰.   

The greatest differences in maintenance requirements between the two 
treatments (28°C-0‰ and 34°C-9‰) were for the amino acids lysine, leucine and 
methionine (1.91 to 2.13 times higher), whereas the smallest differences in utilisation 
rates between the two treatments were for isoleucine, lysine and valine (28-35%) (Figure 
2). This implies that at high temperature and salinity, the dietary supply of amino acids 
was sufficient to meet maintenance requirements. However, lysine plays an important 
role in both stress tolerance and growth (NRC 2011), and given this, the decrease in its 
utilisation rate at the higher temperature and salinity is something of an enigma that 
warrants further research. 
 
Conclusions. Overall, we conclude that in snakehead, the higher final weight, weight 
gain and survival rate at 28°C-0‰ compared to the higher temperature and salinity of 
34°C-9‰ were associated with lower levels of stress that resulted, synergistically, in i) 
greater feed intake, ii) higher apparent digestibility coefficients for amino acids, which 
imply higher secretion rates and activity of digestive enzymes, iii) higher body levels of 
crude protein, crude fat and energy, iv) significantly lower maintenance requirements, 
which means that fish at 28°C-0‰ had significantly more energy and other resources 
available for growth than those at 34°C-9‰, and v) significantly higher utilization rates.  
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