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ABSTRACT 
The present study examined how temperature and feeding rate interact to influence survival rate, 
growth performance, respiration, and feeding ability in juvenile Barramundi (Lates calcarifer). 
Twenty-day-old fish were cultured for 28 days under three temperatures (30, 32 or 34˚C) 
combined with three feeding rates (50%, 75% or 100% of the recommended ration), followed by 
another 28 days of post-experimental recovery at 30˚C with a full feeding rate (100%). During the 
experimental stage, the survival rate varied between 69.0% and 94.0%, reaching its maximum at 
30˚C with a full feeding rate (100%) and declining to the lowest value at 34˚C under the 50% 
feeding rate. Growth performance was significantly affected by the combined effects of 
temperature and feeding rate (P < 0.0001). The greatest final length (1.50 ± 0.12 cm) and weight 
(0.05 ± 0.012 g) occurred at 30˚C and 100% feeding, corresponding to SGR_L = 2.10 ± 0.26% day⁻ ¹ 
and SGR_W = 5.72 ± 0.80% day⁻ ¹, whereas the lowest growth (0.88 ± 0.04 cm; 0.01 ± 0.001 g) was 
recorded at 34˚C and 50% feeding. Respiratory activity increased with temperature: gill cover 
movements rose from 142.00 ± 6.26 times min⁻ ¹ (30˚C) to 162.78 ± 3.41 times min⁻ ¹ (34˚C), 
while oxygen consumption ranged between 0.08 ± 0.01 and 0.81 ± 0.14 ppm 5 min⁻ ¹. Feeding 
ability varied slightly among treatments (12.5 - 18.3 Artemia 5 min⁻ ¹). During the 28-day 
recovery stage, survival reached 100% in all treatments, and fish previously exposed to 34˚C 
exhibited significant compensatory growth, attaining 2.67 ± 0.07 cm and 0.25 ± 0.037 g at 100% 
feeding. These findings indicate that optimal growth and physiological efficiency of L. calcarifer 
juveniles occur at 30˚C with full ration, while elevated temperature and feed restriction impair 
growth and metabolism but do not compromise recovery potential. 
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1. INTRODUCTION 
Barramundi or Asian seabass (Lates 

calcarifer) is a euryhaline, fast-growing species 
that supports important capture fisheries and a 
rapidly expanding aquaculture industry across the 
Indo-Pacific region. During the past twenty years, 
global farming of barramundi (Lates calcarifer) 
has expanded rapidly, and the species is now 
viewed as a principal contributor to satisfying 
future demand for premium aquatic protein [1, 2]. 
Because of its tolerance to varying salinities, 

excellent meat texture, and proven suitability for 
high-density culture, Barramundi plays an 
increasingly important role in advancing 
aquaculture across tropical and subtropical 
regions [1]. 

Fish growth and physiology are highly 
sensitive to water temperature, which regulates 
metabolic rate, enzyme activity, and feeding 
intensity [3 - 5]. For Barramundi, optimal growth 
is generally achieved within the range of 30 - 32˚C, 
whereas performance drops markedly when 
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temperatures exceed 35˚C [6 - 8]. Exposure to 
extreme temperatures narrows aerobic scope, 
raises metabolic energy costs, and reduces feed 
conversion efficiency [9 - 11]. With global warming 
expected to increase both the frequency and 
duration of heat waves, oxygen availability in 
aquatic environments is predicted to decline while 
oxygen demand in ectothermic species such as 
barramundi will rise [1, 12]. Understanding how 
juvenile Lates calcarifer respond to moderate but 
ecologically realistic conditions is essential for 
improving nursery management under future 
climate scenarios. 

In addition to temperature, feeding management 
plays a crucial role in determining fish growth and 
survival in culture systems. Both underfeeding and 
overfeeding can compromise performance limited 
feeding constrains nutrient availability, while excess 
feed contributes to waste buildup and degraded 
water conditions [1]. Experiments with L. calcarifer 
and other tropical fish species, research has shown 
that optimal growth and feed efficiency occur at 
intermediate to full ration levels [13, 14]. 
Temperature further mediates these effects; elevated 
temperatures heighten metabolic maintenance 
demands, redirecting energy away from somatic 
growth [3, 9]. 

Despite advances in the biological knowledge 
of Barramundi, interactions between temperature 
and feeding rate have rarely been investigated, 
particularly in early juvenile performances. Most 
available studies have tended to single-factor 
effects, such as temperature-related to growth 
performance, protein synthesis, or oxygen 
consumption patterns [6 - 8]. Only a few studies 
have explored how different feed levels, when 
combined with temperature variation, shape 
immediate performance and recovery capacity, 
including compensatory growth under optimal 
rearing conditions [5, 15 - 17]. Understanding 
these combined effects is important for optimizing 
aquaculture management under dynamic 
environmental regimes. 

Physiological and behavioral parameters such 
as respiration, oxygen consumption, and feeding 
ability provide useful information about how fish 

respond to changing environmental and nutritional 
conditions. As water temperature rises, fish 
generally elevate both oxygen demand and gill 
ventilation, reflecting higher metabolic activity and 
reduced energy availability for growth [18, 19]. 
Feeding ability also varies with water temperature, 
physiological conditions, and satiety level [11, 20]. 
Nevertheless, the combined effects of feeding 
levels and temperature on the physiological and 
behavioral activities of juvenile Lates calcarifer 
remain underexplored. The present study 
therefore aimed to evaluate how these two factors 
to influence on growth, respiration, and feeding 
ability in juvenile Barramundi L. calcarifer.  

2. MATERIALS AND METHODS 

2.1. Fish and experimental design 

Juvenile Asian seabass were obtained from a 
commercial hatchery (Hoang Phat, Vietnam) at 20 
days post-hatch, when they were actively feeding 
on Artemia nauplii. The average initial total length 
and body weight (mean ± SD) were 0.786 ± 0.077 
cm and 0.009 ± 0.002 g, respectively. Upon arrival 
at the Aquaculture Research Station (Nha Trang 
University, Vietnam), the fry were held in aerated 
tanks at ~30˚C and 30‰ salinity for 3 days to 
acclimate and recover from transport stress. 

The experiment was set up in a controlled 
laboratory system with 200-L water baths as 
temperature-controlled environments. There were 
two phases of the experiment. 

Phase 1: We used a factorial design with three 
water temperature levels (30˚C, 32˚C, 34˚C) and 
three feeding levels (50%, 75%, 100% of satiation), 
making nine treatment combinations. Each 
treatment was replicated in five independent 
rearing units (n = 5). The experimental unit was 
a 1-L plastic cup containing 10 fish (density 10 
fish L-¹) in the water bath. The experiment was 
performed using forty-five individual rearing cups, 
each placed within aerated water baths to ensure 
uniform environmental control. Water temperature 
was held at the designated levels (± 0.5˚C) with 
aquarium heaters and thermostats and verified 
daily using a calibrated thermometer. Salinity was 
adjusted to 30 ppt by mixing filtered seawater with 
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freshwater. To maintain water quality, a biological 
filtration system was employed, and approximately 
50% of the water was renewed weekly, during 
which organic debris was carefully removed. 
Throughout the experimental period, dissolved 
oxygen remained more than 6 mg L⁻ ¹, and 
ammonia-N concentrations were maintained below 
0.5 mg L-¹. 

Prior to the 28-day exposure experiment, a 
preliminary feeding assessment was carried out to 
determine the satiation level for juveniles at each 
temperature. Groups of fish were supplied with 
Artemia nauplii to apparent satiation, and total 
consumption within a 24 hours period was 
calculated. A known Artemia density was 
proposed, and uneaten Artemia were calculated 
after 15, 45, and 90 minutes, and irregularly up to 
24 hours. The total number of Artemia consumed 
per fish in 24 hours was reflected in the 100% 
ration for that temperature, from which 75% and 
50% rations were regularly received. This 
procedure confirmed that the full-feeding level 
perfectly considered near-satiation intake while 
accounting for thermal differences in appetite. On 
average, fish at higher temperatures used slightly 
more Artemia, although differences among 
treatments were minor and rations were regulated 
relative to body weight and temperature. 
Following the feeding ration calibration, the main 
experimental phase (thermal exposure, Phase 1) 
commenced. Fish were randomly placed in 
treatments and gently transferred to 1-L rearing 
cups at a density of ten individuals per cup. For 
groups exposed to 32˚C and 34˚C, the temperature 
was gradually increased by approximately 1˚C per 
day from ambient levels until the desired 
treatment temperature was reached within 2 - 3 
days. During the 28 days exposure phase, fish 
were fed their assigned ration three times per day 
(07:00, 15:00, 23:00). The feed consisted of freshly 
hatched Artemia nauplii, distributed evenly to 
each cup. In 100% ration treatments, excess nauplii 
were provided to ensure satiety, whereas in 50% 
and 75% ration treatments the allotted quantity 
(previously determined) was provided and 
typically consumed within a short time. Any 

residual Artemia were siphoned out after each 
feeding to prevent water fouling. Rearing 
conditions (temperature, salinity, aeration) were 
kept constant throughout the experiment. Fish 
behavior and health were observed multiple times 
daily. Mortality was recorded immediately and 
dead individuals (if any) were removed promptly. 

Phase 2 (recovery phase) began immediately 
after the 4 weeks exposure. At the end of Phase 1, 
all surviving fish from all treatments were 
transferred to recovery conditions to assess 
delayed effects. Recovery conditions were chosen 
to be optimal for Barramundi growth: temperature 
~30˚C (close to ambient “room” temperature and 
within the optimal range) and 30‰ salinity for all 
fish. All groups were henceforth maintained under 
an identical environment, effectively removing the 
temperature and feeding differences. During 
recovery, all fish were fed to apparent satiation (ad 
libitum Artemia nauplii offered in excess) three 
times daily. Fish from different initial treatments 
were kept separate in labeled containers 
(maintaining the replicate units) to track their 
performance. Recovery was continued for an 
additional 4 weeks (28 days). This duration was 
expected to be sufficient for compensatory growth 
if it were to occur, given the small size and high 
growth potential of the juveniles. 

2.2. Data collection 

2.2.1. Survival rate  
Fish survival was monitored daily. Survival 

rate (%) for each replicate was calculated at the 
end of Phase 1 and Phase 2 as 100 * (number of 
fish alive/initial number stocked). Any mortalities 
were noted with date and treatment.  

2.2.2. Growth measurements  
Fish were sampled at the start, end of Phase 1, 

and end of Phase 2 to assess fish growth in length 
and weight. At stocking (day 0), a subsample of 30 
fry was lightly anesthetized (in 50 mg L−1 MS-222) 
and measured for initial length and weight (these 
initial values were given above). At the end of the 4 
weeks exposure, all fish from each replicate were 
counted and a subset of ~5 fish per replicate were 
anesthetized for individual measurements of total 
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length (to nearest 0.01 mm) and wet weight (to 0.1 
mg). The remaining fish were returned to their 
cups for the recovery phase. Similarly, at the end 
of the 4 weeks recovery, fish were counted and ~5 
individuals per replicate were measured. Specific 
growth rate (SGR, % per day) in terms of weight 
and in terms of length was calculated for each 
replicate over each phase: SGR = 100 * (ln(final) - 
ln(initial))/days. We report SGR in weight (SGR-
W) and SGR in length (SGR-L). Condition factor or 
other growth indices could also be computed, but 
given the small size, we focused on SGR and 
absolute gains. 

2.2.3. Respiration rate  
The oxygen consumption of fish was used as 

an indicator of metabolic rate under the different 
treatments. At the end of Phase 1, we measured 
the routine metabolic rate of fish from each 
treatment using a closed respirometry method. In 
brief, one fish from each replicate (randomly 
netted) was placed in a sealed glass chamber 
(volume ~100 mL) filled with well-aerated 
seawater. A fiber-optic oxygen probe (FireStingO2 
system, PyroScience, Germany) continuously 
recorded the dissolved oxygen (DO) level in the 
chamber for 5 minutes. A parallel control chamber 
without fish was run to account for background 
oxygen change. The test was conducted at the 
fish’s rearing temperature to reflect the in-
treatment metabolic rate. The oxygen 
consumption rate was calculated as the decline in 
DO over 5 minutes, corrected by subtracting the 
DO change in the control (blank) and expressed 
as mg O2 consumed per fish per hour. This was 
further normalized to the fish’s body weight (mg 
O2 per gram fish per hour) for comparison 
between size groups. Opercular ventilation (gill 
beat) frequency was also noted during the test by 
visual observation (beats per minute), as an 
ancillary measure of respiratory response. We 
term this breathing rate. 

At the end of Phase 2 (after recovery), 
respiration measurements were repeated to assess 
any persistent differences. Fish had been in a 
common temperature (30˚C) for 4 weeks, so any 
differences in metabolism would reflect the lasting 

effects of their prior treatments and/or size 
differences. One fish per replicate was tested at 
30˚C following the same protocol. DO 
consumption in 5 minutes was measured (at 30˚C 
for all fish) and gill beat frequency was recorded. 
These post-recovery metabolic rates thus allow 
comparison of fish that had different histories 
(prior temprature/feeding) but are now in the 
same environment. 

2.2.4. Feeding rate/appetite  
We assessed feeding ability and appetite after 

the recovery phase as a measure of the delayed 
effect on feeding behavior. At the end of Phase 2, 
fish from each replicate were subjected to a short-
term feeding assay. Each group of fish (still in 
their 1-L cup at 30˚C) was offered a known number 
of Artemia nauplii (considerably in excess, e.g. 30 
nauplii per fish) after 24 hours of fasting. The 
number of prey consumed within 5 minutes was 
quantified for each replicate by counting 
remaining prey. This feeding rate (prey intake 
rate) in 5 minutes served as an index of appetite or 
feeding motivation. Differences between 
treatments would indicate if fish that were 
previously underfed or overheated exhibit higher 
appetite (compensatory feeding) compared to fish 
that were well-fed or kept at normal temperature. 
Prey consumption was expressed as the number of 
Artemia eaten per fish in 5 min. 

2.3. Statistical analysis 
All data are presented as mean ± standard 

deviation (SD) of five replicate units per treatment. 
Two-way analysis of variance (ANOVA) was used 
to test the effects of temperature, feeding rate, and 
their interaction on growth performance (SGR-W, 
SGR-L), survival, respiration rate, and feeding 
intake, separately for Phase 1 (immediate effects) 
and Phase 2 (delayed effects). Homogeneity of 
variances was confirmed with Levene’s test, and 
data were log-transformed where necessary to 
meet ANOVA assumptions. When a significant 
factor effect was found (p<0.05), Tukey’s HSD 
post-hoc test was applied to compare means 
among levels. For the recovery phase data, the 
initial treatment groups were the factors in the 
ANOVA (using the original temperature and feed 
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assignments as factors even though all fish were in 
common conditions during recovery). Statistical 
analyses were performed using SPSS 22.0 (IBM 
Corp.). A significance level of α = 0.05 was applied 
for all tests. 

3. RESULTS 
3.1. Survival rate 
The survival rate of Lates calcarifer juveniles 

varied markedly among treatments depending on 
both temperature and feeding rate (Figure 1). At 
30˚C, fish survival rose with higher feeding rates, 
starting at around 73% under the lowest ration and 

peaking near 94% with full feeding. When 
temperature increased to 32˚C, survival dropped 
slightly, reaching 78%, 81%, and 85% for the three 
feeding levels. The lowest results occurred at 
34˚C, where survival ranged between 69% and 80%. 
These results show that juveniles grew best at 30 
˚C with full feeding level, while both higher 
temperature and decreased feeding level clearly 
lowered survival. Heat stress was shown to worsen 
the negative effects of feed restriction under 
culture conditions. 

 
Figure 1. Effect of temperature and feeding rate on the survival rate of juvenile Barramundi during the 

experimental rearing stage 

Table 1 indicates that all juvenile Lates 
calcarifer survived during the post-experimental 
period, regardless of temperature (30 - 34 ˚C) or 
feeding level (50 - 100 %). No mortality occurred, 
demonstrating complete recovery after the stress 
phase. Following 28 days of rearing at 30˚C with 

100% feeding level, every fish survived, suggesting 
that once favorable conditions were restored, the 
juveniles quickly recovered stability. This finding 
highlights the remarkable tolerance and 
adaptability of juvenile Barramundi under varying 
environmental conditions. 

Table 1. Survival rate of juvenile Barramundi under different temperature and feeding rates  
during the post-experimental phase 

Temperature 30˚C 32˚C 34˚C 

Feeding rate (%) 50 75 100 50 75 100 50 75 100 

Survival rate (%) 100 100 100 100 100 100 100 100 100 
3.2. Growth performance 
As shown in Table 2, temperature and feeding 

rate both had a strong effect on the growth 
performance of juvenile Barramundi during the 
experiment. The initial fish length and weight in 
all treatments did not differ among treatments (P > 
0.05). Final fish length and weight were 
significantly affected by temperature (P < 0.001) 

and feeding level (P < 0.001), with a significant 
interaction between the two factors for final length 
(P < 0.05). The best growth occurred at 30˚C 
under 100% feeding rate, where fish attained a 
mean final length of 1.50 ± 0.12 cm and a final 
weight of 0.05 ± 0.012 g. Specific growth rates in 
both length (SGR_L) and weight (SGR_W) also 
indicate significant variation among treatments (P 
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< 0.001 for both). The maximum SGR_L (2.10 ± 
0.26% day-¹) and SGR_W (5.72 ± 0.80% day-¹) 
occurred at 30˚C and 100% feeding, whereas the 
lowest values were found at 34˚C and 50% feeding 
(SGR_L = 0.37 ± 0.16% day-¹; SGR_W = 1.46 ± 0.30% 
day-¹). These results indicate that moderate 

temperature (30˚C) combined with adequate 
feeding (100%) provides optimal conditions for 
growth, while higher temperature (≥ 34˚C) and 
feed restriction significantly depress the growth of 
Barramundi juveniles. 

Table 2. Effect of temperature and feeding rate on the growth of Barramundi  
during the experimental rearing stage 

Table 3. Effect of temperature and feeding ration on the growth of Barramundi  
during the post-experimental stage 

The growth performance of Lates calcarifer 
juveniles during the post-experimental stage was 
significantly affected by temperature and feeding 
ration (Table 3). Initial body length and weight did 
not differ among treatments (P > 0.05), confirming 
that fish were homogeneous at the start of the 
recovery phase. Final length and final weight were 
significantly influenced by both temperature (P < 
0.05 and P < 0.05, respectively) and feeding ration 
(P < 0.001 for both). The interaction between 
temperature and feeding ration was also 
significant for final length (P = 0.05). The highest 

growth was observed at 34˚C and 100% feeding, 
with a final length of 2.67 ± 0.07 cm and final 
weight of 0.25 ± 0.037 g, while the lowest values 
occurred at 30˚C and 50% feeding (final length 1.70 
± 0.10 cm; final weight 0.09 ± 0.011 g). Both 
length- and weight-specific growth rates (SGR_L 
and SGR_W) varied notably among treatments. 
Temperature strongly affected both indices (P < 
0.001), while feeding level had a smaller but 
detectable influence (P = 0.054 for SGR_L; P < 0.05 
for SGR_W). A significant temperature-by-feeding 
interaction was found for SGRi (P < 0.01) and 
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SGRw (P < 0.05). The fastest weight-specific 
growth (0.10 ± 0.008 % day-¹) occurred in fish 
reared at 34 ˚C under full feeding. This outcome 
suggests that adequate feeding at higher 
temperatures facilitated compensatory growth 
following earlier stress. Altogether, juveniles of L. 
calcarifer recovered well, showing optimal growth 
and metabolic restoration at 34˚C with 
unrestricted feeding. 

3.3. Respiration and metabolic response 

As shown in table 4, temperature had a 
dominant effect on the respiration response of 
juvenile Barramundi, while feeding rate 
contributed only slightly. The number of gill cover 
beats increased with temperature, ranging from 
about 142 beats min⁻ ¹ at 30˚C (100 % ratio) to 163 
beats min⁻ ¹ at 34˚C (50% ratio). Statistical analysis 
showed a clear temperature effect (P < 0.005), but 
no significant influence of feeding rate (P > 0.05) 
or their interaction (P > 0.05). Likewise, oxygen 
consumption indicated a strong dependence on 

temperature (P < 0.001) and a smaller yet 
significant effect of feeding level (P < 0.05). The 
highest oxygen uptake was measured at 32˚C and 
50% feeding (0.81 ± 0.14 ppm/5 min), while the 
lowest was at 30˚C with 100% feeding (0.08 ± 0.01 
ppm/5 min). When adjusted for body weight, 
oxygen consumption also increased significantly 
with temperature (P < 0.001) and feeding rate (P< 
0.005). The highest mass-specific oxygen 
consumption was found at 34˚C and 50% feeding 
(57.50 ± 5.95 ppm/5 min/W), whereas the lowest 
value was observed at 30˚C and 100% feeding (2.01 
± 0.75 ppm/5 min/W). Overall, higher 
temperatures led to noticeably stronger 
respiration activity, consistent with an increase in 
metabolic demand. Fish provided with 100% 
feeding rations showed more balanced oxygen 
consumption. The lack of a significant temperature 
and feeding rate interaction (P > 0.05) suggests 
that these two factors influenced respiration 
independently. 

Table 4. Effect of temperature and feeding rate on the respiration of Barramundi  
during the experimental rearing stage 

The respiratory responses of Lates calcarifer 
juveniles during the post-experimental stage were 
significantly affected by temperature and feeding 
rate (Table 5). The gill cover movement rate 
increased with temperature, ranging from 125.11 ± 
4.15 times/min at 30˚C and 100% feeding to 161.33 
± 4.67 times/min at 34˚C and 50% feeding. 
Temperature significantly affected the respiration 
of L. calcarifer juveniles (P < 0.05), while feeding 
rate and its interaction with temperature were not 

statistically significant (P > 0.05). Oxygen 
consumption (ppm/5 min) increased with both 
higher temperature and restricted feeding, 
reaching 0.48 ± 0.10 at 34˚C and 50% feeding, 
compared with only 0.04 ± 0.01 at 30˚C and 100% 
feeding. Both factors significantly influenced 
oxygen uptake (P < 0.001 and P < 0.05), and their 
interaction was also significant (P < 0.05). When 
adjusted for body weight, oxygen consumption 
rose markedly under high temperature and limited 
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feeding 1.54 ± 0.27 ppm/5 min/W at 34˚C and 50% 
feeding versus 0.10 ± 0.02 ppm/5 min/W at 30˚C 
and full feeding. Overall, these findings indicate 
that elevated temperature and lower ratios 

heightened metabolic activity and oxygen demand, 
while optimal conditions maintained efficient 
respiration and physiological stability. 

Table 5. Effect of temperature and feeding rate on the respiration of Barramundi  
during the post-experimental stage 

 
3.4. Feeding ability 

As shown in table 5, temperature and feeding 
level had little effect on the feeding behavior of 
juvenile Lates calcarifer. The number of Artemia 
consumed in 5 minutes did not vary significantly 
across treatments (P > 0.05 for temperature, 
feeding rate, and their interaction). Even so, a 
minor reduction in feeding activity was noted at 
higher temperatures and lower rations. Fish at 
30˚C displayed the greatest feeding rate (18.33 ± 

1.12 Artemia/5 min, 50% ration), followed by those 
at 32˚C (17.67 ± 1.56 Artemia/5 min, 50% ration), 
whereas feeding performance was lowest at 34˚C 
with full feeding (12.50 ± 2.13 Artemia/5 min). 

Overall, the results suggest that L. calcarifer 
juveniles maintain relatively stable feeding 
performance within the temperature range tested, 
but higher temperatures (≥ 34˚C) may slightly 
reduce feeding motivation and prey capture 
efficiency. 

Table 6. Effect of temperature and feeding rate on the feeding ability of Barramundi  
during the experimental rearing stage 

The feeding ability of Lates calcarifer juveniles 
during the post-experimental stage was slightly 
affected by feeding rate but not by temperature 
(Table 7). Statistical analysis showed that 
temperature had no significant effect (P > 0.05), 
while feeding rate had a significant influence (P < 
0.01) on feeding ability. The interaction between 
temperature and feeding rate was non-significant (P 
> 0.05). Although temperature effects were 
relatively small, fish tended to feed more actively at 

32˚C, reaching 26.33 ± 0.67 Artemia/5 min at 50% 
feeding. Feeding performance decreased at both 
30˚C and 34˚C, especially when fish were applied 
the full ration, averaging 17.33 ± 3.18 and 19.67 ± 
0.88 Artemia/5 min, respectively. In general, the 
feeding level seemed to be the key factor shaping 
feeding ability after the experiment. Moderate 
rations promoted stronger prey capture, while 
overfeeding appeared to suppress inspiration, 
probably because the fish were already satiated. 
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Table 7. Effect of temperature and feeding rate on the feeding ability of Barramundi  
during the post-experimental stage 

4. DISCUSSION  
This study provides novel insights into how 

elevated temperature and limited feeding rate 
interact to affect Barramundi juveniles, and how 
these fish recover once favorable conditions are 
restored. The findings largely support our 
hypotheses: High water temperature (34˚C) and 
feed restriction (50% satiation) each imposed clear 
stress on barramundi fry, evidenced by 
suppressed growth and heightened metabolic 
rates, and their combination had compounding 
negative effects. However, upon returning to 
optimal environmental conditions (30˚C, full 
feeding), the fish demonstrated a strong capacity 
for compensatory growth and feeding, though 
some effects of the prior stress (particularly 
elevated metabolic rate) persisted. These results 
are discussed in light of the known physiology of 
barramundi and comparable tropical species (e.g., 
cobia), and they carry important implications for 
aquaculture under climate change scenarios.  

4.1. Survival rate 
Juvenile Lates calcarifer tolerated all 

experimental conditions without mortality, 
indicating a high capacity to withstand short-term 
exposure to thermal and nutritional stress (Section 
3.1). Survival ranged from 69% to 94% during the 
28-day trial, with the highest rates recorded at 
30˚C and full feeding. Elevated temperature (34˚C) 
and restricted rations (50 - 75%) reduced survival 
moderately, reflecting the combined physiological 
burden of heat and limited energy intake. This 
pattern is consistent with the general 
understanding that thermal stress raises 
maintenance energy costs and reduces the energy 
available for physiological functions including 
immunity and survival [3, 5]. The interaction 
between temperature and feeding rate implies that 

under higher thermal load, fish are less tolerant of 
feed restriction: those under - fed are further 
compromised. Interestingly, during the post-
experimental recovery phase all treatments 
achieved 100% survival, indicating that once 
favourable conditions (temperature, feeding) were 
restored the fish were able to fully recover, a 
measure of strong resilience. This resilience aligns 
with the eurythermal capacity reported for 
barramundi [7, 8, 21] which found that juveniles 
maintain high survival and growth across a 
relatively wide temperature range.  

4.2. Growth performance 

The growth results (Section 3.2) 
demonstrated significant effects of both 
temperature and feeding rate, and an interaction 
between them. The optimal growth (final length 
and weight, SGR) was seen at 30˚C with 100% 
feeding. Growth was considerably suppressed at 
34˚C and 50% feeding. The literature on juvenile 
barramundi supports the notion that optimal 
growth occurs around ~30 - 32˚C, with feed intake 
and growth efficiency dropping at higher 
temperatures. Earlier work by Katersky and 
Carter [7, 8] showed that Barramundi grow best 
around 31 - 32˚C, with feed intake and growth 
dropping once the water gets warmer. Our 
findings mirror this trend and point to a typical 
metabolic response: As temperature increases, the 
cost of maintaining basic physiological functions 
rises faster than the fish’s ability to use food for 
growth [5]. Feed limitation exacerbates this 
imbalance, producing an additive or even 
synergistic reduction in growth. Similar 
temperature-ratio interactions have been 
described in cobia and turbot [16, 17, 22]. In our 
study, fish subjected to both high temperature and 
feed restriction gained minimal weight, suggesting 



SCIENCE AND TECHNOLOGY 

AGRICULTURE AND Environment - december 2025/volume 4 number 9 80 

most ingested energy was expended on 
maintenance. During the recovery phase, full 
survival and rapid compensatory growth 
confirmed that juvenile barramundi can partially 
recover from prior stress. The greatest rebound 
occurred in fish previously held at 34˚C and refed 
at 100%, indicating that once optimal conditions 
return, this species can restore growth potential 
effectively. However, complete compensation was 
not achieved within 28 days, suggesting that 
extended recovery may be required to eliminate 
residual size disparities. 

4.3. Respiration and metabolic response 
According to the respiration results (Section 

3.3), Temperature had a dominant influence on 
respiration. Gill cover movements and oxygen 
consumption increased markedly at 34˚C, 
following the expected Q10-type response typical of 
ectothermic species. The rise in metabolic rate 
reflects the higher energetic cost of homeostasis 
and oxygen delivery under heat stress. Feeding 
level exerted a smaller, yet detectable, effect: 
mass-specific oxygen consumption tended to be 
higher in restricted-fed fish, likely due to their 
smaller body size and increased activity when 
searching for food. When temperature and feeding 
stress coincided, oxygen consumption reached its 
highest levels, implying that the energy budget 
was largely allocated to maintenance rather than 
growth. These findings are consistent with reports 
for cobia and salmonids, where elevated 
temperatures increase basal metabolism and 
reduce feed efficiency [3, 23]. Even after returning 
to 30˚C, oxygen uptake remained slightly elevated 
in fish previously exposed to 34˚C, suggesting a 
persistent elevation in metabolic demand, possibly 
a carry-over effect of prior stress on gill 
morphology or mitochondrial activity. Moreover, 
previous work in barramundi has highlighted that 
growth efficiency is maintained across a moderate 
temperature range due to efficient nutrient 
utilisation, but declines sharply when metabolic 
cost becomes excessive. Our results therefore 
support the conclusion that under high 
temperature or feed limitation, the fish shift 
energy away from growth towards maintenance 

(respiration), which leads to lower growth and 
survival. 

4.4. Feeding ability 

Regarding feeding ability (Sections 3.4), 
during the experimental stage the number of 
Artemia consumed per 5 minutes was not 
significantly affected by either temperature (P > 
0.05) or feeding rate (P > 0.05). However, during 
the post-experimental recovery stage feeding rate 
became significant (P < 0.05) while the 
temperature remained non-significant (P > 0.05). 
This suggests that under the acute experimental 
treatments the prey-capture behaviour of juveniles 
may be less sensitive to temperature per se, but 
during recovery the nutritional status (feeding 
level) becomes more influential in determining 
prey intake. The literature reports that while 
appetite and feed intake can increase with 
temperature to a point, above the optimal range 
feed intake declines (e.g., Bermudes et al. (2010) 
[6] reported declines above 38˚C in barramundi). 
Our less-pronounced effect may be due to the 
narrower temperature range (30 - 34˚C) and 
possibly acclimation. Nevertheless, the finding 
indicates that feeding strategy is crucial for 
restoring feeding ability in the recovery phase, and 
that under adequate feeding juvenile Barramundi 
can rapidly regain feeding capacity irrespective of 
moderate temperature differences. 

4.5. Practical implications 

From a practical perspective, these findings 
carry important implications for Barramundi 
culture in tropical environments increasingly 
affected by climate warming. Maintaining routine 
feeding regimes during high-temperature events 
may not sustain growth, as metabolic costs rise 
sharply above 32˚C. Conversely, feed restriction 
often applied to limit water quality deterioration 
can compound growth losses under thermal 
stress. Farmers should consider adaptive feeding 
strategies, such as smaller but more frequent 
meals, energy-dense diets, or antioxidant 
supplementation to help fish cope with elevated 
metabolic demands. Temperature control 
measures, including shading, aeration, or 
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recirculating cooling systems, could further 
mitigate performance declines. The strong 
compensatory growth observed after stress 
periods indicates that barramundi can recover 
substantially if optimal conditions are restored 
promptly; however, recovery may require 
increased feeding input to offset prior energy 
deficits. Overall, maintaining juveniles near 30˚C 
with adequate feeding appears essential for 
maximizing growth efficiency and ensuring stable 
production under variable climatic conditions. 

4.6. Study Limitations and Further Work 

The present study was limited by both its 
short duration and narrow thermal range, which 
may not fully capture the long-term physiological 
adjustments of juvenile Lates calcarifer. Extended 
experiments covering wider temperature and 
feeding gradients are necessary to determine 
precise tolerance thresholds and the duration 
required for complete compensatory recovery. 
Incorporating finer physiological indicators, such 
as nitrogen excretion and protein synthesis would 
provide deeper insight into nutrient use under 
combined temperature and feeding challenges [6 - 
8, 21]. Future work should also include additional 
physiological and biochemical indicators, such as 
nitrogen excretion, protein turnover, and 
hormonal markers of appetite regulation, to better 
understand how energy and nutrients are 
partitioned under concurrent heat and feed stress. 
Furthermore, examining the combined effects of 
temperature with other environmental factors, 
such as dissolved oxygen, salinity, and feed 
formulation would provide a more realistic 
representation of aquaculture conditions. These 
investigations will contribute to refining feeding 
management strategies and improving resilience 
models for Barramundi culture in the context of 
climate variability. 

5. CONCLUSION 

Temperature and feeding rate jointly affected 
juvenile Lates calcarifer. The best growth (SGRt = 
5.72 ± 0.80% day⁻ ¹) and survival (94%) occurred at 
30˚C and 100% feeding. Both heat stress (34˚C) 
and feed restriction impaired performance but 

triggered compensatory growth once fish returned 
to favorable conditions. Full recovery (100% survival) 
and strong compensatory responses confirm that 
maintaining 30˚C with sufficient feed optimizes 
growth and highlights the species’ resilience to 
temporary thermal and nutritional stress. 
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