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ABSTRACT

The increase in water temperature attributed to global warming poses a
significant concern for aquaculture and fisheries experts. Consequently, the
current study explored the impacts of elevated temperatures on the hemato-
biochemical and histological aspects in the juvenile red spotted groupers
(Epinephelus akaara). Juveniles with a length (TL) of 9.4+ 0.12cm and body
weight (BW) of 12.89+ 0.61g were subjected to thermal exposure at 24
(Control), 28, 32 and 36°C for 4 weeks, following a two-week acclimation period
at 24°C. A total of 180 juvenile fish were sacrificed at three different time points
(1, 14, and 28 days) for blood and tissue samples. Following 1 day of exposure,
the thermal stress resulted in a significant increase in hematocrit [Ht], red blood
cell [RBC] count, cortisol, glucose, glutamic oxaloacetic transaminase [GOT],
and glutamic pyruvic transaminase [GPT] levels at 36°C, in comparison with the
other temperature groups (24, 28, and 32°C) (P< 0.05). After 14 days, no
noticeable changes were observed. Interestingly, after an exposure of 28 days, a
significant rise in Ht and cortisol levels was reported in the group exposed at
32°C. Severe histological damage such as epithelial necrosis [EN] and shortening
of secondary gill lamellae [SSL] in the gills, and cytoplasmic vacuolization
[CV], shrinkage, and coalesce of hepatocytes [CHP] in the liver, was observed in
the 36°C group after 1 day. Furthermore, secondary lamellar hyperplasia [HSL]
in the gills and swollen hepatocytes [SHP] in the liver became evident at 32°C
following the exposure of 28 days. In summary, our findings indicate that
36°C is a lethal temperature for the red spotted grouper, and prolonged exposure
to 32°C can induce some degree of physiological stress in juvenile individuals.

INTRODUCTION

In aquaculture farming, the temperature in water is one of the most important

regulatory factors. The temperature increase in water can occur due to anthropogenic
interventions and natural causes like change in the climate. This rising regulatory factor
in the aquatic environment is a great concern for aquaculture farms and fishery biologists
(Langford, 2001; Somero, 2010). Fish typically maintain physiological homeostasis in
accordance with the temperature of their natural environment. However, alterations in
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water temperature can profoundly affect the normal physiological process and overall
survival of teleost fish (Fazio et al., 2018). Moreover, change in the water temperature
can affect the activities related to the non-specific immunity (Qiang et al., 2013) and
metabolism (Lu et al., 2016). Additionally, it can also increase the susceptibility to
different diseases (Karvonen et al., 2010). Temperature affects an animal’s physiological
and biochemical activities. Among all kinds of environmental challenges, stress due to
the rising tempreature is the most significant factor (Portner & Peck, 2010).

Fish being susceptible to fluctuations in temperature show a variety of changes in
morphological and physiological characters (Mora & Maya, 2006). Hemato-biochemical
parameters are considered as useful indicators in fish for physiological stress responses
(Lermen et al., 2004; Fazio et al., 2018; Panase et al., 2018). Cortisol which is a stress
hormone is secreted via hypothalamus-pituitary-interrenal (HPI) axis whenever fish
encounters any fluctuations in the physico-chemical factors. Sudden or prolonged
exposure to higher temperature triggers the release of cortisol, subsequently leading to a
rise in the glucose levels in plasma to facilitate the enhanced utilization of energy (Lima
et al., 2006). The activity of enzymes like glutamic pyruvic transaminase (GPT) and
glutamic oxaloacetic transaminase (GOT) can serve as stress indicators for monitoring
the hemato-biochemical responses in fish to temperature-induced stresses. The increase in
blood GPT and GOT levels is an indication of liver tissue injury in animals (Cheng et al.,
2018). Alterations in plasma total protein levels are employed as a marker for assessing
liver dysfunction (Firat & Kargin, 2010). Furthermore, reports suggested that fish
exhibit morphological alterations in gill and liver tissues while responding against
prolonged or abrupt thermal exposure (Liu et al., 2015; Hernandez-Lopez et al., 2018).

Warm-water fish like groupers prefer to grow between 24 and 30°C (Rimmer et
al., 2004). The red spotted grouper is a sub-tropical species of the Serranidae family,
which is typically found in the southern regions of Japan, Korea, Hong Kong, Taiwan.
and Southern China (Heemstra & Randall, 1993). Among groupers, the red spotted
grouper due to its high market value holds significant commercial importance in
Southeast Asia (Rimmer et al., 2004). Juvenile E. akaara usually inhabits shallow
coastal areas where they are susceptible to thermal fluctuations (Sadovy & Cornish,
2000). Understanding how thermal fluctuations, particularly elevated water temperatures,
affect the physiology and histology of the red spotted grouper after a prolonged exposure
is crucial from an aquaculture perspective. Consequently, a thorough understanding of the
physiology of the juvenile red spotted grouper is essential for an effective aquaculture
and efficient management practices.

Numerous studies have been undertaken to enhance our understanding of the
hemato-biochemical responses of aquatic inhabitants to temperature-induced stresses
(Bevelhimer & Bennet, 2000; Panase et al., 2018; Shahjahan et al., 2018; Islam et al.,
2019). However, while several studies on the red spotted grouper biology have explored
various aspects, including feeding frequency (Kayano et al., 1993), salinity stress effects
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(Lee et al., 2016), and reproductive behavior (Park et al., 2016), there is still a lack of
information concerning hemato-biochemical and histological responses to high
temperatures. Nevertheless, very little is known about the red spotted groupers’
adaptation and physiological changes following a sudden or an extended exposure to
thermal fluctuations. Thus, our aim was to observe the hemato-biochemical and
histological responses of E. akaara under elevated water temperatures over extended
periods.

MATERIALS AND METHODS

1. Experimental fish

The juveniles of E. akaara were relocated from the Marine Science Institute at
Jeju National University in Korea and reared in the laboratory of the Marine Biology
Department at Pukyong National University (PKNU), Republic of Korea. Fish care,
handling, and sampling procedures were conducted following the ethical guidelines
outlined by Pukyong National University’s Animal Ethics Committee (PKNU)
(Regulation No. 554). Upon arrival at the laboratory, the fish were promptly treated with
a 30ppm oxytetracycline solution obtained from Chamshin Pharma Co. Ltd. in Seoul,
Korea. The fish underwent a two-week acclimation period in their new environment,
maintaining a water temperature of 24°C, a salinity of 34g/ L, dissolved oxygen levels of
> 6.6mg/ L, a pH of 7.8, and a 12-hour light : 12-hour dark photoperiod. The fish in the
experiment were provided with a commercial diet (Marubeni Nisshin Feed Co., Ltd.,
Japan) twice a day, at 09:00 and 18:00 hours, until they were fully satiated. The feeding
regimen continued until 24 hours before the start of the trial. Any uneaten food was
promptly removed within 30 minutes after feeding to maintain water quality.

2. Experimental setup and thermal exposure

A total of 180 juveniles of the red spotted grouper, initially weighing 12.89+
0.61g in body weight (BW) and measuring 9.4+ 0.12cm in total length (TL), were
randomly allocated among 12 rectangular glass tanks (measuring 75 x 45 x 45cm in
width, length, and height), with each tank accommodating 15 fish. Each tank was fitted
with a recirculating filtration system holding 120 liters of seawater. The experiment
consisted of four temperature treatments: 24 (as control), 28, 32, and 36°C, where the
juveniles of the red spotted grouper were maintained for 4 weeks. Each temperature
treatment group was maintained in a set of three independent replicate tanks. To achieve
the specified temperature for each treatment, the tank temperatures were gradually
increased at a rate of 1°C per hour using a thermostat (OKE-6422H, Korea). Temperature
of each aquarium was constantly maintained at = 0.5°C with additional aeration and
skimming. The survival rate of the fish was continuously observed throughout the rearing
period. Using a water quality meter (HI9829; Hanna Instrumentals, USA), water
parameters such as temperature, dissolved oxygen, salinity, and pH were monitored daily.
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Additionally, the ammonium levels were quantified at two-day intervals with a
NHs/NH," test kit (Tetra GmbH, Germany). During the experimental trial, the recorded
values for pH, salinity, NH,4, and DO values were within the ranges of 7.89— 7.97, 33.67—
33.81g/ L, < 0.25mg/ L, and 4.16— 6.96mg/ L, respectively. Each day, approximately
10% of the water in the tank was replaced, and any waste material and debris were
removed from the tank using a siphon.

3. Sampling protocol

Fish were sampled at intervals of 1, 14, and 28 days from the initiation of thermal
exposure. The second sampling (at 14 days) and the third sampling (at 28 days) were
conducted specially within the 24, 28, and 32°C test groups, as all fish in the 36°C group
succumbed to thermal stress within a day of exposure. All fish underwent a 24-hour
fasting period before sampling. At each sampling point, 5 fish were randomly selected
from each experimental tank, with triplicate tanks for each temperature treatment. The
fish were gently anaesthetized using 300mg/ L 2-phenoxyethanol (Sigma Aldrich, St.
Louis, MO, USA). Following morphometric measurements (TL, Body length: BL, and
BW), blood samples were obtained from the caudal vein using capillary tubes treated
with heparin. These samples were then properly labelled and placed in 1.5mL centrifuge
tubes for subsequent hematological analysis (hemoglobin [Hb], hematocrit [Ht], and red
blood cell [RBC] count) and biochemical indices (plasma glucose, GPT, GOT, total
protein). Simultaneously, gill and liver tissues were surgically excised on ice and stored
for histological examination.

4. Hematological analysis

Hematocrit (Ht) measurements were conducted through the collection of blood
samples in glass capillary tubes, which were subsequently centrifuged for 5 minutes at
12,000rpm using a microhematocrit centrifuge apparatus (VS-12000; Vision Co. Ltd.,
Korea). Hemoglobin (Hb) levels were quantified by applying a 10uL blood sample onto
Hb slides, which were subsequently analyzed using an automated analyzer (FUJI DRI-
CHEM 400i, Japan). The red blood cell (RBC) count was performed by examining the
samples under a microscope with the assistance of a hemocytometer, employing Hayem
diluting fluid (Ricca Chemical Co., USA).

5. Biochemical analysis

Upon collection, plasma was promptly separated from blood samples through
centrifugation at 4°C (15min at 13,0009), and the resulting supernatant was preserved at
—70°C for a subsequent analysis. Glucose, glutamic pyruvic transaminase (GPT),
glutamic oxaloacetic transaminase (GOT), and total protein concentrations in the
obtained plasma samples were quantified using an automated analyzer, which had
previously been validated as an appropriate fish plasma analysis method (Krome, 2014).
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6. Radioimmunoassay

To quantify plasma cortisol levels, steroids were twice extracted with 2mL of
diethyl ether. The extracted steroid samples were then desiccated with nitrogen gas and
reconstituted in a phosphate buffer with a pH of 7.5. Cortisol values were assessed using
radioimmunoassay (RIA), adopting the methodology established by Kobayashi and
Mikuni (1987). The antiserum for cortisol was obtained from Cosmo-Bio Co. Ltd.,
Japan, while non-radioactive steroid standards were purchased from Steraloids Inc., USA.
The radio-labeled steroids ([*H]-cortisol) were procured from Amersham Life Sciences,
Piscataway, USA.

7. Histological analysis

For histological examinations, gills and liver tissues were promptly dissected and
preserved in 10% neutral formalin. Subsequently, they underwent a dehydration process
involving a series of graded ethanol concentrations, and were embedded in paraffin to
create tissue blocks. Sections with a 5um thickness were stained using Mayer’s
Hematoxylin and Eosin (H & E) and subsequently examined under a compound
microscope (BX-50, Olympus, Japan).

8. Statistical procedures

Data analysis was conducted using SPSS software (ver. 21.0; IBM Corp., USA).
Unless otherwise specified, all data were expressed as mean + standard error of mean
(SEM). Prior to statistical analysis, we verified normality through the Shapiro—Wilk test,
and ensured homogeneity of variance through Levene’s test. To assess the impact of
various temperature treatments on the hemato-biochemical parameters at various
sampling intervals, the one-way analysis of variance (ANOVA) was employed. Using
Duncan’s multiple range test (P< 0.05), significant distinctions among the treatment
groups were observed.

RESULTS

1. Behavioral changes and mortality

In the 36°C treatment group, the fish displayed signs of distress, including
gasping, swift movements of the operculum, erratic movements, efforts to escape the
experimental tank, spinning along their longitudinal axis, loss of balance, and ultimately
succumbed to acute heat stress, resulting in mortality. In contrast, fish in the remaining
groups (24, 28, and 32°C) exhibited vigorous swimming and normal opercular
movements, indicating no apparent signs of external distress. The 36°C group
experienced a complete mortality as a result of the thermal shock on day 1, while no
mortality was found in the other test groups (24, 28, and 32°C).
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2. Hematological parameters

After 1 day of thermal exposure, there was a notable rise in Ht levels at 28°C,
reaching its peak at 36°C. After 28 days of exposure, significantly increased Ht values
were observed in the 32°C temperature group. RBC counts were significantly elevated on
the first day of the experiment in the 36°C group, while no alterations were noted in the
remaining thermal groups (24, 28, and 32°C) following 28 days of exposure. After 1 day
of exposure, fish subjected to 36°C exhibited significantly lower Hb levels, whereas no
effects on Hb levels were evident in the other test groups, even after 28 days of exposure
(Table 1).

Table 1. Changes in hematocrit, red blood cell (RBC) count, and hemoglobin levels of
E. akaara subjected to various water temperatures (24, 28, 32, and 36°C) for 28 days

Thermal exposure (days)

Parameter Treatments 14 28
24 °C 31.44+1.11° 37.83+0.25° 33.66+0.28"
Ht (%) 28°C 34.92+1.12° 3895+0.69* 33.93+0.34
32°C 36.16 +0.25"°  39.89+0.95° 38.13+0.07°
36 °C 4124 +0.12% - -
24 °C 531+0.05° 548+007° 5.31+0.28
RBC (x10%mm?) 28°C 512+0.07°  4.87+0.05° 518+0.14°
32°C 553+0.17°  515+0.13" 553+0.18"
36 °C 6.01 +0.05% - -
24 °C 8.10+0.27°  875+0.23°  8.54+0.54°
Hb (g/dL) 28 °C 8.13+0.14°  845+0.15  853+0.07°
32°C 8.18+0.39°  7.67+0.19° 8.02+0.18"
36 °C 7.42+018" - -

N.B.: Sampling occurred at three distinct time intervals (1, 14 and 28 days). The values represent the mean
+ SEM of three replicates (n=15; comprising 5 fish per tank). Lowercase letters indicate statistically
significant differences among groups at corresponding time points (ANOVA, Duncan’s multiple range test;
P< 0.05).

3. Biochemical parameters

On day 1, the plasma glucose levels exhibited a sharp increase in the 36°C group,
whereas they remained stable in the other experimental groups (24, 28, and 32°C). After
14 and 28 days, slightly elevated glucose levels were observed in the 32°C group;
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however, these changes were not statistically significant (Fig. 1a). Plasma GPT levels
exhibited a significant increase after 1 day of exposure in the 36°C group, but the other
groups did not show any significant changes at the same sampling points. GPT levels
remained unaffected after 14 and 28 days of heat exposure (Fig. 1b). On the first day of
experiment, thermal exposure caused a significant increase in the plasma GOT levels in
the 36°C group, reaching five times higher levels compared to the other test groups.
However, no significant changes were noted upon comparing to the other experimental
groups after 14 days and 28 days of exposure, as shown in Fig. (1c). Following the 1% day
of exposure, the total protein of plasma levels showed a reduction in the 36°C test group
in comparison with the other test groups. However, no change was recorded in any
experimental group after 14 and 28 days of exposure (Fig. 1d). Moreover, following the
1% day of exposure, the 32 and 36°C groups exhibited significantly higher plasma cortisol
levels compared to the 24 and 28°C groups. There was a notable rise of cortisol in the
32°C group following 28 days of exposure (Fig. 1e).
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Fig. 1 (a- e) Alterations in plasma glucose, glutamic pyruvic transaminase (GPT),

glutamic oxaloacetic transaminase (GOT), total protein and cortisol levels of E. akaara

following exposure to various water temperature (24, 28, 32, and 36°C) for 28 days.
Sampling was conducted at three distinct time intervals (1, 14 and 28 days). The values
represent the mean + SEM of three replicates (n=15; comprising 5 fish per tank).
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4. Histological observations in gills

After the 1% day of exposure, the gills of fish in the 24, 28, and 32°C groups
showed no significant effects (Fig. 2a- c), whereas those in the 36°C group were notably
affected by heat exposure. Significant changes including epithelial necrosis (EN),
reduction in the length of secondary gill lamellae (SSL), and disorganization of lamellae
were observed in the 36°C test group (Fig. 2d). However, after 14 and 28 days of
exposure, there were no substantial alterations detected in the thermal exposure groups
(Fig. 3a— e), with the exception of secondary lamellar hyperplasia [HSL] in the gills
observed in the 32°C experimental group on the 28™ day (Fig. 3f).

Gills: After 1 day of thermal exposure

Fig. 2 (a- d) Histological changes in the gills of E. akaara following the 1% day of
thermal exposure at varying temperatures (24°, 28°, 32°, and 36°C). a(24°C): Normal
primary (PL) and secondary gill lamellae (SL); b(28°C): Normal PL and SL; ¢(32°C):
Hyperplasia of secondary gill lamellae (HSL); d(36°C): Epithelial necrosis (EN);
Shortening of secondary gill lamellae (SSL). Stain: Hematoxylin and Eosin (H & E);
Scale bars = 100pum
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After 14 days of thermal exposure After 28 days of thermal exposure

Fig. 3 (a- f) Histological changes in the gills of the E. akaara after 14 (a- c) and 28 days
(d- ) of thermal exposure at various temperatures (24, 28, and 32°C). a, d (24°C); b, e
(28°C); c(32°C): Well organized primary (PL) and secondary gill lamellae (SL); f(32°C):
Hyperplasia of secondary gill lamellae (HSL) after 28 days; Stain: Hematoxylin and
Eosin (H & E); Scale bars = 100um

5. Histological observations in the liver

Following one day of exposure, the liver tissues in the 32 and 36°C exhibited a
severe damage compared to the tissues in the 24 and 28°C test groups (Fig. 4a, b). In the
36°C group, indications of this damage encompassed coalescence of hepatocytes (CHP),
blood clot (BC) formation within the sinusoid, and the contraction of hepatocytes (SH)
(Fig. 4d). Meanwhile, the 32°C group exhibited swollen hepatocytes (SHP) and
cytoplasmic vacuolization (CV) (Fig. 4c). After 14 and 28 days, there were no observable
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alterations in the thermal exposure groups (Fig. 5a— e), except for the presence of
cytoplasmic vacuolization (CV) in the 32°C group on the 28" day, as depicted in Fig.

(5f).

Liver: After 1 day of thermal exposure

Fig. 4 (a- d) Histological alterations in the liver of the E. akaara after the 1% day of
thermal exposure at various temperatures (24, 28, 32, and 36°C). a(24°C): Hepatocytes
with centrally located nuclei (N); b(28°C): Hepatocytes with prominent nuclei (PN);
c(32°C): Cytoplasmic vacuolization (CV), Swollen hepatocytes (SHP); d(36°C):
Shrinkage of hepatocytes (SH), Blood clotting (BC) in sinusoid, Coalesce of hepatocytes
(CHP); Stain: Hematoxylin and Eosin (H & E); Scale bars = 100um
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After 14 days of thermal After 28 days of thermal exposure

2(24°C) % SR

£ hii gl £62°0)

,'

eI
\/ b <4
R ¥

Fig. 5 (a- f) Histological alterations in the liver of E. akaara after 14 (a- c) and 28 days
(d- f) of thermal exposure at various temperatures (24, 28, and 32°C). a, d(24°C); b, e
(28°C); ¢(32°C): Normally arranged hepatocytes (HP); f(32°C): Swollen hepatocytes
(SHP) and cytoplasmic vacuolization (CV) after 28 days; Stain: Hematoxylin and Eosin
(H & E); Scale bars = 100um

DISCUSSION

Thermal fluctuations exceeding the tolerance level frequently result in fish
mortality (Cheng et al., 2013). In this study, the juveniles of the red spotted grouper were
found to experience severe thermal stresses, and their mortality was observed at 36°C
within the first day of experiment, clearly representing the lethal nature of this
temperature for E. akaara. A similar finding was observed by Cheng et al. (2013), who
stated in their study that 50% of juvenile brown-marbled grouper (E. fuscoguttatus) died



1494 Rahman et al., 2024

when temperature raised from 35.9 to 38.3°C. The orange spotted grouper (E. coioides)
exhibited temperature sensitivity and experienced mortality within 12 hours of transfer
from 27 to 35°C, as reported by Cheng et al. (2009).

Hematological parameters were employed to evaluate the efficient state of oxygen-
carrying capacity within the blood circulatory system (Shah & Altindag, 2004). In this
study, we observed an increase in Ht values and RBC counts, along with a decrease in Hb
levels, at 36°C following one day of exposure. Remarkably, the increased levels of Ht
and RBC enhance the blood’s ability to transport oxygen, thereby meeting the oxygen
needs of vital organs in reaction to elevated metabolic demands, which is an indicative of
stress response (Ruane et al., 1999). It was observed that the Hb levels decreased as Ht
levels increased in the Nile tilapia (Oreochromis niloticus) when subjected to a
temperature of 37°C for 4 hours (Panase et al., 2018). However, it was found that
hematological responses to higher water temperatures usually vary depending on the
specific species and thermal exposure time (Radoslav et al., 2013).

In this present study, a substantial rise in plasma glucose levels was evident in the
E. akaara juveniles under higher temperatures (36°C) in contrast to other temperature
groups (24, 28, and 32°C). This increase signifies an elevated energy demand required to
cope with the challenging physiological conditions at higher temperatures. After the onset
of thermal stress, elevation in plasma blood glucose levels occurs as a result of
glycogenolysis (Naour et al., 2017), which is essential to fulfill additional energy
requirements (Hsieh et al., 2003). Our findings align with those of previous studies on
the Nile tilapia that were exposed to heat stress at 37°C (Panase et al., 2018). Alterations
in blood GPT and GOT levels have served as markers for hepatic dysfunction and injury,
leading to increased transaminase activity (Gholami-Seyedkolaei et al., 2013). In the
current study, the elevation in plasma GPT and GOT concentrations at high temperatures
(36°C) indicated a state of liver stress, revealing heightened hepatic activity. Our results
coincide with the observations made by Cheng et al. (2018), who noted significant rises
in GPT and GOT values in the puffer fish (Takifugu obscurus) when subjected to 37°C.
Total protein serves as a common diagnostic tool for assessing fish immune status as well
as nutritional and metabolic health (Ortuno et al., 2001). In this study, the reduction in
the total protein levels observed at elevated temperatures (36°C) could be linked to
compromised protein synthesis resulting from liver damage. Similar findings were also
documented in the common carp, Cyprinus carpio communis (Ahmad et al., 2011), and
in the puffer fish, T. obscurus (Cheng et al., 2018).

Cortisol levels exhibited a significant increase, reaching a 2-fold elevation
compared to the control group after one day of exposure to 36°C. Subsequently, they
returned to their basal levels, but a second rise in cortisol level was observed in the 32°C
group following 28 days of exposure, which may be attributed to the stress induced by
the prolonged confinement. These observations align with prior research conducted on
the black Sea trout (Balta et al., 2017) and the Nile tilapia (Panase et al., 2018).
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Corticosteroid levels usually experience an increase in response to stress and
subsequently revert to their baseline levels upon recovery (lwama et al., 2006).
Alterations in plasma cortisol levels have been documented to result in increased glucose
levels (Hur et al., 2008), a finding which concurs with the observation of the current
study.

Morphological changes in both the gill and liver were examined to evaluate the
impact of stress, and these effects also show a strong correlation with hemato-
biochemical findings. Our findings revealed significant histological alterations in the gill,
including EN, SSL, and disorganization of lamellae after the 1 day of exposure to 36°C.
Additionally, secondary lamellar hyperplasia was observed after 28 days of exposure to
32°C. The findings of this study are in alignment with those of previous research on gill
morphology in the thermally stressed Japanese flounder, Paralichthys olivaceus (Liu et
al., 2015) and the bighead carp, Aristichthys nobilis (Aboka et al., 2017), where both the
species were submitted to temperatures of 32 and 38°C for a duration of 1 day,
respectively. The histological analysis of this study of the liver revealed hepatocyte
coalescence, blood clot within the sinusoid, and contraction of hepatocyte following a
single day of exposure to 36°C. Additionally, hepatocyte hypertrophy was evident after
28 days of exposure to 32°C. The observed morphological disturbances in liver tissues
signifies an adaptive and immediate response to thermal stress, aiming to counteract the
temperature-induced effects. Comparable effects were documented in different fishes
stressed thermally such as the Japanese flounder, P. olivaceus (Liu et al., 2015), and the
Pacific sardine, Sardinops sagax caeruleus (Hernandez-Lopez et al., 2018).

CONCLUSION

In summary, this study highlights the profound physiological changes induced by
elevated temperatures in the red spotted grouper. Our findings suggest that the
temperature of 36°C can be considered lethal for E. akaara, as the fish could not endure
exposure to this temperature. Moreover, E. akaara begins to exhibit physiological
disturbances when reared for prolonged periods at 32°C, indicating that this temperature
also creates a stressful environment for this species. The outcomes of this study could be
valuable for monitoring the physiological status of E. akaara, thereby facilitating an
improved management approach in aquaculture, particularly in response to the challenge
of rising water temperatures.
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