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Typhoons can hit the aquaculture industry. In this study, the water quality during typhoon was simulated 
under indoor water flowing seawater aquaculture model (C: salinity 32.5%, ammonia nitrogen 0.01mg/L; 
T1: salinity 30.0%, ammonia nitrogen 0.04mg/L, T2: salinity 27.5%, ammonia nitrogen 0.10mg/L; T3: 
salinity 25.0%, ammonia nitrogen 0.18mg/L) to investigate the tissue damage of gills and head kidneys and 
the changes of serum indicators of hybrid grouper (Epinephelus lanceolatus ♂ × Epinephelus fuscoguttatus 
♀) in 96 h. The results showed that the survival rate of each group was 100%, and no abnormal behavior was 
observed in juvenile fish. The damage performance in gill generally deepened over time. Lamellar fusion 
and curling of secondary lamellae also deepened from C group to T3 group. The proportion of interrenal 
tissue and hematopoietic tissue was moderate in all head kidney. Tissue vacuoles, ambiguous cell boundaries 
and necrotic cells deepened over time within 96h and also deepened from C group to T3 group. In all groups, 
triglyceride increased with time. In the treatment groups, the cholesterol was higher than that in C group at 
6 h. The high-density lipoprotein cholesterol of C group remained stable at a higher level than the treatment 
groups. The low-density lipoprotein cholesterol of C group remained stable at a lower level than the 
treatment groups. The changes of serum ion concentration in hybrid grouper over time can be divided into 
three categories: change near the level of the C group (Na+, K+), roughly higher than the C group (Cl-, Fe3+, 
P5+) and roughly lower than the C group (Ca2+, Mg2+, Zn2+). The serum urea nitrogen showed an increasing 
trend, while serum creatinine and uric acid showed a decreasing trend. In conclusion, the simulated typhoon 
seawater can damage the gills and head kidney tissues of juvenile hybrid grouper, and obviously affect the 
serum indicators, but some indicators can be restored to normal by adaptation. From the perspective of this 
study, indoor flowing seawater system can be properly opened during typhoons, but attention should be paid 
to water quality monitoring and to observe whether juvenile hybrid grouper has abnormal behavior.

INTRODUCTION

Aquaculture is a crucial agricultural industry in many 
countries in the world. Aquaculture products are 

important food for human beings and good sources of 
protein, fatty acids, vitamins, minerals and essential 
micronutrients. Grouper aquaculture has emerged as a 
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promising food production sector because grouper is in 
high demand worldwide, especially in Southeast Asia 
and China (Das et al., 2021; Jiang et al., 2015). Grouper 
species available for farming are wide variety, including 
giant grouper (Epinephelus lanceolatus), brown-marbled 
grouper (Epinephelus fuscoguttatus), orange-spotted 
grouper (Epinephelus coioides), red-spotted grouper 
(Epinephelus akaara) greasy grouper (Epinephelus 
tauvina), humpback grouper (Cromileptes altivelis) and 
coral trout (Plectropomus leopardus) (Pierre et al., 2008; 
Rimmer and Glamuzina, 2019). In addition, there are at least 
15 hybrid groupers that have been developed (Rimmer and 
Glamuzina, 2019). China is the largest producer of grouper 
with 23,4798 tons production in 2019 (FAO, 2021), and 
fry rearing is mainly carried out in Hainan Province. At 
present, there are three aquaculture modes of grouper: 
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marine cage, outdoor pond and indoor concrete tank, of 
which marine cages are the main mode (Hong and Zhang, 
2003; Rimmer and Glamuzina, 2019). Before juvenile fish 
are put into the marine cages or grow-out farms, they must 
go through the nursery phase. The nursery phase generally 
refers to the phase of fish body length from 10-20 mm to 
100 mm (Dennis et al., 2020; Pierre et al., 2008). Whether 
the juvenile fish are in a favorable growth environment 
at the nursery phase has a certain influence on their later 
growth performance and survival (Olla et al., 1998; 
Russell et al., 2012). In general, the risks that may occur 
in the nursery phase of juvenile are natural or man-made 
environmental changes, cannibalism, and the prevalence 
of diseases (Petitgas et al., 2013; Sogard, 1997).

Typhoons are generally accompanied by heavy rains 
and strong winds, and the increase in precipitation and the 
waves that pick up sediment can cause sudden changes 
in coastal water quality (Kumar et al., 2017; Zhao et al., 
2009). In addition to the huge economic losses caused by 
the typhoon to the marine cage, it also has an impact on the 
indoor culture model in the flowing water. Generally, simple 
treatment will be carried out before pumping seawater 
to indoor concrete tanks, such as sedimentation, sand 
filtration, etc. Such treatment can remove or reduce some 
abnormal water quality indexes caused by typhoons, but 
there will still be some effects. After long-term monitoring 
of water quality of indoor flowing water system, we found 
that salinity and ammonia nitrogen were the most variable 
water quality indexes after typhoon. Our findings are 
consistent with a lot of research on coastal water quality 
after typhoons (Herbeck et al., 2011; Wang et al., 2016). 
In Hainan, the seedling rearing of grouper is generally start 
in spring. Before sent to the marine cages, juvenile fishes 
will experience a summer typhoon period in hatchery, so 
they may face the challenge of environmental fluctuation 
brought by typhoon. Environmental fluctuations can 
cause instantaneous physiological effects on aquatic 
animal, even cause damage to the cells or tissues that are 
difficult to repair, and affecting growth and survival (Fu 
et al., 2021; Xu et al., 2021). Although under artificial 
rearing conditions, human intervention can be used to 
maintain the stability of the environment so as to reduce 
the unnecessary energy consumption of fish to adapt to 
the environment and the physiological damage caused by 
critical environment, there are still some environmental 
changes that are inevitable. 

Many indicators for rapid assessment of fish stress 
state have been reported. Histological analysis is a very 
intuitive way to reflect fish tissue damage, especially 
for gills, which are directly in contact with the water 
environment (Evans et al., 2005; Wang et al., 2021). The 
head kidney is a unique immune and endocrine organ of 
teleost, histological evaluation of the head kidney can infer 

its immune function (Mishra and Mohanty, 2009; Xu et al., 
2018). Fish serum parameters such as ions, metabolites, 
enzymes and hormones are important stress biomarkers 
and have been widely used in many stress studies, 
especially Na+, K+, Cl−, cortisol, total protein, glucose, 
lactate, triglycerides, and blood urea nitrogen (BUN) (Kim 
et al., 2017, 2020). In this study, juvenile hybrid grouper 
was treated for 96h under the indoor flowing seawater 
system that simulated the water quality after typhoon. 
Histological of gills and head kidneys and blood indexes 
were evaluated to explore the harm of typhoon weather to 
juvenile hybrid grouper, providing reference for typhoon 
coping strategies of grouper aquaculture.

MATERIALS AND METHODS

Animals and acclimation
Juvenile hybrid grouper (mean weight = 21.04±3.62 g), 

belonging to the same batch, were obtained from Tropical 
Aquaculture Research and Development Center, South 
China Sea Fisheries Research Institute (Hainan, China). 
The juvenile fish were randomly divided into four groups 
in triplicate, with 100 individuals in each concrete tank 
(1000 L). The experiment was conducted in indoor flow 
seawater tanks. The Daily exchange volume of seawater 
was around 250%. During the 7 days acclimatization, 
water quality parameters are kept in a relatively stable 
range (salinity 32 ± 0.50%, 27±0.2 oC, pH 8.00 ± 0.20, 
dissolved oxygen > 6.50 mg/L, ammonia nitrogen < 0.01 
mg/L, nitrite nitrogen < 0.001 mg/L) with a natural light 
condition. The fish were fed on a commercial pellet diet 
(TZU-Feng Aquaculture Supplies CO., LTD) twice daily. 
In each tank, water was changed 1 h after feeding with the 
water exchange rate over 30% of the tank volume each 
time for removal of food residues and feces.

Experiment design and sampling
Summarizing and analyzing the water inlet data of 

the experimental base in three years, we found that the 
water quality parameters that fluctuate greatly when the 
typhoon comes are salinity and ammonia nitrogen. Based 
on several typical water quality changes, the following 
experimental groups were designed: 

Control group (C): salinity 32.5%, ammonia nitrogen 
0.01mg/L

Treatment group 1 (T1): salinity 30.0%, ammonia 
nitrogen 0.04mg/L

Treatment group 2 (T2): salinity 27.5%, ammonia 
nitrogen 0.10mg/L

Treatment group 3 (T3): salinity 25.0%, ammonia 
nitrogen 0.18mg/L

Tap water aerated for 24 h as a fresh water source 
for achieved the desired salt concentrations, and a mother 
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liquor of 10 g/L was prepared using analytically pure 
NH4Cl as an ammonia nitrogen source. Each experimental 
tank was equipped with a storage tank, and the seawater 
in the storage tank was pumped into the experimental tank 
at a uniform speed using a water pump, The flow rate was 
adjusted according to the original daily exchange capacity 
and was same in each tank. During the experiment, close 
the water inlet of the experimental tanks. Starting from 
pumping, the experiment lasted 96 h. The fish fasted 
during the experiment. Dispense sea water in the plastic 
bucket according to the experimental design, and replenish 
the storage tank in time.

After treatment for 6 h, 24 h, 48 h, 72 h and 96 h, 
6 fish were randomly sampled with from each tank for 
serum biochemical parameters analysis and histological 
analysis. The fish were anesthetized at 200 mg/L MS-222 
before sampled. 

Histological analysis
The gill and head kidney were collected and 

fixed in 4% paraformaldehyde. The fixed tissues were 
embedded in paraffin blocks and sliced in a series of 
transverse section (4 μm thick) using a Leica RM 2016 
rotary microtome (Shanghai Leica Instrument Co., Ltd., 
China). A hematoxylin-eosin (HE) stain was used for 
general histological analysis. Each slide with tissue 
sections was mounted permanently using neutral balsam. 
The sections were observed using a Nikon Eclipse Ni-U 
Upright Microscope (Nikon Instruments Inc., Japan). The 
histopathological changes in the gill and head kidney were 
examined in the randomly selected ten sections from each 
fish (only the gill filament region is selected in gill). The 
mean prevalence of each histopathological parameter was 
categorized as mild (+, < 25% of sections), moderate (++, 
25–50% of sections) and severe (+++, > 50% of sections) 
(Mishra and Mohanty, 2008).

 
Serum biochemical parameters analysis

Blood was withdrawn from the caudal vein by a ster-
ile injector (1 mL). The Serum preparation method was 
described by (Fu et al., 2021), and then stored at –80oC for 
further analysis. The serum biochemical parameters were 
determined according to the manufacturer’s instructions 
using commercial kits (Nanjing Jiancheng Bioengineering 
Institute, Nanjing, China) i.e., triglyceride (TG): Phosphate 
oxidase peroxidase aminoantypirin method; total choles-
terol (TC): Cholesterol Oxidase peroxsidase aminoantypi-
rin method; high-density lipoprotein cholesterol (HDL-C) 
and low-density lipoprotein cholesterol (LDL-C): direct 
method; Na+: 6-potassium antimony hydroxide method; 
K+: sodium tetraphenylborate method; Ca2+: methylthymol 
blue method; Mg2+: calmagite; Zn2+: 5-Br-PAPS method; 

Cl-: mercury thiocyanate method; Fe3+: acidic reduction 
method; P5+: molybdic acid method; urea nitrogen (UN): 
urease method; creatinine (CR): sarcosine oxidase meth-
od; uric acid (UA): enzyme colorimetry.

Statistical analysis
The data in this study were expressed as mean ± 

standard error (SE). Microsoft Excel 2019 (Microsoft 
corporation) was used for data entry and Origin 2019 was 
used for data analysis and mapping.

RESULTS

Histological damage
During the experiment, epithelial hyperplasia, 

epithelial necrosis and desquamation, epithelial lifting and 
oedema, lamellar fusion and curling of secondary lamellae 
were the main damages in the gill filament of hybrid 
grouper (Fig. 1). This damage performance generally 
deepened over time within 96h. Lamellar fusion and 
curling of secondary lamellae also deepened from C group 
to T3 group (Table I).

The proportion of internal tissue and hematopoietic 
tissue was moderate in the head kidney of all groups. 
Tissue vacuoles, ambiguous cell boundaries, necrotic 
cells, colloidal enlargement and melanomacrophage 
centers (MMCs) distribution were the main damages in the 
head kidney of hybrid grouper (Fig. 2). Tissue vacuoles, 
Ambiguous cell boundaries and necrotic cells deepened 
over time within 96h and also deepened from C group to 
T3 group. Colloidal enlargement and MMCs distribution 
had no particular pattern (Table II).

Serum biochemical parameters 
In all groups, serum TG increased with time, and 

the values at 96 h from high to low were 5.40±0.27 
mmol/L (T2), 4.17±0.14 mmol/L (T1), 2.29±0.16 mmol/L 
(C), 1.15±0.27 mmol/L (T3) (Fig. 3A). In the treatment 
groups, the serum CHO were higher than that in group C 
at 6 h, followed by the same trend of T2 and T3 group, 
which increased first and then decreased, while T3 group 
continued to decrease (Fig. 3B). The serum HDL of C 
group remained stable at a higher level than the treatment 
groups, T3 fluctuated near the C group, T1 and T2 group 
decreased in the fluctuation (Fig. 3C). The serum LDL of 
C group remained stable at a lower level than the treatment 
groups, the three treatment groups had the same change 
trend, the treatment groups were higher than the control 
group at 6 h and then decreased continuously, reached the 
minimum and lower than the control group at 48h, then 
increased continuously and were higher than the control 
group at 96 h (Fig. 3D).
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Fig. 1. Transverse sections showing histopathology of 
gill(200X), A: Normal appearance (C group, 6 h); B: 
Hyperplasia in lamellar epithelium leading to lamellar 
fusion, epithelial lifting, curling of secondary lamellae; 
C: Hyperplasia in lamellar epithelium leading to lamellar 
fusion, epithelial lifting and occasional desquamation 
and disruption (T3 group, 96 h). Note: primary lamellae 
(PL), secondary lamellae (SL), epithelial hyperplasia 
(▲), epithelial necrosis and desquamation (↑), curling of 
secondary lamellae (↑↑), epithelial lifting and oedema (*), 
lamellar fusion (**).

Fig. 2. Transverse sections showing histopathology of 
head kidney(400X), A: Normal appearance (C group, 6 
h); B: A small amount of MMCs appeared, tissue vacuoles 
and ambiguous cell boundaries were occasionally seen (T3 
group, 6 h); C: Colloidal enlargement, tissue boundaries 
were occasionally seen (T2 group, 6h); D: ambiguous cell 
boundaries and massive necrotic cells (T1 group, 96 h). 
Note: ambiguous cell boundaries (▲), tissue vacuoles 
(↑), MMCs distribution (↑↑), necrotic cells (*), colloidal 
enlargement (**).

Fig. 3. Changes of serum lipid in hybrid grouper exposed 
to simulating typhoon seawater for 96 h. A: Triglyceride 
(TG); B: cholesterol (CHO); C: High density lipoprotein 
cholesterol (HDL); D: Low density lipoprotein cholesterol 
(LDL).
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Table I. Histological damage of simulated seawater of typhoon in the gill of hybrid grouper. (−) None, (+) mild, (++) 
moderate, (+++) severe.

Parameters C T1 T2 T3
6h 24h 48h 72h 96h 6h 24h 48h 72h 96h 6h 24h 48h 72h 96h 6h 24h 48h 72h 96h

Epithelial hyperplasia  -  -  -  -  -  -  +  -  +  ++  -  +  -  + +++  -  +  -  ++ ++
Epithelial necrosis and 
desquamation

 -  -  -  -  -  +  -  ++  ++ +++  +  -  + +++ +++  +  ++  ++  ++ ++

Epithelial lifting and oedema  -  -  -  -  -  + ++  +  ++  +  - ++  +  + +  -  -  ++  + ++
Lamellar fusion  +  -  -  -  -  +  +  +  ++ +++  + ++  ++  - +++  +  +  + +++ +++
Curling of secondary lamellae  -  -  -  -  -  -  +  +  +  +  -  +  - +++ +++  +  +  -  + +++

Table II. Histological damage of simulated seawater of typhoon in the head kidney of hybrid grouper. (−) None, (+) 
mild, (++) moderate, (+++) severe.

Parameters C T1 T2 T3
6h 24h 48h 72h 96h 6h 24h 48h 72h 96h 6h 24h 48h 72h 96h 6h 24h 48h 72h 96h

Tissue vacuoles  -  -  -  -  -  -  +  +  +++  +++  +  ++ +++  +++ +++  +  +++ +++  +++ +++
Ambiguous cell boundaries  -  -  -  -  -  -  -  +  +  +  -  +  ++  +++ +++  +  +++ ++  +++ +++
Necrotic cells  -  -  -  -  -  -  -  -  ++  +  -  -  +  ++ +++  -  - +  ++ +++
Colloidal enlargement  +  -  -  -  -  -  +  -  -  +  +  +  -  +  -  +  ++  -  -  -
MMCs distribution  -  -  -  -  -  -  -  +  -  -  -  +  +  +  -  +  +  -  +  ++

Fig. 4. Changes of serum ions in hybrid grouper exposed 
to simulating typhoon seawater for 96 h. A: Na+; B: K+; C: 
Cl-; D: Ca2+; E: Mg2+; F: Zn2+; G: Fe3+; H: P5+.

The changes of serum ion concentration in hybrid 
grouper over time can be divided into three categories: 
change near the level of the control group (Na+, K+), 
roughly higher than the control group (Cl-, Fe3+, P5+) and 

roughly lower than the control group (Ca2+, Mg2+, Zn2+). 
Among them, K+, Cl-, Fe3+ and P5+ in all treatment groups 
were lower than those in control group at 6h and 48h, and 
Ca2+ and Zn2+ in all treatment groups were higher than 
those in control group at 6h and 48h (Fig. 4).

In serum UN of hybrid grouper, the T2 group was 
higher than the control group at 6h, and the other two 
treatment groups were lower than the control group. After 
that, the T1 group continued to increase, the T2 and the T3 
group had similar trends, both of which fluctuated in the 
range higher than the control group, and the T2 group was 
always higher than the T3 group (Fig. 5A). In serum CR 
of hybrid grouper, only the T3 group at 6h was higher than 
the control group, and then continued to decrease. The 
trend of the T1 group was contrary to that of the T3 group, 
which was continues to rise. The T2 group raised at 6-48h 
and falled at 48-96 h (Fig. 5B). In serum UA of hybrid 
grouper, except that the T3 group at 6h and the T1 group 
at 72h were higher than the control group, all of them were 
lower than the control group (Fig. 5C).

DISCUSSION 

During typhoon periods, many indoor flowing water 
seawater fish farms adopt the strategy of feed deprivation 
and closing flowing water to reduce the stress response of 
fish caused by sudden changes in water quality. Fluctuations 
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in coastal salinity are common, especially during the rainy 
season (Pereira et al., 2013; Valiela et al., 2012). Ammonia 
nitrogen is the inorganic nitrogen that fluctuates greatly in 
water, and it will change synergistically with the increase of 
total nitrogen during typhoon (Camargo and Alonso, 2006; 
Paerl, 2018). In this study, we simulated water quality 
during typhoons. Through the analysis of histological and 
serum indicators, we found that juvenile hybrid grouper 
had a tolerance to water quality changes during typhoon.

Fig. 5. Changes of serum kidney function indexes in hybrid 
grouper exposed to simulating typhoon seawater for 96 h. A: 
Urea nitrogen (UN); B: Creatinine (CR); C: Uric acid (UA).

Many grouper species are euryhaline as juveniles, and 
in their natural habitat along coast and estuaries, often face 
the challenge of sudden drops in salinity caused by heavy 
rains (Lam et al., 2005; Sutthinon et al., 2015; Tucker 
and Kennedy, 2001). There are many studies on salinity 
of juvenile groupers that show that juvenile groupers have 
low salinity tolerance and even better growth performance 
in low salinity water (Park et al., 2018; Sutthinon et al., 
2015). According to the results, the salinity changes of 
the three treatment groups in this study did not exceed the 
tolerance level of juvenile hybrid grouper. Serum ions are 
key indicators of changes in osmotic pressure (Ali et al., 
2019; Zhou et al., 2020), especially Ca2+ and Mg2+ (Kim 
et al., 2017). In this study, although several serum ions 
mostly showed large fluctuations at 24-72 h, they were all 
equal to or about to be equal to the control group at 96 h.

Ammonia nitrogen in water environment can lead 
to ammonia accumulation in fish circulatory system and 
induce anoxic state, resulting in cell or tissue damage (Kim 
et al., 2020; Xu et al., 2021). Studies have shown that 
ammonium toxicity can inhibit hematopoietic function by 
destroying the site of red blood cell production (Gao et al., 
2021; Zhang et al., 2018). The head kidney is an important 
specialized hematopoietic and immune organ of teleost 
(Bjørgen and Koppang, 2021). However, in this study, no 
large amount of damage was found in the hematopoietic 
tissue of the head kidney, and some damage was only in a 
small range, about 3-5 damaged cell clusters. Some research 
shows that the ammonia will exchange the K + in cells, 
leading to the central nervous cell death, which result in the 
abnormal behavior of fish such as convulsions, euphoria, 
out of balance and coma, etc. (Kim et al., 2015; Thangam 
et al., 2014). In this study, no similar phenomenon had 
been observed, the hybrid grouper was basically within the 
tolerance range of ammonia nitrogen, but short rises had 
been observed in serum K+ concentration. A similar result 
has been observed in rainbow trout due to the loss of K+ 
from intracellular to extracellular due to the instantaneous 
stimulation of ammonia nitrogen (Vedel et al., 1998).

The analysis of blood indicators has proven to be a 
valuable method for analyzing the health status of aquatic 
animals, as these indicators provide reliable information 
about metabolic disorders, deficiencies and stress states 
prior to their appearance in clinical settings (Akbary, 2014; 
Bahmani et al., 2001). External factors, such as stress, 
management and diseases always cause major changes in 
blood composition (Ibarz et al., 2010; Pandey et al., 2020; 
Svobodová et al., 2006). In this study, fish blood lipid 
profiles changes reflected they lipid metabolism under 
the stress, the typhoon treatment group serum cholesterol 
concentration fell under the control level after rising 
first, that may be due to lipid transfer from synthesis site 
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for subsequent utilization either through oxidation or a 
gradually restore process of lipid molecules (Javed et al., 
2017; Vaseem and Banerjee, 2013). HDL helps to clear 
cholesterol in extrahepatic tissues, and its change under 
stress is inversely proportional to cholesterol, which has 
been confirmed in this study and Channa punctatus (Javed 
et al., 2017). High serum LDL levels are associated with 
stress, presumably due to changes in gene expression of 
some hepatic enzymes (Kojima et al., 2004). High serum 
UN level in fish is usually indicative of gill and kidney 
dysfunction, accompanied by gill hyperplasia, which was 
found in this study (Davidson et al., 2014; Emam et al., 
2021; Liu et al., 2015). Electrolyte (Na+, K+, Ca2+ and 
P) levels indicate the operation of various homeostasis 
mechanisms. For example, in this study, there was a 
temporary increase in Ca2+. The increase in serum Ca2+ 
concentration may come from internal pool and from a 
disturbance of calcium exchanges through the gill and the 
intestines (Ruyet et al., 2003). Mg2+ and Zn2+ are related 
to the action of enzymes (Olorunniji et al., 2007). Mg2+ 
is an activator of many enzymatic reactions (such as 
alkaline and acid phosphatase and hexokinase) (Graham 
et al., 2001; Walaas et al.,1962). Zn2+ participates in 
the composition of many coenzymes (Schneider and 
Zeppezauer, 1983). In this study, Mg2+ and Zn2+ briefly 
increased and then returned to normal level, which may be 
related to the enhancement of some enzymatic reactions 
caused by stress.
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