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To understand the dissolved oxygen tolerance of Hippocampus abdominalis during 
transportation or cultivation at different water temperatures, this study investigated the 
patterns of oxygen consumption and activity changes in H. abdominalis (with body 
lengths of 11.55-12.05 cm and weights of 4.60-6.19 g) as the dissolved oxygen (DO) levels 
in the water decreased. The experiment utilized the static water respiration chamber 
method, using a water bath to control the temperature with a variation not exceeding 
1℃. Three experimental temperature gradients were designed: 14℃, 19℃, and 24℃, with 
three repetitions for each group and a blank control group set for comparison. Results 
showed: suffocation point (±SD) were (0.18±0.03) mg/L at 14°C, (0.20±0.05) mg/L at 19°C, 
and (0.21±0.02) mg/L at 24°C. Elevated temperatures reduced DO saturation levels and 
increased the suffocation point. During the asphyxiation phase (Phase I: onset to first 
death), oxygen consumption rates (OCR) were 0.29 mg/(g·h), 0.46 mg/(g·h), and 0.51 
mg/(g·h), respectively at three temperatures. During the mortality phase (Phase II: first 
death to 100% mortality), OCR were 0.02 mg/(g·h), 0.01 mg/(g·h), and 0.01 mg/(g·h). 
Under salinity 28.25 and pH 8.54, both DO parameters and suffocation point exhibited 
temperature dependency. Phase I OCR increased with temperature, with 14°C group 
significantly lower than 19°C/24°C groups. Phase II OCR at 14°C was slightly higher than 
in other groups. All groups showed a significant OCR decline with DO reduction. H. 
abdominalis employed a conformist respiratory strategy, modulating oxygen consumption 
to adapt to hypoxia. Metabolic rates rapidly escalated during asphyxiation but minimized 
under critical hypoxia with narrow DO variation margins. The study demonstratesan 
immediate high-oxygen-consumption response under DO stress. Poor hypoxia tolerance 
with stringent DO requirements. Dissolved oxygen is closely related to fish metabolism 
and energy consumption. The large-scale breeding of juvenile seahorses requires 
stringent conditions, where high-quality germplasm supply is a prerequisite for 
successful breeding, and the survival rate during transportation ensures the stable supply 
of germplasm. Real-time monitoring of DO levels, combined with behavioral 
observations, is essential for standardizing protocols in aquaculture and transport 
operations. This study provides theoretical support for oxygen management during 
transportation by quantitatively analyzing the oxygen consumption rate. 

1. INTRODUCTION 

The Hippocampus abdominalis, commonly known as the 
pot-bellied seahorse, belongs to the family Syngnathidae 
within the order Gasterosteiformes. It is among the largest 
seahorse species and is primarily distributed in the marine 
waters of Australia and New Zealand in the South Pacific.1 

In the aquaculture industry, seahorses are high-value ma

rine species with significant trade volumes in markets such 
as traditional Chinese medicine and the aquarium trade. 
They hold an important position in these markets and are 
also one of the main species cultivated.2,3 

Dissolved oxygen (DO) content in aquaculture water is 
a critical factor for fish survival, significantly influencing 
their energy consumption and metabolic rate.4 To enhance 
aquaculture efficiency and mitigate risks, extensive re
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search has focused on the dynamic real-time monitoring 
of DO levels.5,6 Climate change-induced ocean warming 
and hypoxia have intensified oxygen stress for mariculture 
fish.7 Insufficient DO levels inhibit the growth of farmed 
fish, thereby reducing aquaculture productivity.8,9 Fish ex
hibit various adaptive strategies in response to differing 
DO concentrations in aquaculture water. When DO falls be
low 3 mg/L, fish are prone to disease and mortality.10,11 

Temperature and DO are key environmental parameters in 
aquaculture, with DO closely correlate to water temper
ature.12‑14 The oxygen consumption rate and suffocation 
threshold depend on multiple factors, including species, 
developmental stage, and external conditions such as water 
temperature, all of which influence fish survival and eco-
physiological characteristics.15‑18 

In recent years, significant advances have been made 
in the domestication and breeding of H. abdominalis, with 
large-scale artificial breeding techniques becoming in
creasingly refined. However, current research primarily fo
cuses on breeding technology,19,20 trait characterization,21,

22 and genetic features.23 Studies indicate that temperature 
markedly influences the growth of H. abdominalis,1 yet data 
on how temperature affects oxygen dissolution and the suf
focation threshold of this species remain limited. This 
study investigates the effects of different temperatures on 
DO content, oxygen consumption rate, and suffocation 
point in H. abdominalis, aiming to elucidate the basic pa
rameters and principles of its respiratory metabolism. The 
findings are intended to inform physiological research, ar
tificial breeding, and transportation practices for H. abdom
inalis. 

DO concentration is a critical environmental factor in 
aquaculture, directly influencing the respiratory metabo
lism, growth, development, and survival of aquatic animals. 
Adequate DO levels support optimal physiological func
tions and provide a suitable habitat, while insufficient DO 
can cause hypoxic stress, growth inhibition, and even mor
tality.24 Numerous studies have demonstrated a significant 
negative correlation between water temperature and DO 
concentration: as temperature increases, DO concentration 
decreases. This phenomenon is primarily attributed to 
physical property whereby the solubility of gases in water 
declines with rising temperature. Consequently, higher wa
ter temperatures result in lower saturated DO concentra
tions.25‑27 

2. MATERIALS AND METHODS 

2.1. EXPERIMENTAL ANIMALS AND ACCLIMATION 

The experiment was conducted in November 2024 at the 
Changdao Enhancement Experimental Station of the Chi
nese Academy of Fishery Sciences. H. abdominalis speci
mens were obtained from Kunlunyangqi Marine Biotech
nology (Shandong) Co., Ltd. A total of 150 healthy, 
uninjured individuals weighing (5.5 ± 1) g were selected and 
evenly divided into three groups of 50 individuals each. 

During the experiment, the temperature of natural sea
water was maintained at 14°C and adjusted using a heating 

plate. The temperature was increased or decreased by 2°C 
at each step, and the fish were acclimated for 1 hour before 
proceeding. Once the target temperature was reached, the 
fish were temporarily housed in four glass fiber reinforced 
plastic tanks, each with a diameter of 1 meter and a height 
of 1.5 meters. The tanks were set to water temperatures 
of 14°C, 19°C, and 24°C, respectively. The fish were kept 
in these tanks with gentle water flow for one week, with 
a temperature fluctuation range of ±1°C. The experimental 
water consisted of natural, sand-filtered seawater, which 
was aerated daily. The fish were fed frozen opossum shrimp 
to satiation twice daily, and uneaten food and debris were 
promptly removed. The fish were not fed 24 hours prior 
to the start of the experiment. During the experiment, the 
salinity and pH of the filtered seawater was monitored (YSI 
ProQuatro, USA), and the seawater salinity was regulated 
by manually adding freshwater or sea salt.The salinity of 
the experimental seawater was 28.25, and the pH was 8.54. 

2.2. TEST METHODS 

The static water respirometry method described by Dang 
Baocheng (2023) was employed, utilizing a 1.0 L cylindrical 
container (Songran SR-06) as the fish respiration cham
ber.28 Prior to the experiment, the chamber was placed in 
a water tank with a controlled temperature, ensuring that 
the container’s opening was slightly above the water sur
face. A water bath was used to maintain consistent temper
atures between the chamber and the tank. A temperature 
range of 17-18°C was selected as optimal for the survival of 
H. abdominalis. This study aims to encompass the optimal 
temperature range for the H. abdominalis and investigate 
its DO tolerance under relatively low and high temperature 
conditions. The experimental temperature gradient was set 
at 14°C, 19°C, and 24°C, with temperature differences con
trolled and adjusted within 1℃. Each temperature test was 
conducted in triplicate, with a blank group serving as the 
control. 

The fish were fasted for two days prior to the experiment 
to empty their digestive tracts and minimize interference 
from excreta. During the experiment, six fish were ran
domly selected from each group of fifty and placed into 
the respiration chamber. A probe from a portable water 
quality analyzer (YSI ProQuatro, USA) was positioned at 
the center of the bucket of water. The bucket opening and 
the cable were sealed with plastic wrap to isolate the air, 
and the initial DO concentration was measured. DO levels 
were recorded every six minutes under airtight conditions. 
Throughout the experiment, water temperature was moni
tored in real time, fish behavior was observed, and the time 
and DO concentration at which fish began to die, half of the 
fish died, and all fish died, were recorded. Upon the death 
of all fish, the experiment was terminated, and water on 
the fish surface was removed using filter paper. Body mass 
was then measured with an electronic analytical balance 
(Shanghai Jingke FA2004B). The body length was measured 
using a vernier caliper (SYNTEK JS20-GTG). 

Formula for calculating oxygen consumption rate 
R0＝（ρ

n－ρn+1）×V/(m×t) 
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Where, R0 is the oxygen consumption rate [mg/(g·h)], V 
is the volume of the respiration chamber (L), ρn is the mass 
concentration of DO at the nth (n=1, 2, 3…) measurement 
(mg/L), m is the body mass of the fish (g), and t is the ex
perimental time (h). 

Determining the suffocation point: The concentration of 
DO when 50% of the experimental fish are observed lying 
on the bottom with their opercula no longer opening or 
closing is identified as the suffocation point for H. abdomi
nalis at the specified experimental temperature.28 

In this experiment, H. abdominalis demonstrated no
table characteristics, including its relatively small size and 
upright swimming posture. It exhibited signs of distress 
earlier than anticipated, complicating the precise differen
tiation between behavioral stages. Consequently, we cat
egorized the behavior of H. abdominalis in a hypoxic en
vironment into two distinct stages: asphyxiation (Stage I) 
and death (Stage II). 

Stage I encompasses the period from the onset of the ex
periment until the death of the first fish. 

Stage II spans from the initial fish death to the mortality 
of all fish. 

2.3. DATA PROCESSING 

The experimental data were analyzed using SPSS version 
20.0 software. Use a t-test to plot the data results as a 
composite line graph. Each data group was expressed as 
the mean ±standard deviation. A one-way analysis of vari
ance (ANOVA) was conducted, followed by Duncan’s mul
tiple comparison test to evaluate the differences between 
groups. A p-value of less than 0.05 was considered statisti
cally significant. 

3. RESULTS 

3.1. DISSOLVED OXYGEN CONTENT IN WATER AT 
DIFFERENT TEMPERATURES 

At the initial stage of the experiment, as the DO content in 
the water decreased, the opercular respiration of H. abdom
inalis became noticeably more intense, indicating a state 
of emergency stress (Fig. 1A). After a period, the subjects’ 
tails tilted upward to scratch their heads, and their heads 
swayed. As they adapted to the environmental conditions, 
their movements decreased, and they slowly sank, rolling 
onto their sides until they lay motionless at the bottom. 
Death was confirmed when both the tail and gills ceased 
movement. 

The DO levels at the suffocation critical point, suffoca
tion point, and death point of Haliotis abdominalis were 
measured across three temperature groups: 14°C, 19°C, and 
24°C (Fig. 1B). The results were analyzed using a t-test and 
presented in a combined line and column chart. 

The results demonstrated that the initial DO levels in 
the experimental groups at 14°C, 19°C, and 24°C were 6.55, 
6.13, and 5.55 mg/L, respectively, indicating a decrease in 
initial DO content with increasing temperature. The time 
required for all H. abdominalis to perish in these groups was 

Figure 1. Changes in the dissolved oxygen content of        
experimental water samples were observed across       
different groups at various time points.       
A statistically significant difference between the two groups is indicated by “***”. “ns” 
denotes that there is no significant difference between the groups. 

276, 222, and 150 minutes, respectively. During the experi
ment, the DO levels in each group’s water initially declined 
and subsequently stabilized. At the conclusion of the ex
periment, the DO levels in the water were 0.16, 0.17, and 
0.16 mg/L for each group, showing no significant change 
in final DO content with temperature increase. In the first 
96 minutes, the differences in DO levels among the groups 
were statistically significant (P < 0.05), after which they sta
bilized with no significant differences. Overall, the average 
DO level in the 14°C group was significantly higher than in 
the 19°C and 24°C groups (P < 0.05), while no significant 
difference was observed between the 19°C and 24°C groups. 

3.2. OXYGEN CONSUMPTION RATES AT VARIOUS 
TEMPERATURE COMBINATIONS. 

Table 1 demonstrates that oxygen consumption rates of 
H. abdominalis vary across different water temperatures. 
During the suffocation stage (Stage I), the rates were 0.29, 
0.46, and 0.51 mg/(g·h) in the 14°C, 19°C, and 24°C groups, 
respectively. The rates in the 19°C and 24°C groups were 
significantly higher than in the 14°C group (P < 0.05). At 
the death stage (Stage II), the oxygen consumption rates 
decreased to 0.02, 0.01, and 0.01 mg/(g·h), respectively. Al
though the rate in the 14°C group was higher than those in 
the 19°C and 24°C groups, the differences were not statisti
cally significant. 

Figure 2 shows that over time, the oxygen consumption 
rates of H. abdominalis in the 14℃ and 19℃ experimental 
groups initially increase and then decrease, whereas in the 
24℃ group, the oxygen consumption rate steadily declines. 
Under identical temperature conditions, as the DO content 
in the environment decreases, the oxygen consumption 
rate of H. abdominalis correspondingly declines. Notably, 
the 24℃ group reaches a low oxygen consumption state 
more rapidly than the 19℃ and 14℃ groups. 
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Table 1. Oxygen consumption rates in temperature-grouped      Hippocampus abdominalis   across developmental   
stages  

Stage 
Oxygen consumption rate/mg·(g·h)-1 

14℃ 19℃ 24℃ 

Stage Ⅰ 0.29±0.36a 0.46±0.56b 0.51±0.60b 

Stage Ⅱ 0.02±0.02c 0.01±0.01c 0.01±0.01c 

Note: Means in the same line with different letters are significant differences(P<0.05). 

Figure 2. Oxygen consumption rate of     Hippocampus  
abdominalis  under different temperature conditions     

Table 2. Dissolved oxygen concentration and suffocation point of        Hippocampus abdominalis   across temperature   
groups  

Temperature/℃ 
Body 

length/cm 
Body 

weight/g 
Suffocation 

point（b）/mg·L-1　 　

Concentration of dissolved 
oxygen at death/mg·L-1 

Begin to 
die（a） 

All 
died（c） 

14 11.72±0.29 5.00±0.86 0.18±0.03 0.25±0.02 0.16±0.01 

19 11.55±0.33 4.60±0.50 0.20±0.05 0.24±0.03 0.17±0.03 

24 12.05±0.28 6.19±0.19 0.21±0.02 0.24±0.01 0.16±0.02 

3.3. SUFFOCATION POINTS AND BEHAVIORAL 
PERFORMANCES UNDER VARIOUS TEMPERATURE 
COMBINATIONS 

At the start of the experiment, the seahorses appeared 
relatively calm. As the DO concentration decreased, the 
fish gradually began to swim slowly. As the experiment 
progressed, the seahorses exhibited intermittent swimming 
and rapid head shaking. Ultimately, they became immobile, 
lying on their sides or backs, with their jaws open, and their 
dorsal fins and eyes ceased movement and rotation. They 
eventually died. 

The suffocation points of H. abdominalis at each tem
perature were (0.18±0.03) mg/L, (0.20±0.05) mg/L, and 
(0.21±0.02) mg/L, respectively. The suffocation point in
creased with rising temperature, although there was no 
statistically significant difference among the temperature 
groups (Table 2). 

At 14℃, DO decreased from 0.25 mg/L at the first death 
to 0.16 mg/L at the sixth death, a decline of 0.09 mg/L. At 19 

°C, DO fell from 0.24 mg/L to 0.17 mg/L, a decrease of 0.07 
mg/L. At 24℃, it decreased from 0.24 mg/L to 0.16 mg/L, a 
drop of 0.08 mg/L. Although the time to complete mortality 
differed across temperature groups, the overall reduction in 
DO concentration from the first to the last death was con
sistently close to 0.08 mg/L. 

4. DISCUSSION 

4.1. DISSOLVED OXYGEN CONTENT AND OXYGEN 
CONSUMPTION RATES IN WATER UNDER DIFFERENT 
TEMPERATURE COMBINATIONS 

In this experiment, three distinct temperature groups ex
hibited differences in the initial mass concentration of DO. 
Dynamic monitoring revealed that, with increasing tem
perature, the rate of decline in DO concentration per unit 
time accelerated significantly across all groups. This obser
vation suggests that higher water temperatures correspond 
to increased oxygen consumption by juvenile fish. Elevated 
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temperatures enhance the metabolic activities of juvenile 
fish, thereby increasing their oxygen demand and accelerat
ing DO depletion. These findings align with previous stud
ies,28‑30 which demonstrated that temperature influences 
the oxygen consumption characteristics of aquatic organ
isms. 

At the end of the experiment, although the DO concen
tration in the 14℃ group was relatively higher than in the 
19℃ and 24℃ groups, statistical analysis revealed no sig
nificant differences. This finding suggests that within the 
temperature range of 14-24℃, the oxygen tolerance of H. 
abdominalis tends to decrease as temperature increases, in
dicating a reduced ability to withstand hypoxia at higher 
temperatures. However, this temperature range may still 
fall within the species’ optimal adaptability. Additionally, 
factors such as sample size and measurement accuracy may 
have contributed to the lack of statistically significant dif
ferences in oxygen tolerance. 

4.2. EFFECTS OF TEMPERATURE ON BEHAVIOR, OXYGEN 
CONSUMPTION RATE, AND SUFFOCATION POINT IN 
HIPPOCAMPUS ABDOMINALIS 

Water temperature is a critical factor influencing biological 
growth, development, and energy metabolism. It signifi
cantly affects the oxygen consumption rate (OCR) and the 
suffocation point in fish. Previous studies have demon
strated that, within the temperature range of 13–28°C, the 
OCR of Hippocampus erectus increases progressively with 
rising temperatures, and the suffocation point similarly el
evates.31 Consistent results were obtained in the present 
experiment for H. abdominalis within the temperature 
range of 14-24°C. In this study, the OCR in all groups ex
hibited a declining trend over time, while the OCR of H. 
abdominalis increased with higher temperatures. Over the 
course of the experiment, the OCR in each temperature 
group gradually decreased, and H. abdominalis displayed 
behaviors such as intermittent surfacing and head shaking. 
These observations suggest that the DO concentration in 
the water was insufficient, resulting in discomfort for the 
fish. Abnormal behaviors of this nature have also been doc
umented in studies involving various other fish species.32 

During this phase, H. abdominalis entered the asphyxiation 
period, during which the DO concentration in the water was 
insufficient to meet the juveniles’ basic oxygen require
ments, inducing hypoxic stress responses. This observation 
aligns with the findings of Fu et al.,15 regarding the behav
ioral responses of fish under hypoxic conditions. In Stage 
I (the asphyxiation period), the OCR of all three experi
mental groups exhibited a fluctuating downward trend. The 
OCR in the 19°C and 24°C groups was significantly higher 
than in the 14°C group. However, no significant differences 
in OCR were observed among the temperature groups dur
ing Stage II (the death period). These results suggest that 
temperature during Stage I is the primary factor influencing 
OCR in juvenile fish. Furthermore, OCR decreased gradually 
across all temperature groups during Stage I, with signifi
cant differences observed, indicating notable variations in 
respiratory metabolism among juvenile fish subjected to 
different temperatures during the asphyxiation period. 

In this experiment, the suffocation point of H. abdom
inalis increased with rising temperature. The suffocation 
point-the minimum DO concentration required for sur
vival-indicates that higher temperatures elevate oxygen re
quirements and reduce oxygen tolerance in H. abdominalis. 
No significant difference in suffocation point was observed 
among the 14°C, 19°C, and 24°C groups, suggesting that 
small temperature changes (within 5 °C) in the 14–24 °C 
range do not appreciably affect the fish’s suffocation 
threshold. Within this range, H. abdominalis maintains dy
namic equilibrium in oxygen utilization by increasing res
piratory frequency at higher temperatures and reducing 
metabolic rate at lower temperatures, making fluctuations 
of ≤ 5°C insufficient to alter the suffocation threshold sig
nificantly. The suffocation point is defined as the DO con
centration at which fish lose consciousness and approach 
death; in practice, it is measured as the DO concentration 
when 50% of the fish die. Our results also showed that the 
DO concentration at which H. abdominalis first exhibited 
signs of distress was substantially higher than its suffoca
tion point across all temperature groups. These findings 
suggest that, despite hypoxia inhibiting respiratory metab
olism, H. abdominalis retains the ability to mobilize energy 
under hypoxic conditions. This observation aligns with pre
vious research in the field.33 Therefore, in aquaculture pro
duction, it is essential to monitor fish health and promptly 
detect DO levels in the water to prevent diseases caused by 
oxygen deficiency. 

During the mortality period, the OCR of each tempera
ture group increased with rising temperature. Higher tem
peratures shortened the time to mortality for all H. ab
dominalis individuals, with similar reductions in DO 
concentration across groups. For instance, at the three 
tested temperatures, the DO concentration decreased by 
approximately 0.08 mg/L from the first juvenile death to the 
death of all juveniles. In other words, following the initial 
juvenile death at different temperatures, a further decrease 
of 0.08 mg/L in DO concentration would result in the death 
of all juveniles. This phenomenon and its underlying mech
anisms warrant further investigation. 

The study found that at a water temperature of approxi
mately 20°C, the OCR of H. abdominalis during the asphyx
iation period was higher than that of Thamnaconus septen
trionalis28 but lower than that of Pagrus major.34 However, 
the OCR during the death period and at the suffocation 
point was lower than that reported for other fish species. 
OCR and the suffocation point are influenced by multiple 
factors, including species, growth stage, body weight, and 
potential human errors in measurement. Consequently, the 
comparison results in this study may not fully capture the 
actual differences. Nonetheless, the findings suggest that 
H. abdominalis exhibits a higher OCR during the asphyxi
ation period, enters the discomfort phase earlier, and has 
greater oxygen demand in water. 

5. CONCLUSIONS 

The closed respirometer method was employed to investi
gate the variation patterns of OCR in H. abdominalis in re
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lation to water temperature and DO concentration. This ap
proach also facilitated analysis of its oxygen consumption 
capacity and oxygen tolerance. Results indicated that OCR 
increases with rising water temperature and decreases as 
DO concentration declines. Overall, H. abdominalis exhibits 
earlier signs of discomfort, requires higher DO levels, dis
plays elevated OCR during asphyxiation, and enters a state 
of low DO and reduced oxygen consumption during death. 
The species demonstrates a narrow range of DO variation 
and limited DO tolerance. Insufficient DO can induce be
havioral abnormalities in H. abdominalis, such as decreased 
locomotor activity, pronounced head shaking, and erratic 
swimming patterns. Therefore, particular attention should 
be given to the concentration of DO in water and its fluc
tuations during seed transportation and aquaculture oper
ations. 

ACKNOWLEDGMENTS 

We thank Runbo Zhang from Kunlun Yangqi Company for 
his help in sample collection. We also want to thank the re
viewers for their constructive comments and useful sugges
tions, which improved the manuscript. 

AUTHOR CONTRIBUTIONS 

Conceptualization: Chunnuan Zhao and Junjie Li.; Method
ology: Chunnuan Zhao; Software: Chaoyi Xie; Formal 
analysis: Yang Chen and Liqun Ren; Resources: Bo Li, 
Yanxin Zheng and Nini Fan; Data curation: Yuping Wu and 
Shuai Xu; Writing - original draft preparation: Chunnuan 
Zhao; Writing - review and editing: Chunnuan Zhao and 

Tao Yu: Project administration: Chunnuan Zhao; Funding 
acquisition: Haiying Han and Tao Yu. 

FUNDING 

This work was supported by the Central Public-interest Sci
entific Institution Basal Research Fund，CAFS（NO. 
2023TD69, Yantai Science and Technology Innovation De
velopment Plan Project（NO. 2024YD084. 

ETHICAL CONDUCT APPROVAL – IACUC 

The animal study was reviewed and approved by the animal 
care and use committee of Changdao Enhancement and Ex
periment Station, Chinese Academy of Fishery Science. All 
animal treatment protocols were performed in accordance 
with Chinese laws, regulations, and ethics. 

INFORMED CONSENT STATEMENT 

Not applicable. 

DATA AVAILABILITY STATEMENT 

Relevant information has been added in the article. 

CONFLICTS OF INTEREST 

The authors declare no conflict of interest. 

Submitted: September 06, 2025 CST. Accepted: October 29, 
2025 CST. Published: November 17, 2025 CST. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom

mons.org/licenses/by/4.0/legalcode for more information. 

Dissolved oxygen tolerance of Hippocampus abdominalis across varying temperature regimes

Israeli Journal of Aquaculture - Bamidgeh 225



REFERENCES 

1. Luo HY, Qi JF, Zheng LY, et al. The temperature 
tolerance of Hippocampus abdominalis and the effect 
of different temperatures on its growth. Journal of 
Fisheries Research. 2021;43(5):480-486. doi:10.14012/
j.cnki.fjsc.2021.05.005 

2. Lin Q, Li G, Qin G, et al. The dynamics of 
reproductive rate, offspring survivorship and growth 
in the lined seahorse, Hippocanapus erectus Perry. 
Biology Open. 2012;1(4):391-396. doi:10.1242/
bio.2012398 

3. Job SD, Do HH, Meeuwig J, et al. Culturing the 
oceanic seahorse, Hippocanapus kuda. Aquaculture. 
2002;214(1):333-341. doi:10.1016/
S0044-8486(02)00063-7 

4. Jiang X, Dong S, Liu R, et al. Effects of 
temperature, dissolved oxygen, and their interaction 
on the growth performance and condition of rainbow 
trout (Oncorhynchus mykiss). Journal of Thermal 
Biology. 2021;98:102928. doi:10.1016/
j.jtherbio.2021.102928 

5. Jiang YL, Zhang LT, Wang CX, et al. Multi-step 
prediction of dissolved oxygen in fish pond 
aquaculture using feature reconstruction-based deep 
neural network. Computers and Electronics in 
Agriculture. 2025;232:109997. doi:10.1016/
j.compag.2025.109997 

6. Andromachi C, Spyros CS, Orestis SZ, et al. 
Dissolved oxygen estimation in aquaculture sites 
using remote sensing and machine learning. Remote 
Sensing Applications: Society and Environment. 
2022;28:100865. doi:10.1016/j.rsase.2022.100865 

7. Meredith B, Jon G, Ramon F, et al. Oxygenation 
effects on temperature and dissolved oxygen at a 
commercial atlantic salmon farm. Aquacultural 
Engineering. 2022;99:102287. doi:10.1016/
j.aquaeng.2022.102287 

8. Bao XS, Jiang YL, Zhang LT, et al. Accurate 
prediction of dissolved oxygen in perch aquaculture 
water by DE-GWO-SVR hybrid optimization model. 
Applied Sciences. 2024;14:856. doi:10.3390/
app14020856 

9. Nina L, Ivar R, Marina A, et al. Dataset on the 
performance of Atlantic salmon (Salmo salar) reared 
at different dissolved oxygen levels under 
experimental conditions. Data in Brief. 
2024;57:110983. doi:10.1016/j.dib.2024.110983 

10. Wu XL, Li DP, Lu JM, et al. Adaptation strategies 
of juvenile grass carp (Ctenopharyngodon idella) 
facing different dissolved oxygen concentrations in a 
recirculating aquaculture system. Water Biology and 
Security. 2023;2(4):100202. doi:10.1016/
j.watbs.2023.100202 

11. Reddythota D, Timotewos MT. Evaluation of 
pollution status and detection of the reason for the 
death of fish in chamo lake, Ethiopia. Journal of 
Environmental and Public Health. 2022;2022:5859132. 
doi:10.1155/2022/5859132 

12. Larance S, Wang J, Delavar MA, et al. Assessing 
water temperature and dissolved oxygen and their 
potential effects on aquatic ecosystem using a 
SARIMA model. Environments. 2025;12(1):25. 
doi:10.3390/environments12010025 

13. Yong HK, Seunghyun S, Hae-Cheol K, et al. 
Application of satellite remote sensing in monitoring 
dissolved oxygen variabilities: A case study for 
coastal waters in Korea. Environment International. 
2020;134:105301. doi:10.1016/j.envint.2019.105301 

14. Christensen EAF, Syendsen MBS, Steffensen JF, et 
al. The combined effect of body size and temperature 
on oxygen consumption rates and the size-
dependency of preferred temperature in European 
perch Perca fluviatilis. Journal of Fish Biology. 
2020;97:794-80. doi:10.1111/jfb.14435 

15. Fu JG, Zhang ZZ, Li CJ, et al. Effect of 
temperature on oxygen consumption rate, ammonia 
excretion rate and suffocation point of Sander 
lucioperca juvenile. Journal of Aquaculture. 
2018;39(10):18-22. 

16. Liu HL, Guo WJ, Tan ZH, et al. Effects of pH, 
ammonia and nitrite on oxygen consumption and 
ammonia excretion of Perinereis aibuhitensis. Journal 
of Guangdong Ocean University. 2016;36(3):52-56. 

17. Xing DC, Song XF, Peng L, et al. Effects of 
temperature and salinity on oxygen consumption and 
ammonium excretion rate of ♀ Epinephelus 
fuscoguttatus × ♂ E. lanceolatus juveniles. Journal of 
Ocean University of China. 2019;18(1):177-184. 

18. Sergio GO, Ignacio J, Raquel MO, et al. Influence 
of diet and feeding strategy on the performance of 
nitrifying trickling filter, oxygen consumption and 
ammonia excretion of gilthead sea bream (Sparus 
aurata) raised in recirculating aquaculture systems. 
Aquaculture International. 2022;30:581-606. 
doi:10.1007/s10499-021-00821-3 

Dissolved oxygen tolerance of Hippocampus abdominalis across varying temperature regimes

Israeli Journal of Aquaculture - Bamidgeh 226

https://doi.org/10.14012/j.cnki.fjsc.2021.05.005
https://doi.org/10.14012/j.cnki.fjsc.2021.05.005
https://doi.org/10.1242/bio.2012398
https://doi.org/10.1242/bio.2012398
https://doi.org/10.1016/S0044-8486(02)00063-7
https://doi.org/10.1016/S0044-8486(02)00063-7
https://doi.org/10.1016/j.jtherbio.2021.102928
https://doi.org/10.1016/j.jtherbio.2021.102928
https://doi.org/10.1016/j.compag.2025.109997
https://doi.org/10.1016/j.compag.2025.109997
https://doi.org/10.1016/j.rsase.2022.100865
https://doi.org/10.1016/j.aquaeng.2022.102287
https://doi.org/10.1016/j.aquaeng.2022.102287
https://doi.org/10.3390/app14020856
https://doi.org/10.3390/app14020856
https://doi.org/10.1016/j.dib.2024.110983
https://doi.org/10.1016/j.watbs.2023.100202
https://doi.org/10.1016/j.watbs.2023.100202
https://doi.org/10.1155/2022/5859132
https://doi.org/10.3390/environments12010025
https://doi.org/10.1016/j.envint.2019.105301
https://doi.org/10.1111/jfb.14435
https://doi.org/10.1007/s10499-021-00821-3


19. Zhang YM, Dong DP, Wang HY, et al. Research 
advances on the biological characteristics and 
breeding technology of seahorse (Hippocampus 
abdominalis). Transactions of Oceanology and 
Limnology. 2024;46(4):190-198. 

20. He LB, Qi JF, Lin JB, et al. Artificial propagation 
and seedling technique of Hippocampus abdominalis. 
Journal of Applied Oceanography. 2022;41(4):701-707. 

21. Xiao HY, Ma AJ, Sun ZB, et al. Relationship 
between phenotypic morphological traits and body 
weight of Hippocampus abdominalis at different 
months. Journal of Fisheries of China. 
2025;49(2):139-153. doi:10.11964/jfc.20230714072 

22. Zhao CN, Wang XM, Yu T, et al. Morphological 
characteristics of Hippocampus abdominalis at 
different growth stages. Journal of Southern 
Agriculture. 2024;55(4):1216-1224. 

23. Zheng LY, Wei LY, Yan X, et al. Genetic diversity 
analysis of cultured Hippocampus abdominalis 
population. Journal of Fishery Sciences of China. 
2024;31(5):537-545. 

24. DASSK, DE M M, GHAFFAR MA, et al. Effects of 
temperature on the oxygen consumption rate and gill 
finestructure of hybrid grouper, Epinephelus 
fuscoguttatus♀×E. lanceolatus. Journal of King Saud 
University-Science. 2021;33(2):101358. 

25. Rao HM, Huang WY. Discussion on influencing 
factor of content of dissolved oxygen in water. Journal 
of Salt Science and Chemical Industry. 
2017;46(3):40-43. 

26. Pan TF, Qi ST, Wu HQ, et al. Analysis of main 
factor which influenced dissolved oxygen of 
aquicultural pond water. Journal of Anhui Agricultural 
Sciences. 2010;38(17):9155-9157. 

27. Hu P, Yang Q, Yang ZF, et al. Experimental study 
on dissolved oxygen content in water and its physical 
influence factors. Journal of Hydraulic Engineering. 
2019;50(6):679-686. 

28. Dang BC, Bian L, Li XM, et al. Oxygen 
consumption rate and asphyxiation point of juvenile 
filefish Thamnaconus septentrionalis exposed to four 
water temperature. Fisheries Science. 
2023;42(6):1025-1031. 

29. Jiang F, Xu JB, Shi YH. Effects of water 
temperature on oxygen consumption rate, ammonia 
excretion rate and asphyxiation point of juvenile 
Scatophagus argus. Journal of Northwest A & F 
University (Natural Science Edition). 2022;50(1):36-42. 

30. Liao ML, Zhu YJ, Li XM, et al. Effects of 
temperature on respiratory metabolism and 
asphyxiation point of juvenile Coreius heterodon. 
Freshwater Fisheries. 2025;55(1):99-105. 

31. Luo HY, Wu SQ, Lin JB, et al. Interactive effects of 
temperature and body weight on oxygen 
consumption rate, ammonia excretion rate and 
asphyxiation point of Hippocampus erectus. Fisheries 
Science & Technology Information. 2022;49(2):67-72. 

32. Lin X, Xie XY, Ou YJ, et al. The study of the 
oxygen consumption rate and asphyxiation point of 
juvenile Eleutheronema tetradactylum under different 
temperatures. Journal of Fisheries Research. 
2024;46(2):121-128. doi:10.14012/
j.cnki.fjsc.2024.02.002 

33. Qian SJ, Zhang Y, Wang K, et al. Respiratory 
Metabolism, Energy Utilization and Biochemical 
Responses of Juvenile Common Cuttlefish (Sepiella 
maindroni) to Hypoxia. Indian Journal of Animal 
Research. 2020;54(1):31-35. 

34. Dong CY, Zhang JR. A preliminary measurement 
on suffocation point and oxygen consumption rate of 
Pagrosomus major. Journal of Fisheries of China. 
1992;16(1):75-79. 

Dissolved oxygen tolerance of Hippocampus abdominalis across varying temperature regimes

Israeli Journal of Aquaculture - Bamidgeh 227

https://doi.org/10.11964/jfc.20230714072
https://doi.org/10.14012/j.cnki.fjsc.2024.02.002
https://doi.org/10.14012/j.cnki.fjsc.2024.02.002

	Dissolved oxygen tolerance of Hippocampus abdominalis across varying temperature regimes
	1. Introduction
	2. Materials and Methods
	2.1. Experimental animals and acclimation
	2.2. Test Methods
	2.3. Data Processing

	3. Results
	3.1. Dissolved oxygen content in water at different temperatures
	3.2. Oxygen consumption rates at various temperature combinations.
	3.3. Suffocation points and behavioral performances under various temperature combinations

	4. Discussion
	4.1. Dissolved oxygen content and oxygen consumption rates in water under different temperature combinations
	4.2. Effects of temperature on behavior, oxygen consumption rate, and suffocation point in Hippocampus abdominalis

	5. Conclusions
	Acknowledgments
	Author Contributions
	Funding
	Ethical Conduct Approval – IACUC
	Informed Consent Statement
	Data Availability Statement
	Conflicts of Interest

	References


