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Abstract: This study simulated the effects of direct predatory pressure, indirect predatory pressure, and
conspecific injury signals on the sea cucumber (Apostichopus japonicus) to determine changes in the activity of
immune defense enzymes (lysozyme, acid phosphatase, alkaline phosphatase) and antioxidant stress enzymes
(catalase, superoxide dismutase, malondialdehyde). Samples of sea cucumber juveniles were collected at 3
hours, 12 hours, 72 hours, and 96 hours post-predatory stress, and six enzymes related to immune defense and
antioxidant stress were selected for activity assays, namely lysozyme (LZM), acid phosphatase (ACP), alkaline
phosphatase (AKP), superoxide dismutase (SOD), catalase (CAT), and malondialdehyde (MDA). The results
indicated that under direct predatory pressure, the activity of catalase in sea cucumbers was significantly
higher than that of the control group at 3 hours (P < 0.05), while the activities of acid phosphatase, alkaline
phosphatase, and catalase were significantly lower at 72 hours (P < 0.05). Under indirect predatory pressure,
the activity of malondialdehyde in sea cucumbers was significantly higher than that of the control group at 12
hours (P < 0.05), the activity of alkaline phosphatase was significantly higher at 72 and 96 hours (P < 0.05),
catalase was significantly lower at 72 hours, and the activity of superoxide dismutase was significantly higher
at 72 hours (P < 0.05). Under the influence of conspecific injury signals, the activity of malondialdehyde in sea
cucumbers was significantly higher than that of the control group at 12 hours (P < 0.05), and the activity of
superoxide dismutase was significantly higher at 96 hours (P < 0.05). The sea cucumber enhanced its
antioxidant capacity 3 hours after facing the predator, while its immune defense mechanism was suppressed
at 72 hours. When facing indirect predatory pressure, the sea cucumber may have made immune and
antioxidant preparations for the arrival of unknown risks. The experimental results show that predatory
pressure has a significant impact on the immune and antioxidant functions of sea cucumbers, which may be
related to the physiological state and environmental adaptability of the sea cucumber. This study provides a
new perspective for understanding how sea cucumbers cope with predatory pressure in the natural
environment and offers theoretical support for the cultivation management of sea cucumbers.

Keywords: sea cucumber; predatory pressure; immune defense; antioxidant function; physiological
response

Key Contribution: This study investigated the impact of starfish-derived predatory pressures and
conspecific injury signals on the immune and antioxidant enzyme activities in the sea cucumber
Apostichopus japonicus. The enzymes analyzed included lysozyme; acid phosphatase; alkaline
phosphatase for immune defense; and catalase; superoxide dismutase; and malondialdehyde for
antioxidant stress. The sea cucumbers’ responses were measured at various time points after the
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application of predatory stress. Key findings were that direct predation led to an initial increase in
catalase activity; followed by a decrease at 72 hours. Indirect predation and conspecific injury
signals triggered higher malondialdehyde levels and changes in other enzyme activities at specific
time intervals. The study suggests that sea cucumbers can modulate their immune and antioxidant
systems in response to predatory threats; which has implications for their survival strategies and
aquaculture practices

1. Introduction

Predation is a key factor in regulating the population structure of invertebrates in aquatic
ecosystems. In particular, high predation rates on early juvenile stages of bivalve mollusks and
echinoderms significantly impact the survival rates of their populations [1,2]. The sea cucumber
Apostichopus japonicus, as a species of aquatic animal, faces a variety of predatory threats from various
animals, including marine mammals, seabirds, fish, starfish (especially Asterina pectinifera),
crustaceans, and gastropods [3]. Although starfish are primary predator of the sea cucumber due to
the high overlap in their habitats, there is still a lack of in-depth studies on the impact of predators
on sea cucumber [4].

Predatory pressure can be divided into direct types (direct challenges to homeostasis, such as
injury or predator attacks) and indirect types (perceived threats that require cognitive assessment,
such as cues of predation risk) [5]. Under the indirect predatory pressure, preys can response after
recognizing risk signals of predation. For example, the preys must identify and assess the predator’s
odor and then respond behaviorally and physiologically. Another example is the rapid behavioral
and physiological response to the alarm cues of injured conspecifics or heterospecifics. Sea urchins
can respond to alarm cues from injured or killed conspecifics [6-9]. However, it remains unclear
whether sea cucumbers respond to signals emitted by injured conspecifics. Hamel et al. [10] found
that Cucumaria frondosa can not only recognize threat signals (such as the odor of predators or alarm
signals from injured prey) but also induce coelomocytes immune function. Despite this, there are no
reported studies on the effects of predatory pressure in A. japonicus.

Aquatic organisms with limited mobility and without distinct sensory organs, such as limbs or
eyes, depend on behavioral, physiological, and immunological adaptations to counter environmental
stress. Burnovicz et al. [11] established a link between escape behavior and cardiac reactivity in crabs,
highlighting the activation of defensive mechanisms in response to threats. In organisms lacking
measurable physiological responses like cardiac function, immunological changes offer a viable
assessment approach. Sea cucumbers (A. japonicus) predominantly exhibit non-specific immunity,
primarily through humoral defense mechanisms [12]. Their coelomic fluid, rich in immune cells and
factors, constitutes a robust immune defense that neutralizes invading substances once through the
initial body wall barrier. Monitoring immune enzyme activity in sea cucumbers is essential for
elucidating how they physiologically respond to stressors [13]. The production of reactive oxygen
species (ROS) escalates under environmental stress, potentially causing cellular damage. Sea
cucumbers employ an antioxidant system to mitigate this oxidative stress, with key enzymatic
antioxidants such as superoxide dismutase (SOD) and catalase playing critical roles [14]. Examining
the activity of these antioxidant enzymes under predatory stress provides insights into the sea
cucumber’s regulatory strategies against environmental challenges.

This research employed A. japonicus to explore the effects of direct and indirect predation stress,
along with alarm cues from injured conspecifics, on the enzymatic activities related to immune
response and oxidative stress in sea cucumbers. Through the assessment of physiological reactions
across a spectrum of predatory contexts, the study sought to reveal novel perspectives on the
adaptive mechanisms sea cucumbers employ to counteract predatory challenges.

2. Materials and Methods
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2.1. Animals and Materials

Sea cucumbers A. japonicus used in the study were purchased from a farm in Wafangdian city
and quickly transported to the mariculture laboratory of Liaoning Ocean and Fisheries Science
Research Institute for temporary cultivation. A total of 360 healthy sea cucumbers (wet weight of 0.42
+0.15 g, mean * standard deviation) were randomly selected for the experiment. The sea cucumbers
were placed in triangular tanks for temporary cultivation and fed with commercial sea mud powder
mixed with commercial seaweed powder in the ratio of 1:1. The photoperiod for cultivation was 12
hours light: 12 hours dark (12L:12D), and the residual feed and feces at the bottom of the pool were
cleaned daily, with one-third of the seawater replaced. To standardize the experiment, the sea
cucumbers were fasted for three days prior to the experiment and throughout its duration.

The starfish Asterina pectinifera were collected from the offshore region in Dalian city and
promptly transferred to the mariculture facility at the Liaoning Ocean and Fisheries Science Research
Institute. With an average wet mass of 60.83 + 8.57 g and a radius measuring 56.57 + 2.73 mm, these
specimens were housed in triangular tanks under fasting conditions to standardize their
physiological state. A two-week pre-cultivation period was implemented to ensure a consistent level
of hunger among the individuals.

2.2. Experimental Design

Following the pre-cultivation phase, healthy sea cucumbers (A. japonicus) were randomly
assigned to one of four experimental groups to evaluate the effects of different predatory pressures
on their immune and antioxidant enzyme activities: (1) Group I: direct predation pressure, one
hungry starfish coexisted with sea cucumbers in the same tank; (2) Group II: indirect predation
pressure, one hungry starfish sieged in a basket with small holes on all sides, co-cultivated in the tank
with the sea cucumbers; (3) Group IlI: injured conspecific information, a wound of about 1 cm was
made on the back of a healthy sea cucumber with a dissecting knife as the source of the injured
conspecific individual, and ten wounded sea cucumbers were processed and placed in a basket with
holes on all sides, which was then co-cultivated with 30 healthy sea cucumbers; (4) Group 0: healthy
control, only sea cucumbers were in the tank without any other biological stimulation conditions.
Each experimental group was replicated three times, with each replicate containing 30 healthy sea
cucumbers. The trials were carried out in triangular tanks. The environmental conditions were tightly
controlled with a photoperiod of 12 hours light to 12 hours darkness (12D:12L). The experimental
temperature was maintained at 22.09 + 0.68 °C, salinity at 31.59 + 0.18, and dissolved oxygen levels at
6.47 = 0.13 mg/L. To maintain consistent predatory pressure, water was not exchanged, and no
additional feed was provided throughout the duration of the experiment.

2.3. Sample Collection

At the onset of the application of different predation pressures for each experimental group, six
healthy sea cucumbers were rapidly collected from each group at 3, 12, 72, and 96 hours after
exposure to various pressures. The samples were immediately frozen in liquid nitrogen and then
transferred to a -80 °C freezer for storage, to be used for subsequent enzyme activity assays.

2.4. Enzyme Activity Assay

For the enzyme activity assay, the sea cucumber juveniles preserved at -80 °C were taken out
and slowly thawed in an ice bath. After completely thawing, the sea cucumbers were weighed, and
a homogenate was prepared by adding homogenizing buffer at a 9:1 ratio to the weight. The tissue
homogenate was centrifuged at 4 °C at 3500 xg for 10 minutes, and the supernatant was collected for
enzyme activity assays using kits from Nanjing Jiancheng Bioengineering Institute, Nanjing, China.
Specific enzyme indicators and testing methods are shown in Table 1.
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Table 1. Detection methods for the test enzymes.

Enzymes Abbreviation Test method (Kit cargo No.)
Lysozyme LZM A050, turbidimetry
Acid phosphatase ACP A060-1, spectrophotometry
Alkaline phosphatase AKP A059-1, visible-light colorimetry
Catalase CAT A007-1, the visible-light method
Superoxide dismutase SOD AQ01-1, the hydroxylamine method
Malondialdehyde MDA A003-1, the TBA method

3. Results and Analysis

3.1. Direct Predation of Sea Cucumbers by A. pectinifera

Figure 1 depicts a starfish feeding on sea cucumbers during the experimental phase, with a red
circle highlighting the sea cucumber currently being predated. Throughout the predation event, the
sea cucumber’s sluggish mobility allows the starfish to approach incrementally, using its tube feet to
ensnare the sea cucumber adjacent to its beak. The starfish then contours its body, creating a secure
enclosure against the pool’s boundary, enveloping the sea cucumber tightly before extruding its
stomach to commence the digestion process. This continues until the sea cucumber’s hue
progressively lightens, culminating in its complete assimilation by A. pectinifera.

Figure 1. The starfish preys on sea cucumber. The red circle indicates the prey sea cucumber. a: The
sea cucumber was just wrapped by tube feet of the starfish. b: The starfish everts its stomach to wrap
the sea cucumber. c: The starfish digests the sea cucumber.

3.2. Changes in the Activity of Immune Defense Enzymes in Sea Cucumbers Under Different Predation
Pressures

Figures 2—4 illustrate the temporal variations in the activities of lysozyme, acid phosphatase, and
alkaline phosphatase in sea cucumbers under three types of predation pressures. The trend of
lysozyme activity reveals that, compared with the control group, in both the direct predation pressure
group and the injury information group exhibited a decrease followed by an increase in lysozyme
activity. At 3 and 12 hours, the activity in both groups was lower than the control, slightly higher at
72 hours, and showed an increasing trend by 96 hours (Figure 2).

Figure 3 depicts the activity changes of acid phosphatase under the three types of pressures.
Group I displayed a distinctive pattern of increase, decrease, and subsequent increase, with a
significant drop in activity at 72 hours compared to the control (P<0.05), followed by a sharp rise at
96 hours that exceeded the control levels. Group II and Il showed a slight increase in acid
phosphatase activity at 3 and 12 hours, which was slightly lower than the control at 72 and 96 hours.

The activity trends of alkaline phosphatase under the three pressures are presented in Figure 4.
Alkaline phosphatase activity in Group I was slightly higher at 3 hours, began to decline at 12 hours,
and was significantly lower than the control at 72 hours (P<0.05), before rapidly increasing and
becoming significantly higher than the control at 96 hours (P<0.05). Group II showed no significant
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difference from the control at 3 and 12 hours, but exhibited a significant increase at 72 and 96 hours
(P<0.05). In contrast, Group III, apart from being essentially equivalent to the control at 3 hours,
showed a slight but non-distinct increase at other time points compared to the control.
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Figure 2. Changes of lysozyme activity in Apostichopus japonicus under the three types of predation
pressure. 0: control; I: direct predation pressure; II: indirect predation pressure; III: the pressure of
information release from injured conspecifics. n=3.
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Figure 3. Changes of acid phosphatase activity in Apostichopus japonicus under the three types of
predation pressure. 0: control; I: direct predation pressure; II: indirect predation pressure; III: the
pressure of information release from injured conspecifics. n=3, different letters indicate significant
differences among the different groups, P<0.05.
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Figure 4. Changes of alkaline phosphatase activity of sea cucumber under the three types of predation
pressure. 0: control; I: direct predation pressure; II: indirect predation pressure; III: the pressure of
information release from injured conspecifics. n=3, different letters indicate significant differences
among the different groups, P<0.05.

3.3. Changes in Antioxidant Stress Enzyme Activity in Sea Cucumbers Under Different Predation Pressures

The change in catalase (CAT) activity in sea cucumbers under different predation pressures is
shown in Figure 5. Compared with the control group, the activity in Group I significantly increased
at 3 hours (P<0.05), then began to decrease, and at 72 hours its activity was significantly lower than
that of the control group (P<0.05), but started to rise at 96 hours, slightly higher than the control
group. Compared with the control group, the indirect predation group and the injured information
group showed significantly reduced enzyme activity at 72 hours (P<0.05), while it did show
significant differences at other time points.

An overall upward trend in the activity of superoxide dismutase (SOD) in each group was
revealed in Figure 6. The enzyme activity in the three predation pressure groups at 3 hours and 12
hours was not significantly different from the control group, but at 72 hours and 96 hours, the enzyme
activity in all three predation pressure groups was higher than that of the control group, with Group
IT showing a significant increase in enzyme activity at 72 hours (P<0.05), and Group III showing a
significant increase in enzyme activity at 96 hours (P<0.05) (Figure 6).

Figure 7 shows the change in malondialdehyde (MDA) activity in sea cucumbers under the three
predation pressures. The overall trend of MDA activity in all groups was an initial increase followed
by a decrease, but compared with the control group, the levels of the treatment groups varied. Among
them, the MDA activity in Group I at 96 hours was significantly higher than that of the control group
(P<0.05); the MDA activity in the indirect pressure group was significantly lower than that of the
control group at 3 hours (P<0.05), rapidly increased at 12 hours, and was significantly higher than the
control group (P<0.05), and as time extended, the activity remained higher than that of the control
group, but the difference was not significant. Group II, however, was significantly higher than the
control group at 12 hours (P<0.05), with no significant differences at other time points.
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Figure 5. CAT activity changes of sea cucumber under the three types of predation pressure. 0:
control; I: direct predation pressure; II: indirect predation pressure; III: the pressure of information
release from injured conspecifics. n=3, different letters indicate significant differences among the
different groups, P<0.05.
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Figure 6. Changes of SOD activity in sea cucumber under the three types of predation pressure. 0:
control; I: direct predation pressure; II: indirect predation pressure; III: the pressure of information
release from injured conspecifics. n=3, different letters indicate significant differences among the
different groups, P<0.05.
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Figure 7. Changes of MDA content in sea cucumber under the three types of predation pressure. 0:
control; I: direct predation pressure; II: indirect predation pressure; III: the pressure of information
release from injured conspecifics. n=3, different letters indicate significant differences among the
different groups, P<0.05.

4. Discussion

It is currently known that the primary predators of juvenile sea cucumbers in the wild include
carnivorous fish, starfish, sea urchins, crabs, and gastropods [15-23]. Among these diverse predators,
starfish A. pectinifera have emerged as the main predators of juvenile sea cucumbers, which can
consume sea cucumbers smaller than 5 cm, and their high numbers often lead to significant mortality
in both wild and enclosed sea cucumber populations [16,23,24]. Hatanaka et al. [16] demonstrated
that A. pectinifera can prey on smaller-sized sea cucumbers, with A. pectinifera averaging an arm length
of 43.3 mm consuming 1.8, 0.5, and 0.1 sea cucumbers daily with average body lengths of 15.9, 30.1,
and 40.0 mm, respectively. In this study, photographs of starfish preying on sea cucumbers were also
captured, showing the sea cucumbers wrapped in the everted stomach of the starfish, with their skin
already digested, further confirming the predatory behavior of starfish towards juvenile sea
cucumbers. Therefore, the starfish A. pectinifera were selected as the agents to exert predation
pressure on sea cucumbers in this study.

This study measured and compared the activities of enzymes related to the immune and
antioxidant defense of sea cucumbers, examining the effects of direct predation pressure, indirect
predation pressure, and injury in conspecifics. The study reveals that sea cucumbers exhibit altered
immune and antioxidant responses not only to direct predation stress but also to chemical signals
emitted by nearby predators or injured members of their own species. Stress can be defined in various
ways but can be considered the organism’s response to challenges that may pose real and potential
threats to its integrity [25]. Predation pressure can be categorized into direct stress, which involves
predation by predators (including physical impacts such as contact, light and shadow, and water
currents), and indirect stress, which encompasses chemical cues from nearby predators (perceived
without physical contact) and chemical cues released by injured conspecifics. For vertebrates,
responses to these pressures might involve fear or anxiety in the face of imminent or potential danger
[26]. The stress responses to these two scenarios likely involve a broad range of mechanisms,
including changes in genetics, metabolism, energy, immunity, endocrinology, neurology, and
behavior, aimed at overcoming and compensating for the imbalances caused by stressors. With these


https://doi.org/10.20944/preprints202408.0143.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 August 2024 d0i:10.20944/preprints202408.0143.v1

responses, animals attempt to avoid dangerous situations and any threats to their survival or
integrity, ultimately striving to reintegrate into a balanced state [25].

4.1. Changes in Immune Defense-Related Functions of Sea Cucumbers Under Different Predation Pressures

As an invertebrate, the sea cucumber lacks adaptive immunity, relying instead on innate
immunity. The coelomocytes and immune markers can directly reflect the animal’s response to
environmental stress [27]. Lysozyme (LZM) is an important immune factor widely present in animal
cells and coelomic fluid, playing a role in the non-specific immune system by lysing bacteria and
aiding the body in resisting bacterial infections [28]. Changes in environmental factors, such as
salinity, can lead to an increase in the activity of lysozyme in the sea cucumber’s coelomic fluid [29].
Under pH stress, the activity of lysozyme in sea cucumbers significantly decreases [30]. Acid
phosphatase (ACP) and alkaline phosphatase (AKP), as crucial enzymes in the non-specific immune
response, participate in the elimination of pathogens, and their activities can change in response to
environmental stimuli [31-34].

In this study, the activities of the three enzymes in the direct predation group generally followed
a trend of initial decline followed by an increase. The activities of ACP and AKP were significantly
lower than the control group at 72 hours, which may be due to the fear of the predator suppressing
the sea cucumber’s consumption of ATP to adapt to the environment with the presence of a predator.
The inorganic phosphate required for ATP synthesis is generated through the hydrolysis of
phosphoesters by acid and alkaline phosphatases [27]. This suggests that the sea cucumber’s immune
defense mechanism was suppressed at 72 hours after facing the predator, increasing the likelihood
of pathogen invasion. This is similar to the response in lepidopteran larvae, where predator-induced
stress reduces their immunity to bacteria, leading to physiological consequences such as reduced
body mass [35]. In the indirect predation group, the activity of alkaline phosphatase was significantly
higher than the control group at 72 and 96 hours. This indicates that indirect pressure, such as
chemical signals from predators, has an impact on the sea cucumber’s immune defense system,
enhancing its immune defense, which is beneficial for the growth and survival of the sea cucumber.
Without loss of tissue integrity, the immune system of the sea cucumber has increased the activity of
immune enzymes, preparing for potential damage. It is speculated that sea cucumbers can detect
impending attacks and respond to increase their chances of survival in non-lethal predatory events
[10], but this preparation is relatively slow (significant differences were only shown at 72 hours). In
the injury information group, the activities of lysozyme, acid phosphatase, and alkaline phosphatase
fluctuated at various time points but did not show significant changes, indicating that the sea
cucumber may have made some immune defense preparations for potential harm after recognizing
the information from injured conspecifics. It can be seen that when sea cucumbers encounter direct
predation pressure, their non-specific immunity may decrease, and this pressure may suppress the
immune defense function of the sea cucumber. Under indirect pressure, the sea cucumber prepares
for immune defense in the face of recognized potential danger [10]. The recognition of predator
information helps the sea cucumber to enhance non-specific immunity, which is beneficial for its
survival and growth. Further exploration is needed to understand how predation pressure affects the
expression of immune-related molecules in sea cucumbers.

4.2. Changes in Antioxidant Defense Functions of Sea Cucumbers Under Different Predation Pressures

Environmental stress factors primarily affect organisms by causing oxidative damage due to the
accumulation of reactive oxygen species (ROS) resulting from abnormal aerobic metabolism [36]. To
survive, organisms employ a range of measures to reduce the levels of reactive oxygen species. The
defense against oxidative damage in sea cucumbers mainly relies on enzymatic and non-enzymatic
antioxidants, protecting them from the harmful effects of a variety of reactive oxygen species [37].
Antioxidant enzymes are a crucial part of the sea cucumber’s resistance to ROS, including catalase
(CAT) and superoxide dismutase (SOD). The activity of these antioxidant enzymes may change in
response to environmental changes and stress.
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SOD can reduce oxidative free radicals within the body, mitigating oxidative damage. Catalase
catalyzes the decomposition of excess hydrogen peroxide in cells [38]. Malondialdehyde (MDA) is a
biomarker of oxidative damage in organisms, directly reflecting the stress caused by oxidative free
radicals [39], and its accumulation is positively correlated with the degree of oxidative stress
experienced by the organism [40].

In this study, facing direct predation pressure, the activity of CAT in sea cucumbers significantly
increased at 3 hours, catalyzing the decomposition of excess H202 produced by the direct predation
pressure [38]. We speculate that CAT may serve as an indicator of the sea cucumber’s response to
predation pressure. At 96 hours, although the activity of MDA in the direct predation group
decreased, it remained significantly higher than the control group, indicating that sea cucumbers may
still be affected by the oxidative stress brought about by direct predation pressure. When facing
indirect predation pressure, the activities of SOD and CAT in sea cucumbers both showed a trend of
increasing and then decreasing with time, similar to the trend observed under pH stress [30].
Significant differences were shown in both enzymes compared with the control group at 72 hours.
The increase in SOD activity is similar to the results of studies where pollutants stimulate sea
cucumbers [41], suggesting that the increase in SOD activity may be due to oxidative stress in sea
cucumbers after recognizing the information from predators, and this increase may lead to an
increase in H20: levels. However, in this experiment, the activity of CAT did not compensate for the
increase in SOD activity. Sun et al. [42] also found in a study on Yesso scallops that the changes in
SOD and CAT in the serum of Yesso scallops after feeding with Antheraea pernyi cecropin were not
consistent, indicating that the mechanisms of these two antioxidant enzymes are not the same. From
the trend of MDA activity changes, at 12 hours, the MDA activity in all pressure groups increased
rapidly, indicating that the body was stimulated by oxidative stress. When the time progressed to 72
hours, with the increase in SOD activity in all pressure groups, the levels of MDA in each group
returned to levels similar to the control group. Further research found that the change in CAT activity
in sea cucumbers exposed to injured conspecific information was similar to that in the indirect
pressure group, but the change in SOD activity was similar to that in the direct pressure group. This
may be due to the slow recognition of injured conspecific information by sea cucumbers, leading to
a significant increase in SOD activity only at 96 hours, similar to the results of immune enzymes.
Moreover, the MDA value in the injured information group at 96 hours had decreased to the lowest
among all groups, corresponding to the highest SOD enzyme activity at this time point. It is
speculated that the sea cucumber’s response to the information from injured conspecifics is slow and
weak, leading to a delayed but more pronounced induction of SOD enzyme synthesis, which clears
the oxidative stress damage caused by the accumulation of MDA.

The changes in enzyme activity indicate that the immune and antioxidant systems of sea
cucumbers produce different responses under different predation pressures. A series of
comprehensive enzyme adjustments can help sea cucumbers regulate their physiology under
predation pressure, and then improve their adaptability to different predation pressure
environments by adjusting their own state.

5. Conclusion

This study reveals the complexity of the impact of predator pressure on the immune and
antioxidant functions of sea cucumbers. Facing different types of predation pressures, sea cucumbers
can respond to direct and indirect predation pressures by regulating their immune and antioxidant
enzyme activities at 72 hours. The physiological response of sea cucumbers to predation pressure
shows their survival strategy in the natural environment, which is of great significance for the
aquaculture of sea cucumbers. By monitoring the immune and antioxidant enzyme activities of sea
cucumbers, their health status can be assessed, providing a scientific basis for disease prevention and
aquaculture management, thereby improving breeding efficiency and survival rate.
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