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Abstract

Recently, how to improve the aquaculture efficiency of sea cucumber Apostichopus japonicus and
promote the sustainable development of its artificial cultivation has become an increasingly
important issue. The pond water environment plays important roles in the survival rate
and growth of A. japonicus seedlings. This study investigated the changes in water quality
and plankton from June to November in A. japonicus ponds. The seawater temperature, pH,
dissolved oxygen, salinity, nitrogen, and active phosphate contents were measured, and
the planktonic species were detected and identified. The results showed that the seawater
temperature ranged from 11.2 to 29.9 ◦C, and the highest temperature did not exceed the
tolerance survival limits of A. japonicus. The changes in pH, dissolved oxygen, and salinity
were also suitable for growth. A total of six phyla and 14 species of planktonic algae were
detected, among which diatoms were dominant, and the dominant species changed over
time. In the early stage, it was Chroomonas acuta, then, after it was Nitzschia sp., and then
it returned to C. acuta again later. The biomass and density of algae peaked in week 5
(p < 0.05), but decreased to their lowest in week 18. The changes in chlorophyll-a content
were consistent with the biomass of algae. Both the chlorophyll-a and pheophytin contents
peaked in weeks 5 and 10 (p < 0.05). The changes in suspended particulate matter (SPM)
and particulate organic matter (POM) were synchronized, and they peaked in weeks 5
and 12. These results suggested that the planktonic algae have the functions of a food
supply and an environmental indication, and changes in chlorophyll-a, pheophytin, SPM,
and POM support the food source reserve for A. japonicus. This study provides important
information for the artificial cultivation of sea cucumber seedlings in a pond, and it is
useful to promote the sustainable development of the sea cucumber industry.

Keywords: algae; biomass; chlorophyll-a; pheophytin; suspended particulate matter; particulate
organic matter; sustainable development

1. Introduction
Recently, with the rapid development of the aquaculture industry, the sea cucumber

(Apostichopus japonicus) has become one of the advantageous species in China’s marine
aquaculture, due to its extremely high nutritional and economic value, and the aquaculture
scale and industrial benefits have been increasing year by year [1]. The sea cucumber
belongs to the Echinodermata, Holothuroidea, Stichopodidae, and Apostichopus [2]. Its
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high nutritional and medicinal value, for which it is known as “sea ginseng”, mean that it
is one of the important economic sea cucumber varieties in China [3]. With the increase in
market demand and improvements in seedling and breeding technology, the scale of the
sea cucumber industry has rapidly expanded, and the aquaculture production in China
had reached 292,045 tons by the end of 2024 [4]. As the core link of the sea cucumber
industry, the quality and survival rate of seedling cultivation directly affect the success
of subsequent production [5,6]. The water environment in the pond is the key factor
to ensure the effectiveness of seedling cultivation [7], which is related to the stable and
high yield of aquaculture. Studies showed that the dynamic balance of water quality
factors not only directly affects the physiological metabolism, growth rate, and quality
formation of cultivation objects, but also constitutes the core conditions for conducting
various cultivation experiments [8,9].

How to improve the aquaculture efficiency of sea cucumber A. japonicus and promote
the sustainable development of its artificial cultivation has become an increasingly im-
portant issue. Studies showed that the pond water environment is a complex ecosystem
composed of abiotic and biotic factors. The fluctuations of abiotic factors such as water
temperature, salinity, dissolved oxygen, pH, and nutrients have significant impacts on sea
cucumber seedlings [10–13]. Although the application of commercial water quality condi-
tioner provides means for environmental regulation, there are still many unresolved issues.
Previous studies have shown that temperature and dissolved oxygen, as key abiotic factors,
have a direct and significant regulatory effect on the survival, metabolism, motility, and
quality of seedlings in sea cucumbers [14–16]. These results provide important evidence on
the relationship between water environmental factors and sea cucumber growth.

There are significant annual changes in the content of nitrogen, phosphorus, and
sulfides in the sea cucumber aquaculture pond, which may directly affect the nutrient
balance and seedling growth of A. japonicus [17–19]. In addition, there are also significant
differences in the sediment characteristics in the different types of A. japonicus ponds, and
indicators such as organic matter content and redox potential indirectly affect the survival
and development of sea cucumbers, suggesting that sediment management may be related
to water environment regulation [19–21]. In terms of biological factors, plankton, as an
important component of pond ecosystems, are not only a natural source of feed for sea
cucumbers, but also directly reflect the nutritional status and ecological stability of the
water body by the changes in community structure [22]. To date, the different methods for
controlling water quality, such as natural tidal absorption, microporous aeration, and water
retention machines, have different impacts on the population structure of phytoplankton.
Among them, the diversity index of phytoplankton in the water retention machine is higher,
which is more conducive to building a stable aquatic ecological environment [23].

Although studies on the aquaculture environment of A. japonicus have confirmed the
importance of water environmental factors and biological communities, the critical stage
of net cage seedling preservation is still insufficient. Traditional research often focuses on
the effects of a single factor or physiological responses under laboratory conditions [24].
However, in actual pond environments, the impacts of abiotic factors and the dynamic
evolution of planktonic communities on the survival rate of sea cucumber seedlings are still
not fully understood. This study investigated the changes in water quality and the species
composition, dominant population, and quantity fluctuation characteristics of plankton
in the pond of sea cucumbers, aiming to understand the effects of water environmental
factors on the structure of planktonic communities.
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2. Materials and Methods
2.1. Pond Conditions

The experimental pond was located at the sea cucumber breeding farm of Shandong
Oriental Marine Technology Co., Ltd. in Laizhou City (37◦12′25.92′′ N, 119◦57′37.30′′ E),
Shandong Province, China. The pond covered an area of about 20,000 square meters, with
a depth of 1.2 to 2.0 m, a sandy and muddy bottom, and a complete drainage system. The
water quality was pollution-free. The upper part of the pond was covered with a black
sunshade net to prevent an excessively high water temperature in summer (Figure 1).

 

Figure 1. Appearance of experiment pond. The red arrow indicates black sunshade net.

2.2. Determination of Pond Water Quality Factors

The water temperature of the pond was measured at 08:00 every morning, from 28
June to 3 November. The salinity, dissolved oxygen, and pH were measured using the water
quality analyzer HACH ® TM156 (HACH, Danaher Corporation, Washington, DC, USA).
The indicators were measured three times at each sampling. A 2.5 L organic glass water
sampler was used to mix the water from the upper (depth 30 cm), middle (depth 90 cm), and
lower (depth 150 cm) ponds separately, and then take 1–2 L of the mixed water. They were
filtered with a 0.45 µm glass fiber microporous filter membrane that was preheated at 500 ◦C
for 2 h in a muffle furnace. The suspended particle matter (SPM) and particulate organic
matter (POM) in the water were measured [25]. Then, the filtered microporous membrane
was cut into fine strips and was added into 90% acetone. They were extracted at 4 ◦C
for 18–24 h to measure the content of chlorophyll-a, using a spectrophotometer [26]. The
contents of ammonia nitrogen, nitrate nitrogen, nitrite nitrogen, and reactive phosphorus
in a mixed water sample of 400 to 500 mL were measured [27,28].

2.3. Determination of Plankton in Ponds

When sampling each time, 1 L of water was taken from the shore located 2–3 m
offshore along the diagonal of the pond. Then, 1 L of water from one or more layers
(surface, middle, bottom) in the center of the pond was taken and then they were mixed.
After that, it was fixed with 4% formalin and 1.5% Lugol’s solution. The water sample was
placed in a separatory funnel for precipitation. After 2 h, the funnel was gently rotated
and continued to precipitate for 24–48 h. Then, a pipette was used to carefully suction out
the clear liquid without algae from the upper part, until only about 20–40 mL liquid was
left. Then, the precipitation was transferred into a 100 mL plastic specimen bottle, and
the funnel was rinsed 2–3 times, with the supernatant being poured into the bottle until
40–60 mL, and the accurate volume of the sample was measured.
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The 0.1 mL sample was aspirated using a pipette and placed into a 0.1 mL chamber
using the microscope counting method referred to by LeGresley et al. [29]. Small organisms,
such as diatoms, and larger organisms, such as filamentous algae, were identified and
counted using an Olympus FX380 microscope (Olympus Corporation, Tokyo, Japan) [30].

2.4. Data Analysis

SPSS v26.0 software (IBM, Armonk, NY, USA) was used to analyze the data, and
all data are expressed as means ± standard deviations (SD). The Kolmogorov–Smirnov
method was used for normal distribution detection, and one-way ANOVA (analysis of
variance) and Tukey’s HSD (honestly significant difference) were used for a comparative
analysis of differences. p < 0.05 was considered to be significant.

3. Results
3.1. Changes in the Water Quality Factors of the Pond

The temperature varied from 11.2 to 29.9 ◦C, with a trend of first increasing and then
decreasing (Figure 2). On 22 August, the highest water temperature was 29.9 ◦C, with a
range of 25.8 to 29.9 ◦C from 19 July to 30 August. The water temperature began to decrease
in September.

Figure 2. Changes in water temperature in the pond during the experiment period.

During the experiment, there were no significant differences in the contents of pH and
salinity (p > 0.05), with pH ranging from 7.46 to 8.28 and salinity being between 25.51 and
32.48 (Figure 3). However, the dissolved oxygen content ranged from 7.72 to 11.92 mg/L,
and it was significantly higher on 26 July, 30 August, and 28 September than those at other
dates (p < 0.05).

Figure 3. Changes in pH, salinity, and dissolved oxygen in the pond during the experiment period.
Data were expressed as means ± SD; different letters on the same line indicate significant differences
(p < 0.05).
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There was no significant difference in the nitrogen content (p > 0.05), with nitrate
nitrogen ranging from 8.365 to 9.12 µmol/L, nitrite nitrogen from 0.0011 to 0.0039 mg/L,
and ammonia nitrogen from 0.001 to 0.019 mg/L (Figure 4). However, the content of active
phosphorus ranged from 0.0062 mg/L to 0.063 mg/L, and it was significantly higher on 30
August than those on the 12, 19, and 26 July, 16 August, and 14 and 28 September (p < 0.05).

Figure 4. Changes in nitrite nitrogen, nitrate nitrogen, ammonia nitrogen, and active phosphorus in
the pond during the experiment period. Data were expressed as means ± SD; different letters on the
same line indicate significant differences (p < 0.05).

3.2. Composition and Content Changes in Algae Species

The composition of algae in the pond was shown in Table 1. A total of six phyla,
11 genera, and 14 species of planktonic algae were detected. The dominants are mainly
nine species of diatoms, and there was one species each from the Chlorophyta, Pyrrophyta,
Cyanobacteria, Chrysophyta, and Cryptophyta. The highest number and density of algae
occurred in August, while the lowest occurred in November.

Table 1. The species and quantity of algae on sampling dates. Data were expressed as cell density
(×103 ind/L). Data were shown as means ± SD (n = 3).

Species
Date

7-05 7-12 7-19 7-26 8-03 8-16 8-30 9-13 10-2 11-3

Navicula sp. 0.1 ± 0.02 8.7 ± 0.16 0.8 ± 0.09 0.2 ± 0.03
Pleurosigma sp. 1.8 ± 0.15 2.8 ± 0.46 3.1 ± 0.98 5.8 ± 1.06 4.2 ± 1.23 8.7 ± 2.09 0.8 ± 0.05
Nitzschia paradoxa 0.8 ± 0.04 2.4 ± 0.89 1.2 ± 0.08 2.0 ± 0.85 0.2 ± 0.06
Pinnularia sp. 0.8 ± 0.04 1.0 ± 0.12 1.2 ± 0.25 1.8 ± 0.46 0.8 ± 0.05
Nitzschia sp. 3.5 ± 0.58 14 ± 4.06 72.8± 15.06 28.1 ± 5.08 24 ± 6.05 14.5 ± 3.08
Pleurosigma affine 0.1 ± 0.04 0.5 ± 0.09 1.2 ± 0.03 1.4 ± 0.26 1.6 ± 0.38 0.2 ± 0.05 0.1 ± 0.15
Coscinodiscas sp. 4.8 ± 0.89 1.2 ± 0.35 1.0 ± 0.31 0.5 ± 0.04 0.4 ± 0.05 2.9 ± 0.89
Thalassionema nitzschioides 2.4 ± 0.86 3.6 ± 0.79 1.0 ± 0.36 0.5 ± 0.06
Gyrosigma balticum 0.6 ± 0.35 1.2 ± 0.21 1.0 ± 0.14 2.0 ± 0.53
Peridinium sp. 1.2 ± 0.04 2.0 ± 0.36 0.9 ± 0.06 0.6 ± 0.18
Chlorella sp. 1.2 ± 0.32 1.3 ± 0.34 2.0 ± 0.54 0.7 ± 0.04 2.4 ± 0.45 0.4 ± 0.07
Chromulina sp. 0.6 ± 0.03 1.0 ± 0.24 1.6 ± 0.56 0.9 ± 0.21 3.2 ± 0.85 0.4 ± 0.65
Chroomonas acuta 3.8 ± 0.27 1.6 ± 0.64 3.2 ± 0.98 7.9 ± 1.75 2.3 ± 0.56 8.7 ± 3.01 4.3 ± 1.05 1.2 ± 0.12 0.7 ± 0.04
Dactylococcopsis acicularis 2.1 ± 0.13 0.5 ± 0.24 1.0 ± 0.25

The dominant species was Chroomonas acuta in the first two weeks. From July to
August, it was Nitzschia sp. In mid-September, it was replaced by C. acuta. In October
and November, the number of algae decreased significantly, with the dominant species
becoming Peridinium sp. in October and C. acuta in November.

https://doi.org/10.3390/su18031214

https://doi.org/10.3390/su18031214


Sustainability 2026, 18, 1214 6 of 11

3.3. Changes in Biomass Content

The biomass content ranged from 0.08 to 1.82 mg/L (Figure 5). The biomass content
was significantly higher in week 5 than those in week 1, 3, 6, 12, 14, and 18 (p < 0.05). The
variation trend of the biomass was consistent with the trend of the density pattern. In week 5,
the number, density, and biomass of the planktonic algae species were also the highest.

Figure 5. Changes in phytoplankton biomass in the pond during the experiment period. Data were
expressed as means ± SD. Different letters on the same line indicate significant differences (p < 0.05).

3.4. Changes in Suspended Solids and Chlorophyll-a Content in Ponds

The changes in suspended particulate matter (SPM) ranged from 10.2 to 29.7 mg/L,
(Figure 6). The SPM contents in weeks 5 and 12 were significantly higher than those in
weeks 1, 2, 8, and 18 (p < 0.05). The changes in particulate organic matter (POM) ranged
from 4.6 to 19.6 mg/L, and the trend was similar to that of SPM. The POM contents in
weeks 4 and 5 were significantly higher than those in weeks 1, 2, 8, and 18 (p < 0.05).

Figure 6. Changes in SPM and POM contents in the pond during the experiment period. Data were
expressed as means ± SD. Different letters on the same line indicate significant differences (p < 0.05).

As shown in Figure 7, the chlorophyll-a content was significantly higher in weeks 5,
10, and 14 than those in week 1, 2, 3, 8, and 18 (p < 0.05). The pheophytin content was
significantly higher in weeks 5 and 10 than those in weeks 1, 2, 3, 12, 14, and 18 (p < 0.05).

https://doi.org/10.3390/su18031214
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Figure 7. Changes in chlorophyll-a and pheophytin contents in the pond during the experiment
period. Data were expressed as means ± SD. Different letters on the same line indicate significant
differences (p < 0.05).

4. Discussion
4.1. The Influence of Water Quality on the Growth of Sea Cucumber

The water environment is the foundation for the survival of aquaculture organisms.
The changes in water quality and the accumulation of various nutrients play an important
role in the growth of aquaculture species. The sea cucumbers were sensitive to temperature
changes, and when the temperature was high, they stopped feeding with a dormant state.
Therefore, a layer of shading net was covered above the pond and the net cage to prevent a
high water temperature in summer. Studies have shown that covering with shading nets in
summer can effectively control the water temperature and the growth of algae [31,32]. In
this study, the content of pH, dissolved oxygen, salinity, and nitrogen remained relatively
stable. Active phosphate showed significant fluctuations in weeks 5 and 8. However,
the elements N and P mainly affected the growth and reproduction of algae, indirectly
affecting the growth of aquaculture species. In this study, the pond was a reservoir for
seedling production, and there was no fertilizer during the seedling preservation process.
The main factors affecting the concentration of active phosphate variation may be related
to the seasons [33,34]. Therefore, controlling water quality factors within an appropriate
range during production is a necessary condition for ensuring the healthy growth of
sea cucumbers.

4.2. The Role of Phytoplankton in Sea Cucumber Ponds

Research has shown that in sea cucumber ponds, diatoms are the most abundant
species of phytoplankton, while Chlorophyta, Pyrrophyta, Cyanobacteria, Chrysophyta,
and Cryptophyta are relatively rare. Algae sedimentation can provide high-quality food
for benthic organisms [35]. Part of the diatoms in the pond settle to the bottom in the
form of particulate organic matter, providing high-quality food for detrital sea cucumbers.
In week 8, the number of phytoplankton in the pond was the highest, and the dominant
species were obvious. However, in week 5, the biomass of phytoplankton was the high-
est, which may be related to factors such as temperature [36], water exchange [37], and
water nutrients [38–40], as well as there probably being competition between filamentous
macroalgae and phytoplankton.

In this study, the experimental pond was a reservoir in the seedling workshop and no
artificial fertilizer or water was added; therefore, the number and biomass of phytoplankton

https://doi.org/10.3390/su18031214

https://doi.org/10.3390/su18031214


Sustainability 2026, 18, 1214 8 of 11

species in the pond were lower than those in the shrimp farming pond. In week 6, the
number and biomass of phytoplankton in the pond decreased, which may be related to
the growth of large filamentous algae competing with phytoplankton for nutrients and
inhibiting the growth of phytoplankton. Purcell [41] suggested that excessive large algae
such as hairy algae may not only affect the activity of sea cucumbers at the bottom, but
may also lead to a decrease in the primary productivity of phytoplankton in the water.
Therefore, it is necessary to clean the large algae in the pond in July, August, and September
every year.

4.3. Changes in Chlorophyll-a and Pheophytin Contents in the Pond

The changes in chlorophyll-a content are mainly influenced by phytoplankton, and the
chlorophyll-a is more easily degraded into pheophytin. The results show that the content of
pheophytin is slightly higher than that of chlorophyll-a. As a detrital marine organism, sea
cucumbers mainly feed on dead and decomposed organic matter, and the proportion of live
diatoms is not high [34]. It is believed that after the death of phytoplankton, chlorophyll-a
immediately dissociates from the cells. Free chlorophyll-a is very unstable and sensitive to
light and heat. Under acidic conditions, the magnesium ion in the center of the chlorophyll-
a molecule porphyrin ring is replaced by two hydrogen ions and converted into pheophytin,
which characterizes the content of lifeless chlorophyll-a in the water, and the higher the
content, the more dead algae in the water [42]. In this study, chlorophyll-a showed a trend
of rising and falling, which is similar to the trend of biomass changes in planktonic algae.
The experiment was conducted from July to November, and the 5th week to the 10th week
is the high-temperature period in summer. Sea cucumbers have a habit of summer sleep,
and the death and decomposition of planktonic algae under a high temperature lead to
higher levels of magnesium free chlorophyll-a. Planktonic algae settle to the bottom and
undergo bacterial decomposition with benthic microalgae, providing high-quality food
reserves for sea cucumbers.

4.4. Changes in Suspended Solids in the Ponds

The sedimentation and resuspension of SPM and POM in ponds play an important
role in the transfer of energy from primary producers to consumers in aquatic systems.
Organic debris is an important food source for detrital benthic communities in marine
ecosystems [43]. The quantity and quality of SPM play an important role in the distribution
and metabolism of benthic communities [44,45]. By analyzing the flux of POM in water,
the function of aquatic ecosystems can be better evaluated [46]. The suspended solids in
the pond of this experiment decreased significantly in week 6, which is consistent with the
decrease in the biomass of phytoplankton and the number of phytoplankton species. As
the water temperature decreased, the reproduction of phytoplankton and the diffusion of
feed in the net cage affected the concentration of suspended solids, which increased again
after week 8. After week 12, a large number of phytoplankton decayed and settled, and the
concentration of suspended solids decreased.

5. Conclusions
During the experiment, shading nets covered ponds and net cages to effectively

alleviate the impact of high temperatures in summer. Although the water temperature
fluctuated between 11.2 and 29.9 ◦C, the critical high temperature period (19 July to
30 August) did not exceed the tolerance limit of the sea cucumbers. The pH, dissolved
oxygen, salinity, and nitrogen remain stable. A total of six phyla and 14 species of planktonic
algae were detected in the pond, with diatoms accounting for the absolute majority (nine
species). Furthermore, the structure of algal communities, especially the abundance of
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diatoms, is sensitive to changes in the water environment and can serve as a biological
monitoring indicator for water quality. The content of chlorophyll-a is consistent with
the trend of changes in the biomass of planktonic algae. The changes in SPM and POM
are synchronized, and their sedimentation and resuspension processes not only maintain
energy transfer in the ecosystem, but also provide a key food source for sea cucumbers
after summer dormancy through the accumulation of algal debris.

With the continuous expansion of the sea cucumber cultivation scale, the demand for
high-quality seedlings in the industry is gradually increasing. However, the traditional
indoor seedling ponds are no longer able to meet the needs of industrial development, due
to high production costs and unstable survival rates. Therefore, it is urgent to develop
new intermediate cultivation technologies to promote the sustainable development of the
breeding industry. The cultivation method in the pond net cages is becoming increasingly
popular. From the perspective of industrial development needs, improving seedling yield
and quality, it is particularly important to select suitable attachment bases and determine
the optimal seedling size and density in the outdoor net cage cultivation process of sea
cucumbers. The results in this study provide important information for seedling cultivation
in the sea cucumber pond, and further study should focus on the production and quality of
adult sea cucumbers to promote the sustainable development of this industry.
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