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Abstract

An experimental study of polyculture of sea cucumber Holothuria scabra with Pacific white
shrimp Litopenaeus vannamei was carried out in the laboratory. Results indicated that
nutrient structure of the culture system was influenced significantly by the sea cucumber:
the phosphate and nitrate concentrations were enhanced more obviously in the polyculture
system (PS) than in the monoculture system (MS), but by contrast, the ammonium
concentration remained low in the PS. The sulfide contents of the sediment were reduced
in the PS to 10.32+1.85mg/kg, accounting for about 2/5 of that in the MS. The PS of sea
cucumbers had positive effects on the growth and survival of shrimp, the specific growth
rate of weight of shrimp in the PS was 2.89+0.63%/day and significantly higher than that
of the MS (average 2.05+0.57%/d). Survival rate of the shrimp in PS was 79.3+22.9%,
dramatically higher than that of the MS (average 64.0£17.5%). In the PS, the shrimp had
no negative effect on the sea cucumbers who ingested and assimilated food residue in the
sediment of the culture system with an assimilation efficiency of 42.06+10.62% for organic
matter. PS of sea cucumber Holothuria scabra in the shrimp culture system had both
environmental and economic benefits. This PS method could contribute to sustainable
development of aquaculture in China.
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Introduction
Shrimp culture is one of the pillar industries to promote the development of China's coastal
economy (Tang et al., 2014). With the increasing scale of shrimp farming, the problem of
environmental pollution caused by feed remnants and excrement in shrimp culture is
prominent (Liu et al., 2008). Effective control of shrimp culture in the field of aquaculture
and achievement of "clean production” has become a problem to be solved by scientific
research.

Sea cucumber is a typical animal that filters sediment in water bodies and can
consume considerable amounts of organic matter, bacteria, debris particles, and dead
organisms (Kang et al., 2003; Bruckner et al., 2005). In recent years, environmental
regulation and the control function of sea cucumbers has been widely valued by
researchers at home and abroad (Chen et al., 2004; Mercier et al., 2000; Dong et al.,
2006; Asha et al., 2005). Research shows that the sediment of shrimp culture contains
many nutrients, which can provide a good food source for sea cucumbers, and that PS of
sea cucumber with shrimp can not only regulate the aquaculture environment, but also
bring considerable economic benefits at the same time (Purcell et al., 2006; He et al.,
2008). In China, research and practice of shrimp and sea cucumber PS is concentrated
mainly in northern coastal China at present; the species of sea cucumbers for PS is
Apostichopus japonicus (He et al., 2008). However, the southern coastal region of China
is the main shrimp-farming area. Water temperatures can reach over 25°C for most the
year which is not suitable for A. japonicus culture. Some economic tropical sea cucumber
species, such as Stichopus variegates are on the verge of extinction. Therefore, it is
necessary to find an adaptable tropical species of sea cucumbers to ensure successful
implementation of their culture.

Holothuria scabra is a commercially harvested holothurian found throughout the
Indo-Pacific from the Red Sea and East coast of Africa to Japan and Cook Islands (Conand,
et al., 1986; Conand,et al., 1993; Battaglene,et al., 1999; ). Research has shown that
Holothuria scabra has a choice feeding ability of the sediment at the bottom of the sea. It
plays the role of cleaner and scavenger of seabeds (Bonham, et al., 1963; Dzeroski,et al.,
2003; ). In addition, H. scabra is able to survive in high temperature environment of above
389C; it also has a wide salt tolerance, ranging from salinity of 18-38, and survival rate
can reach to 100%. It shows a strong ability to feed in that environment (Yu, et al., 2012).
The biological characteristics, distribution, and economic value of H. scabra suggests that
this kind of sea cucumber can be used as the restorer of the shrimp culture environment.
However, there are no reports of PS of Holothuria scabra with Litopenaeus vannamei. In
this paper, we put forward the idea of regulating the shrimp culture environment with H.
scabra, and explore the effect of PS of L. vannamei with H. scabra in indoor conditions to
provide a scientific basis for the optimization of a shrimp culture environment and the
proliferation and culture of tropical sea cucumber in south China.

Materials and Methods

Experimental animals. The PS study of L. vannamei with H. scabra was conducted at
the Shenzhen Base of South China Sea Fisheries Research Institute of CAFS (Shenzhen
China) in May 2016. The H. sca was collected from the sea near the Shenzhen Base and
the L. vannamei was obtained from the farm of Shenzhen Base. Prior to the trial, the
animals were acclimated in a pond for 1 week. Continuous aeration was provided, and a
small amount of sea mud was fed to the sea cucumbers. A shrimp diet (45.4% crude
protein,9.3% crude lipid and 10.6% ash) was fed to the shrimps during this acclimation
period. The sea cucumbers of uniform size and health with an average wet weight of
42.43+£3.21g and shrimp of uniform size and health body with an average body length of
8.65+0.29cm and wet weight of 5.31+0.57g were selected for the PS experiment.

Aquaculture facilities and seawater. The PS experiment system included 10 identical
square cement ponds (1m*1m*1m) with sandy sediment of 5 cm thickness. The sediment
was collected from a seabed near the Shenzhen Base, dried, and ground through a 10-
mesh screen to make sure that the particle sizes were edible for the sea cucumbers. 75%
of cement ponds were covered with opaque canvas to reduce light interference. The
seawater (27.9-31.1°C, salinity from 29.2-31.8 psu, pH from 7.9-8.3) was extracted from
the adjacent sea area and sieved through a 5 pm filter bag. Nitrate (NO3-N) was too low
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to detect. Nitrite (NO2-N) and ammonia nitrogen(NH4-N) ranged from 0.52-0.73 pmol/L
and 5.40-5.73 pmol/L respectively.

Experimental design. A total number of 600 shrimp were randomly assigned to 10
cement ponds from Pondl to Pond10 with 60 individuals in each pond. The experiment
included two treatments a) monoculture (control group) and b) PS. 60 prawns and 7 sea
cucumbers were kept in each experimental cement pond. 60 prawns only, were stocked in
the control group. There were 5 replicates in each treatment. The experiment lasted from
May 1st, 2016 to June 25th, 2016, a total of 56 days. The shrimp were fed a commercial
diet at 09:00 and 17:00 at a rate of 8% body weight per day. The feeding ration was
flexible and adjusted according to the shrimp feeding conditions. During the study period,
water was changed at a rate of 30% every day. The water and sediment quality of each
pond were monitored on day 1,14, 28, and 56 before the water exchange. During the
experiment, continuous aeration was supplied. Survival of the animals was inspected every
day and the dead individuals were timely removed. At the end of the experiment, the
survival rate (SR; %) and the specific growth rates (SGR;% / d) of shrimp and sea
cucumber were recorded,

SR=100xX2/X1

SGR=100x(LnY2-LnY1)/t

Where X1 (ind) is the initial number of cultured animals that were stocked, and Xz (ind)
is the final number of cultured animals. Yi(g or cm) is the initial wet weight or length of
cultured animals, and Y2(g or cm) is the final wet weight or length of cultured animals and
t is the duration of the experiment.

Ingestion and assimilation. Five sea cucumbers were randomly collected after the PS
experiment. The Holothuria scabra ingestion and assimilation experiment was conducted
in 5 aquariums(30cmx20cmx30cm) for 3 days. Five sea cucumbers were randomly
collected and stochastically assigned to 5 aquariums after the PS experiment. The sea
cucumbers were weighed before they were assigned to the aquariums. The sediment of
5cm was placed at the bottom of the aquariums. All aquariums were covered with opaque
canvas in order to reduce light interference. The feces of each sea cucumber were collected
at 8:00 and 18:00 daily. The feces collected on the first day were discarded, and the ones
collected on the remaining 2 days were combined and rinsed with deionized water to
remove the salt. The feces were then dried at 60°C to determine the inorganic content.
The experiment was conducted without water changes. The dissolved oxygen was higher
than 6.5 mg/L. Since sea cucumbers cannot digest inorganic minerals in the sediment, the
ingestion rate (IR) was calculated according to the sea cucumber defecation rate (DR).
Thus, the inorganic excrement was used as an inert tracer to calculate the ingestion rate
(Yu, et al., 2012) according to the following equations:

IR=DRxIMt/IMs
DR=D/(Wxt)

Where IR is the ingestion rate of Holothuria scabra[g/(g?)], DR is the defecation rate
of Holothuria scabra[g/(g?)], and IMr is the content of inorganic matter in feces (%), IMs
is the content of inorganic matter in food (%), D is the dry weight of the feces (g),W is the
wet weight of Holothuria scabra (g) and t is the duration of the experiment.

After the ingestion experiment, all the sea cucumbers were dissected to collect the
contents from the foregut and hindgut. The contents were rinsed with deionized water to
wash away the mucus and salt, then the contents were dried. The assimilation rate (AE)
was calculated according to the difference of organic matter in the foregut and hindgut
(Paltzat, et al., 2008) according to the following equation:

AE=100x(F-E)/[(1-E)xF]

Where AE is the organic matter assimilation rate (%) of sediment of the sea cucumber;
F is the content of organic matter in foregut of sea cucumber (%); E is the content of
organic matter in hindgut of sea cucumber (%).

Respiration and excretion. Five other sea cucumbers and fifteen prawns were randomly
collected at the end of the PS experiment. At the beginning of the respiration and excretion
trial, the sea cucumbers were starved for 24 h, weighed, and randomly allocated to five
brown 3 L bottles. The respiration and excretion trial of the prawns was conducted similarly
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with three prawns in each bottle. All the brown bottles were filled with fresh sea water,
partly covered to enable the discharge of air bubbles. The control consisted of another 3
brown bottles without cucumbers or prawns, filled with fresh sea water. After 2h, the
bottles were shaken to mix the sea water and the dissolved oxygen. The nutrients and salt
concentration in each bottle were determined. The oxygen consumption rate (OR,
mg02/(g ™)) and excretion rate (ER, uM/(g™")) were calculated by the following formula (Yu,
et al., 2012):

OR=(Co-Ct)(Vj-Va)/ (W xt)

ER=(Ct-Co)(Vj-Va)/(Wxt)

Where Co is the concentration of dissolved oxygen (mgO2/L) or nutrients (pmol/L) in
the control group at the end of the experiment, C: represents the concentration of dissolved
oxygen (mgO2z/L) or nutrients (umol/L) in the test group at the end of the experiment; Vj
represents the volume of the brown bottles (L) and Va (L) represents the volume of the
experimental animals; W is the wet weight of the experimental animals (g) and t the
duration of the experiment.

Determination of environmental factors. The water quality including water
temperature (°C), salinity, pH, dissolved oxygen (DO; mg/L), were measured with the
multi-parameter measuring instrument (YSI 6920); the concentration of nitrate (NOs-N,
pmol/L), nitrite (NO2-N pmol/L), ammonia nitrogen (NH4-N, pmol/L) and phosphate (PO4-
P, umol/L) in sea water were measured by the specification for marine monitoring
(AQSIQ,2007); the contents of sulfide (S>mg/kg)in sediment was determined by ion
selective electrode method; the sediment was dried, and the content of organic matter
(OM, %) in the sediment was determined by ashing method (Yu, et al., 2011).

Statistical analysis. The data were analyzed using SPSS 17.0 for Windows software.
One-way ANOVA was used to compare the differences of data between the different periods
in the group and the difference of data between groups in the same period was compared
by t-test. Percentage data were analyzed by square root sine transformation, and the
results were shown as the original data. P<0.05 represented significant difference in the
data.

Results
Physical and chemical characteristics of water environment. During the experiment, the
water temperature varied from 27.6-31.2°C, salinity varied from 29.2-31.8, pH varied from
7.9-8.3, the dissolved oxygen was saturated or nearly saturated, and there were no
significant difference between the data in the same period. The nutrient structure of each
group is shown in Table 1, the nutrient concentrations of all groups increased significantly
with time (P<0.05), and reached the highest value at the end of the experiment. The
concentration of nitrate NOs-N) in the PS group was significantly higher than that in the
control group (P<0.05). From the beginning of the experiment the concentrations of
phosphate (PO4-P) in the PS group were significantly higher than those of the control group
(P<0.05) from the 28t day of the experiment; the concentration of nitrite (NO2-N) in each
group was not significant (P>0.05) in the same period and the concentrations of NH4-N in
the PS groups were significantly lower than in the control group (P<0.05) from the 28%
day on of the experiment.
Table 1. Variations of the nutrient structures among treatments at different sampling time

Index Group oD 14D 28D 56D
Control 0? 4.58+0.53°" 7.16£0.655 10.24+1.45¢
NOs-N(umol/L) PS 0° 10.83+0.47° 12.4241.25¢ 16.3142.520
NOw-N(umol/L) Control 0.56+0.13° 2.33+0.39° 9.48+0.85¢ 12.35%1.66¢
PS 0.56+0.13° 2.9840.19° 9.23+0.68° 11.85+1.73¢
NH-N(umol/L) Control 5.41+0.25° 16.76+1.03° 30.48+3.26° 36.48+3.649
PS 5.4140.25° 14.3340.72° 20.1542.77¢" 29.7542.34¢
POu-P(umol/L) Control 0.56+0.05° 1.26+0.15° 1.48+0.17% 1.82+0.27°
PS 0.56+0.05° 1.28+0.05° 1.8540.15¢ 1.9440.41¢

All values are presented as means+SD. Different superscript letters indicate significant differences
among sampling times within each treatment. *represents significant differences between the data
of the two treatments at each sampling time.

Sediment environment characteristics. The content of organic matter (OM) and sulfur
(S%) in sediments was significantly higher in relation to time (P<0.05), and the
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concentration of OM and S? in the control groups was significantly higher(P<0.05) than in
the PS groups. The S? concentration of sediment in the PS groups was 10.32+1.85 mg/kg
at the end of the experiment, which was 40.27% of the S?  concentration in the control
groups at the same period and approximately equal to the S?- concentration in the control
groups at the 14™ day. The results showed that sea cucumber effectively inhibited the
formation of sulfides in PS the system (Table 2).

Table 2. Variations of the sediment characteristics among treatments at different sampling time

Index Group oD 14D 28D 56D

OM/% Control 0.48+0.032 0.76+0.06° 0.98+0.13°¢ 1.36+0.22¢
PS 0.48+0.03° 0.60+0.09%" 0.84+0.12¢ 1.20+0.27¢"

S?(mg/kg) Control 0@ 10.05+0.97° 18.74+1.43¢ 25.63+3.67¢
PS 0?2 4.35+0.67"" 7.18+1.01¢ 10.32+1.85%"

All values are presented as meansxSD. Different superscript letters indicate significant differences
among sampling times within each treatment. *represents significant differences between the data
of the two treatments at each sampling time.

Growth and survival. The body length specific growth rate (SGR) of the shrimp in the
control group was 0.65+0.07%/d and 0.89+0.13%/d in the PS group, and the SGR in the
PS group was significantly higher than that in the control group (P<0.05). The body weight
SGR of the shrimp in the control group was 2.05+0.57%/d and 2.89+0.63%/d in the PS
group (Figure 1), and the body weight SGR in the PS group was not statistically significant
(P>0.05). At the end of the experiment, the survival rate (SR) of the shrimp in the PS
group was 79.3+£22.9%, which was significantly higher than that of the control group
(64.0+£17.5%, P<0.05). The SR of the sea cucumbers in all groups was 100%, and the
SGR of body weight was 0.38+0.19%/d.

Omonoculture EBPolyculture

Specific growth rate (%/d)

Fig.1 Growth performance of the cultured shrimp
* represents significant differences (P<0.05).

Ingestion and assimilation. The sediment ingestion rate of Holothuria scabra was
0.06+0.02g/(g9). The assimilation rate of organic matter in sediment was 40.26+10.62%,
and the organic matter content of the foregut was 3.17+0.31%, which was close to 4.7
times that of the sediment organic matter content in the experiments.

Respiration and excretion. The oxygen consumption rate of shrimp was 0.422+0.032
mg02/(g"), and the oxygen consumption rate of sea cucumber was 0.015+0.002 mg
02/(g™) (Table 3). The main form of discharging nitrogen of shrimp and sea cucumber was
ammonia nitrogen and the excretion rate of shrimp and sea cucumber were
13.630+0.385uM/(g") and 16.452+0.315uM/(g"). In addition, the sea cucumber
discharged a small amount of nitrite and nitrate, respectively accounted for only 0.39%
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and 2.94% of the total nitrogen discharge. The phosphate excretion rate of the shrimp was
(0.035+0.014) uM/(g™), which was twice as much as that of the sea cucumber.

Table 3. Respiration and excretion rates of the shrimp and sea cucumber

Grou Respiration Excretion rate/[uM/(g-h)]

P rate/[mgOz/(g-h)]  NHa-N NO»-N NO3-N PO4-P
Shrimp 0.422+0.032 13.630+0.385 - - 0.035+0.014
Sea cucumber 0.015+0.002 16.452+0.315 0.067+0.005 0.501+0.004 0.016+0.004

Discussion

By feeding, sea cucumber can remove residual feed and feces which are a result of
mariculture, thereby reducing the pollutant content in the water system; the sea cucumber
also disturbs the sediment through burial, which can have a positive effect on the stability
of the diversity of benthic ecological environment and nutrient circulation (Kang, et al.,
2003; Purcell, et al., 2006; Paltzat, et al., 2008; Uthicke, et al., 2001a; Uthicke, et al.,
2001b; Liu, et al., 2006). At present, local and international researchers have studied the
remediation effects of Apostichopus japonicus Parastichopus californicus and Stichopus
mollis on the culture environment(Kang, et al., 2003; Yuan, et al., 2008; Maxwell, et al.,
2009; Yang, et al., 2000),while there have been few studies on other types of sea
cucumbers. Holothuria scabra is a economically valuable tropical sea cucumber. At present,
the study of this sea cucumber mainly involves behavior ecology (Bonham, et al., 1963;
Drumm, et al., 1999) and reproductive biology (Hu, et al., 2013). Aquacultural
environment regulation has not been applied to Holothuria scabra. Results have shown
that the nutrient content of shrimp improved with the addition of Holothuria scabra, and
the organic matter content and sulfide in the sediments were effectively reduced. The PS
of sea cucumber had a positive effect on growth and survival of shrimp.

Water nutrient structure. The total concentration of nitrogen and phosphorus in the PS
group was higher than that in the MS group, due to the higher biomass of the shrimp and
sea cucumbers. Although the feeding and burrowing of the sea cucumbers disturbed the
sediment it also promoted the release of nutrients from the sediment into the water (Yuan,
et al., 2008; Uthicke, et al., 2001a; Uthicke, et al., 2001b). During the process of shrimp
culture, ammonia nitrogen came from two sources: (1) biological metabolism; (2) residual
feed and fecal decomposition. The main metabolite of shrimp and sea cucumber was
ammonia nitrogen. Therefore, the total amount of ammonia nitrogen excreted in the PS
group was higher than that of the control group. The feeding and assimilation of the sea
cucumbers effectively removed feed surplus and feces, and the nitrogen was integrated in
the sea cucumber biomass. The effect of bio-disturbance also increased the oxygen flux
between the sediment and the water interface and accelerated the oxidation of ammonia
nitrogen. Therefore, the introduction of sea cucumber in the PS system also reduced the
release of ammonia to the water from the sediment.

Sediment environment. This study showed that the feeding rate of the sea cucumber
of sediments was about 0.06+0.02g/(g'¥), which was slightly higher than that of others
(Che, et al., 1990). The content of organic matter in the digestive tract of the sea cucumber
was about four times that of the surrounding sediment and consistent with other findings
(Klinger, et al., 1998; Dzeroski, et al., 2003; Yu, et al., 2011). In addition, sea cucumber
assimilation rate of organic matter in the sediment was 40.26+10.62%, and the addition
of sea cucumber in PS system significantly reduced the organic matter and sulfide content
in the sediment. The results above indicate that the sea cucumber is a regulator of the
depositional environment in the shrimp-farming pond.

Growth and survival. The inorganic nitrogen in shrimp culture water was mainly in the
form of nitrate, nitrite, and ammonia nitrogen. It was generally believed that nitrate has
no toxic effect on shrimp. The toxicity came mainly from ammonia nitrogen and nitrite,
and the ammonia nitrogen was highly toxic to shrimp (Qiu, et al., 2008). In this study, the
concentration of ammonia nitrogen in each group increased with time, and was significantly
higher than in the PS group and potentially more harmful to the shrimp. The toxicity to
organisms of sulfides in the sediment were used by the sea cucumber in the PS group. The
results showed that the addition of sea cucumber in PS system can effectively reduce the
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concentration of ammonia nitrogen and sulfide in the system and improve their survival
rate.

In this study, the survival rate of sea cucumbers in PS groups was 100%, and their
growth rate was close to or higher than that of the sea cucumber in the co-cultured
experiment with the shell (Zhou, et al., 2006; Slater, et al., 2007; Conand, et al., 1997).
In addition, the results of respiratory experiments showed that the oxygen consumption
rate of sea cucumber was very low (only 1/26 of the oxygen consumption rate of the
shrimp) and at the same time the sea cucumbers have a strong ability to withstand hypoxia
(Yu, et al., 2011).
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