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The black sea cucumber Holothuria atra was used in integrated aquaculture with sea bass juveniles (Lates calcarifer) 
as the lowest and highest trophic level organism, alongside the seaweed Gracilaria sp. as an organic extractive 
organism. Therefore, this study aimed to assess the potential of integrated aquaculture combined with sea bass 
juvenile and seaweed to support the growth of the black sea cucumber. The experiment was carried out using a 
completely randomized design with 3 fish density treatments (50, 100, and 150 fish/m3), each integrated with 10 
bags of seaweed and 4 individual black sea cucumbers.  The study was conducted for 8 weeks and the fish were 
fed with trash fish at 10% of body weight. Water quality parameters were measured in situ every day except for 
TOM, ammonia, and nitrate which were measured at the beginning, middle, and end of the study.  The results 
showed that the specific growth rate of the black sea cucumber ranged from 0.31-0.45%/day. The black sea 
cucumber was able to use the feed and metabolic waste produced by the culture of sea bass, showing the highest 
growth rate at a density of 100 fish/m3. Water quality parameters remained in ranges considered suitable for 
growth, except salinity. Furthermore, the black sea cucumber was found to have a strategy for adapting to 
fluctuations in salinity, as shown by the ability to survive at 15 ppt. 

 
 
Introduction 

The black sea cucumber, Holothuria atra, is a 
species generally found in tropical coastal waters, 
including in Indonesia (Purcell et al., 2012). In 
comparison, the sandfish Holothuria scabra has a high 
price in the market and is widely cultivated. The black 
sea cucumber is not included in the category of high 
price sea cucumbers in world bêche-de-mer trading 
centers, such as Hong Kong and Guangzhou, China 
(Purcell et al., 2018, Setyastuti et al., 2019). This 
species is often found exposed on substrates such as 
sand or sand mixed with coral fragments, with dense 
seagrass vegetation. The black sea cucumber has a 
black body covered with grains of sand or fine coral 
fragments (Purcell et al., 2012). 

Generally, sea cucumber is an organism with a low 
trophic level that plays an important role in the food 
chain in their associated ecosystems (Purcell et al., 
2016). The black sea cucumber is a type of sediment-
eating species, which is highly dependent on organic 

deposits in mud, detritus, organic debris, and 
plankton. Based on the feeding habits, this species 
plays a major role in the environment, as the 
digestion process contributes to sediment particles 
(bioturbation). This phenomenon changes the 
composition of sediment, decomposition, and 
agitation (Coulon and Jangoux, 1993). Therefore, the 
digestion process causes the re-circulation of 
nutritional elements into the water column, 
increasing the production of sediment associated 
with bacteria. Sediment-feeding activities by sea 
cucumber also contribute to maintaining sediment 
health (Darsono, 2007). 

Integrated multi-trophic aquaculture (IMTA) is an 
aquaculture that combines several commodities with 
different trophic levels. As a sustainable aquaculture 
method, IMTA is a development of polyculture 
cultivation which places several species with different 
feeding habits in one container (Pinak et al., 2023; 
Akbar et al., 2023). Integrated cultivation aims to 
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minimize interspecific competition, metabolic waste, 
and feed residue, causing an increase in production 
profits (Aliah, 2012; Yustiati et al., 2018; Thomas et al., 
2020).  The concept of integrated cultivation is applied 
considering that mono-species cultivation can have a 
negative impact on the ecosystem due to food waste 
and metabolic products. These include feces that 
accumulate and worsen water quality, triggering 
eutrophication with a negative impact on biota and 
the environment. According to previous studies, 
implementing integrated aquaculture can reduce the 
impact of waste from cultivation activities and 
increase productivity by combining species-given 
feed input with those absorbing inorganic and 
organic materials (Granada et al., 2018; Cahya et al, 
2021). In this method, cultivating species that are fed 
will provide by-products, including waste, as an input 
to inorganic and organic extractive species to create 
a balanced system for environmental improvement, 
and economic stability. This process leads to an 
increase in yields at low costs, product diversification, 
and appropriately better management practices 
(Chopin, 2013; Yudiastuti, 2018; Cahya et al., 2021). 

Integrated aquaculture has been implemented in 
various places globally, including Indonesia (Triarso 
and Putro, 2019; Cahya et al., 2021; Nidejovi, 2021). 
These studies combined several species with 
different trophic levels. The results showed that 
integrated cultivation increased productivity and 
product quality, creating a healthy and sustainable 
cultivation environment. Consequently, the method 
was considered economically successful in increasing 
production cost efficiency, and ecologically capable 
of controlling the entry of nutrient waste and total 
solid suspension into the cultivation environment. 

Several studies have shown that cultivated sea 
cucumber along with other organisms using a 
polyculture system or integrated with other 
organisms, had different results. Cultivating juvenile 
sandfish Holothuria scabra with shrimp Litopenaeus 
stylirostris did not support the growth of sea cucumber 
(Purcell et al., 2006). Meanwhile, cultivating sea 
cucumber in polyculture with other organisms such 
as mussels (Zamora and Jeffs, 2012), fish (Sithisak et 
al., 2013) or in an integrated manner with 3 fish 
species, seaweed, and echinoderms (Putro et al., 2015) 
supported the growth of sea cucumber. 

Previous integrated aquaculture studies indicated 
that selecting appropriate species and predicting the 
sizes of various populations were essential to provide 
ecosystem functions. These would enable the 
biological and chemical processes to achieve a stable 
balance, mutually benefit organisms, and improve 
ecosystem health. Further investigations have also 

been carried out using sea bass Lates calcarifer juveniles 
as the highest trophic level commodity and combined 
with seaweed Gracilaria sp. as an inorganic extractive 
species and black sea cucumber juveniles (Holothuria 
atra) as an organic extractive species. Therefore, this 
study aimed to assess the potential of integrated 
aquaculture combined with sea bass juvenile and 
seaweed to support the growth of the black sea 
cucumber. 
 
Materials and Methods 
Location and time of study 

The study was carried out for 2 months, from May 
to June 2023, in a fish-rearing pond located at the 
Marine Field Station, Pattimura University in Negeri 
Hila, Central Maluku. The pond measured 100 x 65m 
and had a muddy sand substrate with a water depth 
between 1.5-2.5 m.  It was equipped with inlet and 
outlet water channels, which allowed water changes 
during high and low tide. 

Species Selection 
A multi-species integrated cultivation system was 

applied in this study. The species selection was based 
on economic considerations and the ecological 
function of the cultivated species. This was intended 
to support the growth of cultivated biota while 
minimizing cultivation waste in the form of 
remaining feed and metabolic waste. Furthermore, 
integrated multi-trophic aquaculture (IMTA) was 
carried out using sea bass Lates calcarifer juveniles, the 
seaweed Gracilaria sp., and black sea cucumber 
Holothuria atra juveniles. The sea bass was the main 
target for rearing, which was popularly consumed at 
a fair price in the local market. Sea bass is a high 
trophic level organism that needs to be fed, where 
waste from its metabolism serves as input for others. 
Meanwhile, the seaweed Gracilaria sp. is an inorganic 
extractive species that can absorb inorganic materials 
produced from fish farming activities. The black sea 
cucumber is a low trophic level organism that uses 
organic materials left over from feed and metabolic 
waste. Therefore, when the integrated cultivation 
system functions optimally, it should support the 
growth of the 3 cultivated species while minimizing 
the waste produced by cultivation activities. 

Preparation of the cages 
The containers used in the study consisted of 9 

terraced net plots measuring 1x1x2m, which were 
prepared and installed in the pond. The fish and 
seaweed were put in the upper net, while the sea 
cucumber was placed in the lower net. The upper net 
was located right above the lower net to prevent the 
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sea cucumber from leaving and avoid predators. The 
integrated aquaculture concept is shown in Figure 1. 
The containers were unfilled for several days to wash 
contaminants, chemicals, and odors attached to the 
net and wood before use. During the adaptation 
period, water quality parameters, such as temperature, 
salinity, and pH, were monitored to ensure 
compliance with the requirements of the 
experimental organisms. 

 

 
Figure 1.   The integrated multi trophic aquaculture 

concept with sea bass juveniles, 
seaweed, and black sea cucumber. 

Experimental animals and algae 
A total of 900 sea bass juveniles with an average 

initial weight of 3 g were obtained from the hatchery 
at the Mariculture Research Institute, Waiheru, 
Ambon. Subsequently, 36 black sea cucumbers 
weighing 40-60 g and seaweed Gracilaria sp. were 
collected from the coastal waters of Suli Village, 
Central Maluku during low tide. Seaweed was 
weighed and put into rearing bags at a weight of 50 g 
per bag. All test biota were adapted for 1 week in 
separate net cages in the pond where the experiment 
was conducted. 

 
IMTA: Rearing of the Black Sea Cucumbers 

The study was carried out for 8 weeks, only fish 
were given food in the form of trash fish at 10% of 
body weight a day in the morning and evening. The 
wet weight of the experimental sea cucumber was 
measured at the beginning of the study (week 0), in 
the middle (week 4), and at the end (week 8). In 
addition to data on the growth performance of black 
sea cucumber, environmental parameters were also 
collected. Physical parameters including temperature, 
salinity, and dissolved oxygen (DO) were measured 
in situ every day, in the morning and evening. Water 
chemistry parameters, namely TOM (Total Organic 
Matter), ammonia, and nitrate were measured at the 
beginning, middle, and end of the study. Samples for 
water chemistry measurements were taken at several 
points and taken to the Waiheru Ambon Marine 
Aquaculture Center laboratory for analysis.  

Experimental Design 
This study used a completely randomized design 

(CRD) consisting of 3 experimental treatments with 
3 replicates. All biota were allocated randomly to the 
experimental units. Fish stocking density was the 
independent variable while sea cucumber growth was 
the dependent variable. A total of 3  juvenile sea bass 
densities were used. 

Treatment A: 50 fish + 10 bags of seaweed + 4 black 
sea cucumbers 

Treatment B: 100 fish + 10 bags of seaweed + 4 black 
sea cucumbers 

Treatment C: 150 fish + 10 bags of seaweed + 4 black 
sea cucumbers 

Variables Measured 
To determine the success of rearing black sea 

cucumber in integrated cultivation, the survival and 
growth rates at different fish stock densities were 
analyzed. The survival rate was calculated using the 
formula proposed by Effendie (2002): 

SR = !"
!#

X 100% 
where: 
SR = survival rate (Survival rate, %) 
No = total number of sea cucumbers at the start of 

the study 
Nt = total number of sea cucumbers alive at the end 

of the study; 
Specific Growth Rate (SGR) is defined as the daily 

growth rate or percentage of weight gain per day. In 
this study, SGR of the black sea cucumber was 
calculated using the formula proposed by Effendie 
(2002): 

SGR =$%&"'$%&#
"

	𝑋	100%  
where: 
Wo = wet weight of sea cucumbers at the start of the 

study (g), 
Wt = wet weight of sea cucumbers at the end of the 

study (g), and 
t = length of maintenance time (days). 

Water quality parameters measured were 
temperature (˚C), pH, salinity, DO, TOM, ammonia, 
and nitrate. 

Data Analysis  
The black sea cucumber growth data were 

analyzed using Kruskal-Wallis at the 95% confidence 
interval (α = 0.05). This was due to abnormal data 
distribution and for further testing using Bonferroni-
Dunn. 

 

Note: 
1 = sea bass juveniles 
       (L. calcarifer),  
2 = seaweed (Gracilaria sp.),  
3 = black sea cucumber  
       (H. atra).  
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Results 
Survival Rate of Black Sea Cucumber 

The survival rate of black sea cucumber in this 
integrated cultivation system was 100% (Table 1). 

 
Table 1. Weight and survival rate of black sea 

cucumbers during the study 
 TREATMENT 

A B C 

Initial Weight (g) 50.25 ± 4.54 50.00 ± 4.24   49.75 ± 4.52 
Final Weight (g) 
Net weight gain (g) 
Survival Rate (%) 

59.75 ± 3.96 
9.50 ± 1.51 
    100 

64.08 ± 3.20 
14.00 ± 1.51 
      100 

  61.25 ± 4.11 
  11.50 ± 1.00 
      100 

SGR (%/day) 0.31 ± 0.06 0.45 ± 0.07   0.37 ± 0.05 

 
Growth of Black Sea Cucumber 

The highest SGR of black sea cucumber was 
obtained in species reared with 100 fish/m3 
(treatment B), followed by treatment C (150 fish/m3), 
and treatment A (50 fish/m3). Kruskall Wallis test 
showed that at the 5% significance level, there was a 
significant difference between various juvenile 
densities on SGR of the black sea cucumber (P<0.05). 
Further tests using Bonferroni-Dunn showed that 
SGR of the black sea cucumber was proven to be 
significantly different from each other (P<005).  

Water Quality 
Water quality is an important factor for 

aquaculture activities, influencing the survival of 
aquatic organisms such as the black sea cucumber in 
this study. In aquaculture systems, water quality 
depends on the activity of cultured organisms and the 
input provided to increase productivity. Seawater 
quality in the rearing containers was measured in the 
morning and the afternoon. The temperature, salinity, 
pH, and DO data ranges in Table 2 show the lowest 
and highest values obtained during the study.   

 
Table 2. Measuring results of several environmental 

parameters 
Water quality 

parameter 

Treatment 

A B C 

Temperature (ºC) 27-28 27-28 27-28 

Salinity (ppt) 15-19 15-19 15-19 

pH 7.4-7.7             7.4-7.7 7.4-7.7 

DO (mg/L) 5.5-5.8             5.5-5.8 5.5-5.8 

TOM (mg/L)    

Beginning of the study 15.08 15.08 15.08 

Middle of the study 
period 

25.28 62.2 67.94 

End of the study  22.12 41.08 34.76 

Nitrate (mg/L)    

Beginning of the study 0.01 0.01 0.01 

Middle of the study 
period 

0.01 0.01 0.01 

End of the study 0.01 0.01 0.01 

Ammonia (mg/L)    

Beginning of the study 0.02 0.02 0.02 

Middle of the study  0.00 0.00 0.04 

End of the study 0.00 0.02 0.02 

 
Discussion 
Survival Rate 

All sea cucumber in all fish density treatments 
survived to the end of the study. The high sea 
cucumber survival was due to the absence of 
predators. In the natural environment, sea cucumber 
is often attacked and preyed upon by several species 
of fish and crabs (Tomatala et al., 2019). However, 
predators in the natural environment were excluded 
from the rearing units in this study. The black sea 
cucumber was also placed, allowing easy discovery 
compared to previous studies conducted in the wild 
(Tomatala et al., 2020). 

Growth of Black Sea Cucumber 
Growth is defined as biological changes that occur 

in organisms, such as increases in length, weight, and 
volume over a certain period (Effendie, 2002). The 
measured weights of black sea cucumber during the 
study (Table 1) showed that growth occurred. This 
was indicated by the increase in the wet weight of all 
black sea cucumber cultivated in the integrated 
system.  

To analyze the growth rate of black sea cucumber, 
other data of the species was required as a 
comparison. The results are difficult to compare, 
considering the limited report on the growth rate of 
the species. This was because black sea cucumber 
was not among the species with high prices in both 
domestic and international markets, as reported by 
Purcell et al. (2018).  

The SGR found in this study was lower compared 
to the same species that grew at Nanwan, Taiwan 
(Chao et al., 1994), who obtained 0.5-1.3%/day after 
8 months to 1 year of growth. The variation in results 
could be attributed to the time of maintenance, as 
this study was conducted for only 8 weeks. 

Feed is one of the factors influencing growth. 
During the study, black sea cucumber only used 
waste from fish metabolism and remaining feed that 
was not consumed by the fish. The results showed 
that more fish correlated with increased metabolic 
waste, as indicated by the TOM values in Table 2. 
The average TOM value increased with fish density, 
which was highest at treatment C (150 fish/m3). The 
increase in sea cucumber weight under all treatments 
showed that TOM originating from remaining feed 
and sea bass metabolic waste during IMTA rearing 
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was sufficient to enable the growth of the black sea 
cucumber, although at different rate. 

The black sea cucumber in the highest TOM 
treatment (150 fish/m3) was unable to grow fast 
compared to the intermediate type. The TOM 
available on the surface of the substrate was fairly 
high, but black sea cucumber was unable to fully use 
the available nutrients for their growth. Similar 
results were obtained by Purcell, Simutoga (2008), 
and Tsiresy et al. (2011) who compared the growth of 
sea cucumber in places with different organic 
material content. The data obtained showed that the 
sea cucumber did not grow fast when reared in areas 
very rich in organic matter. 

Yuan et al., (2006) stated that in the wild, sea 
cucumber was fed with low energy or protein content 
in large quantities. Furthermore, Yuan et al., (2006) 
stated that when there was improvement or increase 
in feed quality, internal regulation would occur to 
reduce the amount of feed consumed. Purcell and 
Simutoga (2008) and Tsiresy et al. (2011) suspected 
that this was related to the inability of sea cucumber 
to make maximum use of available nutrients. Zamora 
and Jeffs (2012) suggested that the sea cucumber 
Apostichopus mollis might have the ability to use 
varying doses of TOM to produce the same growth 
rate by changing their consumption rate through 
variation in assimilation and feed conversion 
efficiency. 
Water Quality 

Salinity was the main ecological factor influencing 
osmoregulation in marine organisms, including sea 
cucumber (Jiang et al., 2024). It also served as an 
abiotic factor affecting the metabolism, growth, and 
survival rate of sea cucumber. Fankboner (2002) 
stated that significant changes in salinity could affect 
feed consumption and higher energy use for 
osmoregulation. This can lead to stunted growth and 
cause the death of sea cucumber.  

The black sea cucumber is often found in waters 
with a salinity range of 30-32 ppt (Panuluh et al., 
2019). This species is considered to be stenohaline 
organism and susceptible to salinity fluctuations 
(Russell, 2013). The black sea cucumber used in this 
study was collected from waters with a salinity of 31-
32 ppt. The results showed that the salinity in the 
experimental pond at 15-19 ppt did not meet the 
theoretical requirements. This low value was 
obtained because the experiment was conducted in 
the rainy season, causing seepage of fresh water into 
the pond and a decrease in salinity. It was also 
observed that sea cucumber experienced hypo-saline 
conditions during the study, although there was 
tolerance for the low salinity. 

The black sea cucumber has a strategy for dealing 
with salinity fluctuations. When exposed to 
fluctuations in salinity, this species can adjust 
coelomic fluid to the salinity level of the water. In 
hypo-osmotic conditions, cells tend to absorb water 
and lose solutes, causing swelling (Jiang et al., 2023). 
The sea cucumber Holothuria grisea can temporarily 
regulate the osmotic pressure of the coelomic fluid, 
presumably by reducing the permeability of its body 
wall (Vidolin et al., 2002). In addition, Apostichopus 
japonicus is capable of regulating the concentration of 
ions in the coelomic fluid to match the salinity of the 
surrounding environment (Geng et al., 2016). 

The results showed that black sea cucumber had a 
wide salinity tolerance, surviving at more than 8 
weeks of 15 ppt. Several studies stated that black sea 
cucumber was found at a salinity of 30-31 ppt (Anjani 
et al., 2019), and 30-35 ppt (Riani, 2011). For 8 weeks, 
this species was kept on salinity of 15-19 ppt which 
was different from the natural habitat. Therefore, 
there were intense adjustments in behavior or 
physiology to cope with adverse aspects of the 
environment (Geng et al., 2016). 

Temperature is an important environmental 
factor for aquatic organisms, including sea cucumber. 
Sulardiono et al. (2017) stated that aquatic organisms 
had certain preferred ranges for their growth. The 
results also showed that water temperature range 
considered appropriate for keeping sea cucumbers 
was 26-30°C. The temperature range in the rearing 
pond was 27-28 °C, which was the expected limit. 
The lowest water temperature occurred in the 
morning, increasing during the day, and decreasing at 
night.  

Dissolved Oxygen (DO) is the concentration of 
oxygen that is dissolved in seawater. It is obtained 
from the atmosphere and the photosynthesis 
processes of aquatic plants as well as phytoplankton. 
DO is influenced by atmosphere pressure, 
temperature, salinity, water turbulence, 
photosynthetic activity, respiration, and waste 
entering water body (Madyawan et al., 2020). 

Based on the Minister of Environment Decree 
No 51 of 2004, the value DO required by aquatic 
organisms for aquaculture is 4-8 mg/l is required. 
The DO content in the rearing containers in this 
study was within the range recommended by the 
government. This content was obtained from plants, 
including phytoplankton, air diffusion, and 
photosynthesis by the Gracilaria sp. which was among 
the integrated cultivation components. 

The degree of acidity (pH) is an important 
parameter in water, controlling the type and rate of 
reactions between several elements and compounds 



A                                                                                   
 

466 

Depik Jurnal Ilmu-Ilmu Perairan, Pesisir dan Perikanan 
Volume 13, Number 3, Page 461-468 Pattinasarany et al. (2024) 

in the water (Zainab et al., 2022). The pH value in all 
study containers was within the neutral and tolerance 
range of sea cucumber, which was 6.5-8.5 as in the 
Minister of Environment Decree No 51 of 2004. 

Total Organic Matter (TOM) is a parameter that 
describes the combined concentration of dissolved, 
suspended, and colloidal organic matter in water. 
Organic material in aquaculture activities mainly 
comes from remaining feed that is not consumed by 
the fish and metabolic waste. These include feces, 
plant, and animal remains undergoing decomposition, 
which fall and settle at the bottom of the pond. 
Organic materials originating from aquaculture waste 
are easily biodegradable (Martoyo et al., 2006).  

The TOM levels in the rearing cages (Table 2) 
were found to fluctuate. Based on the results, TOM 
levels were fairly low at the start of the study, at 
approximately 15.08 mg/l. A significant increase was 
found in the middle stage, during the 4th week, 
ranging from 1.7 to 4.5 times higher than in the initial 
stage. The highest to lowest TOM levels were 
respectively maintained at 150, 100, and 50 fish. At 
the end of the study, TOM levels decreased but 
remained 1.5-2.7 times higher than TOM levels at the 
start of the study or around with the highest TOM 
levels in rearing cages of 100 fish, followed by 150 
and 50 fish. The results showed that stocking more 
fish led to more TOM deposited. Therefore, an 
increase in TOM levels was attributed to feed residue 
and metabolic waste that settled at the bottom of the 
waters. 

The increase in TOM levels in the first 4 weeks of 
the study was due to the integrated aquaculture 
system that had been adjusted and sub-optimal 
operation. The remaining feed and feces were 
significantly large and settled quickly, leading to high 
food availability for the black sea cucumber. The high 
availability of TOM exceeded the ability of sea 
cucumber, causing numerous waste in the waters. 
The results also showed that the increase in TOM 
levels was caused by feed residue and metabolic 
waste that settled at the bottom of the waters. 

At the end of the study, TOM levels decreased but 
remained 1.5-2.7 times higher compared to the start. 
The highest TOM levels were found in rearing cages 
of 100 fish, followed by 150 and 50 fish, showing the 
effectiveness of IMTA system. In the aquaculture 
activities, fish were fed and the metabolites as well as 
leftover feed were kept running inside the system. 
Subsequently, seaweed and the black sea cucumber 
were extracted and absorbed all the inputs. Based on 
these activities, TOM should be higher than the first 
4 weeks. However, the IMTA system was 
functioning optimally causing a decrease in the 

amount of TOM in the 8th week. At the end of the 
study, sea cucumber showed significant potential to 
maximally use TOM as a feed source, in line with the 
result of Granada et al., 2018 

Ammonia is a toxic compound from the excretion 
of feces in gas form. It can also come from remaining 
feed not consumed by the fish and dissolved in the 
water. Ammonia is highly toxic to cultivated fish 
when not treated before being released into the 
aquatic environment. Minister of Environment 
Decree No 51 of 2004 suggested that ammonia 
content in aquaculture should be under 0.3 mgL-1. 
The ammonia content in all rearing cages was within 
tolerance limits. This showed that the organism 
components of the integrated cultivation could use 
the ammonia produced properly. 

Nitrate is the end product of ammonia oxidation 
and is non-toxic to most fish species, even at high 
concentrations. The nitrate content during the study 
was quite low, which was at approximately 0.01 
mg/L (Table 2). Effendi (2003) classified water as 
Oligotrophic with nitrate levels of 0-1 mgL-1, 
mezotrophic 1-5 mgL-1, and eutrophic 5-50 mgL-1. 
The water where the IMTA systems were performed 
was in oligotrophic class due to low nitrate content. 
This could be attributed to the role of the seaweed 
Gracilaria sp., which used ammonia and nitrate as 
nutrients. 

 
Conclusion 

In conclusion, this study successfully investigated 
a multitrophic system using 3 species with different 
trophic levels. The results showed that the 
combination of the black sea cucumber Holothuria 
atra with juvenile sea bass Lates calcarifer and the 
inorganic extractive seaweed Gracilaria sp. supported 
the growth of black sea cucumbers. Furthermore, the 
black sea cucumber was able to use feed and 
metabolic waste. The growth rate was higher at a 
stocking density of 100 fish/m3 compared to 50 
fish/m3 or 150 fish/m3. 
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