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Economic bene�ts, easy management, environmental friendliness

Integrated multitrophic aquaculture (IMTA) production involving �sh, seaweed and shell�sh is well developed in China’s
Sanggou Bay. A new IMTA system combining abalone (Haliotis discus hannai), kelp (Laminaria japonica) and sea
cucumbers (Apostichopus japonicas) offers economic bene�ts, easy management and environmental friendliness.

Integrated multitrophic aquaculture production involving longline culture
of abalone, sea cucumber and kelp is developing in China’s Sanggou Bay.
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Sea cucumbers are detrivores that feed on decaying organic matter in coastal sediments. This characteristic makes them
an interesting candidate for use in IMTA systems, where they feed on sedimented particulate matter – an unused
ecological niche. Organisms such as �lter-feeding bivalves extract suspended particulate matter, and seaweeds extract
dissolved inorganic nutrients.

In China, sea cucumbers have a high market price and are commonly cultured in tidal ponds or indoor tanks. Abalone and
kelp are co-cultured on a large scale from suspended longlines in the coastal waters of North China.

Study setup
In the authors’ recent study, sea cucumbers were added directly to abalone cages with no modi�cations of the culture
equipment to form a simple and low-cost production system. To evaluate the performance of the system, the growth of
the sea cucumbers was monitored during a seven-month �eld experiment in Lidao, near Sanggou Bay, Shandong Province,
North China.

The standard 60- x 50- x 50-cm abalone cages contained three layers and were suspended from kelp longlines at a depth
of 5 meters. Abalone about 52 mm in shell length were stocked at a normal commercial density of 250 animals per cage
and fed with kelp according to normal production procedures.

Sea cucumbers weighing about 65 grams each were added to the cages at four densities: 1, 2, 4 and 6 individuals per
layer. These treatments were designated 1SC, 2SC, 4SC and 6SC. One control cage, 1SC-0A, contained 1 sea cucumber per
layer, but no abalone. There were three replicate cages for each treatment, except 6SC and 1SC-0A, which had only one
replicate.

The experiment lasted from October 2008 to May. The wet body weight of all sea cucumbers was recorded monthly. Water
was sampled monthly for analysis of particulate organic matter and total nitrogen. In March, April and May, sediment traps
were deployed at culture depth for calculation of the sedimentation rate.

Results
During the study, average sea cucumber body weight increased by 96 percent to 128.8 grams in May. The average speci�c
growth rate (SGR) for all treatments during the whole experiment was 0.33 percent/day. Growth was highest during the
�rst month with an average SGR of 1.00 percent/day (Table 1).

Jian-guang, Mean average body weights and speci�c growth rates,
Table 1

October 65.5 ± 2.0 – 18.0

November 90.3 ± 2.4 1.00 13.5

January 96.1 ± 2.5 0.13 3.5

February 105.2 ± 2.9 0.26 3.0

March 109.9 ± 3.0 0.20 6.5

April 110.9 ± 3.1 0.03 8.5

May 128.8 ± 4.1 0.43 13.0

Month Body Weight (g) Speci�c Growth Rate
(%/day) Temperature (° C)
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As the temperature dropped from 18 degrees-C in October to 3 degrees in January, the growth rate decreased. During the
months of

November through April, winter growth was slow, with an average SGR of 0.14 percent/day. In May, the temperature had
increased to 13 degrees-C, and during the last month, SGR increased to 0.43 percent/day.

Average SGR for the whole experimental period was highest for 1SC at 0.40 ± 0.04 percent/day and lowest for 6SC at 0.30
± 0.01 percent/day, but no statistically signi�cant difference was found among any treatments (Table 2), and no clear
trend was visible. All treatments showed high growth during the �rst month, but at low temperatures during the winter, it
appeared that a low density of sea cucumbers produced higher growth. In the last month, the trend became unclear again,
although 1SC had the highest growth rate.

Jian-guang, Mean average body weights and speci�c growth rates,
Table 2

The limited number of replicates, large variance in sea cucumber initial body weight and highly variable growth rate for
individual sea cucumbers made it di�cult to distinguish among treatments. From the initial and �nal size distribution (Fig.
1), it was clear that sea cucumber growth performance was highly uneven. It appeared that many of the smaller
individuals grew very little, while the bigger individuals grew faster.

Table 1. Mean average body weights and speci�c growth rates of all sea cucumbers in study.

1SC-0A 98.7 ± 12.5 186.7 ± 11.5 0.32 ± 0.07 89.2

1SC 60.6 ± 3.6 137.8 ± 5.7 0.40 ± 0.04 129.2

2SC 63.4 ± 5.3 120.3 ± 4.1 0.32 ± 0.02 90.4

4SC 66.2 ± 2.8 132.4 ± 9.6 0.34 ± 0.05 100.0

6SC 63.4 ± 5.7 118.5 ± 13.1 0.30 ± 0.01 78.3

Treatment Initial Body
Weight (g)

Final Body
Weight (g)

Speci�c Growth
Rate (%/day) Total Growth (%)

Table 2. Mean average body weights and speci�c growth rates of different density groups. Performance among test
groups was not signi�cantly different (P < 0.05).
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Sedimentation
The rate of sedimentation was high, with a maximum of 1,185 grams dry weight per square meter per day in March and a
minimum of 863 grams dry weight per square meter per day in May. This was well above the range of 50-500 grams per
square meter per day previously reported for Sanggou Bay. Organic matter ranged from 7.67 percent in March to 8.29
percent in April – lower than the 8.00 to 14.00 percent values previously reported.

Available food sources for the sea cucumbers included abalone feces, kelp detritus and “background” sediments from the
water. The high sedimentation rate and high growth rate of the sea cucumbers 1SC-0A control group indicated that
background sediments are likely important food sources. Large amounts of sediments were observed in the cages when
they were removed from the water.

Fig. 1: Size distribution of sea cucumber body weight.
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Perspectives
The high overall growth rate of the sea cucumbers during the study showed that adding sea cucumbers directly to abalone
cages may be a feasible production technique. Compared to production in land-based facilities, tidal ponds or extensive
bottom culture, this method is simple and only requires a minimum of extra labor or additional capital investment.

Considering the high market price of sea cucumbers, it should be an economically interesting idea for abalone farmers. In
addition to increasing income and production output for farmers, the sea cucumbers may reduce the aquaculture impact
on the local environment by assimilating nutrients and organic matter not fully utilized by the other farmed species.

(Editor’s Note: This article was originally published in the July/August 2009 print edition of the Global Aquaculture
Advocate.)
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