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Introduction

Abstract

This study aimed to develop a novel polyculture technology for sea cucumber using
seabed under hanging culture farms of oyster and sea squirt. The survival, growth and
sheltering rates of sea cucumber seedlings were determined. The habitation rate of
sea cucumber was 20% with 20.8 - 31.0 animals per shelter. The density was calculated
to be 3 animals per mZ(m2x 3 x 900 = 2,700 animals), which shows that approximate
2,000 kg of sea cucumbers could be produced from 1 ha (10,000 m?2x 200 g; when one
individual grows every m?). Even though seabed under the hanging culture farms is
muddy and not suitable for rearing sea cucumbers, the results of this study showed
that polyculture of sea cucumber is possible using the oyster and sea squirt hanging
culture farms. Therefore, the method of utilizing the bottom surface in a hairstyling
farm is proposed as a new aquaculture model for sea cucumber farming. The results
of this study could contribute to improve the culturing environment of sea cucumbers
and could help to increase production and capital generation from the aquaculture
farms.

al. 2012; Yuan et al. 2015; Purcell et al. 2016), which are
important factors for ecosystems in oligotrophic waters

Sea cucumbers, an abundant member of marine
benthic communities, have important functions within
the marine ecosystem. By reducing the organic load and
bioturbation of surface sediments, sea cucumbers could
act as bioremediators for coastal mariculture (Solan et
al. 2004; Purcell et al. 2004, 2012). By feeding on organic
detritus mixed with sand and silt, and by excreting the
inorganic nitrogen and phosphorus, sea cucumbers
enhance the productivity of benthic biota through
nutrient recycling and sediment cleaning (MacTavish et

such as coral reefs. Sea cucumbers also enhance the
seawater alkalinity by feeding and releasing of ammonia
which contributes to local buffering of ocean
acidification (Schneider et al. 2011, 2013). Organic
matter present in the sea is usually sufficient source of
food for sea cucumbers, however, additional organic
detritus and food could increase the growth rate and
rearing density, especially in spring and autumn (Change
et al. 2004). Thus, culturing sea cucumber together with
different marine species with complementary feeding
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habits such as oyster and sea squirt could be beneficial
for sea cucumber growth in polyculture. This would have
both environmental and economic benefits, and the
polyculture methods could contribute to the sustainable
development of aquaculture (Yu et al. 2012).

Approximately, 1500 species of sea cucumber are
known worldwide, including the green, red and black
sea cucumber species found in the Korean waters
(Bordbar, Anwar & Saari, 2011). Sea cucumbers are
currently farmed on coastal seabed consisting of sand,
pebbles and algae. It is known that an optimal habitat
for sea cucumbers has velocities ranging from 0.2 m/s to
0.4 m/s and water temperatures ranging from 10°C to
14°C. They feed on sediment organic matter (Yingst,
1982; Moriarty, 1982; Ahlgren, 1998). The waters of the
Gyeongsangnam-do province on the southeast coast of
the Republic of Korea are concentrated with hanging
culture farms, particularly for 5 main aquaculture
species such as oyster, scallop, sea squirt, mussel and
stalked sea squirt of which combined production of
335,435 MT accounts for 76.7% of their national total
production (437,586 MT; MOF, 2017). In particular, the
aquaculture farms in the Gyeongsangnam-do province
contribute 98.5% of the Korean national total
production of Pacific oyster, mussel and sea squirt.
However, the continued farming practice has lowered
efficiency and productivity of these farms (NIFS, 2009a).
As hanging cultures only utilize surface and middle
layers of the water, there is a need to develop a farming
method to utilize seabed.

Seabed under hanging culture farms is mostly
muddy without rocks and pebbles, thus it is not
considered a suitable place to rear sea cucumbers (Kim,
Son, Cho & lJin, 2016). Various studies have been
conducted on polyculture of sea cucumber such as
polyculture of abalone and sea cucumber (Nam, Lee,
Moon, Kim & Hwang, 2011); polyculture of scallop and
sea cucumber in cages rearing scallops (Yang, Hamel &
Mercier, 2015); sea cucumber-based polyculture using
hanging strings or rafts (cage culture) to utilize high
filtration capacity of shellfish (Paltzat, Pearce, Barnes &
Mckinley, 2008); capacity of sea cucumber to consume
scallop feces (Yuan et al. 2008); the impact of
polyculture on stability of farming facility (Mu & Song,
2005); study on the problem of water temperature
(Xing, Liu, Yang, Zhang & Zhou 2012); utilizing shelters
for indoor farming; sea cucumber physiology (Kim, Son,
Cho & Jin, 2016) and distribution (Kim et al. 2017b); as
well as shellfish filtration in hanging culture in the
coastal ecosystem (Jaramillo, Bertrain & Bravo, 1992;
Hatcher, Grant & Schofield, 1994). However, the
feasibility of sea cucumber polyculture on seabed under
oyster and sea squirt hanging culture farms installed on
the surface and middle layers of water has not been yet
explored.

To overcome challenges resulting from intensive
hanging cultures such as low productivity and mass
mortalities and to establish an eco-friendly and

sustainable aquaculture system, it is necessary to
develop an alternative technique for sea cucumber
polyculture which could help to achieve multi-
dimensional utilization of water and to improve marine
environment. The present study aimed to develop a
novel sea cucumber-based polyculture technique by
utilizing unused seabed under hanging culture farms of
oyster and sea squirt, which would ultimately contribute
to generate higher capital from aquaculture farms.

Material and Methods

Survey Sites

Survey was carried out at a sea squirt hanging
culture farm located at Yeongun-ri, Sanyang-eup,
Tongyeong-si, Gyeongsangnam-do, Rep. of Korea and an
oyster hanging culture farm located at Osong-ri,
Dongbu-myeon, Geoje-si, Gyeongsangnam-do as shown
in Figure 1.

Data of Sea Cucumber Shelters

For juvenile sea cucumbers, double-sided grooved
shelters with a size of 590 (L) x 360 (W) x 120 (H) mm
were installed in the hanging culture farms of sea squirt
and oyster and for late-juveniles, shelters in a size of 590
(L) x 360 (W) x 180 (H) mm with grooves on one side and
passages on the other side were used. A detailed design
of sea cucumber shelters installed in the sea squirt farm
in Tongyeong-si and the oyster farm in Geoje-do is
shown in Figure 2. The release of sea cucumbers in the
installed shelters is shown in Figure 3 and the growth of
sea cucumbers in actual installed shelters is shown in
Figure 4. As shown in Figure 2, a total area of 30 x 30 m
(900 m?) was divided into 4 sub-areas: type A shelter
(top left and bottom right) area consisted a single
subunit total of 36 shelters including 12 shelters for
juveniles and 24 shelters for late-juvenile sea
cucumbers; type B shelter (top right) area consisted of 4
subunits of 3 juvenile shelters and 9 late-juvenile
shelters; type C shelter (bottom left) area consisted of 2
sets of 3 subunits of 1 juvenile shelter and 2 late-juvenile
shelters with the addition of type B shelter; and type D
shelter area consisted a set of type A shelters. Each sub-
area sized 5 x 5 m (25 m?) and an interval between sub-
areas was maintained at 16 m.

Installing Shelters and Juvenile Releasing

Shelters were placed under hanging culture farms
of sea squirt and oyster on April 30, 2016 and juveniles
were released on the same day. A total of 20,000
hatchery-reared juveniles (mean weight: 3.7 + 2.9 g)
were reared and 10,000 were released into each of the
sea squirt farm and the oyster farm. Five thousand wild
late-juvenile sea cucumbers were also released into
each farm (total 10,000 late-juveniles). In total, 30,000
juvenile and late-juvenile sea cucumbers were released
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Figure 2. Installation design of sea cucumber shelters.
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Figure 4. Growth of sea cucumbers in the actual installed shelters A) Aerial view of the oysters and sea cucumber aquaculture
form; B) Underwater view of the oyster clusters; C) Underwater view of the sea squirt clusters; D) Preparation of artificial reef
facilities; E) Scuba divers prepare to release sea cucumber seeds; F) Sea cucumber released in artificial reefs; G) Sea cucumbers
after 5 days of release; H) Sea cucumbers feeding on artificial reefs after 20 days of release; |) Sea cucumber feeding on artificial
reefs after 50 days of release.
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(15,000 in each hanging culture farm), after
acclimatization to seawater temperatures. Both juvenile
and late-juvenile sea cucumbers were divided in 1,000
animals and then each group of 1,000 animals was
packed into a separate net sack. Divers carried those
bags and released sea cucumbers in the shelters.

Growth Survey

Divers recorded underwater video of sea
cucumbers at survey stations using underwater camera
(Canon Mark 11, Japan) and collected samples from both
study areas. Thirty samples each of juvenile and wild
late-juvenile sea cucumbers were packed into plastic
bags including seawater and ice, transported to the lab
within 2 h and then measured the growth with an
electronic scale and Vernier calipers. The growth and
inhabitancy in both treatments were recorded using
data from previous studies. Length and weight of the
samples were measured to the nearest of 0.1 cmand 0.1
g, respectively.

To identify causes of sea cucumber movement in
the treatment area under the oyster farm, data of water
temperature and dissolved oxygen (DO) was analyzed
and compared with the data obtained from the real-
time fishery environment information system of
National Institute of Fisheries Science (NIFS), Republic of
Korea (data not provided).

Sheltering Rate

A diving survey was carried out to investigate sea
cucumber densities in each type of shelters installed
under both experimental conditions. The coverage of
diving survey was 900 m? (30 x 30 m) in each of the study
areas. Survey was conducted on a monthly basis and
densities of habitat were expressed as number of
individuals/surveyed area (m?). The sea cucumbers
found in the surveyed area (30 m?) were collected to
calculate inhabitancy densities. Based on the
measurements, the length and weight distributions and
the resulting densities of inhabitancy were obtained.

Results

Growth Characteristics of Sea Cucumber in Polyculture
Growth of Sea Cucumber by Treatment

Growth pattern of the sea cucumbers released in
the hanging culture farms of sea squirt and oyster is
shown in Figure 5. At the time of release, the mean
weight of the juvenile sea cucumbers in the sea squirt
farm was 3.7 £ 2.9 g. Their growth continued in summer
and reached an average weight of 9.1 = 3.0 g in
December 2016. The specific growth rate of juveniles
was 0.03 g/day in April, 0.10 g/day in May, —0.03 g/day
in August, and 0.43 g/day in November 2016. Late-
juveniles growing under the sea squirt hanging culture

farms had a mean weight of 31.5 + 5.6 g at the start of
the experiment in April. Their weight declined to 20.8 +
5.9 g in September due to estivation, but the weight
again increased to a mean weight of 28.8 + 13.8 g in
December. The specific growth rate of late-juvenile sea
cucumbers was 0.00 g/day in April, -0.08 g/day in May,
—0.35 g/day in August and 0.38 g/day in November. At
release in April, the average length of juveniles was 33.7
+ 11.8 mm, which grew to 61.1 £ 15.0 mm in June, 58.2
+18.6 mm in August, and 57.0 £ 11.2 mm in December.
The length of late-juveniles started from 88.8 + 14.4 mm
in April, grew to 107.2 + 16.2 mm in June, 88.0 + 18.6
mm in August, and 79.0 £ 8.9 mm in December.

Juveniles released in the oyster farm continued
growing in Summer reaching 7.7 = 3.1 g in August, after
which the experimental juveniles were not found
possibly because they moved due to environmental
variations in Summer. The specific growth rate of the
juveniles was 0.00 g/day in April, 0.06 g/day in May and
—0.02 g/day in July. Late-juveniles in the oyster hanging
culture farm reached an average weight of 33.5+17.3 g
in June but the weight reduced to 24.6 + 5.2 g in August,
and a similar trend was observed for sea cucumbers in
the sea squirt farm (Figure 5). In the oyster farm
treatment, the average length of juveniles was 33.7 +
11.8 mm at the time of release in April, grew to 52.161.1
+ 18.5 mm in June and 55.8 + 14.2 mm in August. The
length of late-juveniles was 88.8 + 14.4 mm at the time
of release, grew to 100.3 + 20.8 mm in June and 74.5 +
14.2 mm in August. Like juveniles, the late-juvenile sea
cucumbers also moved to other locations due to the
environmental changes in Summer.

The weight of the released juveniles increased until
the end of June and then stagnated during July to
September. The weight again crept up in October when
water temperatures started to decline. The weight of
released late-juvenile sea cucumbers also increased
until June and during July to August the average weight
was reduced to 20 g. The results suggest that a bigger
late-juvenile was significantly affected by increasing
water temperatures and showed evident signs of
estivation with radical loss in feeding activities
compared to a juvenile (Figure 6). The relative growth of
body length and weight of juveniles in the sea squirt
farm was expressed as y = 3.764X + 25.234, R = 0.6578
and that of late-juveniles was y = 0.9885X, R? = 0.27323.
Similarly, the relative growth of body length and weight
of juvenile sea cucumbers in the oyster farm was
expressed asy = 2.1084X + 29.974, R? = 0.7828 and that
of late-juveniles was y = 1.4895X + 47.168, R? = 0.0413
(Figure 6)

Movement of Sea Cucumbers in the Oyster Farm

The survey carried out in the early September
identified sea cucumbers and their activities in shelters
installed under the oyster farm in Geoje-do,
Gyeongnam, Rep. of Korea. However, during later
survey in the same month sea cucumbers were not
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Figure 5. Monthly variations of length and weight of released sea cucumbers A) Monthly variation in total length (mm) of juvenile
sea cucumbers in the sea squirt farm; B) Monthly variation in weight (g) of juvenile sea cucumbers in the sea squirt farm; C)
Monthly variation in total length (mm) of juvenile sea cucumbers in the oyster farm; D) Monthly variation in weight (g) of juvenile

sea cucumbers in the oyster farm.

observed in the shelters. To understand causes of the
sea cucumber movement, we analyzed environmental
data on the oyster farm (data not provided).

Comparison on the Habitat Environment between
Oyster and Sea Squirt Farms

Parameters of water quality were monthly
measured in the study areas (Figure 7). Most of the
parameters were found to be within optimal ranges
from the time of release until November, however
water temperature ranged from 14.3 °C to 25.0 °Cin the
sea squirt farm and from 15.5 °C to 25.4 °C in the oyster
farm. The DO level of 2.0 mg/L was observed in the
oyster farm in the early September, but in other periods,
this parameter was found in an optimal range of 4.6 -
9.27 mg/L. Measurements of salinity and pH ranged
from 29.9 to 32.1 and from 8.12 to 9.27, respectively,
which are suitable for sea cucumbers (NIFS, 2009b). DO
levels below 3.6 mg/L cause oxygen deficit and
contractions of sea cucumbers (NIFS, 2009b), and it is
suggested that DO levels lower than 3.6 mg/L are not
suitable for sea cucumbers habitats.

Causes for the Sea Cucumber Movement in the Oyster
Farm

An analysis on data from the real-time fishery
environment information system of NIFS presented DO

data measured at the Il-un survey station in Geoje-do,
Rep. of Korea, from August to October 2016. The data
showed a DO level of 8.1 mg/L on August 3, 2016, but it
declined to 5.8 mg/L on August 19 and then to 1.8 mg/L
on August 22. It further declined to 0.1 mg/L on
September 15 and after which it increased. The air
temperature increased at a much faster rate than the
water temperature. The surface got warmer with direct
sunlight and due to the effect of higher air
temperatures. The thermocline contribute to the
formation of oxygen deficit water mass in the bottom
layer of water, which might have caused the sea
cucumbers to move away.

We analyzed variations in water temperature
during the study period using data from the real-time
fishery environment system of NIFS and data from the
Yeongun-ri station of Tongyeong-si.i The water
temperature in  Yeongun-ri, Tongyeong-si was
maintained over 24 °C for 41 days from August 9 to
September 18. In Gabae, Geoje-do, the water
temperature was maintained over 28 °C on August 12
and August 13. It is assumed that these elevated levels
of water temperature have affected the sea cucumbers
habitat.

We compared the measurements of water quality
parameters in the sea squirt farm in Tongyeong-si and
the oyster farm in Geoje-do and data obtained from
nearby survey stations. The results showed that the DO
levels measured in the oyster farm on September 10,
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2016 were very low (2.0 mg/L DO) which affected the
sea cucumbers habitat. The real-time observation data
for Tongyeong-si and Goeje-do were provided by NIFS.
According to the data analysis, DO measurements at the
Ilun station of Geoje-do from August 23 to September
15 were as low as 0.1 mg/L. These low levels of DO may
have contributed to the disappearance of sea
cucumbers after being last observed in the early
September night survey (day 130 of being released).

Sheltering Behavior
Behavioral Characteristics of Sea Cucumbers
Sea cucumbers were released under a low velocity

of 0.2 m/s and to minimize animal loss, the animals were
packed in net sacks and carried by divers to underwater

shelters, where divers opened the net sack and placed
the animals in the shelters. Animals released by divers
considerably minimize the animal loss to tide and
increase the changes in settlement, but this method is
inevitably accompanied by physical stress on animals. It
was observed that sea cucumbers kept their bodies
shrank or upside-down for approx. 10 min immediately
after being released after which they slowly moved
using their tube feet on the ventral surface.

Analysis on Usage of Shelters by Sea Cucumbers

To analyze the usage of shelters, the number of sea
cucumbers found on the top, in the middle (the top
removed) and on the bottom (shelter being turned over)
were observed and the number of sea cucumbers per
shelter were calculated (Table 1). It was found that the
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sea cucumber density was higher on the bottom during
daytime and at nighttime sea cucumbers crept up to the
top. In the sea squirt farm, the bottom of shelter showed
35.3 animals per shelter in June, 20.0 animals in
September, and 18.9 animals in December. In the oyster
farm, the sea cucumber density was 44.6 animals per
unit on the bottom in June, 27.8 animals on the top in
September, after which sea cucumbers were no longer
observed.

The habitat preference was also estimated by
observing the number of sea cucumbers on the top, in
the middle (the top removed) and on the bottom
(shelter being turned over). It was observed that sea
cucumbers sheltered at the bottom during daytime and
made activities on the top in nighttime. In the daytime
survey, most of the sea cucumbers sheltered at the
bottom and during the nighttime survey; they were
observed to be active on the top of shelters. Sea
cucumbers in the oyster farms showed the same
behavior that they did in the shelters of the sea squirt
farm and they were no longer observed after
September. The experimental areas were compared
with the control area which is mostly muddy. Without
shelters, the control showed few sea cucumbers during
daytime. The nighttime investigation in August showed

sea cucumbers making activities outside of the shelters.
It was found that sea cucumbers released on the top of
shelter crept inside the shelter and most of the
individuals were observed at the bottom of shelter. The
nighttime survey in August showed that most of the sea
cucumbers were making activities outside of the
shelters.

Analysis on Inhabitation Densities of Sea Cucumber in
the Polyculture Farms

According to the analysis on habitation rate in the
sea squirt farm, it was 62.3%, 45.5%, 25.3%, 24.5%,
20.8% and 18.2%, in May, June, July, August, October
and November, respectively (Figure 8). Whereas, in the
oyster farm, the habitation rate was 78.8% in May,
53.0% in June, 31.1% in July and 26.7% in August. The
inhabitation density of the sea cucumbers in shelters
was higher in the oyster farm than in the sea squirt farm
until August, but after September, sea cucumbers were
no longer observed in the oyster farm. The sea squirt
farm, showed a stable trend of sea cucumber density in
the shelters with 10.40/m? in May, 4.20/m? in July,
3.84/m? in September, and 3.04/m? in November (Table
2). In the oyster farm, the density was 13.10/m? in May,
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Table 1. Analysis of habitat densities of sheltered sea cucumbers

. Early
Type of Location of ?;:”I :;r;e :;I;/ September September October November December
farm shelter ¥ ¥ (Day 130) (Day 150) (Day 180) (Day 200) (Day 230)
release) 60) 80) . .
(nighttime)

Top  of 55 12 256 1.0 - - -
Sea shelter
squirt Middle (the
q top 65 05 7.8 25 ; ; ;
farm

removed)

$gttom g 104.17 35.5 26.3 3.1 20.0 21.7 19.0 18.9

P 45 10  27.8 - - - -

shelter
Oyster Middle (the
farm top 5.5 0.5 5.5 - - - -

removed)

Bottom 44.6 30.5 2.0 - - - -

5.20/m? in July and 4.45/m? in September, after which
sea cucumbers disappeared.

Among the three types of shelters, type C shelter
showed lower densities of habitation (Table 3). It is
assumed that the sloped shelters of type C have larger
exposure to the environment and the artificial slope has
lower functionality as shelter. In July (day 80 of being
released), the habitation rate by shelter type in the sea
squirt farm were observed as A (28.0%) > B (27.2%) > C
(19.7%) and in the oyster farm, it was A (35.0%) > B
(32.2) > C(22.9%).

Behavioral Characteristics of Sea Cucumber in Shelter
(Nighttime)

The nighttime survey carried out in the early
September (Day 130) revealed that most of the sea
cucumbers in the sea squirt and the oyster farms were
making activities outside of the shelters. In a later survey
in the oyster farm in the same month, no sea cucumber
was spotted. The nighttime survey in the early
September showed that sea cucumbers got out of the
bottom, moved up on the top of shelter and made
activities. It was found that most of the animals got off
the bottom and were gathered on upper layers of the
two or three-tiered shelters. Contrary to the existing
knowledge of sea cucumbers aestivation in water, it is
known that small-sized sea cucumbers do not estivate.
Most of the sea cucumbers in this study were small-sized
and did not aestivate.

Discussion

Every culture of sea cucumber by embankment
uses shelter in Korea (MFAFF, 2012). Wild stones are
mostly used as shelter in a form of stone pile or long
string of stones. These types of shelters allow sea

cucumbers to easily take shelter or move freely.
Therefore, shelter is critical for culturing sea cucumbers.
Previous studies on polyculture of sea cucumbers were
carried out by hanging cages of sea cucumbers under
water. The long accumulation of organic matter, wastes
and dead organisms produced from hanging cultures on
seabed contributed to the loss of efficiency and
productivity of farms. This study reported the first
polyculture of sea cucumber using the seabed under
hanging culture farms. From this study, it was analyzed
that the habitation rate of sea cucumber was 20% with
20.8 - 31.0 animals per shelter. The density was
calculated to be 3 animals per m? (m?x 3 x 900 = 2,700
animals), which means about 2,000 kg of sea cucumbers
could be produced from 1 ha (10,000 m? x 200 g; when
one individual grows every m?). Even though the seabed
under the hanging culture farm was muddy and not
suitable for sea cucumbers, the results of this study
showed that a polyculture of sea cucumber is possible.
It is expected that this study will contribute to increase
income of aquaculture farmers and it would help to
improving the environment of aquaculture farms.
There are numerous studies on the sea cucumber
polyculture using abalones, oysters and scallops which
were designed to identify the function of sea cucumbers
to feed on organic matter and wastes produced by
different farmed animals (Paltzat, Pearce, Barnes &
Mckinley, 2008; Nam, Lee, Moon, Kim & Hwang, 2011;
Li, Dong, Gao & Zhu, 2014). Yu, Zhou, Yang, Ma & Hu
(2014) studied polyculture of fish and sea cucumbers by
placing sea cucumber nets under the bottom of a fish
cage. Although there is no need for an additional supply
of artificial feed for sea cucumbers, monoculture may
not be able to supply various and abundant food for sea
cucumbers (Li, Dong, Gao & Zhu, 2014). A polyculture
using sea cucumbers is beneficial as it boosts feed
efficiency and reduces environmental pollution (Li,
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Figure 8. Variations in habitation rate (%) of sea cucumbers in the poly-culture farms.

Dong, Gao, Wang & Tian, 2013). However, those
benefits can be expected when co-cultured animals
have common conditions for habitat environment and
do not compete for space (Neori, Shpigel & Ben-Ezra,
2000). Sea cucumbers start to aestivate at a higher
water temperature than 20 °C (Bao et al. 2010). In
Korea, hanging culture farms which have been used for
a long time are now getting old and less productive.
With the increasing amount of organic matter produced
by farmed organisms like oysters, sea squirts and
mussels being accumulated on seabed, the need is also
growing to study a polyculture method using sea
cucumbers to effectively utilize organic matter released
from aquaculture farms (Yokoyama, 2015).

A suitable habitat for sea cucumbers is seabed with
algae, small rocks or reefs (Lee, Gil, Lee, Kim & Hur,
2018) or a seabed with a mixture of algae, rocks, and
sand (Kang et al. 2012; Yang, Hamel & Mercier, 2015). A
mixture of small rocks and sand with less than 10% mud
could be inhabited by sea cucumbers, but an area with
over 27.8% of mud is not suitable (APFTC, 2012). The
hanging culture farms in Gyeongnam province of the
Rep. of Korea are mostly muddy on seabed, thus, not
suitable to rear sea cucumbers (Kim, Son, Cho & lin,
2016). Suitable water depths for sea cucumbers range 5
m to 10 m (KFRA, 2013), 5 m to 20 m (MAFRA, 2011),
and 6 mto 10 m (Lee, Lee, Kwak & Kim, 2013), indicating
varying depths depending on location. Hanging culture
farms in Gyeongnam province are mostly at depths of 9
m to 11 m, thus they are suitable for rearing sea
cucumbers in terms of water depth. Velocities in this
region range from 0.1 - 0.3 m/s, which are similar to
suitable velocities for sea cucumbers rearing (FAO,
2004). Although lJing et al. (2017) reported that sea
cucumbers with lower oxygen consumption than other
organisms are resistant to oxygen deficiency; suitable

oxygen levels of over 5.0 mg/L are recommended (Kim
etal. 2017b).

Paltzat, Pearce, Barnes & Mckinley (2008)
demonstrated that the North American sea cucumber
(Parastichopus californicus) grows slowly reaching to
218 - 489 g in 4 - 5 years. Reared on smaller trays,
however, they achieved a faster growth than in the wild
growing to 43.6 gin 10 months and 63.5 g in 12 months.
According to MFAFF (2012) juveniles released in May at
2.4 g grew to 20.6 g in November in an experiment
carried out in a cage farm with a survival rate of 53.4%
and a specific growth rate of 0.0408 g/day. In an
experiment using abalone cage the group of big juvenile
sea cucumbers released at a weight of 7.2 g grew up to
95.5 g in 2 years with a specific growth rate of 0.1226
g/day and the group of smaller juveniles grew to 57.7 g
with a specific growth rate of 0.0701 g/day and a survival
rate of 58.1% (NIFS, 2016). In an embankment pond
using burlap bags as shelter, juveniles released at 1.15 g
grew to 52.0 g in a 7 month period with a survival rate
of 74.1%, after which all animals died due to low salinity
caused by the heavy rains (NIFS, 2016). In another
experiment in an embankment pond using stone piles as
shelter, juveniles released at 9.9 g grew to an average of
130 g after 1 year with a survival rate of 19.7% and a
specific growth rate of 0.3336 g/day (MFAFF, 2012).

Ren, Dong, Wang, Gao & lJiang (2014)
demonstrated that in a polyculture of fish and sea
cucumbers, the production volume of sea cucumber was
much higher than that of fish. The juveniles in the
present experimental sea squirt farm continued growing
in Summer and reached an average weight 0f9.1+3.0g
in December. The specific growth rate in the sea squirt
farm was 0.03 g/day in April 2016, 0.10 g/day in May, —
0.03 g/day in August, and 0.43 g/day in November. Late-
juveniles showed an average weight of 31.5 + 5.6 g in
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April, but weights declined to 20.8 + 5.9 g in early
September due to estivation and then grew again to
28.8 £ 13.8 g in December. The specific growth rate was
0.00 mm/day in April, -0.08 mm/day in May, —0.35
mm/day in August, and 0.38 mm/day in November. In
the experimental oyster farm, the weight of the released
juveniles continued increasing in Summer reaching an
average of 7.7 + 3.1 g by August, after which sea
cucumbers were no longer observed possibly because
they moved away due to the environmental effects in
Summer. The specific growth rate of juvenile sea
cucumbers was 0.00 g/day in April, 0.06 g/day in May,
and —0.02 g/day in July. The released late-juveniles in
the oyster farm grew to an average of 24.6 £+ 5.2 gin July,
but their weight declined to an average of 24.6 £ 5.2 giin
August, undergoing the estivation. The specific growth
rate of juvenile sea cucumbers was 0.02 g/day in April,
0.05 g/day in May, and —0.23 g/day in July. In a study by
Yokoyama (2015) juvenile sea cucumbers grew from
0.12 g to 7.4 g in 168 days. According to Park, Han,
Hwang, Kwon & Kim (2017) the average distance and
movement rate of big-sized sea cucumbers (100.65 *
3.07 g) in an indoor environment was 1.43 m and 4.34
103 m/s, respectively. Middle-sized sea cucumbers
(55.95 + 4.13 g) showed 0.77 m, 2.36 103 m/s, and the
small-sized sea cucumbers (13.05 + 5.17 g) showed 0.06
m of moved distance and 1.76 103 m/s of movement
rate.

In the study of Oh et al. (2013) the maximum
distance of movement was 0.75 m at a water
temperature of 10 °C, 0.1 m at 13 °C, and 0.2 m at 19 °C.
Nam, Lee, Moon, Kim & Hwang (2011) carried out an
experimental polyculture of abalone and sea cucumber
and found that sea cucumbers grew at an average
monthly rate of 5.4 g in the east coast type of farm and
at an average monthly rate of 4.8 g in the south coast
type. The present study showed a continual growth
without estivation, which was assumed to be because
the animals were reared at temperatures below 20 °C at
a depth of 15 m. Lee, Gil, Lee, Kim & Hur (2018)
presented that sea cucumbers with an average weight
of 2.3 g grew to 12.5 g in an experimental area of reefs
after 1 year with a specific growth rate of 0.03 g/day. It
is known that at a higher water temperature than 25 °C,
sea cucumbers move to a deeper depth to estivate. The
same phenomenon has also been observed in mollusk
species and some other fish species (Tingting, Yunwei &
Shuanglin, 2008).

According to Lee, Gil, Lee, Kim & Hur (2018) the
reef treatment showed the sea cucumber density of
23.7/m?, whereas the stone, algae, and sand treatment
showed a density of 2.0/m?, 1.9/m?, and 0.8/m?
respectively. During the estivation period, the observed
density was 0.9 m?in the stone treatment, 1.0 m? in the
algae treatment, and 0.4 m? in the sand treatment and
in the period of declining water temperature in October,
the sea cucumber density was 19.9/m? in the reef
treatment, 2.0 m? in the stone treatment, 2.7 m? in the
algae treatment and 1.8 m? in the sand treatment (Lee,

Gil, Lee, Kim & Hur, 2018). It was reported that the sea
cucumber production of an embankment pond in China
produced 2 - 3 MT (MFAFF, 2012), which is similar to the
results of the present study, while results of previous
studies in Rep. of Korea differed in terms of growth and
survival rates. Thus, there is a need to carry out further
in-depth studies in future.
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