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Abstract: We examined the growth, dispersal, and survival of juvenile Japanese sea cucumber

Apostichopus japonicus reared in a facility with air-pocket fences (2.4 m length, 2.4 m width, 1.1 m

height) installed in a fishing port in Hokkaido, Japan, to assess its suitability as a nursery structure.

In the first experiment, two plots, one with an air-pocket fence and the other with a seawater-pocket

fence, were established, and 2,000 juveniles (mean standard length 4.0 mm) were released into each

plot. In the second experiment, 487 and 2,000 juveniles (mean standard length 25.9 and 19.5 mm,

respectively) were released into two air-pocket fence plots. Mean standard length after 1 year was

5.4-6. 2 and 1. 5-1. 7 times longer than that at release in the first and second experiments,

respectively. The juveniles dispersed all over the facility. Survival rates in air-pocket plots were

higher than that in seawater-pocket plot, and survival rate of large juveniles was higher than that of

small juveniles. In addition, water temperature, flow velocity, and organic matter content in each

facility showed no negative effects on juvenile growth and survival. Therefore, we conclude that

rearing facility with air-pocket fences is effective as a nursery structure for Ap. japonicus.
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The Japanese sea cucumber Apostichopus

japonicus (Stichopus japonicus)(Echinodermata:

Holothuroidea) is the most commercially valua-

ble species among the holothurians and is

widely distributed on subtidal rocky and sandy

seabeds off the coasts of Japan, China, Korea,

and Russia (Takahashi 2003). Dried sea cucum-

ber has been exported from Japan to China

since the 17 Century (Akamine 2015). Dried sea

cucumber, produced in Hokkaido, Japan, has

sharp parapodia and is especially regarded as a

high-quality product in China (Narita et al.

2010). As such, the amount exported from

Hokkaido has grown steadily since 2003,

leading to concerns of population declines due

to overfishing. Therefore, the release of

hatchery-cultured juveniles of Ap. japonicus has

been conducted in several regions of Hokkaido

to enhance natural stocks.

The seed production and stocking of

Ap. japonicus has been conducted for more than

half a century following the success of artificial

breeding, and detailed technical manuals have

been published by Hokkaido, Aomori, Iwate,

and Saga prefectures. However, there is scope

for technical improvement as the number of

seeds collected varies each production year,

different from sea urchins and abalones pro-

duced using similar methods (Eguchi 2014). In

addition, the survival of released juveniles was

found to be remarkably low several months after

release due to washout by the tide (Tanaka

2000), predation by the sea star Asterina

pectinifera (Hatanaka et al. 1994), burial in sand

(Kusaka et al. 1995), and dispersal by spontane-

ous movement (Hamano et al. 1996; Masaki et

al. 2007). Therefore, it is necessary to develop

nursery culture methods aimed at improving the
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survival of released juveniles.

Ito et al. (1999) suggested that an air-pocket

fence may be an effective structure for prevent-

ing spontaneous movements of sea urchins,

based on the fact that sea urchins cannot move

through air as they extend and contract their

tube feet by regulating the water pressure in a

water-vascular system. In the study, the re-

searchers controlled sea urchin movements by

attaching a fence that retained air underwater to

the upper part of the facility. Hence, we

hypothesized that a similar effect might control

the movement of juvenile Ap. japonicus, which

use the same mode of transport. Therefore, we

examined the growth, dispersal, and survival of

juveniles reared in a facility with air-pocket

fences to assess their utility as nursery culture

structures.

Materials and methods

Summary of rearing facilities

We constructed two steel rectangular boxes

(2.4 m length, 2.4 m width, 1.1 m height) with

air pockets (0.3 m width, 0.5 m height) on the

inside and outside of the upper edge of the

boxes as rearing facilities (Fig. 1, 2). Forty

substrate mats (0.48 m length, 0.30 m width,

0.03 m height) that are commercially available

as underdrainage materials (“Hechimaron,”

Shinko Nylon Inc.) were spread over the bottom

of each facility. Hechimaron was selected

because it has high porosity and seems to be a

suitable substrate for the juveniles, with them

being mostly found on stony bottoms that were

shielded from waves (Yamana et al. 2014). The

two rearing facilities were sunk adjacent to each

other at 6 m depth in Furubira fishing port, off

the southwest coast of Hokkaido, Japan, on

November 18, 2014 (Fig. 3) and then two

experiments were conducted.

Experiment I

First, two rearing facilities, one with air and

the other with seawater in the pockets, were

established as experimental and control plots to

clarify the effects of air-pocket fences on the

movement of juvenile Ap. japonicus. A total of

4,000 juveniles (mean standard length ±

standard deviation: 4.0± 1.2 mm) produced in a

water tank facility at Tokai University was used

in this experiment. The juveniles were divided

into groups of 200 individuals, and each group

was put into a 1-l bottle and then released onto

one of five mats (one mat was in the center at
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Fig. 1. Schematic of the rearing facility. Shaded portion

indicates the air-pocket fence. Hatched portion represents

substrate mats that were spread over the bottom.

Numerical unit is mm.

Fig. 2. Photograph of the rearing facilities.



the bottom of the facility, [EC: experimental

plot; CC: control plot; Fig. 4], and the other four

mats lay halfway between the corner and the

center [E1-E4: experimental plot; C1-C4: control

plot; Fig. 4]) on November 19, 2014 by putting

the upturned bottles on the mats while SCUBA

diving.

Follow-up surveys were conducted at 8, 35,

100, 184, and 331 days after release on

November 27 and December 24, 2014 and

February 27, May 22, and October 16, 2015,

respectively. In the surveys from day 8 to day

184, two of the five mats (E1 and E4: experimen-

tal plot; C1 and C4: control plot; Fig. 4) and two

of their adjacent mats (EN1 and EN4: experi-

mental plot; CN1 and CN4: control plot; Fig. 4)

were established as fixed points in each plot.

The mats were retrieved by SCUBA diving, and

juveniles were collected from each mat using a

pincette (No. 5610-A, Rigo Inc.). In the survey

on day 331, juveniles were collected after all

mats were retrieved. The collected juveniles

were immersed in 1 l/individual of L-menthol

anesthesia (Yamana et al. 2005) for 20-30

minutes after counting individual numbers, and

then standard length (L) was measured to a

precision of 0. 1 mm using a digital Vernier

caliper (N20, Mitsutoyo Inc.). The specific

growth rate (SGR; %/day) based on standard

length was calculated as follows:

SGR=100 × (lnLn−lnLn-1)/t,

where Ln and Ln-1 are the mean standard lengths

of juveniles at the nth and (n-1)th surveys,

respectively, and t is the number of days

between the nth and (n-1)th surveys. The

measured juveniles were put into a 1-l bottle
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Fig. 3. Study area around the Furubira fishing port on the southwestern coast of Hokkaido, Japan (A).

Zoomed in view of the shaded area in panel of the fishing port including the rearing facility (B). Solid

squares represent the experimental and large plots in experiments I and II, and the open squares

represent the control and small plots in experiments I and II.



filled with seawater and then returned to their

respective positions on the mats using SCUBA

after recovering from the anesthesia. In the final

survey, only retrieved mats were replaced, and

the collected juveniles were all used for

experiment II as described below.

Two current meters (Infinity-EM, JFE-

Advantech Inc.) were established at the center

of the experimental plot and at a separate site 3

m away to compare flow velocity inside and

outside the facility. The velocity was recorded

hourly from November 19, 2014 to February 27,

2015. The absolute velocity was separated into

its advective and fluctuating components due to

tides and waves, respectively, using free soft-

ware (TSMaster ver 6.6). Two water thermome-

ters (TidbiT, StowAway Inc.) were also estab-

lished at the center of the experimental plot and

at the separate site 3 m away to compare water

temperature inside and outside the facility. The

water temperature was recorded hourly from

February 27 to October 16, 2015.

To analyze weight loss-on-ignition (IL) as

organic matter content, sediment samples were

collected with a pipette from under the mats EC

and E1-E4 by SCUBA diving on May 22, 2015. At

the same time, sediment thickness under the

mats was measured visually. Samples were

cryopreserved until analyzed. Defrosted sam-

ples were filtered with pre-combusted (90 °C,

24 h) and pre-weighed glass-fiber filters (GF/F,

Whatman Inc.), and weighed to a precision of

0.1 mg using an electronic balance (GR202, A &

D Co., Ltd.) after drying in an oven (EO-600B,

AS ONE Inc.) at 90 °C for 24 h. Samples were

combusted at 650 °C for 2.5 h in a muffle

furnace (120H-2, NHK Inc.) and then weighed to

a precision of 0.1 mg using an electronic

balance. In addition, the amount of acid volatile

sulfide (AVS) was measured using a detector

tube (201L, GASTEC Inc.) as an index of

anaerobic sediment condition, although AVS

was not detected in all samples.

Experiment II

Next, we examined the effect of body size on

survival of juveniles using two facilities with air-

pocket fences. In one facility established as a

large plot, a total of 487 juveniles (L: 25.9 ±

8.9 mm), which were collected at the end of

experiment I, was released on 19 October, 2015

onto the bottom. In the other facility established

as a small plot, a total of 2,000 juveniles (L: 19.5

± 4.0 mm), which were produced at the

Hokkaido Aquaculture Promotion Corporation

(HAPC), was released on 23 November, 2015
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Fig. 4. Position of substrate mats on which juvenile Apostichopus japonicus were released and the

follow-up surveys were conducted. Solid squares and dashed lines show rearing facility and borders

between the mats, respectively. Letters in the squares represent surveyed mats of the experimental

and control plots in experiment I (left) and large and small plots in experiment II (right). Letters

outside the plot on the right indicate wall codes for the large and small plots. These codes are used in

Tables 1, 2, and 3.



onto the bottom. These juveniles were divided

equally among five 1-l bottles and then released

onto the mat at the center of the bottom of each

plot (LC: large plot; SC: small plot; Fig. 4) in the

same way as in experiment I.

Follow-up surveys were conducted at 36, 99,

176, 250, 316, and 366 days after release on

November 24, 2015 and January 26, April 12,

June 25, August 30, and October 19, 2016 in the

large plot, respectively, and at 32, 89, 182, 241,

312, and 337 days on December 25, 2015 and

February 20, May 23, July 21, September 30, and

October 25, 2016 in the small plot, respectively.

In surveys of the large plot from days 36 to 316

and from days 32 to 312 in the small plot, the

center mats (LC and SC) and 11 other mats

arranged from the center toward the four walls

(left side: Lf, right side: R, the mooring basin

side: M, and the wharf side: W; large plot mats:

LLf1 -LLf3, LR1 -LR4, LM1 -LM2, and LW1 -LW2;

small plot mats: SLf1 -SLf3, SR1 -SR4, SM1-SM2,

and SW1-SW2; Fig. 4) were established as fixed

points in each plot, and juveniles were collected

after retrieving these mats as in experiment I .

However, in surveys occurring after June, the

number of retrieved mats was only 8-9 due to

logistical constraints. Juveniles were collected

after retrieving all mats from the large plot on

days 366 and on day 337 from the small plot,

were measured as in experiment I, and were

returned to their respective positions on the

retrieved mats also as in experiment I. In

addition, because several juveniles were ob-

served adhered to the facility walls in surveys

from days 250 to 366 in the large plot and from

days 241 to 337 in the small plot, the number of

juveniles on each wall was counted (Wall: Wa,

large plot: LLfWa, LRWa, LMWa, and LWWa;

small plot: SLfWa, SRWa, SMWa, and SWWa;

Fig. 4).

Water temperature was recorded hourly from

November 19, 2015 to October 16, 2016 using a

thermometer (TidbiT, Stow Away Inc.) placed at

the center of the large plot. After sediment

thickness was measured visually, sediment

samples for IL and AVS analyses were collected

from under the LM2, LM1, LC, LW1, and LW2

mats on July 21 and October 25, 2016 and were

analyzed as in experiment I, although AVS was

not detected in all samples. IL data from the

three surveys, including experiment I, were

analyzed using a Kruskal-Wallis test. Statistical

analyses were performed using Excel Toukei

2010 for Windows (SSRI Co., Ltd.).

Results

Experiment I

A comparison of flow velocity and water

temperature inside and outside the rearing

facility is shown in Fig. 5. Flow velocities of

advective and fluctuating components outside

the facility ranged from 0.0 to 3.0 cm/s and 0.3

to 11. 8 cm/s, respectively. Inside the facility,
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Fig. 5. Comparison of flow velocity and water temperature inside and outside the rearing facility in experiment I. Panels

A and B show advective and fluctuating components of velocity from November 19, 2014 to February 27, 2015,

respectively. Panel C shows water temperature from February 27 to October 16, 2015. Dashed lines represent linear

functions of the relationship between variables measured inside and outside the facilities.



advective velocity ranged from 0.1 to 1.4 cm/s,

and fluctuating velocity ranged from 0.2 to 5.7

cm/s. Water temperature ranged from 6. 8 to

23.8 °C overall, and there was no difference

between temperatures inside and outside the

facility. In addition, mean monthly water temper-

ature inside the facility increased from 6.8 °C in

March to a maximum of 22.5 °C in August

through 11.2 °C in May and 19.0 °C in July and

then decreased to 16.3 °C in October (Fig. 6). IL

of the sediment under EC and E1 -E4 ranged

from 10.6 to 13.5 % (mean = 12.2 %), and there

was no significant difference among the sam-

pling points (Table 1).

The change in the mean standard length and

SGR of juvenile sea cucumbers is shown in Fig.

7. Juveniles that were 4.0 mm at release

(November 2014) grew to 27.9 mm and 24.4 mm

in experimental and control plots, respectively,

by the time of collection (October 2015).

However, length changed only slightly in either

plot until 101 days (February 2015). The SGR

was less than 0.3%/day until February 2015, but

then increased to over 0.5 %/day. The distribu-
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Table 1. Weight loss-on-ignition (IL; %) of sediment in the rearing facility

Date
Experimental plot in Experiment I Large plot in Experiment II

Mean＊＊ Mean rank χ2 df p＊＊＊

E1
＊ E2 EC E3 E4 LM2 LM1 LC LW1 LW2

May 2015 11.8 12.3 13.5 12.6 10.6 - - - - - 12.2 ± 1.1 9.0

5.820 2 0.055Jul 2016 - - - - - 13.4 8.9 12.9 13.3 13.6 12.4 ± 2.0 10.8

Oct 2016 - - - - - 10.8 10.3 11.9 8.6 8.7 10.1 ± 1.4 4.2

＊ Mat codes are given in Fig. 3.
＊＊ Each value represents mean ± standard deviation.
＊＊＊ Statistical analysis was performed using Kruskal-Wallis test.

Fig. 6. Mean monthly water temperature inside the

rearing facility from March to October, 2015 in experiment

I and from November, 2015 to October, 2016 in experiment

II.

Fig. 7.Mean standard length (bottom) and specific growth rate (SGR; top) of juvenile Apostichopus japonicus after release in

experiment I (left) and II (right). Vertical lines indicate standard deviations. Dates in the upper and lower parentheses

represent the large and small plots in experiment II, respectively.



tion of standard length of juvenile sea cucum-

bers at release and collection is shown in Fig. 8.

At release, the lengths of juveniles ranged from

0.6 to 11.8 mm, and the mode was 0-5 mm. At

collection, standard length ranged from 2.4 to

54.1 and 8.1 to 60.6 mm in the experimental and

control plots, respectively, with the mode

shifting to 20-25 and 20-30 mm, respectively.

The change in the population density of

juveniles per mat (ind/0. 14 m2) is shown in
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Fig. 8. Distribution of standard lengths of juvenile Apostichopus japonicus at release and collection in

experiment I (left) and II (right). N represents the number of measured specimens.

Table 2. Population density of juvenile Apostichopus japonicus after release in experiment I

Plot Mat code＊
Density (ind./0.14m2)

0 9 36 101 185 332＊＊

Experimental

E1 400 172 64 18 18 8

EN1 0 26 16 26 14 7

|E1-EN1| 400 146 48 8 4 1

E4 400 138 22 27 3 4

EN4 0 70 38 18 11 4

|E4-EN4| 400 68 16 9 8 0

Control

C1 400 109 24 31 25 1

CN1 0 4 39 17 17 2

|C1-CN1| 400 105 15 14 8 1

C4 400 214 84 35 14 5

CN4 0 4 5 13 7 5

|C4-CN4| 400 210 79 22 7 0

＊ Mat codes are given in Fig. 3.
＊＊ Numbers represent the days after release.



Table 2. Initial densities of 400 ind/0.14 m2 on

the E1, E4, C1, and C4 mats decreased to 172,

138, 109, and 214 ind/0.14 m2, respectively, after

9 days. Thereafter, densities on the mats

continued to decrease, and the difference in

densities between these and the adjacent mats

(i.e., |E1-EN1|, |E4-EN4|, |C1-CN1|, and |C4-CN4|;

Table 2) declined over time. In addition, these

juveniles remained attached to the inside of the

mats throughout the experiment.

The ratio of the number of juveniles collected

to the number of juveniles released after 332

days was used as the survival rate (Table 3). A

total of 366 and 155 juveniles were collected

from the experimental and control plots, respec-

tively, resulting in survival rates of 16.8 and

7.8%, respectively. However, dead juveniles

were not found at each follow-up survey and

collection.

Experiment II

Mean monthly water temperature inside the

facility ranged from 6.0 to 23.3 °C. The tempera-

ture decreased from 11.7 °C in November to a

minimum of 6.0 °C in February. It then in-

creased to 11.2 °C in May and 19.0 °C in July

before reaching a maximum of 23. 3 °C in

August and then decreasing again to 17.8 °C in

October (Fig. 6). IL of the sediment in the large

plot ranged from 8.9 to 13.6 % (mean = 12.4 %)

in July and from 8.6 to 11.9% (mean = 10.1%) in

October (Table 1). There were no significant

differences in IL among the three surveys (p >

0.05; Table 1).

In the large plot, mean standard length of

juvenile sea cucumbers, which were 25.9 mm at

release (October 2015), remained largely un-

changed until 99 days (January 2016), increased

to 40.1 mm at 176 days (April 2016) and then

delayed to 39.8 mm at collection (October 2016;

Fig. 7). In the small plot, mean standard length

of the juveniles, which were 19.5 mm at release

(November 2015), grew to 34.5 mm by collec-

tion (October 2016), although the length tended

to decrease until 89 days (February 2016). The

SGR in the large plot was less than 0.3 %/day

throughout the experiment, except during the

period January to April 2016 when it was

0.65%/day. In the small plot, SGR was less than

0.2%/day until January 2016, but then increased

to over 0.3 %/day, except for a period between

July and September 2016 when it was -0.17

%/day (Fig. 7). The mode of the standard length

in the large plot was 20-25 mm at release and

then shifted to 35-40 mm at collection (Fig. 8).

The mode of the standard length in the small

plot was 15-20 mm at release and then shifted to

35-40 mm at collection (Fig. 8).

The change in the population density of

juveniles per mat (ind/0.14 m2) is shown in

Table 4. In the large plot, the juveniles that were

released onto the LC mat at a density of

487 ind/0. 14 m2 dispersed approximately uni-

formly at 4-20 ind/0.14 m2 (mean = 12.1 ind/0.

14 m2) on day 36 and remained at the same

density until 176 days (mean = 11.2 ind/

0.14 m2). Subsequently, the juveniles seemed to

disperse toward the wall; that is, the variance in

density among the 12 mats tended to increase

and the difference in density between LC and

the mats arranged along the sides of the walls

(i.e., |LC-LLf3|, |LC-LR4|, |LC-LM2|, and |LC-LW2

|) tended to increase over time. In addition,

juveniles adhered to the walls were observed at

densities of 3-22 ind/1. 44 m2 in the surveys

from days 250 to 366 (Table 5). In the small plot,

the density of juveniles released onto the SC mat

was 2,000 ind/0.14 m2, which decreased mark-
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Table 3. Survival rates in experimental, control, large, and small plots determined from juvenile Apostichopus japonicus

collected at 1 year after release

Experiment I Experiment II

Experimental plot Control plot Large plot Small plot

Number of released juvenile (R) 2,000 2,000 487 2,000

Number of collected juvenile (C) 366 155 346 249

Survival rate (100 × R/C; %) 16.8 7.8 71.0 12.5



edly until 182 days and then tended to increase

on the mats arranged along the sides of the

walls (SLf3, SR4, SM2, and SW2), although about

half moved to the adjacent mats (SLf1, SR1, SM1,

and SW1) until 32 days. Subsequently, the

juveniles were distributed approximately uni-

formly until collection; that is, the variance in

density among the 12 mats tended to decrease

and the difference in density between SC and

the mats arranged along the side of the walls
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Table 4. Population density of juvenile Apostichopus japonicus after release in experiment II

Plot Mat code＊
Density (ind/0.14m2)

0
36

32

99

89

176

182

250

241

316

312

366＊＊

337

Large

LC 487 8 9 9 5 1 1

LLf1 0 14 13 8 - - 1

LR1 0 13 9 7 - - 1

LM1 0 13 12 10 - - 2

LW1 0 20 13 3 - - 1

LLf2 0 16 9 13 - - 3

LR2 0 11 13 11 - - 2

LM2 0 12 12 12 14 16 17

LW2 0 9 6 12 12 11 12

LLf3 0 10 15 15 10 8 8

LR3 0 15 10 16 - - 4

LR4 0 4 15 18 15 13 13

Mean 12.1 11.3 11.2 11.2 9.8 5.4

Variance 17.2 7.5 17.2 15.7 32.7 31.9

|LC-LLf3| 487 2 6 6 5 7 7

|LC-LR4| 487 4 6 9 10 12 12

|LC-LM2| 487 4 3 3 9 15 16

|LC-LW2| 487 1 3 3 7 10 11

Small

SC 2000 988 274 3 0 1 0

SLf1 0 308 95 2 - - 7

SR1 0 178 100 3 - - 2

SM1 0 72 17 4 - - 7

SW1 0 99 69 0 - - 12

SLf2 0 67 104 27 - - 5

SR2 0 60 68 3 - - 2

SM2 0 2 56 23 2 10 6

SW2 0 0 6 13 13 16 10

SLf3 0 8 36 37 18 15 9

SR3 0 8 23 14 - - 7

SR4 0 2 18 16 10 12 6

Mean 149.3 72.2 12.1 8.6 10.8 6.1

Variance 78027.0 5219.6 140.3 56.8 35.7 12.1

|SC-SLf3| 2000 980 238 34 18 14 9

|SC-SR4| 2000 986 256 13 10 11 6

|SC-SM2| 2000 986 218 20 2 9 6

|SC-SW2| 2000 988 268 10 13 15 10

＊ Mat codes are given in Fig. 3.
＊＊ Upper and bottom numbers represent the days after release in large and small plot, respectively.



(i.e., |SC-SLf3 |, |SC-SR4 |, |SC-SM2 |, and |SC-

SW2|) tended to decrease over time.

Furthermore, juveniles adhered to the walls

were observed at densities of 8-19 ind/1.44 m2

in the surveys from days 241 to 337 (Table 5).

All other juveniles remained attached to the

inside of the mats throughout.

The ratio of the number of juveniles collected

to the number of juveniles released at 366 and

337 days, in large and small plots, respectively,

was used as the survival rate (Table 3). A total of

346 and 249 juveniles were collected from the

large and small plots, respectively, resulting in

survival rates of 71.0 and 12.5%, respectively.

However, dead juveniles were not found at each

follow-up survey and collection, as in experi-

ment I.

Discussion

Utility of the rearing facility with air-pocket fences

in relation to sea cucumber survival

Currently, seed production and stocking of

Ap. japonicus has been conducted in various

regions in Hokkaido to increase sea cucumber

resources. Sakai and Kanno (2017) conducted a

field experiment in which 32,575 Ap. japonicus

juveniles 13 mm in body length were released

into a fishing port with a recovery rate of 0.7 % 6

months later. In this study, the survival rate of

the released juveniles after about 1 year was

calculated to be 16.8 % in the experimental plot

and 7.8 % in the control plot in experiment I.

This the recovery rate indicates the percentage

of juveniles that were found in follow-up surveys,

and is used as a substitute for survival rate in the

surveys and might not include all surviving

individuals; consequently, the recovery rate

tends to be lower than the real survival rate.

Although it is difficult to treat the two rates as

equals, survival in both plots was remarkably

higher than that reported in Sakai and Kanno

(2017). One reason for such high survival rates

in experiment I could be that juvenile dispersal

was restrained by the semi-closed environment.

In addition, we expected the survival rate in the

experimental plot to be 2.2× that of the control

plot as juveniles were completely confined in the

facility by the air-pocket fences. Furthermore,

the survival rates in experiment II were also

higher than that in Sakai and Kanno (2017), as

the rates in the large and small plots were 71.0

and 12. 5 % at about 1 year after release,

respectively. Therefore, we concluded that the

rearing facility with air-pocket fences was

effective in improving the survival rate without

negatively affecting the growth of juveniles.

The survival rate of large juveniles in the large

plot in experiment II was greater than that of

juveniles in experiment I, whereas survival in

the small plot was lower, despite that plot also

containing larger juveniles. Therefore, we

suggest that the survival rate of juveniles was

not influenced by only body size. When we

compared the origin of the juveniles, those in

experiment I and the large plot of experiment II

were both produced by the water tank facility of

Tokai University, while those in the small plot of

experiment II were HAPC products. It is difficult

to extensively compare the rearing conditions of

both facilities, but we suggest that feeding

conditions, such as type, quantity, and quality of

food, and rearing density after seed collection

were probably different between the facilities.

Furthermore, we could not identify factors

related to juvenile mortality; however, we

conclude that predation by As. pectinifera

affected the difference in survival rates between

experimental and control plots in experiment I

as several star fish were observed in the control
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Table 5. Population density of Apostichopus japonicus

juveniles adhered to the facility wall in experiment II

Plot Wall code＊
Density (ind./1.44m2)

250

241

316

312

250

241

Large

LLfWa 5 13 9

LRWa 11 22 3

LMWa 10 13 4

LWWa 15 14 5

Small

SLfWa 18 11 9

SRWa 19 16 8

SMWa 15 12 13

SWWa 14 12 11

＊ Mat codes are given in Fig. 3.
＊＊ Upper and bottom numbers represent the days after release in
large and small plot, respectively.



plot of experiment I.

Apostichopus japonicus can survive in water

temperatures from 0 to 30 °C (Yu and Song

1999; An et al. 2007), but intestinal atrophy

occurs when the temperature reaches above

17.5-19.0 °C in summer (Choe 1963). Sea

cucumbers are known to aestivate at tempera-

tures of 23-24.5 °C (Liu et al. 1996; Yang et al.

2006); however, Li et al. (1996) reported that

juveniles with a body weight of less than 25 g do

not aestivate at such high temperatures. The

body length of Ap. japonicus weighing 25 g has

been calculated by Yamana et al. (2011) to be

approximately 100 mm. Furthermore, Yamana

et al. (2010) indicated that the growth of

Ap. japonicus is delayed at low water tempera-

tures, although the specific amount of time of

the delay was not given. In this study, water

temperature in the rearing facility ranged from

4.8 to 24.8 °C throughout the 2 years, and there

was no difference between the temperatures

inside and outside the facilities. Therefore, we

considered that the juveniles did not aestivate

and that temperature did not influence their

survival, although their growth might have been

delayed.

Tanaka (2000) reported that the main cause of

low discovery rates of Ap. japonicus juveniles

released on artificial reefs was due to washout

by the tides. Seto et al. (2011) showed that

Ap. japonicus with a body length of 27 mm

become dislodged and move forward at a flow

velocity of over 30 cm/s and then are forced to

return at a flow of over 70 cm/s. In this study,

the wave and tide flow velocities inside the

rearing facility was maintained at about half of

that outside and only reached 5.7 cm/s suggest-

ing that water flow probably had little effect on

the settling of released juveniles in the facility.

Apostichopus japonicus is regarded as a

surface deposit feeder (Tanaka 1958; Choe

1963); therefore, juveniles were assumed to

utilize the organic matter deposited on the

facility floor as food. Therefore, we analyzed IL

of the sediment under five mats inside the

rearing facility as an index of the organic matter

content. IL of the sediments ranged from 10.6 to

13.5 % in May in experiment I, and from 8.9 to

13.6 % in July and 8.6 to 11.9 % in October in

experiment II. There were no significant

differences among IL values across the seasons.

In addition, the thickness of the sediments

(determined visually) was approximately 2-3

cm, regardless of the sampling points in each

survey. Therefore, we suggest that organic

matter as the food source was evenly distrib-

uted, qualitatively and quantitatively, in the

rearing facility. Saito et al. (2012) reported that

IL of sediment in Ofuyu and Kumaishi fishing

ports, where sea cucumbers are present, ranged

from 2.2 to 5.7 % and 4.8 to 7.9 %, respectively,

which is less than the values observed in the

rearing facility. In contrast, Okamoto et al.

(2009) stated that there was no change in the

feeding activity of sea cucumbers at a fishing

port with an IL of 6.6 % when they were reared

in a tank with an IL of 11.0 %. In addition, Yu et

al. (2014) reported that a culture of Ap. japoni-

cus would be feasible in a fish farm in which IL

varied seasonally from 13.47 to 14.26 %.

Therefore, we hypothesize that food supply for

juveniles was not affected by the nursery culture

in the rearing facility. Further studies are

needed to determine the energetic budget of

organic matter required to rear Ap. japonicus in

facilities, in addition to their feeding, excretion,

and respiratory rates of Ap. japonicus.

Growth and dispersal of sea cucumbers in the

rearing facility with air-pocket fences

It is estimated that Ap. japonicus takes 5 years

to grow to more than 100 g in weight (over 130

mm in body length), which is the harvestable

size in Hokkaido (Kuwahara and Kiyokawa

1998). In this study, sea cucumbers released at a

mean standard length of 4.5 mm grew to 27.9

mm (6.2 ×) and 24.4 mm (5.4 ×) by about 1

year after release in experimental and control

plots, respectively. In addition, the mean

standard length of juveniles that were released

at 25.9 and 19.5 mm grew to 39.8 mm (1.5 ×)

and 34.5 mm (1.7 ×) by about 1 year in large

and small plots, respectively. These results

broadly agree with those of a follow-up survey in

which artificial seeds of Ap. japonicus were

released off the Soya port in Hokkaido
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(Nakajima et al. 2004). Therefore, we expect

that juveniles in the semi-closed facility will

grow to the same size as sea cucumbers in their

natural habitat.

In this study, juvenile growth rate changed

seasonally; the mean standard length hardly

changed and SGR was less than 0.3 %/day until

the January or February after release in both

experiments. However, it then increased 1.3-2.9

× with an SGR of over 0.6 %/day until May and

continued until October in both plots of

experiment I and the small plot in experiment II.

In the large plot of experiment II, the length was

1.6× that at release with an SGR of 0.65 %/day

until April, but then remained constant. Yamana

et al. (2010) reported that the growth of

Ap. japonicus is delayed at the period of water

temperature decline, and the body weight of

juvenile Ap. japonicus decreases between

November and February, which is the period of

water temperature decline off the coast of

Wakkanai, Hokkaido (Tazono et al. 2016).

Furthermore, Ap. japonicus growth occurs only

between 12 and 21 °C, and the optimum

temperature for growth is 15-18 °C (Yu and

Song 1999; Asha and Muthiah 2005; An et al.

2007). In the Furubira fishing port, the water

temperature between November and February

was 5-12 °C, which was the period of water

temperature decline. Therefore, we concluded

that the temperature drop was one of the

reasons why juveniles did not grow between

November and January/February. In addition,

Yamana et al. (2010) pointed out that an

increase in water temperature stimulates the

growth of Ap. japonicus and promotes continued

growth after stimulation. From this, we hypothe-

sized that juveniles began to grow in March

when the temperature started to rise but was

still below 12 °C. In contrast, there was less

clear growth of juveniles in the large plot of

experiment II. Although the reason for this was

not clear, juveniles of approximately 40 mm

standard length might not have grown due to

intestinal atrophy and a consequent decrease in

feeding activity, even if they did not reach 25 g

in body weight, as the water temperature

between July and October exceeded 17.5 °C

(Choe 1963).

In this study, some juveniles experienced less

growth even at 1 year after release. The growth

rates of artificial seeds of Ap. japonicus vary

widely during tank rearing and after being

released to the fishing ground (Ishida 1979;

Hatanaka 1996). Yamana et al. (2008) hypothe-

sized that such variation in growth rates is likely

to be caused by an imbalance in the food supply

due to variation in juvenile foraging rates.

Therefore, we considered the possibility that a

similar imbalance occurred when the juveniles

were reared in the semi-closed rearing facility.

A decrease in the seed recovery rate after

release is a technical problem for seed stocking

of Ap. japonicus (Hamano et al. 1996; Uekusa et

al. 2012). The main factor influencing low

recovery rates is dispersion due to seed

movement (Hamano et al. 1996; Masaki et al.

2007). In this study, the population density of

the juveniles released onto the mats decreased

with time in both experiments. From the follow-

up survey, it was shown that the juveniles

released at the center of the facility seemed to

disperse toward the wall over time in the large

plot, but were distributed approximately uni-

formly across all mats until collection in the

small plot. In addition, many juveniles were

observed adhered to the walls in both plots.

Therefore, we suggest that juveniles of <40 mm

in standard length disperse over a facility, with

large juveniles of high mobility reaching and

climbing the wall. Furthermore, we conclude

that Hechimaron is a suitable substrate for

rearing juvenile sea cucumber, because juve-

niles remained attached to the inside of the mats

throughout the study, except for those that

adhered to the walls.
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空気ポケットフェンスを付帯した施設（縦2.4 m×横2.4 m×高さ1.1 m）によるマナマコ中間育成の

可能性を検証した。北海道古平漁港に施設 2基を設置し，各々をフェンスに空気を満たした試験区，

海水を満たした対照区として平均体長 4 mmの稚ナマコを2,000個体ずつ放流した（実験Ⅰ）。また，

約 1年後には大型区および小型区を設け，それぞれ平均体長25 mmおよび19 mmの稚ナマコを487お

よび2,000個体放流した（実験Ⅱ）。両実験とも放流後の成長，分散および生残率を調べた。その結果，

1年後の体長は，放流時の5.4∼6.2倍（実験Ⅰ）および1.5∼1.7倍（実験Ⅱ）になった。また，稚ナマコ

は施設全体に分散するとともに，大型個体は壁方向に移動する傾向がみられた。さらに，1年後の生

残率は，試験区で16.8%，対照区で7.8％，大型区で71.0％，小型区で12.5%と算出された。これより，

当該施設は本種の中間育成に有効であるが，生残には放流サイズ以外の要因が関与していることが示

唆された。

空気ポケットフェンスを用いた育成施設における
マナマコ稚仔 Apostichopus japonicusの成長，分散および生残

櫻井 泉・山田俊郎・麻畠梨沙・大野史耶


