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Abstract:  We examined the usefulness of two seaweed powders (Saccharina japonica var. 
japonica rhizoids and Ulva pertusa thalli) as feed for juvenile sea cucumber Apostichopus japonicus. 
We also investigated the optimum feeding rate for the rhizoid powder. First, plots were established 
where juvenile sea cucumbers were fed powdered rhizoids, thalli, or Saccharina japonica var. 
religiosa blades (as control) at 0.3 g/day. Next, we established plots with small and medium 
juveniles (mean standard lengths, 11.1 and 20.4 mm, respectively) that were fed rhizoids at 
0.15-0.75 g/day and large juveniles (mean standard length, 34.3 mm) that were fed at 0.5-1.2 g/
day. Forty to fifty juveniles per plot were reared in water tanks at 15°C for 60-62 days. The survival 
rate was 88-100% in all plots. No difference in growth rate was observed for all three feeds. 
Growth rates were, however, significantly higher when rhizoid powder was provided at ≥0.45 g, 
≥0.60 g, and ≥1.05 g to small, medium, and large juveniles, respectively. Therefore, we concluded 
that rhizoids and thalli are excellent diets for juvenile sea cucumber, and the optimum feeding rate 
of the rhizoid powder was 45, 75, and 131 mg/ind./day for small, medium, and large juveniles, 
respectively.
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The Japanese sea cucumber Apostichopus 
japonicus (Stichopus japonicus) (Echinodermata: 
Holothuroidea) is widely distributed on sub-
tidal rocky and sandy seabeds off the coasts 
of Japan, China, Korea, and Russia (Takahashi 
2003). It is the most commercially valuable of 
the holothurian species, and has been exported 
in dried form from Japan to China since the 
seventeenth century (Akamine 2015). Dried sea 
cucumber produced in Hokkaido, Japan, has 
pronounced sharp parapodia, giving it particular 
status as a high-quality product in China (Narita 
et al. 2010). As such, the amount exported from 
Hokkaido has grown steadily since 2003, lead-
ing to concerns about population declines due 
to overfishing. Therefore, hatchery-cultured 

juveniles of Ap. japonicus have been released in 
several regions of Hokkaido to enhance natural 
stocks (Sakurai et al. 2017).

The feeding method generally adopted 
in the seedling production of Ap. Japonicus 
involves feeding planktonic diatoms to larvae 
grown through artificial insemination, and then 
switching to seaweed powder when the larvae 
transition to becoming benthic (Eguchi 2014). 
A seaweed powder mixture (Ribikku BW; 
Eiken Corporation) of Ascophyllum nodosum 
(Phaeophyceae: Fucaceae) and Undaria 
pinnatifida (Phaeophyceae: Alariaceae), which 
is sold as a supplement for livestock and aqua-
culture feeds, was widely used nationally (Arie 
1993; Hatanaka 1996) until 2011. In March of 
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that year, the Ribikku BW production plant was 
damaged in the Great East Japan Earthquake, 
and production and sales of the seaweed 
powder were discontinued (Unuma et al. 2013). 
For this reason, livestock feeds made from As. 
nodosum have been substituted for Ribikku BW 
in sea cucumber seedling production facilities 
in Hokkaido; these feeds are, however, not nec-
essarily optimal for Ap. Japonicus growth. There 
is therefore an urgent need to develop superior 
feeds that replace Ribikku BW if Ap. japonicus 
seedling production is to be stabilized.

There are various feed alternatives under con-
sideration. Green algae Ulva spp., which belong 
to the family Ulvaceae, often show excessive 
growth in inner bays and coastal areas. This 
phenomenon, called the “green tide”, is prob-
lematic because it causes massive mortality 
in Japanese littleneck clam Ruditapes phillip-
pinarum when it covers the clam fishery beds, 
therefore inhibiting clam respiration and feed-
ing; it also causes landscape deteriorations and 
the occurrence of offensive odors (Hamaguchi 
et al. 1997; Fujii et al. 2009). Mass growth of U. 
pertusa is also observed in the coastal and tidal 
flat areas in Hokkaido in the spring and autumn. 
This green alga has been used effectively in 
the production of feed for cultured fish and 
livestock, raw materials for biofuel, etc. (Fujii 
et al. 2009), and so is expected to have utility as 
juvenile sea cucumber feed. In fact, sea cucum-
ber fed U. lactuca powder shows a higher 
growth rate than when fed powder derived 
from Sargassum thunbergii, Sar. polycyctum 
(both family Sargassaceae), and Zostera marina 
(family Zosteraceae) (Xia et al. 2012a, 2012b). 
In addition, powdered blades of the brown sea-
weed Saccharina japonica var. japonica (family 
Laminariaceae) have been found to be effective 
in the diet of juvenile sea cucumber (Arie 1993; 
Xia et al. 2012a, 2012b; Eguchi 2015). This spe-
cies is mainly cultured in the Oshima region of 
Hokkaido, although only the blades are shipped 
to the market as food and the rhizoids are dis-
carded as industrial waste. However, Sato et 
al. (2003) have reported the protein and lipid 
content of Sac. japonica var. japonica blades and 
the rhizoids to be almost identical. If powdered 

rhizoids proved as useful as blades in the diet 
of juvenile sea cucumber, then utilization of 
the waste rhizoids could prove an inexpensive 
method of feed production. Therefore, with the 
aim of developing a new initial diet for use in 
Ap. japonicus seedling production, we examined 
the dietary usefulness of powdered U. pertusa 
thalli and Sac. japonica var. japonica rhizoids, 
from the viewpoint of growth and survival. In 
addition, we also examined the optimal rate 
for feeding Sac. japonica var. japonica rhizoid 
powder to juvenile sea cucumber.

Materials and methods

Sea cucumber sampling and rearing 
For the experiment, we used artificially 

produced Ap. japonicus seedlings provided 
by the Shinsei Marine Fishery Cooperative 
Association in Rumoi, Hokkaido. We exam-
ined the effectiveness of powdered U. pertusa 
thalli and Sac. japonica rhizoids using juveniles 
(that had been artificially inseminated in June 
2015) at 118 days post-hatching. In addition, 
in order to clarify the optimal feeding rate for 
Sac. japonica var. japonica rhizoids, we used 
juveniles artificially inseminated in June 2015 
at 248 days post-hatching, and juveniles artifi-
cially inseminated in June 2016 at 199 and 298 
days post-hatching. All juveniles were reared 
until the start of the experiment by feeding 
them As. nodosum powder (Algin Gold; Andes 
Trading Co., Ltd.) at a water temperature of 
15°C. At the start of the following experiments, 
the juveniles were immersed in 1 l/individual of 
L-menthol anesthetic (Yamana et al. 2005) for 
20-30 minutes and then their standard length 
(L; mm) was measured to a precision of 0.1 mm 
using a digital Vernier caliper (N20; Mitsutoyo 
Inc.).

Experiment 1
We carried out the first rearing experiment 

using powdered U. pertusa thalli, Sac. japon-
ica var. japonica rhizoids, and Sac. japonica 
var. religiosa blades (the latter as a control), in 
order to investigate their usefulness as a diet 
for juvenile sea cucumber. The experiment was 
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conducted at the Tokai University water tank 
facility in Sapporo, Hokkaido. Raw materials 
used in the seaweed powder were: Sac. japonica 
var. japonica rhizoids discarded during aqua-
culture production processes in Fukushima, 
Hokkaido in June 2015; U. pertusa collected 
on the coast of Rumoi, Hokkaido in May 2015; 
and Sac. japonica var. religiosa blades collected 
on the coast of Suttsu, Hokkaido in June 2015. 
The materials were dried in sunlight, and then 
powdered to a particle size of ≤ 100 µm using a 
powder machine (KJ-0; Minato Electric Works 
Co., Ltd.).

Three treatments (hereinafter referred to 
as the Saccharina rhizoid, Ulva thallus, and 
Saccharina blade plots) were established. Five 
water tanks (15 l polystyrene square water tank; 
Sansyo Co., Ltd.) were allocated to each treat-
ment, and were placed in a thermostated water 
bath at 15°C after 12 l of filtered seawater was 
injected into the tanks. In addition, substrate 
bundled with Netron netting (a polyethylene 
mesh) was sunk into each tank to enhance 
sea cucumber feeding efficiency. Thereafter, a 
total of 150 juveniles (artificially inseminated in 
2015; mean standard length±standard devia-
tion, 18.6±4.9 mm) were divided into groups 
of 10 individuals with as uniform length as 
possible and were placed in the fifteen tanks 
(one group of 10 per tank) before starting the 
experiment. The experimental period was 62 
days (October 17, 2015 to December 17, 2015). 
During the experiment, each seaweed powder 
was supplied at a rate of 0.3 g daily per water 
tank, which was an amount such that no sea-
weed powder remained on the tank bottom at 
the next feeding time. At the time of feeding, 
seaweed powder was suspended in 100 mL of 
filtered seawater and then poured so that it 
spread evenly throughout the water tank. Each 
tank was aerated under still water and light 
blocking conditions, and the water temperature 
was measured every day at 09 :00. The rearing 
water was replaced daily using filtered seawater 
pre-adjusted to a temperature of 15°C.

Experiment 2
A second rearing experiment was conducted 

in which the rate of feeding Sac. japonica var. 
japonica rhizoid powder to juvenile sea cucum-
ber was varied in order to examine the optimal 
rate for each body size. The experiment was 
conducted at the Tokai University water tank 
facility in Sapporo, Hokkaido. Juveniles were 
divided by body size into three groups (i.e., 
small-, medium-, and large-sized). A total of 
250 juveniles (artificially inseminated in 2016; 
mean standard length, 11.1±2.7 mm), 200 
juveniles (artificially inseminated in 2015; mean 
standard length, 20.4±7.3 mm), and 200 juve-
niles (artificially inseminated in 2016; mean 
standard length, 34.3±5.3 mm) were used 
as the small-, medium-, and large-sized group, 
respectively. In the small- and medium-sized 
group experiments, five treatments were estab-
lished, in which 0.15 g, 0.30 g, 0.45 g, 0.60 g, 
and 0.75 g rhizoid powder was supplied daily 
per water tank (hereinafter referred to as the 
0.15 g, 0.30 g, 0.45 g, 0.60 g, and 0.75 g plots, 
respectively). In addition, five treatments were 
established for the large-sized group in which 
0.50 g, 0.75 g, 0.90 g, 1.05 g, and 1.20 g rhiz-
oid powder was supplied daily per water tank 
(hereinafter referred to as the 0.50 g, 0.75 g, 
0.90 g, 1.05 g, and 1.20 g plots, respectively). 
In each experiment, five water tanks were allo-
cated to each treatment (i.e., a total of 25 tanks 
for each group). The same substrate as used in 
Experiment 1 was sunk into each tank, and 12 l 
of filtered seawater were injected into the tanks, 
which were then placed in a thermostated water 
bath at 15°C. Thereafter, the experiments began 
after each treatment group of 10 juveniles in 
the small-sized group and eight juveniles in the 
medium- and large-sized groups had attained as 
uniform a mean standard length as possible in 
all water tanks. The experimental periods were 
62 days from October 21 to December 21, 2016 
(small-sized group), 62 days from February 6 to 
April 7, 2016 (medium-sized group), and 60 days 
from January 31 to March 17, 2017 (large-sized 
group). The feeding and rearing conditions, 
water temperature measurement, and replace-
ment of rearing water followed the same proce-
dure as in Experiment 1. At each daily feeding 
time, the amount of seaweed powder remaining 



360 I. Sakurai, H. Ikarashi, Y. Ogata, Y. Kosato and H. Miura

on the tank bottom from the previous feed was 
visually confirmed.

Analysis
At the end of each experiment, the survivor 

juveniles were counted and then their standard 
length was measured as in the start of each 
experiment. The standard-length gain (SLG; %) 
and specific growth rate (SGR; %/day) based 
on standard length were calculated as follows 
for each water tank: 

SLG = 100 × (Le － Ls) / Ls, SGR = 100 × (ln 
Le - ln Ls) / t,

where Ls and Le are the mean standard lengths 
of juveniles at the start and end of the experi-
ment, respectively, and t is the number of days 
in the experiment.

The mean standard length of each individ-
ual was converted to weight using the formu-
lae established by Yamana et al. (2011), and 
then the feeding rate by weight of juvenile sea 
cucumber was calculated using the converted 
values.

Statistical analyses to test the significance 
of values of mean standard length, SLG, and 
SGR on each plot were performed using Excel 
Toukei 2010 for Windows (SSRI Co., Ltd.). One-
way ANOVA and Tukeyʼs multiple comparison 
tests were applied when an equal variance on 
each plot was determined by a Bartlett test, 
and Kruskal-Wallis and Steel-Dwass tests were 
used when equal variance was not detected.

Analysis of seaweed powder components
The components of Sac. japonicus var. japon-

icus rhizoids, U. pertusa thalli, and Sac. japon-
icus var. religiosa blades were analyzed after 
the powder was dried at 60°C for 48 hours. The 
nitrogen content of the powder was measured 
using the micro Kjeldahl method and then mul-
tiplied by 6.25 to determine the crude protein 
content. Crude lipid was extracted from the 
powder by the Soxhlet method using diethyl 
ether as a solvent, and weighed using an elec-
tronic balance (GR 202; A and D Co., Ltd.) to 
a precision of 0.1 mg; this weight represented 
the lipid content. The powder was burned at 

550°C for 12 hours using an electric muffle 
furnace (120H-2; NHK Co., Ltd.), and the resi-
due (crude ash content) was then weighed by 
the electronic balance, again to a precision of 
0.1 mg.

Results

Experiment 1
The water temperature and survival rate 

during the experimental period were in the 
range of 14.8 to 15.5°C (Table 1) and 100% 
(Table 2) in all plots, respectively.

There was no difference in juvenile mean 
standard length in each plot at the start and end 
of the experiment for each water tank (Kruskal-
Wallis test, p > 0.05). Therefore, mean standard 
length was calculated by combining data from 
the five water tanks in each plot (Fig. 1). As a 
result, no difference was found in mean stan-
dard length of the juveniles at the start and 
end of the experiment among the plots (one 
way-ANOVA, p > 0.05); lengths were 18.3 to 
18.8 mm at the start and 30.3 to 32.1 mm at 
the end of the experiment. In addition, SLG 
showed higher values for Saccharina blades 

Table 1. Water temperature in each water tank during 
Experiments 1 and 2

Group Plots
Water 

temperature 
(°C)*

Experiment 1

Saccharina rhizoids 14.9-15.5
Ulva thallus 14.8-15.4
Saccharina blades 15.1-15.5

Experiment 2

Small-sized

0.15 g 14.8-15.0
0.30 g 15.1-15.2
0.45 g 14.9-15.2
0.60 g 14.8-15.0
0.75 g 15.0-15.2

Medium-sized

0.15 g 14.8-15.2
0.30 g 14.6-15.0
0.45 g 14.9-15.3
0.60 g 14.9-15.2
0.75 g 14.8-15.3

Large-sized

0.50 g 14.9-15.3
0.75 g 14.8-15.0
0.90 g 14.6-15.0
1.05 g 14.9-15.3
1.20 g 14.8-15.2

*Each water temperature is the range which added five water 
tanks.
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(65.2%), Ulva thalli (63.7%), and Saccharina 
rhizoids (62.5%), compared with SGR values for 
Saccharina rhizoids (0.88%/day), Saccharina 
blades (0.81%/day), and Ulva thalli (0.79%/
day), although there was no significant differ-
ence among three plots for either index (Fig. 1; 
Kruskal-Wallis test, p > 0.05).

Experiment 2
The water temperature during the experi-

mental periods remained in the range of 14.8 
to 15.2°C in the small-sized group, and 14.6 to 
15.3°C in the medium- and large-sized group 
(Table 1). Survival rate during the experimental 
periods was in the range of 88 to 100% in each 
plot (Table 2), but no clear relationship was 
found between the feeding and survival rate. 
In addition, at the time of water replacement, 
residual seaweed powder was always confirmed 
in 0.45-0.75 g plots for the small-sized group, 
0.60-0.75 g plots for the medium-sized group, 
and 1.05-1.20 g plots for the large-sized group.

In all size groups, there was no difference in 
the mean standard length of juveniles in each 
plot at the start and end of the experiment for 
each water tank (Kruskal-Wallis test, p > 0.05). 
Therefore, the mean standard length of the 
juveniles was calculated by combining data 
from the five water tanks in each plot (Fig. 2). 
As a result, no difference was found for mean 
standard length at the start of the experiment 
among the five plots within each size group 
(one way-ANOVA, p > 0.05), whereas the 
lengths ranged from 11.1 to 11.9 mm, 19.6 to 
21.2 mm, and 34.0 to 34.9 mm in the small-, 
medium- and large-sized groups, respectively. 
However, the mean standard lengths at the end 
of the experiment showed significantly higher 
values in the 0.45 and 0.60 g plots compared 
with the 0.15 and 0.30 g plots in the small-sized 
group, in the 0.60 g plots compared with the 
0.15, 0.30, and 0.75 g plots in the medium-sized 
group, and in the 1.05 and 1.20 g plots com-
pared with the 0.50 and 0.75 g plots in the large-
sized group (one way-ANOVA and Tukeyʼs 
multiple comparisons, all p < 0.05).

The SLG of juvenile sea cucumber in each 
plot by size group is shown in Fig. 3. In the 

Table 2. Survival rate in each water tank during 
Experiments 1 and 2

Group Plots Survival rate 
(%)*

Experiment 1

Saccharina rhizoids 100
Ulva thallus 100
Saccharina blades 100

Experiment 2

Small-sized

0.15 g 90-100
0.30 g 90-100
0.45 g 100
0.60 g 90-100
0.75 g 100

Medium-sized

0.15 g 100
0.30 g 88-100
0.45 g 100
0.60 g 88-100
0.75 g 88-100

Large-sized

0.50 g 88-100
0.75 g 100
0.90 g 100
1.05 g 100
1.20 g 88-100

* Each survival rate is the range which added five water tanks.

Fig. 1. Mean standard length (top), standard length gain 
(middle), and specific growth rate (bottom) of juvenile 
Apostichopus japonicus fed with three different diets in 
Experiment 1. Open and solid bars in the top chart repre-
sent standard length at the start and end of the experiment, 
respectively. Each value is the mean±standard deviation 
obtained from about 50 individuals (top) and five water 
tanks (middle and bottom). Values with the same letter are 
not statistically different ( p > 0.05) among the diets.
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small- and medium-sized groups, SLG was 
higher in the 0.60 g plot, followed in order by 
the 0.75 g, 0.45 g, 0.30 g, and 0.15 g plots, and 
there were significant differences between 
0.15-0.30 g and 0.45 -0.75 g in the small-sized 
group and between 0.15- 0.45 g and 0.60-0.75 g 
in the medium-sized group (Kruskal-Wallis 
and Steel-Dwass tests, all p < 0.05). SLG in the 
large-sized group was higher in the 1.05 g plot, 
followed in order by the 1.20 g, 0.90 g, 0.75 g, 
and 0.50 g plots, and there were significant 
difference between the low feeding (0.50 and 
0.75 g) and high feeding (1.05 and 1.20 g) plots 
(Kruskal-Wallis and Steel-Dwass tests, all 
p < 0.05).

The SGR of juvenile sea cucumber in each 
plot by size group is shown in Fig. 4. Similar 
to SLG, SGR in the small- and medium-sized 
groups was higher in the 0.60 g plot, followed 
in order by the 0.75 g, 0.45 g, 0.30 g, and 0.15 g 
plots, and there were significant differences 
between low feeding (0.15 and 0.30 g) and high 
feeding (0.60 and 0.75 g) plots in both groups 

Fig. 4. Specific growth rate of juvenile Apostichopus japonicus 
fed with five different dietary amounts in the small- (top), 
medium- (middle), and large-sized (bottom) groups in 
Experiment 2. Each value is the mean±standard deviation 
obtained from five water tanks. Values with the same letter 
are not statistically different ( p > 0.05) among the diets.

Fig. 2. Standard length of juvenile Apostichopus japonicus 
fed with five different dietary amounts in the small- (top), 
medium- (middle), and large-sized (bottom) groups in 
Experiment 2. Open and solid bars represent the mean 
value at the start and end of the experiment, respectively. 
Each value is the mean±standard deviation obtained from 
about 50 (top) and 40 (middle and bottom) individuals. 
Values with the same letter are not statistically different 
( p > 0.05) among the diets.

Fig. 3. Standard length gain of juvenile Apostichopus 
japonicus fed with five different dietary amounts in the small- 
(top), medium- (middle), and large-sized (bottom) groups in 
Experiment 2. Each value is the mean±standard deviation 
obtained from five water tanks. Values with the same letter 
are not statistically different ( p > 0.05) among the diets.
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(Kruskal-Wallis and Steel-Dwass tests, all 
p < 0.05). SGR in the large-sized group, simi-
lar to SLG, was also higher in the 1.05 g plot, 
followed in order by the 1.20 g, 0.90 g, 0.75 g, 
and 0.50 g plots, and there were significant 
differences between low feeding (0.50 and 
0.75 g) and high feeding (1.05 and 1.20 g) plots 
(Kruskal-Wallis and Steel-Dwass tests, all 
p < 0.05).

The mean juvenile body weight was 36, 223, 
and 1,062 mg in the small-, medium-, and large-
sized groups, respectively (Table 3), when the 
mean standard length was converted to weight. 
Using these values, the feeding rate by weight 
of juvenile sea cucumber was calculated as 
41.7%-208.3%, 8.4%-41.9%, and 5.9%-14.1% 
in the small-, medium-, and large-sized groups, 
respectively (Table 3).

Seaweed powder components
Table 4 shows the proximate composition 

of the three types of seaweed powder. Crude 
protein content was the highest in the thallus of 

U. pertusa (17.9%), and the lowest in Sac. japon-
ica var. religiosa blades (10.8%). Crude lipid 
content was the highest (1.6%) in the thallus of 
U. pertusa, and the lowest (0.7%) in S. japonica 
var. japonica rhizoids. Crude ash content was 
the highest in Sac. japonica var. japonica rhiz-
oids (33.6%), and the lowest in U. pertusa thalli 
(20.6%).

Discussion

In the study, we used rearing experiments 
to examine the effectiveness of Sac. japonica 
var. japonica rhizoid and U. pertusa thallus 
powder for Ap. japonicus juveniles, and subse-
quently evaluated the optimum feeding rate of 
the rhizoid powder. Rearing management was 
considered to have been properly performed, 
because survival rates during the rearing period 
did not significantly differ, and remained at 
88 to 100% in all experiments. In addition, no 
significant difference was detected in juvenile 
standard length in each plot at the start of each 
experiment, indicating that juveniles of uniform 
size were allocated to each water tank, and 
more than two plots exceeding satiation were 
included in each sized group in Experiment 2. 
Therefore, we consider that the experimental 
setting was appropriate for evaluating the effec-
tiveness of the seaweed powder and optimum 
feeding rate for juveniles.

Powdered Sac. japonica var. japonica blades 
have been confirmed to provide a diet bene-
ficial to the growth of juvenile Ap. japonicus. 
For example, Arie (1993) performed a com-
parative experiment in which juvenile Ap. 
japonicus of 0.5 to 2 mm body length were fed 
with powdered kelp (species unknown), U. 
pinnatifida, As. nodosum, and a mixture of the 
latter two (Ribikku BW); the author found the 
kelp powder yielded the best growth. Eguchi 
(2015) reared juvenile Ap. japonicus to a mean 

Table 3. Estimated mean body weight of Apostichopus 
japonicus and feeding rate by weight in Experiment 2

Group Plots
Standard

length
(mm)

Body
weight
(mg)

Feeding
rate 

per weight
(%)

Small-sized

0.15 g

11.1 36

41.7
0.30 g 83.3
0.45 g 125.0
0.60 g 166.7
0.75 g 208.3

Medium-sized

0.15 g

20.4 223

8.4
0.30 g 16.8
0.45 g 25.2
0.60 g 33.6
0.75 g 41.9

Large-sized

0.50 g

34.3 1,062

5.9
0.75 g 8.8
0.90 g 10.6
1.05 g 12.4
1.20 g 14.1

Table 4. Composition (dry matter) of the three diets fed to Apostichopus japonicus

Diet Crude protein (%) Crude lipid (%) Crude ash (%)

Saccharina japonica var. japonica rhizoids 12.3 0.7 33.6
Ulva pertusa thallus 17.9 1.6 20.6
Saccharina japonica var. religiosa blades 10.8 1.2 32.3
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standard length of 2.5 mm using powdered Sac. 
japonica var. japonica, As. nodosum, a brown 
alga Lessonia nigrescens, and benthic diatoms as 
separate diets, and revealed that Sac. japonica 
var. japonica powder yielded the best results 
for both growth and survival of juveniles. 
Furthermore, an examination of the feed value 
for Ap. japonicus with a body weight of 9.4 g of 
powders derived from Sar. thunbergii, Sar. poly-
cyctum, Z. marina, U. lactuca, and Sac. japonica 
var. japonica, showed a high preference for Sac. 
japonica var. japonica, and a good growth yield 
from Sac. japonica var. japonica and U. lactuca 
(Xia et al. 2012a, 2012b). In our study, a powder 
of Sac. japonica var. religiosa blades was used 
on control plots in order to examine the dietary 
effectiveness of powders of Sac. japonica var. 
japonica rhizoids and U. pertusa thalli in pro-
moting growth of juvenile Ap. japonicus. There 
were no differences in juvenile sea cucumber 
survival rates among the three seaweed pow-
ders, and no significant difference was found 
in SLG and SGR. Although the effectiveness 
of Sac. japonica var. religiosa powder as a diet 
for juvenile Ap. japonicus is unknown, if the 
same feed value is found for Sac. japonica var. 
religiosa as Sac. japonica var. japonica (both 
are varieties of Sac. japonica), we conclude that 
powdered Sac. japonica var. japonica rhizoids 
and U. pertusa thalli provide excellent material 
for the diet of juvenile sea cucumber.

Compared with fish rearing, a diet with a 
lower crude protein content is considered effec-
tive in the rearing of Ap. japonicus; the optimal 
ratio of crude protein is reported to be 10 to 
20% (Liu et al. 2009; Kobayashi et al. 2011; 
Unuma et al. 2013). The crude protein content 
of Sac. japonica var. japonica rhizoids and U. 
pertusa thalli used in the study was within this 
optimum ratio, at 12.3 and 17.9%, respectively. 
In addition, the crude protein content of Sac. 
japonica var. japonica rhizoids obtained in the 
present study showed a value close to that 
reported by Sato et al. (2003) for its blades 
(= 8.4%).

Next, we examined the optimum feeding rate 
for Sac. japonica var. japonica rhizoid powder 
according to the body size of juvenile Ap. 

japonicus. In the small-sized group, SLG and 
SGR both showed significantly higher values 
in the ≥ 0.45 g plots compared with the ≤ 0.30 g 
plots. In the medium-sized group, SLG and SGR 
both showed significantly higher values in the 
≥ 0.60 g than ≤ 0.30 g plots. Furthermore, in the 
large-sized group, SLG and SGR both showed 
significantly higher values in the ≥ 1.05 g than 
≤ 0.75 g plots. Therefore, the optimum feed-
ing rate of Sac. japonica var. japonica rhizoid 
powder for juvenile sea cucumber with a mean 
standard length of 11.1, 20.4, and 34.3 mm was 
considered to be 0.45, 0.60, and 1.05 g/day, 
respectively, or 45, 75, and 131 mg/day, respec-
tively, when converted to the feeding rate per 
individual.

Although the weight of juvenile Ap. japoni-
cus was not measured in this study, the mean 
juvenile body weight was estimated by the 
formulae established by Yamana et al. (2011). 
Using the value, the optimum feeding rate per 
weight of juvenile sea cucumber can be calcu-
lated as 125%, 34%, and 12% in the small-sized, 
medium-sized, and large-sized groups, respec-
tively, suggesting that feeding rate decreases 
with growth. This tendency is almost consis-
tent with the result of Hatanaka (1996), who 
used Ribikku BW to determine the optimum 
feeding rate for juvenile Ap. japonicus with a 
standard length of 3 to 11 mm. The relationship 
between shell weight and digestive tract length 
of Ap. japonicus fits the allometry well, and in 
addition the weights of the shell and body are 
proportional (Matsumiya 1984). Therefore, 
we considered that the decrease in feeding 
rate of juvenile sea cucumber with increasing 
body size is caused by the decrease in the ratio 
of digestive tract volume to body weight with 
growth.

However, the above optimum feeding rates 
are considered to be the values at the standard 
length just before the end of rearing, because 
the optimum feeding rate was calculated by 
feeding a certain amount of feed over a long 
period (i.e., 60-62 days) in this study. For 
example, as the standard length of individuals 
in the small-sized group was increased by 2.3-
3.2 times during rearing, it is predicted that 
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the amounts of food intake and residual food 
are greatly different between the beginning 
and end of rearing. The optimum feeding rate 
presented in this study is considered the value 
obtained under the condition where a con-
stant amount of food was fed daily to juvenile 
sea cucumbers of standard length 11, 20, and 
34 mm and reared up to 36, 39, and 63 mm, 
respectively, while removing residual food. 
Therefore, it should be noted that the optimum 
feeding rate of juvenile sea cucumber of stan-
dard length 11, 20, and 34 mm is lower than the 
above value.

Our results show that Sac. japonica var. 
japonica rhizoid and U. pertusa thallus powder 
are effective as diets for rearing juvenile Ap. 
japonicus, and that the optimum rate of feeding 
rhizoid powder to juveniles of 11, 20, and 34 mm 
length are estimated to be 45, 75, and 131 mg/
ind./day, respectively. It is now necessary to 
advance the development of an efficient method 
of manufacturing these powders, such as 
approaches to obtain raw materials and remove 
impurities, and simple grinding methods for 
hard rhizoids. Furthermore, to achieve suffi-
cient reproducibility of the optimal feeding rate, 
it is necessary to repeat the same rearing exper-
iment and to conduct the rearing experiment 
for a longer period.
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マナマコ稚仔に対するマコンブ仮根部およびアナアオサ葉状体粉末の
餌料としての有効性

櫻井　泉・五十嵐大将・尾形結子・小里佳輝・三浦　博

マナマコ稚仔に対するマコンブ仮根部およびアナアオサ葉状体粉末の餌料としての有効性を調べる
とともに，前者に対する適正給餌量を検討した。稚仔にマコンブ仮根部，アナアオサ葉状体およびホ
ソメコンブ葉体部の粉末を0.3 g/日ずつ与え水温15℃で62日飼育したほか，稚仔を小・中・大型群に
区分し（平均体長11.1，20.4および34.3 mm），前 2者に0.15～ 0.75 g/日，後者に0.5～1.2 g/日の仮根
部粉末を与え同水温で60～62日飼育した。その結果，3種の粉末間に成長差はみられなかったが，仮
根部粉末を小，中および大型群にそれぞれ0.45，0.60および1.05 g/日以上与えた処理区では成長率が
有意に増加した。これより，マコンブ仮根部とアナアオサ葉状体の粉末はマナマコ稚仔の餌料として
有効であり，小，中および大型群に対する前者の適正給餌量は各々 45，75および131 mg /個体/日と
推定された。


