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Feeding characteristics of juvenile Japanese sea cucumber ApostichοIPUS 
jα'P01巾 ω (Stichopodidae)in a nursery culture tank 

Yusuke Yamana， 
1 
， 2，3， t Tatsuo Hamano，4 Hiroshi Niiyama 5 

and Seiji Goshima 6 

Abstract : The cause of differences in individual growth rates (uneven growth) of J apanese sea cucumber 

Apostichopus japonicus seedlings was investigated by changing the conditions of rearing density and food 

amount in a nursery culture experiment. As a result， when the animals wer巴fed，some of the animals 

grew rapidly so uneven growth occurred regardless of the density. In other animals， the growth rate was 

closer to that of the non feeding condition， and it was suggested that the uneven growth might occur under 

the condition of the occurrence of some animals being satiat巴dand others starving. Further， assuming 

such an unevenness of food amount was del・ivedfrom the un巴vennessof opportunity to eat， the feeding 

method was improved， and the uneven growth was kept smaller than before (usual feedi時 method)

Therefore， unevenness of the available food amount was considered to be the cause of the uneven growth 

of the sea cucumber seedlings 

Key words : Benthos， Echinoderm fish巴ries，Ecology， Feeding， Growth 

Introduction 

The Japanese common sea cucumber Apostichopus japoni守

cus (Selenka， 1867) is distributed widely in shallow coast-

al areas in the Northw巴stPacific， and throughout main 

land Japan from Hokkaido to Kagoshima. 1) It is a commer-

cially important species and its stock時 enhancementprog苧

ram is conducted. In Japan， the technique of artificial juve-

nile production was established for release of these seed-

lings，2) and reached a stage of mass production in recent 

years. However，丑 thenext step of dev巴lopment，nursery 

culture for the production of large sized seedlings， it be 

comes a serious problem that seedlings show pronounced 

differences in the individual growth rate (this is called 

"uneven growth" hereinafter). 2 ， 3) Hatanaka 4) reported that 

the uneven growth of seedlings was巴nhancedby over-
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crowding， and suggested that overcrowding itself or en-

suing competition among the individuals for food would be 

the factor leading to the unev巴ngrowth. That could also be 

enhanced by another reason: individual difference in the 

available food amount， suggested by the observation that 

many of the seedlings attached to the wall of the rearing 

tank could not eat the food scattering on the bottom of th芭

tank.5
) However， presently， the caus巴 (director indirect) 

of the uneven growth is still not clear. In gen巴ral，under 

the condition of uneven growth， very few individuals grow 

rapidly， and the others grow slowly with some individuals 

showing negative growth. Therefor日， the nursery culture 

results in very low production efficiency. For the same 

reason， since it is difficult to determine the growth rate of 

experimental animals and compare the growth among the 

groups， we cannot set new subject for development of effec-
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ti ve food and th巴methodof rearing. 1n the pres巴ntstudy， 

in order to c1arify the cause of the uneven growth of A. 

japonicus， we p巴rformeda nursery culture experim巴ntus 

l時 simulatedculture tanks (test tanks) on a small scale， 

and examined the effect of the rearing method on the 

growth of seedlings. 

Materials and methods 

Two experiments wer巴performedin this study by rear-

ing artificial seedli時 sof A. jιpomc叫s(green color type) 

kept in test tanks and measur邑dperiodically. Since it is 

suggested that overcrowding and starving caused the un-

even growth， 4) first， we conducted experiments under 

several conditions of rearing densities and food amounts， 

and investigated the cause of the uneven growth by com 

paring the conditions that showed the small巴stdeviation of 

body size with those showing the largest (experim巴nt1) 

Second， we investigated if it could be realized or not that 

uneven growth was maintained at a d巴celerationby the 

addition of a sp巴cialtechnique to the feeding method 

(巴xperir凹 nt 11). Both sets of seedli時 sfor exp己riment1 

and II were produced by the Sasebo City Suisan-Center， in 

April 2004 and 2005 respectiv巴Iy，and fed on diatom， 

Chaetoceros， and seaweed powder (Rivic BW， Riken Vita-

min Co.， Ltd.， Tokyo， ]apan) 

Experiment 1 (factors causing the uneven 

growth) 

All animals were transported to the Tana Marine Biolog 

ical Laboratory (TMBL) of National Fish巴riesUniversity 

in August 2004， and reared for 176 days from 19 August to 

lOF巴bruary2005 after the acclimation to th巴 reanngen 

vironment. The巴xperimentwas carried out in 8 rearing 

tanks， PVC rectangular tanks with a base 60 cm X 30 cm and 

a height of 20 cm， and with water depth 15 cm (Fig. 1 ). 

The experimental conditions were defin巴dby the food 

amount (feeding or without feeding) and init凶 de悶 ty(5 

or 30 individuals in a tank)‘ Animals we閃 allocat巴dran-

domly in the tanks in the following four conditions: feeding 

low density (F-5); non feedi時 lowdensity (N-5); 

f巴巴ding-high density (F-30); non feeding -high density 

(N-30). At the start of the rearing， animals varied within 

body length of 5-25 mm by visual assessm巴ntwithout anes 

thesia. 6) Then， for the purpose of arranging animals of 

approximately the same size in each tank， animals were di-

vided into two size groups as follows : small sized animals 

within body length of 5-15 mm by visual assessment (F四 5

-s， N-5-s， F“ 30-s， N】 30同 s); large sized animals of 15時 25

mm (ト5-1， N-5-1， F同 30-1，Nω30-1) 

Animals accommodated in a tank under the feeding con-

dition (F-5-s， F-30-s， F-5-1，ト30-1)were fed Rivic BW 

at the amount of 5 g per a tank， three times a we色kat 

Fig. 1 . Diagram of the rearing tank for experiment 1 (factors causi昭 theuneven growth of 
Apostichψus japonicus). Arrows indicate water flow 
A : PVC rearing tank (60 X 30 X 20 cm) (grey colored) 
B : motor-driven wat巴rpump 
C : sand filtered seawater 
D : FRP sedimentation tank (476 X 145 X 90 cm) 
E: PVC sedimentation tank (60X50X30 cm) with filter mesh (size of 500X500μm) 
F: aerator 
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8・00-9: 00 A.M. and animals without fe巴ding(N同 5-s， 

N-30同 s，N-5 -1， N同 30-1)were not fed at all. In general， 

the non feeding treatment does not caus巴d巴athby starva 

tion in this species but may lead to reduced size. Rivic BW 

was glven ov巴rthe whole surface of the bottom of the tank， 

in a form of mashed mixture with seawater. This巴x-

periment was continued without cleaning for th巴 residual

feed and feces in the tank. Inside of the tanks， there was 

no sand or any kind of sheltering such as stones， which is 

th巴 usualprocedur巴forA. japonicus rearing. To prevent 

algal growth as a result of direct sunlight， the experimental 

tanks were placed indoors， where the luminous intensity 

wasl巴ssthan 500 1 ux even in the daytime. Rearing s巴a-

water was pump巴dfrom Hirao Bay in front of TMBL， 

where A. japonicus is abundant， and was supplied to the 

experimental tanks after the sand filtration and ventilation 

The water flow was at a rate of approximately 0.5 liter per 

mmute m 巴achrearing tank. No heating or cooling equip-

ment was used. All animals were measured for body length 

in mm under anesthesia，6) on 18 August 2004， 4 Novem. 

ber， and 10 February 2005; approximately thr巴eand six 

months after the start of rearing， respectively. 

Experiment II (reduction of the uneven 

growth) 

All animals were transported to the N ational Fish巴nes

University (NFU) in July 2005， and reared for 242 days 

from 28 J uly to 26 March 2006， after they had been accli 

mated to the rearing environment. PVC r巴ctangulartank 

with a base of 40 cm X 20 cm and a height of 30 cm was used， 

with water d巴pth25 cm (Fig. 2 ). Only large sized animals 

within body length of 15司 25mm by visual assessment were 

used for the experiment. In this study， two kinds of feed 

ing method， new method and usual method， were used. The 

n巴wmethod enabled the animals to take in feed on the wall 

of rearing tank (whole surface feeding). On the other hand， 

the usual method fe巴dis given on the bottom of the tank， in 

the same method 0ぱffたE巴氏吋凶dωli昭 of experi口1m

f巴巴din時g).The experiment was cond ucted under two con伺

dはionsof initial dens町 (5or 50 individuals in a ta此)， 

which could be expected to affect uneven growth..1) Ani-

mals were accommodated randomly in a separate tank in 

the following four condi tions : w hole surface fe巴ding-Iow

density (W同 5);bottom surface feeding-Iow density (B四 5); 

whole surface feeding四 highdensity (W-50); bottom surface 

f巴eding-highdensity (Bω50) . 

The whole surface feeding method was to apply a thin 

coat of mashed mixture of food to the wall of the tank by 

using a paint brush. The bottom was excluded from this 

operation in anticipation of settlement of susp巴ndedfood 

particles in the water. For the purpose of making the feed 

particles easier to be attached to the surface of the wall， all 

-+ -+ 

Fig. 2. Diagram of r巴aringtank for the experiment II (r巴ductionof the uneven growth of 
Apostichoかるsjaponicus)ー Arrowsindicate water flow 
A: PVC reari昭 tank(40X20X30 cm) (wh山 colored)
B : motor司 drivenwater pump 
C : sand filt巴redseawater 
D : FRP sedimentation tank (200 X 100 X 100 cm) 
E: a巴rator
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surfaces of the wall were cov巴r巴dwith nylon m色sh(white 

color巴dmesh， size 1 X 1 mm) . 

Froze (-40'C) raw kelp Undaria pinnatifida (Phaeophy-

ceae) was 出邑das food， after the homogenization by grind. 

ing to particles of approximately 1 X 1 mm祖slilgmotor-

driven juicer. Before the feeding， the mashed kelp was 

added to the food powder， which consisted of 2: 1 : 4 : 4 

mixture of Rivic BW， de-fatted soybean powder (Nippon 

Nosan Kogyo Co.， Ltd.， Kanagawa， ]apan)， material pow-

der of mixed food for abalone (Awabi， Nippon Nosan 

Kogyo Co.， Ltd.， Kanagawa， ]apan)， and mixed food pow-

der for young carp (KoγM， Hayashikan巴SangyoCo.， Ltd.， 

Yamaguchi， ]apan) at portions of five percent (w/w). 

Feeding was performed once a day at 6: 00“ 7:00 P.M. 

Daily food amount was increased following the increase in 

body size as follows : 25 g on ]uly同 October，50 g on 

November自]anuary， and 75 g on February山 March.In this 

study， 75 g was the limit of capacity of the whole surface 

feeding with no remaining capacity of the mesh for the feed 

brushing. 

The foods of both feeding method were the same and the 

amounts were also equal. The bottom surface feeding 

method was to gently pour the mashed mixture of food uni-

formly onto th巴 bottomof tank. To prevent th巴 foodparti司

cles from attaching to the wall， nylon mesh was not used 

To remove th巴 remainderof food， feces and dead animals， 

animals of both feeding conditions w巴retaken out from 

their tank before feeding， and all tanks were washed with 

a hard brush. Animals were returned to their tank after 

the feed had been given. In the same manner as experiment 

1， neither ston巴norsand was s巴ton the bottom， and tanks 

wer巴placedindoors. Luminous intensity was less than 200 

lux even in the daytime. The layout of rearing tanks was 

rearranged randomly every week. Rearing seawater was 

pumped up from the Sea of ]apan adjacent to NFU， where 

A. japonicus is abundant， and was supplied to the ex-

perimen tal tanks after th巴sandfiltration and ventilation 

Th巴waterflow was at a rate of approximately 0.5 liter per 

minute in each rearing tank. No heating or cooling巴qUlp-

ment was used. Because of the possibility of oxygen de-

ficiency in the high density tanks， inside of all rearing 

tanks was provided with aeration， which was controlled 

moderately so as not to agitate the food particles. 

All animals were removed for size measur巴mentevery 

month. Photographs of each group was taken in a white 

aquaria， and animals were meas町巴dbody le時 th(L) and 

breadth (B) to the near巴stmm from the pictures for calctト

lati時 theestimat邑sof the anesthetized body length (Le). 7) 

Here， Le is the size crit巴rionof A. japo托ic叫s，given in the 

formula [Le (mm) = 2.32 + 2.02 X (L X B) 1ノ2J for th巴gr巴en

color type of A. japo叫icus，and can be obtained from the 

animals extending and contracting freely without anesthe 

sia. At the end of the experiment， estimates of th巴wet

weight [W(g) =3.62 X 10 -5 X Le 298J were also calculated.7
) 

Also the anesthetiz邑dbody length and anesthetized wet 

weight were measured to obtain the correction factor for 

these estimates， by using th巴anesthetizerdesigned for 

adult s巳acucumber. 8) For anesthetizer， the standard liq司

uid， 10% ethyl alcohol seawater-solution saturated with 

menthol， was prepared. Then， the standard liquid was di-

luted to 40% with s巴awater，and used as the anesthetizer 

immediately.8) Animals were immersed in 0.5-1 liter of 

an巴sthetizerfor 10-60 minutes. After the measurem巴nts

all animals were fixed with a 70% methanol solution， and 

dissected. 

In addition， feeding motions and attachment positions of 

all animals in each tank were observed 25 times at inter-

vals of on巴hourfrom midday on February 16 to midday 

February 17， 2006， to examine the differenc巴sof diurnal 

motions among th巴 rearingcondi tions. In this study， we 

assum巴dfeeding motions for all actions that animal moving 

its circumoral-tentacles. We classified the attachment posi-

tions into two groups， the wall and the bottom， which was 

further divided into subdivision as follows : the wall ad-

jacent to the bottom and another， the bottom adjacent to 

the wall and another， r巴spectively

Results 

Throughout all the exp巴rimentsof this study， animals 

did not show any aggregation behavior for feeding. Usual-

ly， many animals attached to the walls of the tank， and a 

few attach巴dto the bottom， regardless of the occurrence of 

food. Even on the bottom， most animals accumulated at sec 

tions of the bottom adjacent to the walls， and the animals 

feeding actions were mainly observed on the position where 
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many animals were attached. Therefore， on the bottom of 

the rearing tank， it was often observed that most of the 

food remained except th巴partadjacent to the walls 

Experiment 1 (factors causing the uneven 

growth) 

Wat巴rtemperature in the rearing tank fluctuated b巴tween

4.4 oC and 27.5
0

C during the exp巴rimentalperiod. Six months 

after the start， survival rates of th巴animalsunder the 

feeding condition showed small percentages within 3-40% 

(av. 14%)， r巴sultingin stopping of the reari時 (Table1 ). 

At the start of the experiment， animals kept in each of the 

four tanks of small and large sized animals were identical 

in both variance and average of body size (variance: Bart 

lett test for homogene町 ofvariances， Ps> 0.05) (average 

O丑e-wayANOV A， Ps> 0.05). However， three months after 

the start， they were significantly differ巴ntin both variance 

and average size (varia即日 Ba吋 etttest for homogeneity of 

variances， Ps< 0.05) (average: Kruskal-Wallis test， Ps< 

0.05) (Fig. 3 ， Table 1 ). The maxim百mval田 swhen the 

animals were kept at low density and fed (ト5ωs，ト5寸)，

and the minimum values when kept at high density and 

without feeding (N司 30同 s，N-30-1)， and the average of 

these two conditions were significantly different 

(Steel-Dwass multiple comparison， Ps<0.05). When com 

paring body size at the start and three months after the 

start， variance was significantly increased when animals 

wer巴fed(F-5-s， F-30-s， F-5-1， F-30ω1) in both small and 

large sized animals (F-test， Ps< 0.005). As an additional 

remark， among these fed animals， all surviving animals in 

the low-density condition (ト5-s，F-シ1)問問asedin s悶，

particularly the large sized animals (F-5-1) significar川 y

increased even the average valu巴 (Cochran-Coxtest， P< 

0.05). On the other hand， in the high-density condition 

(F-30-s， F-30-J) at three months after the start， the small 

and large sized animals， that had larger values than th巴

range of initial body size， were only two and three indi-

viduals (25% and 27% of survival animals)， respectively 

Furthermore， when these well-grown animals were re 

日lOved，the variance of body size at three months after the 

start was not significantly different from that at the start 

(F-test， Ps> 0.05)， and the average decreased in both 

small and large sized animals， esp巴ciallyin the large sized 

Table 1 . Number surviving and size changes of rear巴dani-
mals in experiment 1 (factors causi時 theuneven 
growth of Apostichopus japoniαtsl 

Groupす 1 Aug. 18， '04 Nov.4 Feb. 10， '05 

F-5-s 5 3 1 

N-5-s 5 4 4 

F-30-s 30 8 1 

Number N-30-s 30 21 13 

survlvlng F-5-1 5 5 2 

N-5-1 5 5 4 

F-30-1 30 11 6 

N-30-1 30 29 15 

F-5ゐ S 11 -15 20 -42 56 

(12.8) (29.0) 

N-5-s 10 -15 6 -16 6 -29 

(12.4) (11.5) (14.3) 

F-30-s 7 -19 9 -41 78 

(12.5) (17.1) 

N勾30-s 9 -18 6勾 17 3 -22 

Range (mm) (12.3) (10.3) (12.8) 

(av. mm) F-5-1 18即 24 26 -58 28， 37 

(21.4) (41.2) 

N-5-1 17 -27 11-31 21 -30 

(21.0) (21.6) (26.0) 

F-30-1 14 -28 9 -50 31 -88 

(20.1) (21.5) (48.7) 

N-30-1 15 -26 8 -20 6 -29 

(20.4) (13.7) (12.7) 

F拘5-s 1.5 11.5 

(11.6) (39.8) 

N-5司自 2.1 4.2 10.9 

(16.7) (36.5) (76.5) 

F-30-s 3.1 10.5 

(25.1) (61.4) 

N-30-s 2.7 3.0 9.5 

s.d. (mm) (22.2) (29.3) (7.4) 

(c.v. %) F-5-1 2.3 12.7 

(10.8) (30.8) 

N-5-1 3.9 7.1 3.7 

(18.8) (32.8) (14.3) 

F-30-1 3.7 13.5 22.1 

(18.4) (62.8) (45.5) 

N-30-1 2.6 2.9 6.1 

(12.9) (21.4) (47.9) 

*r F-5: feeding -low density; N-5: norγfeeding -low density; F-

30: feeding -high density; N-30: norγfeeding -high density. 'に

s" and "-1" groups using small and large sized animals， 

respectively. 

animals (ト30-1)，and that was significantly different from 

at the start (t-test， Ps<0.05). However， in the non fたee吋仙d白lil

c∞ondi比tio叩n(N 叩 5 ω s札， N-30 叩 s札， N-5 山斗1，N 叩 30-1ο)， body sizes at 

three months after the start were not significantly different 
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Fig. 3. Size changes of rearing animals in experiment 1 (factors causing the uneven growth of 
Apost包chopusjaponicus) and daily changes of water temprature in the rearing tank. 
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attached to the mesh on the walls， and animals， which from the initial body size in both variance and average 

(variance : F-test， Ps> 0.05) (average: t-test， Ps> 0.05) attached to mesh with bubbles， were trapped by bubbles 

and their actively were du日.Then， bubbles disappeared 

within about one week after the start， and the animals re-

covered. In the high-density condition (W-50， B-50)， many 

Experiment宜 (reductionof the uneven 

growth) 

Water t巴mperaturein the rearing tank fl uctuated be- animals died followed by evisceration within one month from 

the start of rearing. During that high-mortality period， 

34% and 26% of the animals died in the W-50 and B-50 

respectively， and the average size of surviving animals de-

tween 9.5'C and 28.6'C during the experimental period. At 

the start of the experiment， in the rearing tank for the 

whole surface feedi叫 (W-5， W-50) ， many bubbles 
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five months after the start， respectively (t-test， Ps< 0.05). creased in both feeding conditions (Fig.4， Table 2 ). The 

Then， we calculated the coefficient of variance， standard same order of high-mortality in a short period did not occur 

deviation divided by the average， for estimation of uneven 

growth. The coefficient of variance of the body length was 

smaller in the whole surface fe巴di昭 (W-5，W-50) than in 

the bottom surface feeding (B同 5，B-50) since one month 

in the low-density condition (W-5， B-5). In this ex. 

periment， from the beginning to the end， the variance of 

body size was not significantly different among the tanks 

after the start， regardless of the density cond出 on(s邸 l山

test， Ps< 0.05) (Table 2 ). However， even in the whole 

(F-t巴st，Ps> 0.05). On average， animals were larger in the 

whole surface feeding (W-5， W-50) than in the bottom 

surface feeding (B-5， B司 50)from three months after the 

surface feeding， some of the animals in the high但 density

condition (W-50) decreased in size at eight months after 

th邑 start，and the coefficient of variance suddenly increased 

start. And also， there were significant differences of the 

average in the low-density condition (W同 5，ト 5)and in 

the high-density cond出 on(W-50， B-50) since seven an 
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and approach巴dthat of the bottom surface feeding. When vate mainly in the nighttime fl・omevening to morning， and 

the average given each four well-grown animals were com. 

pared for the purpose of considering the number surviving 

in the low-d巴nsityconditions (W-5， B -5)， the ranking 

was as follow : iIIμ5=W-50> B-5> B-50 (Table 3) 

In this study， during the 25 hourly observations of the 

animals fe巴dingmotions and attachment positions no differ. 

ence was observed among the tanks (Fig. 5 ). The feedin 

motions followed a diurnal pattern， that animals were acti. 

were most freq uen t in th巴 midnight.More than 40% of anト

mals were considered to be showing feeding motions in all 

tanks at 0 A.M. Attachment positions did not follow a diur 

nal patt巴rn'The fr巴quenciesof attachment positions w巴re

higher in the wall than the bottom common to all tanks. 

How巴ver，based on a comparison of surface areas， such a 

tendency was not s巴巴nfor reason of the shape of tanks， 

that had larger area in the wall than in the bottom 

Table 2. Number surviving and size changes of reari時 animalsin experiment Il (reduction of the u町 vengrowth 
of Apostichopus japonicus) 

Group合 2 July 13， '05 Aug. 27 Sept.28 Oct.27 Nov.29 Dec. 30 Jan. 27， '06 Feb. 26 Mar.26 

W-5 5 5 4 4 4 4 4 4 4 

Number B-5 5 5 5 4 4 4 4 4 4 

survlvmg W司50 50 33 33 33 31 25 25 25 25 

B-50 50 37 37 31 31 27 26 26 25 

W-5 20 -23 20 -31 34・ 47 42司 60 62 -77 77 -100 91・ 119 113 -152 123 -159 

(21.8) (25.8) (40.7) (50.2) (66.7) (83.2) (100.1) (126.7) (134.0) 

B-5 21 -28 20 -36 19悶 44 34 -55 43 -74 52 -96 62同 103 61 -124 63 -144 
Range (23.9) (28.5) (32.4) (49.3) (57.0) (68.6) (78.1) (86.0) (97.1) 
(mm) 

W-50 19 -29 14 -33 15 -37 18 -57 25 -82 34 -112 50目 125 66 -135 50 -163 
(av.mm) 

(23.0) (21.0) (24.4) (35.3) (47.5) (60.4) (76.6) (91.1) (91.6) 

B-50 18 -34 10・ 33 12 -39 17 -61 23 -75 22・ 97 26 -83 31 -115 39 -128 

(24.2) (20.2) (21.5) (29.0) (43.6) (50.7) (54.8) (57.7) (60.9) 

W-5 1.2 4.4 5.5 7.4 6.8 11.5 13.0 17.0 16.6 

(5.5) (17.1) (13.4) (14.8) (10.3) <13.8) (13.0) (13.4) (12.4) 

B-5 2.7 7.3 11.4 10.3 13.1 19.4 17.6 28.5 34.7 

s.d.(mm) (11.3) (25.8) (35.0) (20.9) (23.1) (28.2) (22.5) (33.1) (35.7) 

(c.v. %) W-50 2.1 4.0 5.4 9.2 12.8 15.0 18.6 17.5 26.6 

(9.2) (19.3) (22.0) (26.1) (27.0) (24.8) (24.3) (19.2) (29.0) 

B-50 4.0 6.3 6.8 10.1 12.9 15.2 14.1 19.2 19.9 

(16.4) (31.3) (31.6) (34.7) (29.5) (30.1) (25.6) (33.4) (32.7) 

2 W: whole surface feeding; B: bottom surface feedinι?に5"and "-50" groups have low and hi耳hdensity， respectively. 

Table 3. Measurements of the largest 4 individuals of each rearing tank at the巴ndof experiment Il (reduction of 
the un巴vengrowth of Apostichopus jιponiωs) 

Body length Wetweight 

Number Estimated*4 Measured*5 Estimated *4 Measured*5 
Group*J n.._，;，，; 

survlvmg Range (mm) s，d， (mm) Range (mm) s.d. (mm) Range (g) s.d. (mm) Range (g) s，d， (mm) 

(邑v.mm) (c.v， %) (av， mm) (c，v， %) (av. g) (c，v， %) (av. g) (c.v， %) 

W-5 4 123 -159 16，6 ][5叩 156 18，3 61凶 130 32.7 51“ ][8 29.0 

(134.0) (12.4) (130，8) (14，0) (81.7) (40.1) (77.5) (37.4) 

B同5 4 63 -144 34.7 66 -129 26.4 8 -97 40.4 9 -71 27，6 

(97.1 ) (35，7) (92.3) (30.0) (39.3) (100) (30.1 ) (90) 

明人50 25 126 -163 17，5 ][0 -159 21.0 66 -141 36.0 41 -131 38.4 

(136，6) (12，8) (130.0) (16，2) (86，8) (41.5) (76，5) (50.2) 

B-50 25 69 -128 24.5 58 -124 28.4 11 -67 25.4 6 -77 33.2 

(95，3) (25.7) (93.3) (30，5) (32，9) (77.2) (34.2) (97，0) 

*3 W: who1e surface feeding; B: bottom surface feeding. "-5" and "-50" groups indicate 10w and high density conditions， 

r巴spective1y，

*4 Body sizes were estimated by using regression equation from one simu1taneous measurement ofthe body 1ength and th巴body

breadth without anesthetizer. 7) 

*5 Body sizes were measured und巴rthe l-menthol anesthetizer.8) 
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measurements (variance : F-test， Ps> 0.05) (average: 

t-test， Ps>0.05). In W-5， it could b巴confirmedthat there 

(var即 lC巴:F-test， Ps> 0.05) (average: paired t-test， Ps> 

The number of attachments at the border parts of 

walls and the bottom ranged 34-58% (av. 47.3%) and 

0.05) 

were two animals had reproductive glands in early-

maturing stage 65守 78%(av. 73.5%) of the whole， in each of the wall and 

the bottom， respectively， and such position preference for 

Discussion these junctional areas was recognized 

In experiment 1I， we estimated of anesthetized body 

In experiment 1， there were some feces produced even in length as simple a measurement criterio註 ofthe body size 

the non fe巴dingcondition， which was considered to result 

in the animals feeding activities upon the deposits of sus-

while rearing period. In the present study， the estimat巴S

on the body length wer巴notsignificantly different from the 

measur巴ments(variance: F-test， Ps>0.05) (average: pended material and diatoms. Six months after the start， 

survival rates of the animals were generally low， and com t-test， Ps> 0.05)， and thus the correction factor was not 

parison of the density eff巴ctcould not be made. Therefor巴

we compared the observation data at three months after the 

necessary for these estimates_ Similarly， wet weights were 

not significantly different betwe巴nthe estimates and 
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start. The variance， nam巴ly，the degree of uneven growth 

was enhanced in the feeding condition regardless of the den-

sity， and was not in the non feeding condition. Under the 

feeding condition， the uneven growth in the high density 

(F-30-s， F-30寸)were caused by the high increments， 

which were attained by a few animals. The body sizes of 

these well-grown animals were c10se to that of the animals 

reared in low density and fed (F-5-s， F-5-1)， and other 

animals showing minimal growth were c10se to the animals 

reared in high density and not fed (N-30叩 s，N-30-1) 

Therefore， the enhancement of the uneven growth in 

high-density conditions was considered to be a result of 

th日inequalityof the amounts of food， that explains the 

coexistenc巴ofa few satiated animals and other starving 

animals， probably caused by contingency on the frequency 

of m巴etingwith food. The enhancement of the un邑ven

growth was also observed in the low-density conditions 

(F-5山 s，F-5-1) ， and it is suggested that the uneven growth 

might occ臼rregardless of the density condition when there 

was inequality of the food amounts in the tank 

At the start of experiment I!， the activity of th巴 animals

was low in the tanks with the whole surface feeding， where 

many bubbles attached to the mesh and the animals until 

about one week after the start. The reason of such bad 

condition of animals might be the physiological disorders 

caused by the contact with th巴bubbles.The cause of this 

trouble should be incompliance between the nylon mesh and 

seawater. If we soaked the mesh in seawater for about one 

week b邑foreuse. this trouble could be avoided. And also 

there was high mortality of 26四 34%in the high叩 density

conditions (W-50， B-50) within a month immediately after 

the start of rearing. Since this month was in the hot season 

and the mean temperature was as high as 27.3
0

C in the pre-

sent study， deterioration of water quality was suspected of 

the cause of high mortality. However， after this the mortal-

ity became lower and at last 50% of the initial animals sur-

vived in both conditions. In oth日rreports， mortality of cul-

tured animals in nursery conditions is gen邑rallyhigh in the 

hot season， in the巴xtremecase， mortality rates is as high 

as 98.1-99.6% within two months.9
) Thus， comparing the 

previous nursery culturing of A. japo丹icusand the presen t 

study， in which animals were reared for eight months， this 

50% of mortality was not so high. 

The whole surface feeding was superior in reducing the 

uneven growth compared with th巴bottomsurface feeding 

(Fig. 4， Table 2 ). From this， unevenness of opportunity 

to eat on each attachment position， which led unev邑nness

of food availability， was considered to be the largest cause 

for the uneven growth of A. japonic叫sin the rearing tank. 

Furthermore， the whole surface feeding was superior for 

the growth of juvenile A. japonicus compared with the bot-

tom surface feedi昭 Inthe final (巴ightmonths after the 

start) measurements， average body size were ranked as 

follows: whole surface feeding-low dens均 (W-5)>whole 

surface feeding叩 highdensity (W-50) = bottom surface 

feeding寸owdensity (B-5) > bottom surface fe巴ding-high

density (B-50). However， for the average based on the 

four largest animals， this ranking was modified as follow 

W 山 5= W-50> B-5> B-50 (Table 3 ). Thus， W-50 and 

B-5 might appear the sam巴 rankingat the average of all 

animals， but W-50 was c1early superior in the production 

effici巴ncyat the same space and food amounts. Also， sinc巴

the average body size of well-grown animals of W-5 and 

W-50 were almost equal， there seemed to be surplus re-

sources in W -5. Therefore， the growth of these well-grown 

animals in W-5 and W-50 might be the maximum growth 

under the rearing conditions of the present study， inc1ud 

ing water temperature， feeding frequ巴ncy，food quality， 

and the tank capacity. Furthermore， th巴 wetweights of 

these largest animals wer巴c10seto the largest animal re 

port巴dby Ito et al. 3) grown in a nursery pond of 5，000 m2
• 

Additionally， for final one month of the rearing period 

from F巴bruary26 to March 26， the growth rates generally 

dec1ined in W -5， in which two animals form巴dthe repro-

ductiv芭 organs.Then， such decrease of the growth rate 

may be a gen巴ralpattern of the growth in A. jaJり0日icusfoト

lowing the gonadal formation 

Throughout experiment II， the variances of body sizes 

among the tanks were not significantly different， in con-

trast to experiment 1 in which they were significantly dif-

ferent at three months after the start. For this reason， it 

was considered that non巴ofth巴tanksof experim巴ntII 

could keep uneven growth smaller than the tanks under the 

non feeding conditions of experiment 1. Also， throughout 

巴xperimentII， factors incr巴asinguneven growth were 

observed in '̂μ50 as large as in B-5， and it was especially 
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large incr巴asingat eight month after the start (Table 2 ). 

The factors increasing uneven growth was considered to be 

that constant food shortage occurred in the small animals， 

that were slow in feeding， in W“ 50 because of a sudden in 

crease of feeding rates following the increase in size of 

W巴II-grownanimals as mentioned above. For example， dur-

ing 25 hourly observations in F邑bruary，the food that was 

attached to the walls in the evening was entirely dissipated 

by midnight， and the feeding frequ巴ncyonly once a day 

was c1early not sufficient. It seems that such an increase of 

uneven growth was derived from the feeding characteristics 

of A. japonicus under the rearing condition in the tank that 

was limited in capacity and food availability， and may not 

occur in nature. 

For attachment positions， during the 25 ho臼rlyobserva-

tions there were more animals attached to the walls than to 

the bottom of all tanks. However， when it was compared 

using the attachments per unit ar邑a，such a tendency was 

not seen. For exampl巴ofsuch a s巴lectivityof attachment 

position， it is widely noted about the abalone Haliotis 

(Nordotis) discus discus at r巴stduri昭 daytime.lOlH. discus 

discus prefer narrow spaces between near horizontal sur-

faces and attached upside down on the upp巴rsurface叫 In

the present study， active A. japo日icuspreferred the border 

part of the wall and the bottom regardless of time 

Although it is quite probable that such a selection occurs， 

results of this experiment were not applicable to clarify 

this. It is necessary to carry out future studies with the de回

tailed behavioral experiments. 

It took nearly half an ho百rto do the daily work in the 

experiment 11， in which one worker fed and c1eaned once a 

day. On the other hand， it is not practical for large同 scale

nursery culture to use the whole surface feeding method 

using a brush like this study， because it will take a long 

time. In addition， such a feeding method was c1early insuf 

ficient in frequency of feeding. In the present study， the 

feeding activity of animals followed a diurnal pattern， and 

more than 40% animals were considered to be activity feed 

ing at midnight. However， it is reported that the feeding 

activ巴Iyof this species can occur nearly all day long， de-

pending on changes in temperature and size of animalsll.12l 

Therefore， in order to put this feeding method in practice， 

it is d日sirableto supply food automatically and continuous・

ly， and it is necessary to design more simple rearing 

method of a high efficiency including the feeding method 

and the c1earing method. If it can be successful to feed nu-

tritious food continuously under the suitable condition， it 

can be expected to obtain higher growth rate than that of 

the present study even in the larg巴ωscalenursery culture. 

In the present study， the food used in both experiment 1 

and 11 was considered to have no attractant effect for juve-

nile A. japonic叫s.This species has be巴nthought to be a 

non-selective deposit feeder，11l and its food attractant were 

still unknown. On the other hand， it was reported that adult 

A. japonicus accumulated to feed on chilled U. pinnatザヨda，'3l

that the same fお0∞odas the present study (い巴xp巴灯印n口1m

0ωrd巴rto establish an iほdea剖1feeding method in practice， 

realization of a method that enables the animals to take in 

feed at their arbitrary positions is necessary (i.e.， 

appropriate design of rearing tank and feeding method are 

problems that need to be solved). How巴ver，it may be more 

realistic to research attractant substances for juvenile and 

investigate if the attractants can be added to the food or 

not. In future， we must research on this subject in parallel 

with fe巴dingmethod research 
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水槽飼育における稚ナマコApostichoP1AS jゆoniC1ASの摂餌特性

山名裕介，浜野龍夫，新山洋，五嶋聖治

飼育密度と給餌量を変えて中間育成試験をおこない，マナマコ種苗の成長差の成因を検討した。結果，館育密度

に関わらず，給餌をおこなうと一部の個体が急激に成長し，全体としての成長差が生じた。それ以外の個体の成長

は無給餌状態の成長に近く，成長差の成因として，一部の個体の飽食と残りの個体の絶食が示唆された。次に，こ

のような摂餌量の偏りが，摂餌機会の多少から生じると仮定し，給餌方法の改良を試みたところ，成長差は明らか

に小さく抑えられた。以上より，種苗の成長差の成国は飼育水槽内の摂餌量の偏りであると考えられた。


