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Sea stars are generally carnivorous, and are known to be 

predators of bivalves in particular
1) " 6)

, they cause considerable 

damage to fishing grounds for useful bivalves
7)

, and are a factor 

causing large decreases in the numbers of seed Anadara broughtonii  and 

Patinopecten yesoensis  immediately after their release
8)9) 

Therefore, in order to shed light on the movement of bivalve 

populations, it is necessary to determine the quantities eaten by sea 

stars. In addition, when creating fishing grounds for useful bivalves 

or releasing seeds, one should first have an understanding of the 

distribution and predatory behaviour of sea stars in the sea area 

concerned. 
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This time, the distribution and the stomach contents of sea 

stars were observed along the shore of Notsuke Peninsula at Bekkai-ch3 

and on the Ryidin Bank, which are fishing grounds for Pseudocardium  

sybillae and Mactra chinensis, and greater understanding of the 

predation of P. sybillae and M. chinensis  by Luidea yesoensis  in 

particular was obtained. 

Before proceeding with this report, the authors would like to 

express their gratitude to persons connected with the Notsuke 

Fishermen's Cooperative Association, the Nemuro North Guidance Centre 

for the Dissemination of Fisheries Technology, and the Bekkai-chb 

Fisheries Section who cooperated in this survey. 

Survey Methods 

The sea areas surveyed were the area along the shore of 

Notsuke Peninsula in the central part of the Nemuro Strait and the 

vicinity of the Ryrijin Bank, 2 to 5 m deep, situated to the southeast 

of it (Fig. 1). This sea area is a fishing ground for P. sybillae and 

M. chinensis  with a depth of 5 m and a substrate of fine sand. 

The sea stars were collected on November 10, 1981 by means of a 

dredge net (width of beam 2 m, mesh 6 cm) for the extermination of sea 

stars - modified from a P. yesoensis  dredge net - which was towed 250 m 

parallel to the shoreline in the Notsuke Peninsula fishing ground (st. 

1 to 17) and in an east-west direction in the Ryiijin Bank fishing 

ground (st. 18 to 25). The sea stars collected were sorted by species 	p. 128 

and counted, and for some of the specimens the length of the arms, the 

wet weight and the contents of the stomach were determined. In the 

case of L. yesoensis  in particular, 20 individuals collected at each 
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point were fixed in 10% Formalin and brought to the laboratory, where 

the stomach contents were observed. The stomach contents were sorted 

by species and counted, and for P. sybillae and M. chinensis the shell 

length was measured by means of a sliding caliper. 

In addition, in order to determine the distribution of juvenile 

P. sybillae and juvenile M. chinensis  at the time of this survey, 

samples of the substrate were obtained by means of a Smith-McIntyre 

bottom sampler (collection area: 0.05 m2 ), and the P. sybillae and 

M. chinensis  were separated from the substrate by means of a 1 mm mesh 

sieve. These were collected, and the shell length of the P. sybillae  

and the M. chinensis  was measured by the above-mentioned method. 

Results 

1. Distribution of Sea Stars 

The sea stars collected during this survey belonged to the 

following seven species: Asterias amurensis, Distolasterias  nippon, 

Lysatrosoma anthostictha, Luidea yesoensis, Certonardoa semiregularis, 	p. 129 

Asterina £ectinifera and Solaster  borealis. 

The densities and the percentages accounted for by the various 

species of sea stars in the Notsuke Peninsula fishing ground and the 

Ryiijin Bank fishing ground are shown in Table 1. The density of the 

sea stars was 0.397 individuals/m2  in the Notsuke Peninsula fishing 

ground and 0.168 individuals/u? in the Ryiljin Bank fishing ground. In 

both fishing grounds the density of A. amurensis and L. yesoensis was 

high, and that of D. nippon and A. pectinifera  was low. The other 

three species of sea stars were excluded from this table because their 

combined density was less than 0.001 individual/u? . With regard to 
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the percentages accounted for by the various species of sea stars in 

the Notsuke Peninsula and Ryiijin Bank fishing grounds, A. amurensis  

constituted 59.9% and 65.4% respectively, and L. yesoensis  34.3% and 

31.0%. These two species accounted for more than 90% of the total. 

D. nippon  constituted 3.0% and 1.8% respectively, and A. pectinifera  

2.8% and 1.8%. 

Fig. 2 shows the distribution of sea stars. Sea stars were 

found over the entire sea area surveyed, and at many of the survey 

points there were 0.1 to 0.3 individuals/m2, but there was a high-

density area with more than 0.3 individuals/m2  to the east of the 

Notsuke Peninsula fishing ground. At the centre of the Ryiljin Bank the 

density was less than 0.1 individual/m2 . The density of L. yesoensis  

was 0.1 to 0.3 individuals/e on the western side of the Notsuke 

Peninsula fishing ground and on the southwestern side of the RylIjin 

Bank fishing ground, in the area between the two fishing grounds it was 

less than 0.1 individual/m2 , and on the eastern side of the Ritijin Bank 

fishing ground, no individuals were collected. The density of 

D. nippon  and A. pectinifera  was low - less than 0.1 individual/m2  - 

but these species were widely distributed over the sea area surveyed, 

with the exception of the eastern side of the Ryfijin Bank. Because the 

numbers of individuals collected of the other species of sea stars were 

small, they are not shown in the table, and only one individual 

S. borealis each at st. 10 and st. 13 and one individual each of 

L. anthostictha  and C. semiregularis  at st. 10 were collected. 

Fig. 3 shows the breakdown by arm length of the principal 

species of sea stars. The arm length of individual A. amurensis  

observed varied between 20 mm and 200 mm, and individuals with an arm 

length in the vicinity of 50 mm to 70 mm constituted a fairly high 
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percentage. The breakdown by arm length of L. yesoensis  shows a single 

mode centring around 60 to 70 mm. Two groups of D. nippon  were 

observed, centring around 50 mm and 70 mm arm lengths. In the case of 

A. pectinifera, the percentage of individuals with an arm length of 

40 mm was high. 

2. Stomach Contents of Sea Stars 

The stomach contents of sea stars observed this time are shown 

in Table 2. The number of individuals observed and the percentage of 

those accounted for by individuals with an empty stomach was 142 and 

86.6% in the case of A. amurensis,  27 and 70.3% in the case of 

D. nippon,  463 and 14.8% in the case of L. yesoensis,  and 23 and 73.9% 

in the case of A. pectinifera. In the case of L. yesoensis,  the 

percentage of individuals in which food was found in the stomach was 

high. In the other species of sea stars, individuals with an empty 

stomach accounted for a high percentage — over 70%. In the case of 

A. amurensis,  D. nippon and A. pectinifera, the number of shiomushi*  

that had been eaten was fairly large, and more than 0.6 shiomushi had 

been eaten per sea star. The L. yesoensis had eaten large numbers of 

bivalves; 9.6 bivalves had been eaten per individual L. yesoensis.  In 

particular, the number of individual P. sybillae and M. chinensis  that 

had been eaten was very large, 4.7 individuals [per sea star] in each 

case. 

*Translator's note:  Transliteration of Japanese name. Search 
for Latin name unsuccessful. 
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Fig. 4 shows the percentage of individuals of the L. yesoensis  

population that had eaten P. sybillae and M. chinensis  at the various 

survey points. P. sybillae  had been eaten by 50 to 75% of L. yesoensis  

In the Notsuke Peninsula fishing ground and by over 80% of that species 

on the western side of the RyUjin Bank fishing ground. In the case of 

M. chinensis, the percentage was low on the western side of the Notsuke 

Peninsula fishing ground and on the eastern side of the Ryrijin Bank 

fishing ground, but they had been eaten by 5 to 35% of L. yesoensis  on 

the eastern side of the Notsuke Peninsula fishing ground and by over 

80% of that species on the western side of the Ryrijin Bank fishing 

ground. 

Fig. 5 shows the average number of individual P. sybillae and 

M. chinensis  that had been eaten by L. yesoensis at each point. The 

number of individual P. sybillae  eaten per individual L. yesoensis was 

small off the Notsuke Peninsula fishing ground, but between the Notsuke 

Peninsula fishing ground and the RyTdin Bank fishing ground the number 

was 2.0 to 5.0, and on the western side of the Ryiijin Bank fishing 

ground the number was greater than 5. The number of individual 

M. chinensis  eaten was less than 0.5 in the Notsuke Peninsula fishing 

ground, but in the Ryûjin Bank fishing ground the number was greater 

than 5. 

3. Distribution of Juvenile P. sybillae and Juvenile M. chinensis  

The distribution of juvenile P. sybillae and juvenile 

M. chinensis in this sea area was as shown in Fig. 6. With regard to 

juvenile P. sybillae, an average density of 52 individuals/n was 

observed In the Notsuke Peninsula fishing ground, but in the area along 
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the shore the density tended to be high. In the RyTijin Bank fishing 

ground there were 26.6 individuals/m2  on the western side, there were 

90 individuals/u? in the central part, and none was observed on the 

eastern side. The distribution of juvenile M. chinensis  was centred in 

the southwestern part of the RyUjin Bank, and low-density distribution 

was observed off the Notsuke Peninsula fishing ground and on the 

eastern side of the Ryiljin Bank. 

Fig. 7 shows the breakdown by shell length of P. sybillae and 

M. chinensis  eaten by L. yesoensis  and the breakdown by shell length of 

the juveniles of these two species in their natural habitat. The 

breakdown by shell length of P. sybillae  observed in the stomach of 

L. yesoensis resembled the breakdown of the species in its natural 

habitat. Individuals with a shell length of 2 mm constituted a high 

percentage, and a small mode was observed also at 7 to 8 mm. In the 

case of M. chinensis as well, the breakdown by shell length of 

individuals found in the stomach of L. yesoensis resembled the 

breakdown for the natural population, and in both cases individuals 

with a shell length of 2 mm constituted a high percentage. 

Discussion 

In the benthic animal communities in areas with sandy bottoms 

such as fishing grounds for P. sybillae,  sea stars are situated at the 

apex of the food web, and not only are they directly predatory on 

benthic animals, they are also competitive with animals such as 

flatfish, which use benthic animals for food 
2)10). 

 The percentage of 

individuals with an empty stomach was high - over 70% - in the case of 
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A. amurensis, D. nippon and A. pectinifera  among the four species of 

sea stars whose stomach contents were observed this time, but 

individuals in whose stomach food was found had principally eaten 

shiomushi,  and small crustaceans and bivalves were found only in small 

quantities. When these species eat large animals, however, they 

project their stomach outside their body to cover the prey, which they 

digest and absorb. Because they do not take the prey into the body, it 

was impossible, by the observation this time of only the stomach 

contents, to account for all of the animals that had been eaten. In 

particular, it is known that A. amurensis,  which appeared in the 

highest concentrations, dig up and eat bivalves buried in the sand
5)6) 

and in order to estimate the quantities of P. sybillae and M. chinensis  

eaten in this sea area, further study based on the observation of 

phenomena such as this type of feeding behaviour will be necessary. 

On the other hand, because L. yesoensis ingest their food 

whole, the percentage of individuals with an empty stomach was low, 

14.8%, and large quantities of food were observed in the stomach. Very 

large numbers of the food animals were juvenile P. sybillae and 

M. chinensis, and in addition to these two species, animals such as 

other bivalves, spiral-shelled molluscs, small crustaceans and 

polychaeta  were observed in very small numbers. It is known that the 

animals eaten as food by the Luidea  genus are principally echinoderms 

such as serpent's starfish
2)

. L. ciliaris is predatory on the sea stars 

Asterias rubens and A. glacialis
11)

, L. clathrata is predatory on 

foraminifers and gastropods
12)

, L. foliolata is predatory on serpent's 

starfish and scaphopods
2)

, and on the sea cucumber Cucumaria lubrica 

p. 136 
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13) 
and the bivalve Protothaca staminea 	, and L. sarsi is predatory on 

14) 
the serpent's starfish Ophiura albida 	. It is known that among 

species native to Japan, L. quinaria is predatory on serpent's starfish 

and polychaeta
15)

, but it is reported that L. yesoensis is predatory on 

shellfish
1)4) 

Of the stomach contents of L. yesoensis  observed this time as 

well, bivalves constituted a high percentage, and with regard to 

echinoderms, only a small number of Scaphechinus griseus  (Mortensen) 

were observed. The stomach contents were different from those found in 

other members of the genus Luidea.  

It is clear that in the sea area surveyed this time the 

predatory behaviour of L. yesoensis is a factor in the decrease of 

P. sybillae and M. chinensis populations. Because the time required 

for the L. yesoensis to digest the bivalves is unclear, however, it is 

difficult to estimate the quantity of bivalves eaten by this species. 

It will be necessary to estimate the quantity of bivalves eaten on the 

basis of rearing experiments. 

As described above, sea stars are predators of benthic animal 

populations in areas with sandy bottoms, and decreasing the quantity of 

this predation should also be a means of promoting the proliferation of 

useful benthic animals. For this purpose, not only capture by means of 

9)16) 
dredge nets but also the sprinkling of slaked lime 	and capture by 

8) 
means of traps 	are being contemplated. In addition, because seasonal 	p. 137 

changes are observed in the feeding behaviour of sea stars, a method 

whereby bivalves would be released during periods when the feeding 

activity of sea stars is decreasing
17) 

has been proposed. Because the 
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P. sybillae and M. chinensis  eaten by the L. yesoensis observed this 

time were limited to small individuals, it is believed that the 

quantities of P. sybillae and M. chinensis  eaten change as the animals 

grow. In order to study measures to prevent predation by sea stars, it 

is believed that these aspects of feeding behaviour and the quantities 

of bivalves eaten must be observed seasonally. 

Summary 

Observations were made of the actual distribution of sea stars 

and of their predation of bivalves along the shore of Notsuke Peninsula 

at Bekkai—cb5 and on the Ryüjin Bank. 

1. The density of sea stars was 0.397 individuals/m2  in the 

Notsuke Peninsula fishing ground, and 0.168 individuals/uÎ in the 

Ryiijin Bank fishing ground. 

2. Seven species of sea stars inhabit this sea area. It was 

found that the two species Asterias  amurensis  and Luidea yesoensis  

constitute over 90% of the total number, and that Distolasterias  

nippon, Asterina pectinifera, Solaster  borealis, Lysatrosoma  

anthostictha  and Certonardoa semiregularis  combined constitute less 

than 6%. 

3. When the stomach contents of the sea stars were observed, 

it was found that large numbers of shiomushi  had been eaten by 

A. amurensis,  D. nippon and A. pectinifera, and that 0.6 shiomushi had 

been eaten per sea star. In the case of L. yesoensis,  the quantities 

of juvenile P. sybillae and juvenile M. chinensis  eaten were large, in 

each case 4.7 individuals per sea star. 
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4. In the Notsuke Peninsula fishing ground, 50 to 75% of the 

L. yesoensis  population had eaten juvenile P. sybillae, and 5 to 35% 

had eaten juvenile M. chinensis. On the western side of the Ryiijin 

Bank fishing ground, over 80% had eaten juvenile P. sybillae and 

juvenile M. chinensis. 
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Fig. 2. Distribution of Sea Stars 

Key: A. Asterias anurensis, B. Luidea yesoensis, C. Distolasterias  
nippon,  D. Asterina pectinifera, E. Number of individuals collected, 
F. <0.1 individual/m2. 
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Fig. 3: Breakdown by Arm Length of Sea Stars 

Key: A. Frequency (%), B. Distolasterias  nippon, C. Luidea yesoensis,  
D. Asterias amurensis,  E. Asterina pectinifera,  F. Arm length (mm), 
n. Number of individuals measured. 
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Fig. 4: Percentage of Total Luidea yesoensis  Population That Had Eaten 
Pseudocardium sybillae  and Mactra chinensis  

Key: A. Pseudocardium sybillae,  B. Mactra chinensis,  C. Notsuke 
Peninsula fishing ground, D. Ryiijin Bank fishing ground, — indicates a 
survey point at which Luidea yesoensis  were not found. 
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Fig. 5: Numbers of Pseudocardium sybillae and Mactra chinensis  Eaten 
by Luidea yesoensis  

Key: A. Pseudocardium sybillae, B. Mactra cbinensis, C. Number of 
individuals eaten per individual Luidea yesoensis, D. Individuals, 
— indicates a survey point at which Luidea yesoensis were not found. 
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Fig. 6: Distribution of Juvenile Pseudocardium sybillae  and Juvenile 
Mactra chinensis 

Key: A. Pseudocardium sybillae, B. Mactra chinensis, C. Individuals/m?. 
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Fig. 7: Breakdown by Shell Length of Juvenile Pseudocardium sybillae  
and Juvenile Mactra chinensis  Eaten by Luidea yesoensis  and of 
Those Found in Their Natural Habitat 

Key:  

A. Frequency (%), B. Pseudocardium sybillae  in the stomach of Luidea  
yesoensis,  C. Juvenile Pseudocardium sybillae  found in their natural 
habitat, D. Mactra chinensis  in the stomach of Luidea yesoensis, 
E. Juvenile Mactra chinensis  found in their natural habitat, F. Shell 
length (mm), n. Number of individuals measured. 
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Table 1:  Density and Percentage Breakdown of Sea Stars 

Ki 1 e 	1- 5-1110VeriÉNUIttle 

A E. I- 5' 0)ffig( 
- 	- 

• e 1.5e 

C 	1-  e h 5' 

• .y 	E 

E 4 -7' A' 	h 

F Wf It 1 	JA 	G. à 	eA im 
ek(f1, 11fV0D - tiMill«) 1  

0. 238 	59.9 	 O. 110 	65. 4  

Key: 

A. Species of sea stars, B. Asterias amurensis,  C. Luidea yesoensis, 
D. Distolasterias  nippon,  E. Asterina pectinifera,  F. Notsuke Peninsula 
fishing ground, G. Ryfijin Bank fishing ground, H. Density 
(individuals/m2 ), I. Percentage breakdown. 
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*The number of individuals eaten by sea stars is the average number 
of individuals eaten per sea star among the sea stars whose 
stomach contents were observed, excluding individuals with an empty 
stomach. Cases in which the figure was less than 0.001 were omitted, 
and + indicates cases in which the animal was found at a frequency 
less than 0.001. 

Key: 
A. Animais  found in stomach, B. Number of individuals eaten*, 
C. Asterias amurensis,  D. Distolasterias  nippon,  E. Luidea yesoensis, 
F. Asterina pectinifera,  G. Pseudocardium sybillae,  H. Mactra  
chinensis,  L. Siliqua alta (Broderip et Sowerby), J. Yoldia  
(Cnesterium) notabilis Yokoyama, K. Acila divaricata  (Hinds), 
L. Mercenaria stimpsoni  (Gould), M. Mya (Arenomya) arenaria (?) oonogal  
Makiyama, N. KeshUshiratorigai**,  O. Ezoisoshijimi**,  P. Nomihamaguri**, 
Q. Other bivalves, R. F1-1.21,1a2-21umr*,  S. TalliaIsuniegai**, 

**Transliteration of Japanese name. Search for Latin name 
unsuccessful. 
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T. Hadekuchikire **, U. Other spiral-shelled molluscs, V. Shiomushi**, 
W. Yokoebi**-like animais,  X. Skeleton shrimp, Y. Kuma**-like  animais, 

 Z. Ebijako**,  AA. Marcura,  BB. Kurigani**,  CC. Brachyura,  DD. 
Scaphechinus mirabilis  (A. Agassiz), EE. Ascidians, FF. Polychaeta, 
GG. Nemertea. 

**Transliteration of Japanese name. Search for Latin name 
unsuccessful. 
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Sea stars are generally carnivorous, and are known to be 

predators of bivalves in particular
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This time, the distribution and the stomach contents of sea 

stars were observed along the shore of Notsuke Peninsula at Bekka1-ch3 

and on the Ryrijin Bank, which are fishing grounds for Pseudocardium 

sybillae and Mactra chinensis, and greater understanding of the 

predation of P. sybillae and M. chinensis  by Luidea yesoensis  in 

particular was obtained. 

Before proceeding with this report, the authors would like to 

express their gratitude to persons connected with the Notsuke 

Fishermen's Cooperative Association, the Nemuro North Guidance Centre 

for the Dissemination of Fisheries Technology, and the Bekkai-ch3 

Fisheries Section who cooperated in this survey. 

Survey Methods 

The sea areas surveyed were the area along the shore of 

Notsuke Peninsula in the central part of the Nemuro Strait and the 

vicinity of the RyUjin Bank, 2 to 5 m deep, situated to the southeast 

of it (Fig. 1). This sea area is a fishing ground for P. sybillae and 

M. chinensis  with a depth of 5 m and a substrate of fine sand. 

The sea stars were collected on November 10, 1981 by means of a 

dredge net (width of beam 2 m, mesh 6 cm) for the exterMination of sea 

stars - modified from a P. yesoensis  dredge net - which was towed 250 m 

parallel to the shoreline in the Notsuke Peninsula fishing ground (st. 

1 to 17) and in an east-west direction in the RyEjin Bank fishing 

ground (st. 18 to 25). The sea stars collected were sorted by species 	p. 128 

and counted, and for some of the specimens the length of the arms, the 

wet weight and the contents of the stomach were determined. In the 

case of L. yesoensis  in particular, 20 individuals collected at each 



point were fixed in 10% Formalin and brought to the laboratory, where 

the stomach contents were observed. The stomach contents were sorted 

by species and counted, and for P. sybillae and M. chinensis the shell 

length was measured by means of a sliding caliper. 

In addition, in order to determine the distribution of juvenile 

P. sybillae and juvenile M. chinensis  at the time of this survey, 

samples of the substrate were obtained by means of a Smith—McIntyre 

bottom sampler (collection area: 0.05 m2 ), and the P. sybillae and 

M. chinensis  were separated from the substrate by means of a 1 mm mesh 

sieve. These were collected, and the shell length of the P. sybillae  

and the M. chinensis  was measured by the above—mentioned method. 

Results 

1. Distribution of Sea Stars 

The sea stars collected during this survey belonged to the 

following seven species: Asterias amurensis, Distolasterias  nippon, 

Lysatrosama anthostictha, Luidea yesoensis, Certonardoa semiregularis, 	p. 129 

Asterina pectinifera and Solaster  borealis. 

The densities and the percentages accounted for by the various 

species of sea stars in the Notsuke Peninsula fishing ground and the 

Rylijin Bank fishing ground are shown in Table 1. The density of the 

sea stars was 0.397 individuals/m2  in the Notsuke Peninsula fishing 

ground and 0.168 individuals/n? in the Rylijin Bank fishing ground. In 

both fishing grounds the density of A. amurensis and L. yesoensis was 

high, and that of D. nippon and A. pectinifera  was low. The other 

three species of sea stars were excluded from this table because their 

combined density was less than 0.001 individual/n. With regard to 
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the percentages accounted for by the various species of sea stars in 

the Notsuke Peninsula and Ryrijin Bank fishing grounds, A. amurensis  

constituted 59.9% and 65.4% respectively, and L. yesoensis 34.3% and 

31.0%. These two species accounted for more than 90% of the total. 

D. nippon  constituted 3.0% and 1.8% respectively, and A. pectinifera  

2.8% and 1.8%. 

Fig. 2 shows the distribution of sea stars. Sea stars were 

found over the entire sea area surveyed, and at many of the survey 

points there were 0.1 to 0.3 individuals/m2, but there was a high-

density area with more than 0.3 individuals/m 2  to the east of the 

Notsuke Peninsula fishing ground. At the centre of the Ryrdin Bank the 

density was less than 0.1 individual/m2 . The density of L. yesoensis  

was 0.1 to 0.3 individuals/n2 on the western side of the Notsuke 

Peninsula fishing ground and on the southwestern side of the RyiIjin 

Bank fishing ground, in the area between the two fishing grounds it was 

less than 0.1 individual/m2 , and on the eastern side of the Rytijin Bank 

fishing ground, no individuals were collected. The density of 

D. nippon and A. pectinifera  was low - less than 0.1 individual/m2  - 

but these species were widely distributed over the sea area surveyed, 

with the exception of the eastern side of the Ryfijin Bank. Because the 

numbers of individuals collected of the other species of sea stars were 

small, they are not shown in the table, and only one individual 

S. borealis  each at st. 10 and st. 13 and one individual each of 

L. anthostictha  and C. semiregularis  at st. 10 were collected. 

Fig. 3 shows the breakdown by arm length of the principal 

species of sea stars. The arm length of individual A. amurensis  

observed varied between 20 mm and 200 mm, and individuals with an arm 

length in the vicinity of 50 mm to 70 mm constituted a fairly high 
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percentage. The breakdown by arm length of L. yesoensis  shows a single 

mode centring around 60 to 70 mm. Two groups of D. nippon  were 

observed, centring around 50 mm and 70 mm arm lengths. In the case of 

A. pectinifera, the percentage of individuals with an arm length of 

40 mm was high. 

2. Stomach Contents of Sea Stars 

The stomach contents of sea stars observed this time are shown 

in Table 2. The number of individuals observed and the percentage of 

those accounted for by individuals with an empty stomach was 142 and 

86.6% in the case of A. amurensis,  27 and 70.3% in the case of 

D. nippon,  463 and 14.8 7 in the case of L. yesoensis,  and 23 and 73.9% 

in the case of A. pectinifera. In the case of L. yesoensis,  the 

percentage of individuals in which food was found in the stomach was 

high. In the other species of sea stars, individuals with an empty 

stomach accounted for a high percentage - over 70%. In the case of 

A. amurensis,  D. nippon and A. pectinifera, the number of shiomushi*  

that had been eaten was fairly large, and more than 0.6 shiomushi had 

been eaten per sea star. The L. yesoensis had eaten large numbers of 

bivalves; 9.6 bivalves had been eaten per individual L. yesoensis.  In 

particular, the number of individual P. sybillae and M. chinensis  that 

had been eaten was very large, 4.7 individuals [per sea star] in each 

case. 

*Translator's note:  Transliteration of Japanese name. Search 
for Latin name unsuccessful. 



6 

Fig. 4 shows the percentage of individuals of the L. yesoensis  

population that had eaten P. sybillae  and M. chinensis  at the various 

survey points. P. sybillae  had been eaten by 50 to 75% of L. yesoensis  

in the Notsuke Peninsula fishing ground and by over 80% of that species 

on the western side of the Ryiijin Bank fishing ground. In the case of 

M. chinensis,  the percentage was low on the western side of the Notsuke 

Peninsula fishing ground and on the eastern side of the Rylijin Bank 

fishing ground, but they had been eaten by 5 to 35% of L. yesoensis  on 

the eastern side of the Notsuke Peninsula fishing ground and by over 

80% of that species on the western side of the Rylijin Bank fishing 

ground. 

Fig. 5 shows the average number of individual P. sybillae  and 

M. chinensis  that had been eaten by L. yesoensis at each point. The 

number of individual P. sybillae  eaten per individual L. yesoensis was 

small off the Notsuke Peninsula fishing ground, but between the Notsuke 

Peninsula fishing ground and the RyUjin Bank fishing ground the number 

was 2.0 to 5.0, and on the western side of the Rytijin Bank fishing 

ground the number was greater than 5. The number of individual 

M. chinensis  eaten was less than 0.5 in the Notsuke Peninsula fishing 

ground, but in the Ryrijin Bank fishing ground the number was greater 

than 5. 

3. Distribution of Juvenile P. sybillae  and Juvenile M. chinensis  

The distribution of juvenile P. sybillae  and juvenile 

M. chinensis  in this sea area was as shown in Fig. 6. With regard to 

juvenile P. sybillae,  an average density of 52 individuals/e was 

observed in the Notsuke Peninsula fishing ground, but in the area along 
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the shore the density tended to be high. In the Ryrijin Bank fishing 

ground there were 26.6 individuals/m2  on the western side, there were 

90 individuals/np in the central part, and none was observed on the 

eastern side. The distribution of juvenile M. chinensis  was centred in 

the southwestern part of the Rynjin Bank, and low-density distribution 

was observed off the Notsuke Peninsula fishing ground and on the 

eastern side of the Rylijin Bank. 

Fig. 7 shows the breakdown by shell length of P. sybillae and 

M. chinensis  eaten by L. yesoensis  and the breakdown by shell length of 

the juveniles of these two species in their natural habitat. The 

breakdown by shell length of P. sybillae  observed in the stomach of 

L. yesoensis resembled the breakdown of the species in its natural 

habitat. Individuals with a shell length of 2 mm constituted a high 

percentage, and a small mode was observed also at 7 to 8 mm. In the 

case of M. chinensis as well, the breakdown by shell length of 

individuals found in the stomach of L. yesoensis resembled the 

breakdown for the natural population, and in both cases individuals 

with a shell length of 2 mm constituted a high percentage. 

Discussion 

In the benthic animal communities in areas with sandy bottoms 

such as fishing grounds for P. sybillae,  sea stars are situated at the 

apex of the food web, and not only are they directly predatory on 

benthic animals, they are also competitive with animals such as 

flatfish, which use benthic animals for food 
2)10). 

 The percentage of 

individuals with an empty stomach was high - over 70% - in the case of 
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A. amurensis,  D. nippon and A. pectinifera  among the four species of 

sea stars whose stomach contents were observed this time, but 

individuals in whose stomach food was found had principally eaten 

shiomushi,  and small crustaceans and bivalves were found only in small 

quantities. When these species eat large animals, however, they 

project their stomach outside their body to cover the prey, which they 

digest and absorb. Because they do not take the prey into the body, it 

was impossible, by the observation this time of only the stomach 

contents, to account for all of the animals that had been eaten. In 

particular, it is known that A. amurensis,  which appeared in the 

highest concentrations, dig up and eat bivalves buried in the sand
5)6) 

and in order to estimate the quantities of P. sybillae and M. chinensis  

eaten in this sea area, further study based on the observation of 

phenomena such as this type of feeding behaviour will be necessary. 

On the other hand, because L. yesoensis ingest their food 

whole, the percentage of individuals with an empty stomach was low, 

14.8%, and large quantities of food were observed in the stomach. Very 

large numbers of the food animals were juvenile P. sybillae and 

M. chinensis, and in addition to these two species, animals such as 

other bivalves, spiral-shelled molluscs, small crustaceans and 

polychaeta  were observed in very small numbers. It is known that the 

animals eaten as food by the Luidea  genus are principally echinoderms 

such as serpent's starfish
2)

. L. ciliaris is predatory on the sea stars 

Asterias rubens and A. glacialis
11)

, L. clathrata is predatory on 

foraminifers and gastropods
12)

, L. foliolata is predatory on serpent's 

starfish and scaphopods
2)

, and on the sea cucumber Cucumaria lubrica  



13) 
and the bivalve Protothaca staminea 	; and L. sarsi is predatory on 

14) 
the serpent's starfish Ophiura albida 	. It is known that among 

species native to Japan, L. quinaria is predatory on serpent's starfish 

and po1ychaeta
15) 

 , but it is reported that L. yesoensis is predatory on 

1)4) 
shellfish 	. 

Of the stomach contents of L. yesoensis observed this time as 

well, bivalves constituted a high percentage, and with regard to 

echinoderms, only a small number of Scaphechinus griseus  (Mortensen) 

were observed. The stomach contents were different from those found in 

other members of the genus Luidea. 

It is clear that in the sea area surveyed this time the 

predatory behaviour of L. yesoensis is a factor in the decrease of 

P. sybillae and M. chinensis populations. Because the time required 

for the L. yesoensis to digest the bivalves is unclear, however, it is 

difficult to estimate the quantity of bivalves eaten by this species. 

It will be necessary to estimate the quantity of bivalves eaten on the 

basis of rearing experiments. 

As described above, sea stars are predators of benthic animal 

populations in areas with sandy bottoms, and decreasing the quantity of 

this predation should also be a means of promoting the proliferation of 

useful benthic animals. For this purpose, not only capture by means of 

dredge nets but also the sprinkling of slaked lime
9)16) 
 and capture by 

means of traps
8) 
 are being contemplated. In addition, because seasonal 	p. 137 

changes are observed in the feeding behaviour of sea stars, a method 

whereby bivalves would be released during periods when the feeding 

activity of sea stars is decreasing
17) 

has been proposed. Because the 
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P. sybillae and M. chinensis  eaten by  the  L. yesoensis observed this 

time were limited to small individuals, it is believed that the 

quantities of P. sybillae and M. chinensis  eaten change as the animals 

grow.  In order to study measures to prevent predation by sea stars, it 

is believecrthat these aspects of feeding behaviour and the quantities 

of bivalves eaten must be observed seasonally. 

Summary 

Observations were made of the actual distribution of sea stars 

and of their predation of bivalves along the shore of Notsuke Peninsula 

at Bekkai—chii and on the Ryrijin Bank. 

1. The density of sea stars was 0.397 individuals/m2  in the 

Notsuke Peninsula fishing ground, and 0.168 individuals/m2  in the 

Ryiijin Bank fishing ground. 

2. Seven species of sea stars inhabit this sea area. It was 

found that the two species Asterias amurensis  and Luidea yesoensis 

' constitute over 90% of the total number, and that Distolasterias  

nippon, Asterina pectinifera, Solaster  borealis, Lysatrosoma  

anthostictha  and Certonardoa semiregularis  combined constitute less 

than 6%. 

3. When the stomach contents of the sea stars were observed, 

it was found that large numbers of shiomushi had been eaten by 

A. amurensis,  D. nippon and A. pectinifera, and that 0.6 shiamushi had 

been eaten per sea star. In the case of L. yesoensis,  the quantities 

of juvenile P. sybillae and juvenile M. chinensis  eaten were large, in 

each case 4.7 individuals per sea star. 
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4. In the Notsuke Peninsula fishing ground, 50 to 75% of the 

L. yesoensis  population had eaten juvenile P. sybillae, and 5 to 35% 

had eaten juvenile M. chinensis.  On the western side of the Ryiijin 

Bank fishing ground, over 80% had eaten juvenile P. sybillae and 

juvenile M. chinensis.  
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Fig. 2. Distribution of Sea Stars 

Key:  A. Asterias amurensis, B. Luidea yesoensis, C. Distolasterias  
nippon,  D. Asterina pectinifera, E. Number of individuals collected, 
F. <0.1 individual/m. 
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Fig. 3: Breakdown by Arm Length of Sea Stars 

Key: A. Frequency (%), B. Distolasterias nippon, C. Luidea yesoensis, 
D. Asterias amurensis, E. Asterina pectinifera,  F. Arm length (mm), 
n. Number of individuals measured. 
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Fig. 4: Percentage of Total Luidea yesoensis Population That Had Eaten 
Pseudocardium sybillae  and Mac tra chinensis  

Key: A. Pseudocardium sybillae, B. Mactra chinensis, C. Notsuke 
Peninsula fishing ground, D. Ryiijin Bank fishing ground, — indicates a 
survey point at which Luidea yesoensis were not found. 



15 
A ;I; e • el 

-.1.'".
7.;;;41 I'il  

1111 111111'1 .  1 I Ih i 
8 

60_1, 

ri <60  
Plffine C 

c.ixteriflate 
.td,9(7minmittt 

P,  5 

5. 0-2. 

2A-0.5 

<0.5 
11.0 D 

111151M mix -Pe 1-521t-ct. , :tv 4/14 
ittiii4 omen 

Fig. 5: Numbers of Pseudocardium sybillae and Mactra chinensis  Eaten 
by Luidea yesoensis 

Key: A. Pseudocardium sybillae, B. Mactra chinensis, C. Number of 
individuals eaten per individual Luidea yesoensis, D. Individuals, 
— indicates a survey point at which Luidea yesoensis were not found. 
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Fig. 6: Distribution of Juvenile Pseudocardium sybillae  and Juvenile 
Mactra chinensis 

Key: A. Pseudocardium sybillae, B. Mactra chinensis, C. Individuals/e. 
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Fig. 7: Breakdown by Shell Length of Juvenile Pseudocardium sybillae  
and Juvenile Mactra chinensis Eaten by Luidea yesoensis  and of 
Those Found in Their Natural Habitat 

Key:  

A. Frequency (%), B. Pseudocardium sybillae in the stomach of Luidea  
yesoensis, C. Juvenile Pseudocardium sybillae found in their natural 
habitat, D. Mactra chinensis  in the stomach of Luidea yesoensis, 
E. Juvenile Mactra chinensis found in their natural habitat, F. Shell 
length (mm), n. Number of individuals measured. 
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Table 1:  Density and Percentage Breakdown of Sea Stars 

1-521110Weriantlz 

Key: 

A. Species of sea stars, B. Asterias amurensis, C. Luidea yesoensis, 
D. Distolasterias  nippon,  E. Asterina pectinifera,  F. Notsuke Peninsula 
fishing ground, G. Ryiijin Bank fishing ground, H. Density 
(individuals/m2 ), I. Percentage breakdown. 
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Table 2: Stomach Contents of Sea Stars 
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*The number of individuals eaten by sea stars is the average number 
of individuals eaten per sea star among the sea stars whose 
stomach contents were observed, excluding individuals with an empty 
stomach. Cases in which the figure was less than 0.001 were omitted, 
and + indicates cases in which the animal was found at a frequency 
less than 0.001. 

Key: 
A. Animals found in stomach, B. Number of individuals eaten*, 
C. Asterias amurensis,  D. Distolasterias  nippon,  E. Luidea yesoensis, 
F. Asterina pectinifera,  G. Pseudocardium sybillae, H. Mactra 
chinensis, L. Siliqua alta (Broderip et Sowerby), J. Yoldia  
(Cnesterium) notabilis Yokoyama, K. Acila divaricata  (Hinds), 
L. Mercenaria stimpsoni (Gould), M. Mya (Arenomya) arenaria (?) oonogal  
Makiyama, N. KeshUshiratorigai**,  O. Ezoisoshijimi**, F. Nomihamaguri**, 
Q. Other bivalves, R. Chishimatamagai**,  S. Tamatsumetagai**, 

**Transliteration of Japanese  naine.  Search for Latin name 
unsuccessful. 



19 

T. Hadekuchikire  **, U. Other spiral-shelled molluscs, V. Shiamushi**,  
W. Yokoebi**-like animals, X. Skeleton shrimp, Y. Kuma**-like animals, 
Z. Ebijako**,  M. Marcura,  BB. Kurigani**,  CC. Brachyura,  DD. 
Scaphechinus mirabilis  (A. Agassiz), EE. Ascidians, FF. Polychaeta, 

 GG. Nemertea. 

**Transliteration of Japanese name. Search for Latin name 
unsuccessful. 


