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Distribution of Trimethylamine Oxide in Fishes and
Other Aquatic Animals —V.
Arthropods, Echinoderms and Other Invertebrates

By

Katsuhiko HARADA, Toru DERIHA and Kinjiro YAMADA

The distribution of trimethylamine oxide in decapodous, bivalve and gastropodous
mollusks was described in the previous papersi~3 . In the present investigation, the
oxide content in the invertebrates comprising 23 species of arthropods, 10 species of
echinoderms, and 12 species of the others has been reported.

Of the arthropods an appreciable amount of the oxide in muscle was found in most
of the species analyzed of marine crustaceans. Among the fresh-water crustaceans, it was
found that only the muscle of a crayfish, Procambarus clarki contained the oxide in a
considerable amount.

Of the phylum Echinoderms the oxide was not demonstrated in a measurable amount
in tissues of every species examined.

Of the other invertebrates studied, in muscle, octopus had the oxide in an amount

comparable to that of crustaceans. Similarly, a bivalve, Vasticardium burchardi, showed 2
high amount of the oxide in the same muscle tissue.
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Table 1. Description of the sample examined.
:>a;ln0;?1e Species* Source Season ASineer:fe
ARTHROPODA
Class XIPHOSURA
Order Xiphosura
Family Tachypleidae
1 Tachypleus tridentalus—“kabutogani” Habu Sep. 36 1)
Class CRUSTACEA
Subclass CIRRIPEDIA
Order Thoracica
Family Scalpellidae
2 Mitella mitella—*kamenote” Yoshimi Jul. 5.5%( 40}
Family Balanidae
3 Tetraclita squamosa japonica—"‘kurofujitsubo” " Feb. 2.23( 47)
Subclass MALACOSTRACA
Order Decapoda
(Macrura)
Family Penaeidae
4 Solenocera alticarinata—“koudakakudahigeebi” Murotsu Oct. 8.1%( 14)
5 Metapenaeopsis barbata—“akaebi” " Aug. 9.2% 76)
Family Alpheidae
6 Alpheus rapax —‘oniteppoebi” Yoshimi Jul. 8.9%(130)
Family Palaemonidae
7 Macrobrachium nipponense—*“tenagaebi’ Yoshida z 10.2% 21)
Family Potamobiidae
8 Procambarus clarki—“amerikazarigani” Munakata " 8.9%( 55)
(Anomura)
Family Paguridae
9 Pagurus samuelis—“honyadokari” Yoshimi Oct. 9.0%(221)
(Brachyura)
Family Majidae
10 Leptomithrax edwardsi—“koshimagani” Murotsu Aug. 5.8b( 10)
Family Portunidae
11 Portunus sanguinolentus—“janomegazami’ Yasuoka Nov. 6.0°( 1)
12 Charybdis japonica—"‘ishigani” Yoshimo Jul. 4,1b( 10)
13 Charybdis cruciata—*futahoshiishigani” Murotsu Aug, 1.65(100)
14 Charybdis miles—‘‘akaishigani” . Jul. 4,1b( 11)
Family Xanthidae
15 Liagore rubromaculata—*‘benihoshimanjigani” " Oct. 4,5b( 14)
Family Potamonidae
16 Potamon dehaani-—~“sawagani’”’ Katsuyama| Sept. 1.3%( 90)
Family Grapsidae
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Table 1. — (Cont’d)

Sig:iﬂe Species* Source Season Pg{\;eerﬁe
17 Eriocheir japonicus—*“mokuzugani” Yoshimi Sep. 7.4b 3)
18 Pachygrapsus crassipes—**iwagani’ Yoshimo Jul. 3.6%( 35)
19 Hemigrapsus sanguineus — ‘isogani”’ o " 3.0b( 35)
20 Hemigrapsus penicillatus—*kefusagani” Yoshimi Sep. 3.0b(114)
21 Sesarma haematocheir—“akategani” Yoshimo Jul. 2,75 28)

Order Stomatopoda
Family Squillidae
22 Squilla oratoria—‘“shako” g " 11.2%( 12)
23 Squilla costata—*sesujishako’ ” e 8.1%( 44)
ECHINCDERMATA
Class ASTEROIDEA
Order Spinulosa
Family Asterinidae
24 Asterina pectinifera—‘‘itomakihitode” Yoshimi Jul. 4.3%( 13)
25 Asterias amurensis—“‘hitode” v Jan. 10.5° 2)
Class ECHINOIDEA
Order Aulodonta
Family Cenirechinidae
26 Diadema setosum—*‘gangaze” Futaoi Sep. 6.3°( 5)
Order Camarodonta
Family Temnopleuridae
27 Temnopleurus toreumaticus—*“sanshouni” o Aug. 3.2%( 13)
Family Echinidae
28 Toxopneustes pileolus—*‘rappauni” o Sep. 8.0°( 5)
29 Pseudocentrotus depressus—“akauni” Yoshimo Jul. 3.1°( 1)
Family S.trongylocentrotidae
30 Hemicenirotus pulcherrimus—*bafununi” ’ " 3.0¢( 18)
Family Echinometridae
31 Anthocidaris crassispina—*murasakiuni” " o 4,1°( 10)
Class HOLOTHUROIDEA
Order Aspidochirota
Family Holothuriidae
32 Holothuria monacaria—"‘fujinamako” Murotsu . 2409 2)
Family Stichopodidae
33 Stichopus japonicus—*“aomanamako” Yoshimi ” 2459(  3)
34 Stichopus japovicus—*“akamanamako’ ” Jan. 2419( 2)
PROTOCHORDATA
Class UROCHORDA
Subclass ASCIDIACEA
Order Pleurogona
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Table 1, — (Cont’d)

Sample
No.

Average

Species* Source |Season \
size**

Suborder Stolidobranchiata
Family Styelidae
35 Styela plicata—*‘shiroboya” Yoshimo Aug. | 11.6% 6)
36 Styela clova—*‘eboya” Yoshimi Jul, 10.94( 17)
MotLLusca
Class POLYPLACOPHORA
Ozder Ischnochitonida
Family Ischnochitonidae
37 Liolophura japonica—“hizaragai” Yoshimi Jul. 3.7% 70)
Class GASTROPODA
Subclass PROSOBRANCHIA
Order Mesogastropoda
Family Ficidae
38 Ficus subintermedia—‘biwagai” Murotsu Aug, 5.9%( 16)
Order Neogastropoda
Family Buccinidae
39 Siphonalia fusoides—*“touito” iz ” 4,15 30)
Subclass OPISTHOBRANCHIA
Order Cephalaspidea
Family Philinidae
40 Philine argenz‘ata——“kisewatagéi” " o 7.84( 60)
Class BIVALVIA
Order Heterodonta
Family Cardiidae
41 Vasticardium burchardi—*zarugai” , o 6.52(  2)
amily Veneridae
42 Protothaca. jedoensis—*“oniasari” Yoshimi Nov, 1.55( 15)
Family Mactridae
43 Mactra veneriformis—*“shiofukigai” o Z 1.75(  8)
Class CEPHALOPODA
Subclass NEOCEPHALOPODA
Order Octopoda
Family Octopodidae
44 Octopus vulgaris— ‘madako” Apr, 4954( 1)
45 Octopus minor—‘tenagadako” Murotsu Aug. 1134(  4)
46 Octopus ocellatus—*“iidako” Yoshimi Dec. 704( 4)

*JTapanese name is given in quotation marks.
**Number of individuals used is given in parenthese.
2~dThe letters represent the sizes of the following: a, body length (cm); b, shell length (cm); ¢,
ambulacral radius length (cm); d, body weight (g).
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Table 2. Trimethylamine oxide content in the species of arthropods, echinoderms and other

invertebrates (mg N/100g).

Sample
No.

Species*

Muscle

Viscera

10
11
12
13
14

15

16

ARTHROPODA
Class X IPHOSURA
Order Xiphosura
Family Tachypleidae
Tachypleus tridentalus—*‘kabutogani”
Class CRUSTACEA
Subclass CIRRIPEDIA
Order Thoracica
Family Scalpellidae
Mitella mitella—*“kamenote”
Family Balanidae

Tetraclita squamosa japonica—*‘kurofujitsubo”

Subclass MALACOSTRACA
Order Decapoda
(Macrura)

~Family Penaeidae

Solenocera alticarinata—*koudakakudahigeebi”

Metapenaeopsis barbata—"“akaebi”
Family Alpheidae

Alpheus rapax—‘“oniteppoebi”
Family Palaemonidae

Macrobrachium nipponense—*“tenagaebi”
Family Potamobiidae

Procambarus clarki—“amerikazarigani”’
(Anomura)
Family Paguridae

Pagurus samuelis— honyadokari”’,
(Brachyura)
Family Majidae

Leptomithrax edwardsi—"“koshimagani’
Family Portunidae

Portunus sanguinolentus—*janomegazarmi”

Charybdis japonica—‘‘ishigani”

Charybdis cruciata—*‘futahoshiishigani”

Charybdis miles—*“akaishigani”

Family Xanthidae

Liagore rubromaculata—*‘benihoshimanjigani”

Family Potamonidae
Potamon dehaani—“sawagani”

Family Grapsidae

0.0

31.0

17.4
58.0

77.0

8.1

31.5

22.6
66.7
15.2
44.4
83.0

56.9

0.4

0.0

4.2

8.2
16.3

5.4

0.0

12.2

4.8

6.7
7.8
15.8
6.4

0.0
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Table 2, — (Cont’d)

255

Sample Species* Muscle Viscera
No.
17 Eriocheir japonicus—‘‘mokuzugani” 5.3 0.1
18 Pachygrapsus crassipes— ‘iwagani” 39.8 3.7
19 Hemigrapsus sanguineus—‘‘isogani’’ 4.4 3.4
20 Hemigrapsus penicillatus—“kefusagani” 21.1 2.1
21 Sesarma haematocheir—*‘akategani” 5.1 0.9
Order Stomatopoda
Family Squillidae
22 Squilla oratoria—‘‘shako” 52.3 I
23 Squilla costata—‘sesujishako” 62.9 -
ECHINODERMATA
Class ASTEROIDEA
Order Spinulosa
Family Asterinidae
24 Asterina pectinifera—‘‘itomakihitode” — 0.0
25 Asterias amurensis—“hitode” _— 0.0
Class ECHINOIDEA
Order Aulodonta
Family Centrechinidae
26 Diadema setosum—*‘gangaze” —_— 0.9
Order Camarodonta
Family Temnopleuridae
27 Temmnopleurus toreumaticus—‘‘sanshouni” — 0.1
Family Echinidae
28 Toxopneustes pileolus— ‘rappauni’ — 0.0
29 Pseudocentrotus depressus—*‘akauni” — 0.0
Family Strongylocentrotidae
30 Hemicentrotus pulcherrimus—“bafununi” —_— 0.3
Family Echinometridae
31 Anthocidaris crassispina—‘‘murasakiuni” — 0.4
Class HOLOTHUROIDEA
Order Aspidochirota
Family Holothuriidae
32 Holothuria monacaria—*‘fujinamako” 0.1 0.1
Family Stichopodidae
33 Stichopus japonicus—‘‘aomanamako” 0.1 0.5
34 Stichopus japonicus—*“akamanamako” 0.0 0.0

PROTOCHORDATA
Class UROCHORDA
Subclass ASCIDIACEA

Order Pleurogona
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Sample
No.

Species™

Muscle Viscera

35
36

37

39

42

43

44
45
46

Suborder Stolidobranchiata
Family Styelidae
Styela plicata—“shiroboya’
Styela clava—*‘eboya’’
MoOLLUSCA
Class POLYPLACOPHORA
Order Ischnochitonida
Family Ischnochitonidae
Liolophura japonica—‘hizaragai”
Class GASTROPODA
Subclass PROSOBRANCHIA
Order Mesogasiropoda
Family Ficidae
Ficus subintermedio—“biwagai’
Order Neogastropoda
Family Buccinidae
Siphonalia fusoides—*‘touite”
Subclass OPISTHOBRANCHIA
Order Cephalaspidea
Family Philinidae
Philine argentata—*‘kisewatagai”
Class BivaLvia
Order Heterodonta
Family Cardiidae
Vasticardivm burchardi—"zarugai”
Family Veneridae
Protothaca jedoensis—*“oniasari”’
Family Mactridae
Mactra veneriformis—*shiofukigai”
Class CEPHALOPODA
Subclass NEOCEPHALOPODA
Qrder Octopoda
Farmily Octopodidae
Octopus vulgaris—'‘madako”
Octopus minor—“tenagadako”

Octopus ocellatus—*“iidako”

2.6 1.6

5.2 3.6

1.3 1.1

0.0 2.0

55.6 16.4

O'O**

0.5%*

34.0 2.0
16.4 6.2
8.4 6.0

*Legend as Table 1.
**Combined sample.
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Sample
No.

Species*

Muscle

Viscera

10
11
12
13
14

15

16

ARTHROPODA
Class XIPHOSURA
Order Xiphosura
Family Tachypleidae
Tachypleus tridentalus—*kabutogani”
Class CRUSTACEA
Subclass CIRRIPEDIA
Order Thoracica
Family Scalpellidae
Mitella mitella—*“kamenote’
Family Balanidae
Tetraclita squamosa japonica—" kurofujitsubo”
Subclags MALACOSTRACA
Order Decapoda
(Macrura)
Family Penaeidae
Solenocera alticarinata—‘‘koudakakudahigeebi”
Metapenaeopsis barbata—*‘akaebi”
Family Alpheidae
Alpheus rapax—*oniteppoebi’”
Family Palaemonidae
Macrobrachium nipponense—“tenagaebi”
Family Potamobiidae
Procambarus clarki—‘‘amerikazarigani”
(Anomura)
Family Paguridae
Pagurus samuelis—“honyadokari”
{Brachyura)
Family Mafidae
Leptomithrax edunrdsi—*“koshimagani”
Family Portunidae
Portunus sanguinolentus—“janomegazami”
Charybdis japonica—ishigani”
Charybdis cruciata—*futahoshiishigani®
Charybdis miles—*akaishigani”
Family Xanthidae
Liagore rubromaculata—“benihoshimanjigani”’
Family Potamonidae
Potamon dehaani-—*‘sawagani”

Family Grapsidae

1.2

14.7

4.0
2.1

1.8

0.5

1.1

2.7
1.1
5.3
4.7
2.9

6.2

0.1

1.2

10.6

7.5
5.1

3.7

1.2

0.7

3.5

5.4
4.1
3.8
3.4

0.1
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Sample

No. Species* Muscle Viscera
17 Eriocheir japonicus—“mokuzugani” 0.1 0.2
18 Pachygrapsus crassipes—*‘iwagani” 2.4 1.8
19 Hewmigrapsus sanguineus—“isogani”’ 2.7 1.4
20 Hemigrapsus penicillatus—*kefusagani” 0.8 0.6
21 Sesarma haematocheir—‘akategani” 2.0 1.7

Order Stomatopoda
Family Squillidae
22 Squilla oratoria—‘shako” 2.0 —_—
23 Squilla costata—‘sesujishako” 1.9 —
ECHINODERMATA
Class ASTEROIDEA
Order Spinulosa
Family Asterinidae
24 Asterina pectinifera—‘itomakihitode” —_ 4.6
25 Asterias amurensis—‘‘hitode” — 1.4
Class ECHINOIDEA
Order Aulodonta
Family Centréchinidae
26 Diadema setosum-—"“gangaze” _ 5.9
Order Camarcdonta
Family Temnopleuridae
27 Temmnopleurus torewmaticus—'‘sanshdouni” —_ 1.2
Family Echinidae
28 Toxopneustes pileolus—‘‘rappauni” _ 1.3
29 Pseudocentrotus depressus—*‘akauni” — 2.9
Family Strongylocentrotidae
30 Hemicentrotus pulcherrimus— bafununi”  — 3.3
Family Echinometridae
31 Anthocidaris crassispina—‘‘murasakiuni” — 1.5
Class HOLOTHUROIDEA
Otrder Aspidochirota
Family Holothuriidae
32 Holothuria monacaria—"*‘fujinamako” 1.0 0.7
Family Stichopodidae
33 Stichopus japonicus—*“aomanamako” 0.8 1.2
34 Stichopus japonicus—*“akamanamako’ 0.5 0.8

PROTOCHORDATA
Class UROCHORDA
Subclass ASCIDIACEA

Order Pleurogona
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Sample
No.

Species™

Muscle

Viscera

35
36

37

38

39

40

41

42

43

44
45
46

Suborder Stolidobranchiata
Family Styelidae
Styela plicata—*“shiroboya”
Styela clava—‘eboya”
Moriusca
Class POLYPLACOPHORA
Order Ischnochitonida
Family Ischnochitonidae
Liolophura japonica—‘hizaragai”
Class GASTROPODA
Subclass PROSOBRANCHIA
Order Mesogastropoda
Family Ficidae
Ficus subintermedia—"“biwagai”
Order Neogastropoda
Family Buccinidae
Siphonalia fusoides—‘‘touito”
Subclass OPISTHOBRANCHIA
Order Cephalaspidea
Family Philinidae
Philine argentata—‘‘kisewatagai”
Class BIVALVIA
Order Heterodonta
Family Cardiidae
Vasticardium burchardi—*“zarugai’
Family Veneridae
Protothaca jedoensis—‘‘oniasari’”
Family Mactridae
Mactra veneriformis—‘“shiofukigai”’
Class CEPHALOPODA
Subclass NEOCEPHALOPODA
Order Octopoda
Family Octopodidae
Octopus vulgaris—*“madako”
Octopus minor—*‘tenagadako”

Octopus ocellatus—*iidako”

12.3

12.8

15.3

4.1

2.1

0.5
1.4
1.3

1.9%*

9.7**

2.2
4.2

9.8

3.6

7.2

9.4

4.0

3.6
1.8
2.2

*Legend as Table 1.
**Combined sample.
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Table 4, Identification of trimethylamine by thin-layer chromatography.

Sample No. Muscle Viscera Sample No. “Muscle Viscera
1 + + 24 —_ +
2 + —— 25 S +
3 —_ + 26 — +
4 + + 27 — +
5 + + 28 —_— +
6 + + 29 _ +
7 + — 30 — +
8 + + 31 S +
9 —_ + 32 + +

10 + + 33 o+ +
11 +  — 34 + +
12 + + 35 — +
13 + + 36 —_— +
14 + + 37 + +
15 + + 38 + +
16 + 39 + +
17 — + 40 + +
18 + + 41 + +
19 + + 42 —

20 + + 43 .

21 + + 44 + +
22 + N 45

23 + _— 46 + +

4. £

IR EY, BB B & UCBREEHO e F S A E Ly IO TMO SR IZDVWT, BIENOHEERE 1
LT 5 HI2R L kB0 4 #38, “HEES L UBEEEO TMO BIZOVTIET TItRE L2179,

5 B BRI RS XIPHOSURA LB L, AICH I35 ES 22 1BOA 7 M2 2D TOMRIES D
ERV, BESEZIOLIDICDVTHEN, HFRABLUARE 12 TMO OBFEEHD LD 572,

R SRS CRUSTACEA 120WTIE, ZOER»S5hA 5 LI 12, FHEM Coperopa, MM
CIRRIPEDIA ¥ X CSkFIEEHY M ALACOSTRACA 2 DWTOFFER Y H 5 516 22), g 5 I3EMEH & LT
HAIFHEEVITT VY RIEDVWTHENEY, A FHRAZPEYORD TMO PHET 5 I 28D
Foo ZhUIHK L, 207 YV FNEO TMO 2B hTHTH -7, Norris 55137 VY REHIZOWT,
ARDED TMO BB HE LTV, Z0OMERFIEIZ L 2B VEERE L 2 IThid%L 52\ NORRIS
BIXT VU REEMII O XS RITE > TV 5, BREMIZOVWT, FHS5EHE Decapoda 18O
HIE Stomatopoda 2T@% FN/=, FFAH LY, ¥UHF=, EFAH=, 4V HoBEUTHTFT=2En
FEETHE S L COMEOH®EIZE T 5 TMO-N B3 10mg% Lk, EHEACmg % T h- T2 T FH LB K
PEy AHAZE B IERETH B, THLEKESNHO TMO S§RIZERSHO Z 0 &Y —BMIZEV Y,
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Table 5. Trimethylamine oxide content of arthropods, echinoderms and other invertebrates

recorded in literature (mg N/100g).

Species*®

Content

ARTHROPODA

Class CRUSTACEA
Subclass CoPEPODA
Copepoda sp. (mixture)
Subclass CIRRIPEDIA
Order Thoracica
Family Balanidae
Balanus cariosus—barnacles
Balanus nubita—barnacles
Subclass MALACOSTRACA
Order Amphipoda
Amphipoda sp.—sand-flea
Order Euphausiacea
Family Euphausidae
Euphausia pacifica—"‘tsunonashiokiami”
Euphausia superba—‘‘okiami”
Order Decapoda
{Marura)
Family Penaeidae
Penaeus japonica—*“kurumaebi’”
Penaeus orientalis— ‘kouraiebi”
Metapenaeus joyneri—*“shibaebi”
Trachypenaeus curvirostris—*‘saruebi”
Family Pandalidae
Pandalus hypsinotus—“toyamaebi”
Pandalus danae—shrimp
Pandalopsis japonica—“morotogeakaebi
Family Palaemonidae
Leander pancidens—*‘sujiebi”
Family Palinuridae
Panulirus japonicus—‘‘iseebi”
Family Nephropsidae »
Nephorops norvegicus—Norway lobster
Homarus vulgaris—lobster

LR

Family Potamobiidae
Astacus fluviatitis?—crayfish
(Anomura)
Family Paguridae
Pagurus alaskensis—hermit crab
Pagurus ochotensis—hermit crab
Pagurus setosis—hermit crab
Pagurus tenuimanus—hermit crab
(Brachyura)
Family Majidae
Oregonia gracilis—spider crab
Pugetta gracilis—spider crab

225), 63 (entire animals)5)

24 (entire animals)?)
735), 8853‘, 595), 995)

3.1 (entire animals)®)

78.0 (entire animals)22)
39.6 (muslce)22)

32.1%)

37.5%), 41,0 (muscle)”)
61.86)

49.6 (muscle)s)

42.2 (muscle)®), 59.3 (muscle)®
675), 395), 885)

64.9 (muscle)?)

1.210)

39.76)

112~11911) 12212)

28.813) 60.8%) 100~110 (muscle)l®’,

17.2 (hepatopancreas)16)

9,414) 2,515 4,515}

365)
665)
645)
425), 399

185)
135)
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Table 5. — (Cont'd)
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Species*

Content

Family Cancridae
Cancer gracilis—crab
Cancer products—crab
Family Atelecyclidae
Erimacrus isenbeckii—“kegani”
Family Portunidae
Portunus trituberculatus—‘gazami”
Family Grapsidae
Hemigrapsus mudus—shore crab
Order Stomatopoda
Family Squillidae
Squilla mantis—mantis shrimp
Squilla mantis—*‘shako”
ECHINODERMATA
Class ASTEROIDEA
Order Phorcipulata
Family Asteriidae
Asterias vulgaris—star fish
Class ECHINOIDEA
Order Camarodonta
Family Strongylocentrotidae
Strongylocentrotus fraciscanus—sea urchin
Class HOLOTHUROIDEA
Order Aspidochirota
Family Stichopodidae
Stichopus californicus—sea urchin
Stichopus japonica—‘‘manamako”
Cucumaria frondosa—sea cucumber
Cucumaria miaiata—sea cucumber
Morrusca
Class POLYPLACOPHORA
Order Acanthochitonida
Family Cryptoplacidae
Katherina tunicata—black chiton
Cryptochiton stelleri—giant chiton
Class CEPHALOPODA
Subclass NEOCEPHALOPODA
Order Octopoda
Family Octopodidae
Octopus vulgaris— ‘madako”’

Octopus ocellatus—“iidako”
Poroctopus dofleini— ‘mizudako”

Polypus honkongensis—octopus

315
155)

26.19)
12.2 (muscle)?)

155)

94,6~10110
23.96)

2017)

Negligible

Negligible %
Negligible6)
76~8617)

Negligible”

Negligible®
Negligible )

256), 9,7~15.1(muscle)19),
1.6~3.9(others) 19

18.36), 23.9~27.6 (muscle)!¥),
6.4~17.7 (others)1?)
22.0~40.3 (muscle)1®),
6.3~9.5 (muscle)20)

246)

*Legend as Table 1.
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KESWIZ BT B Y AFAVT I vAEFAL Foah—N. 963

RICEARETH B 74T E ALY DEBED TMO 2 EA TV, —F, 4V F3§IME, 7474521
W lEEychsd, LarL, 2hbdtl, HEESHOHA TMO &RI/ERME 2 LERTHNO £ h
EDEVEVZ RV, LWInlt, FUBRESmDA > 7 =HRAIZ15mg% D TMO-N B EEhTwiL,
NORRIS 59 3 @l L& 4 W LEMEEME A% 313 Pagurus sp. & Hemigrapsus mudus TH %
DOBED TMO OBERBDTVEDN5TH B, ANRAETHEET X ) AFY T2 LT 7 =0
2HThoTre 2D L, YT FZHANTMOEEIZF CHkAE B R ¥V = 100 2 h) T T, SHEWAN
DIHE % BT 72, SHEWAN 10K 5 &, WKEFRED TMO GRIZE, FFETHLLTLEZNME
HEEOR CBMOGEBLUTTH5 L VI, —F, TAUHIFYF=HAN TMO FRIZEEHMOM 1419k
NE L, WREEFHESROEEERITEDL 5 k. POKESEMIZIZBEEIZLA Y TMO PHFELEVE
ThTVEAL5 ZOTAYAFYF0EBED TMO BEGRICKZ L EZLNS, ThizowTids
BRETEIT R I TETH S, ULOERP» S, MESHMOEERBRI—RIC22VORO TMO 28/ T
BLMERTE B,

WO EEM ASTEROIDEA, ¥EAEM E CHINOIDEA %’i(fﬁﬁﬁﬁﬂHOLOTHUROIDEA D TMO &8
ZOVTIRWLE DD OHENFH 256170, ZohonsbiEOL P FELCFYIDEIETAZIER, LAL,
B 5 AFNLIRY, ZOBROEHHO TMO EBIMED TH oo BREMOAYEYL £, MEHHEFE
%, TMO 8B/ HTHPTh o7,

KM L S 74 @8 POLYPLACOPHORA ®EHF 44 M TMO &8ix, HAEOHEY LMK, EH-
Foo —7, AEFE-HEEM GASTROPODA ¥ & UTHEM BrvaLviark, VU4 1IXFBREIZEY TMO
SB%5 U7, NORRIS 55 3 2722 0F (FNVH 4 # Cardiidae) BT 5 2R EW TMO EEZRT
ZEEBELTWS, LAENFST, FUTA{BoREEERA v A RoBE LR BENIZZED TMO
PEETL KB E VWL LS (282, H5F2R) , WEEHYELEM CEPHALOPODA H ¥ IfHIZOW
Ik 3TEFAL A, 70 TMO SEIZBEOWMES 1819 k34 <, HIXF CEEMO[ A EY L0E<,
Hi R SR EE R IECE U,

SR, PR S, RS L U e e S ARy 2tk 3 TMAERIZIDVWTH, b
FOHEHYRRECOREN S 21T ELV EARSENIY Y hL ¥ LU M T 4 2T, EHESW
A VIVTTMA-N B Img% U FOEEBTWE, Zhizitl, TESTA 5 DX Nephrops norvegicus
# & U Squilla mantis THNFH TMA-N & LT19.3~20. dmg% & U4, 8~5. 0mg%h &, 2% EWEE
HELTWD, ZBHLHAWBOREHIZIOVWTHEANEERICES &, EPI0E»Z0DED TMA 2 50E
W (e z2E0A/F) 2b3F, KESHVHH, PAREORNZ < TMA-N & LT 5mgBllTTh -7z, BE
i, ERHH L O 28I VTS Smgbl N Th o/ 2L, BEEHOBERES LU
WMEHEICEBH2IN L, PRVBVHEERTIONFIDY), e¥FIAf b EEGVEER L,

5. % e

EE SR, MESWI0EE L UF OMETHEWIEIIOVWT TMO EB L bE T TMAEREH
N,

BERISES LU 2O TMO EBIZ—BICA LV EL, BUkE, BER#ME LU ZomESHSY
O TMO GBIZED 572, 72720, FUVA[IZZHEEE LTEENIZBD TMO 2 8F L, —7H, T
AYHFPY F Iz, COEMPPKRETHBICEArh 5T, PEYVERD TMO PEELE,

TMA XHEMIBES TR CH SR XN, HAES EUWKERYTIZZ 2 ITRIBENZVED T H 57z,

KFRIC BT ARBOREILANEE BUEIEORMII LS, IIBHOREET S,
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