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ABSTRACT

Distribution of marine invertebrates useful for the
materials of pharmacological natural products in

Wando, south—-western coast of Korea

Jeong Tae-won

Advisor : Prof. Yoon Seong myeong Ph.D.
Oepar tment of Bio-materials,

Graduate School of Chosun University

The present study was performed to elucidate the distribution of marine
invertebrates useful for the materials of pharmacological natural products
in Wando, south-western coast of Korea. The study was based on the
field survey in 2006 with investigating the materials deposited in the
Department of Biology, Chosun University, collected from Wando area
since May 21 in 2000.

Field survey was carried out at 10 study stations, of which six on
rocky shore and four on mud intertidal flat, during the period from
August 7 to September 23 in 2006. At each stations quantitative sampling
were made from different tidal levels along transect line by the quadrate
and corer smapling, with qualitative random sampling method.

Total 212 invertebrate species were identified in the present study. In
rocky shore area total 152 species comprising 84 molluscs, 39 arthropods,
9 echinoderms, 7 cnidarians, 6 poriferans, 6 bryozoans, and 1 brachipod
were occurred, while total 68 species consisted in 40 molluscs, 18
arthropods, 5 echinoderms, 2 poriferans, 1 cnidarian, 1 brachiopod, and 1

nemertean were occurred in mud intertidal flat.



The occurrence of taxa was presented with the number of species
occurred, the distribution of biomass, and the diversity index of
invertebrate community at each study stations. In addition, the
distribution of wuseful taxa such as sponges, cnidarians, bryozoans,
molluscs, and tunicates in the study area of Wando was referred with
the possibility of utilization as a source of marine natural products.

The study area is seems to be still retained a large biodiversity of
intertidal invertebrates. Careful management with long-term biological
monitoring 1s needed to reserving the wvaluable biological resources for

sustainable development in Wando area.
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Table 1. Natural products from sponges (Modified from Sipkema et al., 2005).
Taxa Compound |Chemical class Activity Characteristics
Class Demospongia
Subclass Homoscleromorpha
Order Homosclerophorida
Family Plakinidae
> . N . . . Topoisomerase II
Plakinastrella sp. Elenic acid Alkylphenol Antitumor {nhibitor
P . . .. Immunosuppre- |Inhibitor of T-cell
Plakoritis simplex Simplexides Glycolipid ssive proliferation
Plakoritis simplex Simplexides Glycolipid Isrélir\r]lgnosup pre= g;}(l)ll?flé?g t?énT7C6H
Plakortis sp. Plakevulin A Oxylipin Antitumor %in};[}l)ét?NA polymerase
Subclass Tetractinomorpha
Order Astrophorida
Family Stellettidae
. Actomyosin :
. T Azetidine Neurosuppressives and
Penares sp. Penaresidin A alkaloid .AT.Pa.seﬁ muscle relaxants
inhibitor
Family Geodiidae
. . ; . Penasterol Blood-related |Thrombin receptor
Erylus formosus Eryloside F disaccharide diseases antagonist
Striterpene
Erylus formosus Formoside glycoside, sterol |Antifouling
diperoxide
Family Jaspidae
Jaspis splendens Jaspaquinol E;?ngni?i% é?vtlmflammat* Lipoxygenase inhibitor

Order Spirophorida

Family Tetillidae

Cinachyrella sp.

6-Hydroximino
-4-en-3-one
steroids

Oximated steroid

Antitumor

Aromatase inhibitor

e g A




Table 1 (Continued).

7. swinhoei

Taxa Compound Chemical class Activity Characteristics
Order Lithistida
Family Theonellidae
. . . T . i . . Stabilization of
Discodermia dissolute |Discodermolide Linear tetraene lactone [Antitumor microtubules
Discodermia kiiensis gylsg?gﬁérr]gns Cyclic peptide Antibacterial
Theonella swinhoer Swinholide A Macrocyclic lactone Antitumor Actin- R
depolymerization
Theonella mirabilis, |p,pamides C and D |Cyclic peptide Antiviral Antiviral (HIV-1)

Theonella sp.

Cyclotheonamide A

Cyclic pentapeptide

Blood-related

Serine protease

Aaptos aaptos

Isoaaptamine

Benzonaphthyridine
alkaloid

Antiinflammat-—
ory

diseases inhibitor
Family Corallistidae
Corallistidae sp. Dictyostatin Macrocyclic lactone Antitumor iqtii}r)‘glti?)t&(l)ensd
Order Hadromerida
Family Suberitidae
Antitumor,

Protein kinase C
inhibitor

Family Hemiasterellidae

Macrocyclic lactam/

Hemiastrella minor Jaspamide lactone Antitumor
Order Axinellida
Family Axinellidae

Acanthella cavernosa |Kalihinene X Isocyanoterpenoid Antifouling

Acanthella cavernosa

Kalihipyran B

Isocyanoterpenoid

Antifouling

Acanthella cavernosa

10B-Formarnidoka—
lihinol

Isocyanoterpenoid

Antifouling

Acanthella kilethra

Axisonitrile-3

Sesquiterpenoid
isocyanide

Antimalarial

Acanthella sp.

Kalihinol A

Isonitril-containing
kalihinane diterpenoid

Antimalarial

Axinella carter

Axinellins A and B

Cyclic peptide

Antitumor

Axinella sp.

Axinellamines B-D

Imidazo—azoloimidazole
alkaloid

Antibacterial

Auletta sp.

Hemiasterlin

Unusual tripeptide

Antitumor

Stabilization of
microtubules

Cymbastela hooperi  |Manzamine A Diterpene Antimalarial
Order Agelasida
Family Ageasidae
Agelas mauritianus é%%{??ggg; a— Galactosylceramide |Antitumor NKT cell activator
. . . Pyrrole-imidazole Immunosuppr- IR
Agelas oroides Taurodispacamide A aikaloid essive IL-2 inhibitor
Neurosuppre— Ser o
. H S tonergic
. Pyrrole-guanidine ssives and N €ro ;
Agelas sp. Keramadine alkaloid muscle ;i%:pé(r)llist
relaxants g




Table 1 (Continued).

Taxa Compound Chemical class Activity Characteristics
Subclass Ceractinomopha
Order Dendroceratida
Family Aplysillidae
Aplysilla glacialis Glaciasterols A and B|11-Secosterol Antitumor
. . L . s Macrocyclic s Tubulin polymerisation
Dysidea arenaria Arenastatin A lactan/lactone Antitumor {nhibitor
Dysidea incrustans Incrustasterols A and B |Sterol Antitumor

Dysidea herbacea

Dysiherbaine

Unusual amino acid

Neurosuppr-
essives and

Glutamate receptor

muscle antagonist
relaxants
: UAG suppressor
Dysidea avara Avarol SHey Sdr&?g;nggg’i d Antiviral glutamine tRNA
a p inhibitora
X . . . Drimane Antiinflamm- |Phospholipase A2

Dysidea sp. Dysidotronic acid sesquiterpenoid atory inhibitor
Dysidea sp. Polyoxygenated Sterols I‘mmgnosupp— IL-8 inhibitor

ressive

. antiasthmatic

Dysidea sp. S1319 dBeeSffgi}i]\iZOIe ,uterine

relaxation

. . . ) - .. |Muscle
Spongionelia sp. Okinonellin B Furanosesterterpenoid relaxant
Family Dictyodendrillidae
Acanthodendrilla sp. ‘Acanthosterol I and J [Sulfated sterol Antifungal
Order Dictioceratida
Family Spongiide
Pyrrole-guanidine
. . ) .1 . |alkaloid, . . Al,3-fucosyltransfe—
Sarcotragus sp. Debromohymenialdisine prenylhydroquinone Antitumor rase inhibitor
derivative
, . . Bis(spiroacetal) . . Tubulin polymerisation
Spongia Sp. Spongistatin 1 macrolide Antitumor {nhibitor
Reverses drug

Spongia Sp. gostero Stero ntitumor resistancy of dancer
S Agosterol A S 1 Antit t fd

cells

Spongia sp.

Spongidines A-D

Pyridinium alkaloid

Antiinflamm-
atory

Phospholipase A2
inhibitor

Polyfibrospongia sp. |Hennoxazole A Bisoxazole Antiviral
Lendenfeldia 3 s Striterpene glycoside, s s
chondrodes Formoside sterol diperoxide Antifouling
Family Thorectidae
Cacospongia . . i . . ; Stabilization of
mycofljiensis Laulimalide Macrocyclic lactone Antitumor microtubules

Cacospongia scalaris

Scalaradial

Scalarane
sesterterpene

Antiinflamm-
atory

Phospholipase A2
inhibitor

Fasciospongia
cavernos

Cacospongionolide B

Sesterterpene lactone

Antiinflamm-—
atory

Phospholipase A2
inhibitor




Table 1 (Continued).

Taxa Compound Chemical class Activity | Characteristics
" T . Cyclohexane Antiinflam— |Phospholipase A2
Luftariella variabilis Manoalide sesterterpenoid matory inhibitor
. e Petrosaspongiolides Cheilantane Antiinflam—- |Phospholipase A2
Petrosaspongia nigra - sesterterpenoid matory inhibitor
" . . . Polyether macrolide .
Hyrtios erecta Spongistatin lactone Antifungal
Family Ircinidae
BT NS _ . - . o |Antiinflam— |Phospholipase A2
Ircinia oros Ircinin—1 and -2 Acyclic sesterterpenoid matory inhibitor
Order Verongiida
Family Aplysinidae
3 . . . . Antiinflam—- |Lipoxygenase
Suberea sp. Subersic acid Diterpene benzenoid matory inhibitor
o Dibromopyrrole-
ijugicaemtma Pseudoceratidine 2 |containing spermidine Antifouling
purpure derivative
Pseudoceratina s s Bromotyrosine s s
purpurea Ceratinamide A and B derivative Antifouling
o .. . . Antiviral
Verongida sp. Mololipids Tyramine lipid (HIV-1)
Order Haplosclerida
Family Haliclonidae
Haliclona koremella C22 ceramide Ceramide Antifouling
Haliclona nigra Haligramides A and B|Cyclic peptide Antitumor
Haliclona (aka Adocia) . Triterpenoid . . |Kinesin motor
Sp. Adociasulfates hydroquinones Antitumor protein inhibitors
Haliclona sp. Salicylihalamide A Salicylate macrolide Antitumor |v—ATPase inhibitor

Haliclona sp.

Manzamine A

Alkaloid

Antimalarial

Family Phloeodictyidae
Oceanapia phillipensis |Oceanapiside gllysz\(r)nsliré%hydroxyhpld Antifungal
Family Callyspongiidae
Arenosclera Arenosclerins T .+ |Antibacter—
brasiliensis A, B, and C Alkylpiperidine alkaloid ial
Callyspongia truncata |Callystatin A Polyketide Antitumor

Callyspongia truncata

Callyspongynic acid

Polyacetylene

Blood-relat
ed diseases

a—glucosidase
inhibitor

Order Petrosiida

Family Petrosiidae

carbonaria

e . : i ) Immunosu- |Histamine release
Petrosia contignata Contignasterol Oxygenated sterol ppressive inhibitor
Feline leukemia,
Petrosia weinbergi Weinbersterols A and B|Sulfated sterol Antiviral mouse influenza,
mouse corona
- . ; . Fused pyrrolophenant— . ;
Prianos sp Discorhabdin D hroline alkaloid Antitumor
Xestospongia ct Neoamphimedine Pyridoacridine alkaloid |Antitumor Topoisomerase II

inhibitor




Table 1 (Continued).

Taxa

Compound

Chemical class

Activity

Characteristics

Xestosponga berquistia

Xestobergsterols

Pentacyclic sterol

Immunosup—

Histamine release

A and B pressive inhibitor
Neurosuppr—
. . Macrocyclic essives and P
Xestospongia sp. Xestospongin C bis—oxaquinolizidine |muscle IP3-inhibitor
relaxants
Xestospongia sp. HAa[;lI;)dse]\Bmates Sulfamated steroid Antiviral Elll}i/};iiollfltegrase
Order Poecilosclerida
Family Mycalidae
. . ) . . . Stabilization of
Mycdle hentschett Peloruside A Macrocyclic lactone |Antitumor microtubules
My cale sp. Mycalolide B Oxazole macrolide Antitumor Actin—-depolymerization
i : Al Immunosup= |y _o : g
My cale sp. Pateamine A Thiazole macrolide pressive IL-2 inhibitor

Family Esperiopsidae

Crambescidins

Pentacyclic guanidine

nanthroline alkaloid

Crambe crambe _ derivative Antitumor Ca2+ /channel blocker

Family Tedaniidae

_ . _ Muscle
Tedania digitata 1 Methylisogua Nucleoside analogue |relaxant,
nosine : .
antiallergic

Tedania ignis Tedanolide Macrocyclic lactone |Antitumor

Family Latrunculiidae
Latrunculia magnified |Latrunculin A Thiazole macrolide Antitumor Actin—depolymerisation
Latrunculia brevis Discorhahdin D Fused pyrrolophe Antitumor

Diacarnus levii

Manzamine A

Diterpene

Antimalarial

Family Anchinoidae

okadar

Hamigera tarangaensis |Hamigeran B Phenolic macrolide Antiviral herpes and polio
Kirkpatrickia varialosa |Variolin B lgi};lreldaciﬂzfggopyrlmr Antiviral
Order Halichondrida
Family Halichondriidae
Sesquiterpene
Axinyssa sp. Axinyssimides carbonimide Antifouling
cdichlorides
e.g., Halichondria Halichondrin B |Polyether macrolide |Antitumor Tubulin polymerisation

inhibitor

. y . . ’ . _ : 1. |Blood-relat- 1 imhihitor

Halichondria okadai Halichlorine Cyclic aza-polyketide ed Diseases VCAM-1 inhibitor

Neurosuppr—
= i . _— : essives and |al-Adrenergic receptor

Spongosorites sp. Bromotopsentin |Bis—indole alkaloid muscle antagonist

relaxants
. L. . o . Antiinflam- |Phospholipase
Topsentia genitrix Topsentin Bis—indole alkaloid matory A2 inhibitor

Topsentia sp.

Topsentiasterol
sulfates A-E

Sulfated sterol

Antibacterial
/antifungal
(D and E)




Table 1 (Continued).

Taxa Compound Chemical class Activity Characteristics
Family Hymeniacidonidae
o . Debromohyme-— Pyrrole*guanic.iine alkaloid, . Protein kinase C

Hymeniacidon aldis nialdisine gg?ﬂirgalgzceiroqumone Antitumor inhibitora

Family Chondropsidae
Chondropsis sp. gh:élgg)p s Macrolide lactam Antitumor Vl;ﬁl};ggie

Family Desmoxydae
Halicortex sp. [Dragmacidin F |Indole alkaloid Antiviral
Class Calcarea
Subclass Calcinia

Order Leucettida

Family Leucettidae

Nitric oxide

L]eucetta Cfi Naamine D Imidazole alkaloid Antitumor |synthetase
chagosensis Shibitor
Subclass Calcaronia

Order Leucosoleniida

Family Jenkinidae
Leucascandra Leucascandrol- |Oxazole—containingpoly .
caveolata ide A ether macrolide Antifungal

Diamino—dihydroxypol- . . |Protein kinase C
Calcareous sponge BRS1 yunsaturated lipid Antitumor inhibitor
_ 2', 5' Linked Interferon

Many sponges 2-5A oligonucleotide mediator

2) A5 & F(cnidarians)

EF(cnidarians)oll &3te ol ZF(sea anemones)t AFE(nematocysts)E}
1 gk AE A AL HolE mEH A 7]74‘/} EAARFE ALle BT o] 24|
Fol= mHC #ASIAY 1F5E FEste oy @A (proteins)H FERO|=
(peptides)Fo] Ao ATHEE Zr|ZFolA Fagt 45 71k Fepol=n} wild
52 AAEIAAMT FHdTg g T 4 gltk)(Honma and Shiomi, 2006;
Pechenik, 2005). Zr|ZFAA EHEH HA=ZEEL T2 o] SAHAELES T4
o7 AFHA=H, olF FEol=EA 2t ATE wEoF T
shutolt), FElo] =5 (peptide  toxin)< FA| M EEe] 23530 A& (sphingomyelin)
of Z-gstel T (pore)S @3 20 kDa®l Ate]E2]AI(
olgtnE &), AUMAVEFo| = d(voltage-gated sodium channel)ol] =&
3t 3~5 kDa® 41754 (neurotoxin), HAU7NHAKvIZE ol d(voltage-gated

Kv1 potassium channel)ol] #-&3}= 3.5 ~6.5 kDa2] 417 54 (neurotoxin) ©] A

d (peptide toxin)©]

cytolysin, actinoporin



7] /72 s 5 Ak olH et HElo]| == (peptide toxin)2 o8] o] A
Aed oz Avsta 11 A8 7] d(mechanism) o] WE3sl7] wiiol g 732} 7]

52 A8t F835ttHHonma and Shiomi, 2006).
AL FTEF Fole AEFE HolE PHHAIZIAY ZAAZRE 24lS HEE)
= 98¢ ste AHAE (nematocysts)E 7HA AL ot whebA e EF el vkt

THA R oA g dgHow AREAY AEFA(cytotoxin)oll HstE o
FElo|=(peptides) E°]  ATFHSILE  olQol=  FHITol= BANE  Pseudopterogorgia
elisabethaed| Xl Eeld 22 A Pseudopterosing 3H743% 3|AF] Estee LauderA}
oﬂﬁ Resilence@a}% AEHOoE IERTE FFEORE Brjstn ok ol A%
183 Agste] £2 ot & 5 kA, 2001).
o9l = tE FTETolAME Il A& ZEZEFE T H(prostaglandin) {9
E40o] dY¥ H(Order Gorgonacea)oll &3l= Plexaura homomalla, <4 =
(Order Stolonifera) 9 Clavularia viridislA ©FF AZd wvF dor AALtsel
Sarcophyton glaucum®} 3 59| Plexaura crassa®l*= Diterpene®<$! Sarcophine
9} Crassin acetate’} FAEd v} th T3 AdARIEF} S BollAs wdd 2H|
E(sterol)o] o] LA =H Gorgosterolo] 1 thEZ Q] IgEOITHHAES}SH WA
Hi91 93], 2003).
dujdFo A FEig o8 o] 2Ad=d(ion channel toxins)¥ AFZFolAl )

3k ol HAEZAEo0] Table 20 AAH

Table 2. Natural products from cnidarians (Modified from Honma and Shiomi,
2006; Bhakuni and Rawat, 2005).

Chemical
class

Taxa Compound

Class Anthozoa
Order Stolonifera
Family Cornulariidae
Clavularia viridis [Stoloniferones A-D |steroids Cytotoxin
Order Gorgonacea
Family Plexauridae

Activity Characteristics

Muricea californica and - Inhibit growth of
M. fruticosa Murisin diatoms

. . . Lipophilic c
Explexaura erecta Guaiazulene azulene Antimicribial




Table 2 (Continued).

Chemical . . . .
Taxa Compound class Activity Characteristics
Family Subergorgiidae
Subergorgia suberosa Cardiotoxin Peptide Ir‘1h1b1t 'nepromuscular
transmission

Family Gorgoniidae
Pseudopterogorgia acerosa|Pseudopterolide Cytotoxin

Order Alcyonacea

Family Alcyoniidae

Heteroxenia sp. Sgggultel‘p* Antifungal

Order Atiniaria

Family Actiniidae
Actinia equina Ae ] Peptide Sodium channel toxins |Type 1

R : : Potassium channel i
Actinia equina AeK Peptide toxins Type 1
Anemonia erythraea AETX I Peptide Sodium channel toxins |Type 1
Anemonia sulcata ﬁ'IK{TI;% 2\1]}‘1(1 Ib, ATX Peptide Sodium channel toxins |Type 1
Anemonia sulcata ATX I Peptide Sodium channel toxins |Type 3
Anemonia sulcata AsKS (kaliseptine) |Peptide FOO;?HSSSIUIH channel Type 1
Anemonia sulcata BDS-T and II Peptide Foo;iansssium channel Type 3
Anemonia erythraea AETX II and 1II Peptide ?,telgltciég%lg(ﬂgvel
Anthopleura elegantissima aAlfg’zégE 11, 1-2, Peptide Sodium channel toxins |Type 1
Anthopleura fuscoviridis AFT I and II Peptide Sodium channel toxins |Type 1
) ApA, ApB, PCR1-2

Anthopleura R ’ . - . i
xanthogrammica %*61‘) fn§,3%710, Peptide Sodium channel toxins |Type 1
Anthopleura elegantissima |APETx1 Peptide FOO;?;SSium channel Type 3
Anthopleura elegantissima |APETx2 Peptide éﬁi{i—fe?}rs(i)?{ginlon
Anthopleura sp. Hé{’?a, 7a, 8a, and Peptide Sodium channel toxins |Type 1
Entacmaea ramsayi Erl Peptide Sodium channel toxins |Type 3
Bunodosoma caissarum Be III Peptide Sodium channel toxins |Type 1
Bunodosoma cangicum Cangitoxin Peptide Sodium channel toxins |Type 1
Bunodosoma granulifera Bg II and III Peptide Sodium channel toxins |Type 1
Bunodosoma granulifera BgK Peptide FOO}?HSSSlum channel Type 1
Condylactis passiflora CplandlIl Peptide Sodium channel toxins |Type 1
Antheopsis maculata Am III Peptide Sodium channel toxins |Type 1
Antheopsis maculata Am I and II Peptide ;g&?g‘éﬁ%ﬂng
Dofleinia armata Da I and II Peptide Sodium channel toxins |Type 3
Entacmaea actinostoloides
%2112?52‘%2?5“6[] PaTX Peptide Sodium channel toxins |Type 3
actinostoloides)
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Table 2 (Continued).

Chemical . . .
Taxa Compound class Activity Characteristics
Family Stichodactylidae

Radianthus (Heteractis) |RTX I, RTX II, RTX III . . .

macrodactyius RTX IV and V Peptide Sodium channel toxins |Type 2
Radianthus (Feteractis) : : -

crispus Rel Peptide Sodium channel toxins |Type 2
Radzan[]ms'(]—[e’[eracns) Rp II, Rp III Peptide Sodium channel toxins |Type 2
paumotensis

Gigantoxin II,

Stichodactyla gigantea Gigantoxin Il

Peptide Sodium channel toxins |Type 1 and 2

Stichodactyla helianthus |Sh 1 Peptide Sodium channel toxins |Type 2
Stichodactyla helianthus |ShK Peptide ?Oo;iansssmm channel Type 1
Stichodactyla gigantea |Gigantoxin I Peptide %g‘[;ltciélél‘%l(lj};ggvel

Heteractis magnifica HmK Peptide FOO};E?HSSSIum channel Type 1
4 F(bryozoans)

) =
sl Feie o8 dAdEd F 3l bryostatinAlE 2 s FA= ol A

g A= T s M AEs Be 2E2F shuelth 1982 Pettitell 9]@)

2 A
el Lyole] sietrtol X ANHE Bugula neritinadl X F&9 ©] 242 A4 <F 20
ol Zo] &dex glom thakst AAAH(clinical trials)o] 2138 Fo]th(Mutter and

[e]
Wills, 2000). B3 & ol & &=38}o|H A3 Altzheimer's disease)dl = 237} A=
Zo] Huw A st A7 1tH(Etcheberrigaray et al., 2004). o]5}F
= HFFEANA Felizt 2 2 HAEEo] 4HA A2y bryostatinAlErbE &3
[e]

AT7F AYHA = Fsta Aok BTl FeAlld dA=EC] Table 3¢ AA

N
L
=
o2
A,
K

)

F

Table 3. Natural products from Bryozoans (Modified from Rajeev and Xu, 2004).
Taxa Compound Cl'ﬁ;x:scal Activity Characteristics
Class Gymnolaemata
Order Ctenostomata
Family Vesiculariidae
. convolutamine-H, . Against Haemonchus contortus,
Amathia convoluta convolutindole—A Alkaloids a parasitic nematode of ruminants
L1210 murine leukemia cells and
Amathia convoluta |Convolutamide—A |Alkaloids Cytotoxicity |KB human epidermoid carcinoma
cells
. . . |Amathamide :
Amathia wilsoni A and B Alkaloids

_11_



Table 3 (Continued).

Taxa Compound Chemical class Activity Characteristics

Order Cheliostomata

Family Bugulidae

Against human leukemia, renal
Bgula neritina Bryostatin Macrolides Cytotoxicity |cancer, melanoma and non—small
cell lung cancer cell-lines.

Isoquinoline,

g]atgllfli?‘sgum ga_%hbugulones Quinones and  |Cytotoxicity
! Iminoquinones
Family Catenicellidae
Cytotoxic,
Cribricellina B-carboline . antibacterial,
cribreria alkaloid, Alkaloid antifungal

and Antiviral

Family Watersiporidae

Anti—angiogenic activity on bovine

Watersipora Bryoanthrathiop— C .. N . X
- ytotoxicity |aorta endothelial cell (BAEC)
subtorquata hene proliferation
Family Flustridae
Flustra foliacea Indole alkaloids [Antimicrobial
Flustra foliacea Poenfl(i)grenylflustrab— Cytotoxicity |Against the HCT-116 cell-line

5) AAEEF(molluscs)

AAEE T FALEIHFamily Conidae)oll &= $E2 10~ 3071 AES] ofr|eito
2 74" 540] ofF g HElo]=E AYal Ut conotoxino|g} k= o] FERO|=
(peptide) &2 ol &Ade] ATt okgst 59 oe] FofollA keiA o] &5l Utk

conotoxine 21 7ZAAM XL TSA LA YEF(sodium)oly Z-E(potassium) ]2 &
55 a1, AAEAFAA  N-"E-D-olxdH o] E4E-A(N-metyl-D-aspartate
receptors)ell Agste] ol 55 S7HI7IA, 259 FF Bolshe= obE

AT A (acetylcholine receptors)ell Ao =2 Z83l7|E gHh(Rajeev and Xu,
2004).

F(aplysiomorpha)®} W F(nudibranchia)dl] £3te ZEqAE ofg] A
2 =do] FEHAe o T 2 T sdolA FHd Ed AR /7
2ok ol TAFEY WFIE 72 siW(sponges)s HolE st] wjEddH, o
A FAA TS o2 xR (algae)t %fﬂi*ﬁ%(prokaryotes)voﬂﬁ Rl
Aoz AZHE T Rajeev and Xu, 2004; Bhakuni and Rawat, 2005).
THAZZ 5 (keyhole limpet)oll &38b= Megathrura crenulata®] 3 EAlobd
(hemocyanin)?l KLHE 1960dd] xte] AARES& FZA 7= 8o &
AWA AF7A st A7 A& Immucothel*/Immunocyanin,  KLH
~immuneActivator”, VACMUN®9] #AEZo] tjkst AR H S Axx

_12_



(Harris and Markl,
Table 40l #|A] = o]

1999).

o]
PN

o]

vt

aal

o &

AsEAA

)
T

e

2l

Table 4. Natural products from mollusc (Modified from Rajeev and Xu, 2004;

Bhakuni and Rawat, 2005).
Taxa Compound C}:S;rg:al Activity Characteristics

Class Gastropoda
Subclass Prosobranchia

Order Neogastropoda

Family Buccinidae
Babylonia japonica Neosurugatoxin Peptide ggleatryalccthecflliznlggreceptors
Kelletia kelletii Kelletinin [ and 1I gégzgar?exy7 Antinicrobial, antitumor
Siphonaria diemensis Diemensin A and B Antimicribial

Family Conidae

Conus spp. ‘Conotoxin Peptide Jon channel blocking
Subclass Opisthobranchia
Order Aplysiomorpha
Family Aplysiidae
Aplysia angasi Aplysiatoxin Antileukemia
Dolabella auricularia Dolastatin Peptide Antineoplastics
Dolabella auricularia Dolabellanin B2 Peptide Antimicribial
Bursatella leachii Bursatellanin—P Peptide Antiviral Anti-HIV activity

Order Nudibranchia

Family Haxabranchidae

Hexabranchus
sanguineus

Ulapualide-A

Cytotoxic, antifungal

Family Chromodorididae

Chromodoris cavae

Chromodorolide-A

Antimicrobial, cytotoxic

Family Archidorididae

Archidoris
montereyensis

Hexadecylglycerol

Antimicribial

Family Discodorididae

Draulula sandiegensis

Isoguanosine

Nucleoside

Hypotention and
reaxation of smooth
muscles

Subclass Pulmonata

Order Systellommatophora

Family Onchidiidae

y - . Acetate Characterizing acetyl
Onchidella breyi Onchidal ester cholinesterase
Class Bivalvia
Order Veneroida
Family Veneridae
Meretrix petechialis Sulfated galactan g’]?ildyessacch— Antiviral Anti-HIV activity

_13_




rﬂ

6) 2% & & F(annelids)

ThE & (polychaeta)e]  w}u]-E A o)|(Thelepus  setosus) A= SAEAQ]
griseofulvin®} A T2 4E Ad EBEESFHEQ thelepino] £,
Bonelliaceae®] Bonelli viridiso\AE F2FEZ-a(chiorophyll-a)¢] =421 bonellin
= 2ol FYEAe, o] 222 A AR AR s AL o BEe
Asgtet. et B oviridis®] A4S AAShe F8ol #she FoeE g Ak
E3518 wAHAY L3, 2003).

AW 7|2 AVRE = A Ho|Ql Lumbrinereis brevicirra® A Ao RA=+= 1hEu
A AR E dEA ok YAEEQ nereistoxin L.
of gHrEo] ATt ARl AEH e IEHo] TFE
A dFo AAEcR FE3= ZAog dEx] 9o o] o]83)F nereistoxinfEA
7F 4o s AEs HAKAAESS wAHEA L], 2003). olelde FdwEHE
Foto] HAzhgol Hojsths WAl & EFo] =(endogenous antimicrobial peptides;
AMPs)ell gt AF7F FH 2ol &# % vF JItiOvchinnikova et al., 2004).

e >

o>’

Me] e ZFEC] =
=

ot

brevicirra®] AEH

HEON)

32

7) AA%EF(arthropods)

AAsE=FE A FET 5 7MY A SWib(adaptive radiation)o] #E FET
ozH ofd %‘r%‘oﬂf‘%— T Ue FELH T F AR A7 & A
A T8 T F 5% 7F AATEF WTE BEE B FTTFE EFSHL Yo
H, FRFoME S dAsEs G4 #2227 JdtH(Pechenik, 2005). 3}
A5k ol g b= AEA HFBEAA FeF dAEHA g AF &
of oM & 71 mH|g e AFL Ue sETTF stHolth o]& ofntk Y
Ao A Frefgh dAEdol gk A7dES AAE o e 1344 == &5
dol HIHIE TES LR gt Flo] 7teAo] 7] WEleE dddT

F7 A7 (houseshoe crabs)oll &3t= Tachypleusdl A= 2.3~ 42 KDa®| &+

g4 (antimicrobial activity)2 7} arthropod-like defensins, tachyplesins,
tachystatins, tachycitins®} 72 &g FE}o] = (peptides)2} @ A (proteins)E 9|
BAENL, & E BFFAFA Limulus polyphemus©) A+ polyphemusins©] 2}
sk 18719 ofm|eAto® FAH E & FuddS 71z HEol=rF Haid vk 9l
tHO'Keefe, 2001).
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8) =9 %%%(echinoderms)
Sys=oA e AAE T 7HE de] ezl AL datelA 2 m50] 459 At
E‘d(saponins)ﬁ]%ﬂfﬂ %é%ol‘ﬂr. SHAIEE A Fof|A] F2 WARE AEUA
SysEdA FAE AtEd ALS AEL3H(c
]3’2}/‘1]_‘?_0115 UT B2 93 F2E 9 &lj
(Rajeev and Xu, 2004). o] Hto & S35& ]/‘1 TrEH?I"} ?ﬂo
of A A= o

Table 5. Natural products from echinoderms (Modified from Rajeev and Xu,
2004; Bhakuni and Rawat, 2005).

Taxa Compound Cl::el:;lg al Activity Characteristics

Subphylum Asterozoa
Class Stelleroidea
Order Valvatida
Family Ophidiasteridae
Linckia laevigata ‘Linckosides A and B, Antiviral Anti—HIV activity
Order Spinulosa
Family Asterinidae

Dermasterias Benzyltetrahydroiso— .

imbricata quinolone Alkaloid
Family Pterasteridae

Diplopteraster Sterol

multipes sulphates

Order Forcipulata
Family Asteriidae

Lysastrosoma i . B .
anthosticta Certonardosides A-J Antiviral

Subphylum Echinozoa

Class Echinoidea

Order Temnopleuroida
Family Toxopneustidae

Toxopneustes p1'/eo]us‘ Glycoproteins Cause histamine releasing
Order Spatangoida
Family Loveniidae

Echinocardium Hedathiosulphonic
cordatum acids A and B
various species Saponins Too high cell lysis activity

8) I3+ (tunicates)
9 (tunicates)oll Al ol & & U= FAE F shvte I &
* 5

.J__’_
oligopeptides) ©oJt}. o] gk BoME &3] B F Sl TZEH

j

o] =(cyclic
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(Bhakuni, 2005) o}v}= = FAEERH fFHg zo=®
Hrh T3 olelgh S AR E EES 30 ¢t & F(antitumor activity) U Al

73} (cytotoxity) oI = Bort Aplidine®, Didemnin B3 & EdE0] &
FAE Soll At o] flol = theFgt So = o] waE ARl FfE
AA=d g A= A TERF o g gt o]FofAa 9l
tHWrigley et al., 2000). ] Ftell & I)¢FolA 7L dAd=Ec°] Table 6°]
A A= o] 2L

"

+/d
1)\

)
n

53]
o _Ilﬂ |1

-

Table 6. Natural products from tunicates (Modified from Rajeev and Xu, 2004;
Bhakuni and Rawat, 2005).

Taxa Compound Cl::el:g;: al Activity Characteristics
Subphylum Urochordata
Class Ascidiacea
Order Enterogona
Family Polyclinidae
Aplidium albicans Aplidin(APL) E{;DSIDED‘F Cytotoxic activity
Synoicum blochmanni |Rubrolide—-M Egggﬂ;éméziigggﬁ) ay
. 1o ; Inhibitor of matrix
Polyclinidae spp. Sodium1-(12-hydroxy) Enzyme inhibition |metalloproteinase
octadecanyl sulphate (MMP2)

Famliy Didemnidae

Antiplasmodial

. . and
Didemnum spp. Lepadins D, E and F antitrypanosomal
activities
PKC inhibition, studying
. . . c e molecular mechanisms of
Lissoclinum bistratum|Bistratene Enzyme inhibition cell growth and
differentiation
Lissoclinum patella Cyclic Antitumour
p peptide activity
Lissoclinum patella Lissoclinolide Cytotoxic activity
Antiviral,

anticancer and
immunosuppress—
ant activities

Trididemnum solidum |Didemnin—-B

Polysyncranton . . . .

lithostrotum Vitilevuamide Cytotoxic activity
Family Polycitoridae

Cystodytes - . .

dellechiajei Sebastianines A and B Cytotoxic activity

FEudistoma sp. Eudistomins Antiviral activity

FEudistoma spp. Eudistomins Enzyme inhibition |PKC inhibitors
Family Perophoridae

Ecﬂ[e{nasczdm Ecteinascidin Cytotoxic activity

turbinata
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Characteristics
Sperm activation and

attraction

Activity
in vivo antitumour

activity
Antibacterial
peptide
Antimicrobial
Cytotoxic activity

Chemical
class
Sulphated
steroid
Peptide

Compound
Coproverdine

Polycarpine
Clavaspirin

Taxa
Family Styelidae
Polycarpa clavata and
Family Chionidae
Ciona intestinalis and
C. savignyi

P. aurata

Family Pyuridae

Halocynthia aurantium |Halocidin

unidentified ascidian

Order Pleurogona

Styela clava

Table 6 (Continued).
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ATt olF AANANH(Halichondria okadar), 713 H

23 F(Genus Jasprs), BFY 3™ F(Gunus Petrosia), 2 8A+(Genus Mycale), B

F(Genus Discodermia), ¥

gtel 7+ (Genus Haliclona)s & eVt & £ X 3te o™ J'd-F(tunicates)ol
%3l A o|PAIF(Genus Didemnum) et M<&3 9ol YAIF(Genus Trdidemnum), Y
55 & F(bryozoans)?] Zttetol 7| B (Bugula neritina)?t A% % (molluscs) 2]
5% F(gastopods)dll &3dt= FA1F F(Gunus Conus)E FEUgtd A= 27} g
1€ Folt.

Table 7. Current status of marine natural products in theraputic clinical and pre
clinical trials (Modified from Simmons et al., 2005; Newman and Cragg, 2004;

Haefner, 2003).

Taxa Compound Chemical class Mg;?;:}:ar ?dims_f;r;z S;?gs
Phylum Porifera
Class Demospongia
Subclass Tetractinomorpha
Order Astrophorida
Family Jaspidae
Jaspis digonoxea |EAR089 Bengamide B e Lactam peptide lamingl 5 | ase  (cancer)
Order Lithistida
Family Theonellidae
Discodermia dissolute ‘Discodermolide ‘Lactone Tubulin Phase I (cancer)
Order Axinellida
Family Axinellidae
HTI-286 (Hemiasterlin
Cymbastela sp. gﬁ;iggg%ﬁgggﬁgc Linear peptide Tubulin Phase I (cancer)
metabolite)
Order Agelasida
Family Ageasidae
Agelas mauritianus KRN??-OOO (Agelasphin ajGalacosylcera* M?(%lfl c+ell Phase I (cancer)
derivative, synthetic) mide activation
Subclass Ceractinomopha
Order Halichondrida
Family Halichondriidae
Halichondria okadar I(;:;-Si%gti(\lf{;hscglrﬁr}lg&g)lg Igaggﬁgghc Tubulin Phase I (cancer)
Halichondria okadar Halichondrin B Macrocyelic Tubulin lgclz?rfcher;l,cal
polyether discontinued)
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Table 7 (Continued).

Taxa

Compound

Chemical class

Molecular
target

Current states
(disease area)

Order Dictioceratida

Family Dictyodendrillidae

Zv)éfgfgiizéoli(zj;qiga Dictyodendrins gélllﬂ'ir\gggngazole Telomerase |Preclinical (cancer)
Family Thorectidae
Phase 11
Luffariaella variabilis ~ |Manoalide (cancer,
discontinued)
Fni/ccooifﬁ?gi?s Laulimalide Macrolide Tubulin Preclinical (cancer)
Order Verongiida
Family Aplysinellidae
NVP-LAQS824 R
Psammaplysilla sp. (SP;izgkrlré?zcil))lln derivative, Ihnydd?-léi g;l:taemyl ggﬁ% / Phase I (cancer)
Order Haplosclerida
Family Haliclonidae
Haliclona sp. Salicylihalimides A and B |Polyketide Vo-ATPase |Preclinical (cancer)
Order Petrosiida
Family Petrosiidae
c s Phase 11
Petrosia contignata %E%?%%gggé)del ivative of Steroid Unknown (Inflamr)nation,
asthma
Petrosia contignata %E%?gg%ggz()derivative of Steroid Phase I (asthma)
Petrosia contignata %%5175092 (aka HMR- g(e)gt\ifggz\ifset;’fol Phase II (asthma)
Order Poecilosclerida
Family Mycalidae
Mycale hentscheli Peloruside A i\ggfgr(l)é:ychc Tubulin Preclinical (cancer)
Family Anchinoidae
Kirkpatrickia variolosa |Variolins aHli;el(l;(i)é:ychc Cdk Preclinical (cancer)
Phylum Cnidaria
Class Anthozoa
Order Stolonifera
Family Clavulariidae
Sarcodictyon roseum Sarcodictyin Diterpene Tubulin Preclinical (cancer)
Order Alcyonacea
Family Alcyoniidae
Eleutherobia sp. / Diter
Erythropodium Eleutherobin gllyilops?crilg Tubulin Preclinical (cancer)
cartbhaeorum
Soft coral 0AS1000 Diterpene-pentos |PLAz Ele?:lsirelg;/ﬂ (Wound
h " eglycoside inhibition inflammation)
Phylum Nemertea
. Phase I /10
Nemertine worm GTS21 (aka DMBX) égghii%lgg Ion channel |(Alzheimer's,

Schizophrenia)
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Table 7 (Continued).

lactone

. Molecular Current states
Taxa Compound Chemical class target (disease area)
Class Gymnolaemata
Order Cheliostomata
Family Bugulidae
Bgula neritina Bryostatin 1 Macrocyclic PKC Phase II (cancer)

Phylum Mollusca

Class Gastropoda

Subclass Prosobranchia

Order Mesogastropoda

Family Lamellariidae

Lamellaria sp.

Lamellarin D

Pyrrole alkaloid

Topoisomer—
ase |
/mitochindria

Preclinical (cancer)

Order Neogastropoda

Family Conidae

Mactromeris polynyma

ES-285 (Spisulosine)

Alkylamino alcohol

bp)

Conus magus Ziconotide Linear peptide Ion channel |Phaselll (pain)
Conus catus AMM336 Linear peptide Ion channel |Phase I/II (pain)
Conus geographus CGX-1160 Linear peptide Ion channel [Phase I (pain)
Conus geographus CGX-1007 Linear peptide Ion channel gzlziai:(?oln?i)riigd)
Conus catus AMM336 Linear peptide Ion channel |Preclinical (pain)
Conus sp. X—conotoxin Linear peptide Ion channel |Preclinical (pain)
Conus victoriae ACV1 Linear peptide Ion channel |Preclinical (pain)
Subclass Opisthobranchia
Order Aplysiomorpha
Family Aplysiidae
Dolabella auricularia |
Symploca sp. Dolastatin 10 Linear peptide Tubulin Phase II (cancer)
(cyanobacterium)
_ ) Synthadotin (ILX651,
g‘?][;ﬁf;ﬁl asgz.vcu]ana/ ggﬁ?j;‘i&;g,;gthetic Linear peptide Tubulin Phase II (cancer)
analogue)
, . Cemadotin (LU103793, .
gg]jgﬁfojg] aSgI.'qulana/ Dolasta.tin 1(5 derivative, |Linear peptide Tubulin ld_’i};i%engnﬁf:g)cm’
synthetic analogue)
] ) Soblidotin (TZT- 1027,
gﬁﬁgfoléi asg{vczllazya/ gé)l}?\f;?isg,slgnthetic Linear peptide Tubulin Phase I (cancer)
analogue)
Dolabella auricularia Dolastatin 15 Linear peptide Tubulin g’irseccoli?tli(rtlile(dc)ancer,
Order Sacoglossa
Family Placobranchidae
Elysia rufescens, . Cvelic Lysosomes/
Bryopsis sp. (green Kahalalide F depsipeptide erbB Phase II (cancer)
alga) pathway
Class Bivalvia
Order Veneroida
Family Mactridae
Rho (GTP-

Preclinical (cancer)
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Table 7 (Continued).

Taxa Compound Chemical class M(t);?g:{ar ?d";rrst_gg; s;?;g:;,

Phylum Chordata
Subphylum Urochordata
Class Ascidiacea

Order Enterogona

Famliy Didemnidae
Didemnin cucliferum ..
/Pgivsyncﬁaltzne ‘ Vitilevuamide Cyclic peptide Tubulin Fclaer(licllélll)Cal
lithostrotum

Caspase— 2 |Preclinical

Didemnum sp.

Ascididemin

Aromatic alkaloid

/mitochondria

(cancer)

Trididemnum solidum

Didemnin B

Cyclic
depsipeptide

FK-506 bp

Phase II (cancer,
discontinued)

Trididemnum solidum
(possible bac_terial
/cyanobacterial source)

Dehydrodidemnin B
(AplidineTM, synthetic))

Cyclic
depsipeptide

Ornithine
decarboxyla—
se

Phase II (cancer)

Family Perophoridae

Ecteinascidia turbinate
(possible bacterial
source)

Ecteinascidin 743
(YondelisTM)

Tetrahydroisoq—
uinolone alkaloid

Tubulin

Phase II (cancer)

Order Phlebobranchia

Family Diazonidae

Diazona angulata

Diazonamide

Cyclic peptide

Tubulin

Preclinical
(cancer)
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3) AFAERH FFE ML AU H2F

sl gt A=) 244 Fom MEEHA 23 olf= oY 77t
Utk FHAA=Z g A= 1960 Zellof AJFE N sl g AolehA 2l
ATE HlaLA FHZolok AZEHATE HFHAZ e A7 EAH0E A 24 +
Ag 100 A3 @A AFHA=Z] Eolg Fxol7 #Alo] AMA, o okF s
At HE=Z(ead compound) S A st dle TA o] YISl o kE MEE fst
k7] A12FEE 212 1980 d ] o] ol up Al ZHE ATk iRk ofu gt o]/ Fhet
AW EAsts A48 H S 7224871 19809d = 7M1= A9
7t o] F gAY d 7] 3 & F 7] ¥ (mult-dimentional NMR),
71 (FABMS) % o] 7B A HloF2 o2 dhdstAl = oh(A, 2001).
Aol e 73t s FBENA Felg HA=0] oFFo g ThEE
B2 Agaclo] At (Table 8).
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Table 8. Marine derived therapeutics potential limiting factors for development
(Jimeno et al., 2004).

 Supply (Sustainable, industrially feasible)
e Formulation (suitable for clinical use)

e Analytical method and preclinical PKs

» Pharmacogenetics (metabolic pathway)

* Therapeutic index

» Toxicities (Xeno)

Table 8.0 #AAJE oAe] Al oA AFBEANA Feligh dAES] 5 4
ARl 459 FF& M T Ag alo] "t ¢ & E9 Halicondrin B

AL A EA (pre-clinical phase)dl A5k d 7F ¢F 5 Kg J=7F 255 H
A7) Y Hoj= F 50008 HEO| Lissodendroryx©] B3It}
Lissodendroryx®] &%l A AAY S ol o ¢F 400 & T
of lus) B 1 ojges A A5 F Uk B @A b FEa 9low
A A ESA o7 el F(bryozoans)ol A {2l g+ Bryostatin 194 45 A4

Y

A9Ash QAR 27 EA N E o 18 g9 Bryostatin 12 27] 915k A2 Lo}

o?rl_,
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R ool Q= Bugula neritinaE 2 13,000 kgoly A& ok JHNuijen et al.,
2000). wEbA] o]t kg ARl dEFFol et TAE NFAENA FHs AAE
o] o oFE NS A= REEA] A of st Aol vt Table 9914 & ol2 gk &

AE dst7] Az ko] A= 9l

Table 9. Marine derived therapeutics supply (Jimeno et al., 2004).

e Controlled and sustainable use of natural resources.
e Mariculture: favouring (by farming) the growth of the organism in its natural milieu.
e Aquaculture: culture of the organism under artificial conditions.

e Synthesis.
* Hemisynthesis: use of a parent / related compound as the starting point followed
by a short / industrially effective synthetic process.

e Fermentation.

¢ Genetic intervention.

3
FA=] S olty. ShA AF3F Bryostatin
CalBioMarine TechnologiesAtell A 2o AF3le] 45352 FAE 31235+
o g9 g4 gyE Hol= Halichondrin BE A4tst=
okadar= DEN A F2 & A=t o] A o] 7l Ho

FHAYES T2E 41 e Adee A3 Pske Aotk st A=+

Ecteinascidin 7432 45A1 9] §H4 g o] B3 Bryostatin 72] - oF 80T
£ 7l AokRt fhdol Thsstnh. dnkbA o ® Ao o7k ofokF o] Aol BAEE
7HA ™ 10~15TA BE9] S Aol e vhate] sjFAEFANHAE
Uy B 3 dAE st ZAolth(A], 2001; Nuijen et al., 2000). &
Aplidium albicans®) A &#13- APL(Aplidin®) & 7| 2727} MEfo] =) A <kt
FH FoIAY, AHEEANA g AraAlEAH FE27} ofF TesliAl @ o] 7
3 A% ltH(Nuijen et al., 2000; Haefner, 2003).

A HA e BE 238 £XE JFA 3 9dota A 8% pharmacokineticstt

i)
Mt rlo

off &
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toxicologyoll £73t] £33 72& HU=E ddlete] ¢4 7Hsd 2o
A8 U7t B o 24 1 o 2+ Crytophysinoll A 213+ LY3557033} Dolastatin
15914 &gk LU1037937} 91 t.(Nuijen et al., 2000).

Y HA WHES A3 EH(biotechnology)ol 23k # 7 Z}O] 217]<(gene cloning)%

o] &3l Aol AR A YA E S M EF(cell line)E Y3l vl Y3t 7=

o} & vl g Aeholn] o] FTIAAFE O] AG Aol HelFhe el e ARE ob 4
& Wae) Felthe Zwo] YrHA, 2001).

Ao s A2 AR QBY AREFUD] A Fol2l AEA AAE A
A% o2 pelshs wekolth, ol ABTIRH L BRI F71 4 WEL DS o
oo MHPFS A5t AAH BelPAL FHE GANANE ETRE 2
o]tk

2. ANRAZEES) A 24}

1) A E}%A (biological diversity)® A& &} (biological resource)

19873 &3 A& (United Nations Environment Program)¢] AEEF H3E
Ag A=7t 39 & JHASEA FAAE A HE =o%7] AFaE] 1992 6¥
el 2 7N 3] o] (UNCED)ol Al 15970 = ti7F A WatHA] Agd AEtddd
2F(The Convention on Biological Diversity)ol ¢t AEctgAdolsd 87, T
2 gk FAAEA 2 AEIsHE E3HA(ecological complexes)E XL 3HEE EE A}

o
o zRE ] AE 7H] WolH(variability) & @38tH, TE 7 & T3 1 AH
ole] e T olHF e v FEe B vdd Ao AR
gt Zo] ofyet A4 Ee FAHoR JAFE Aste] A 7HAIE A
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* Exposure of organophosphorus and carbamate pesticides.
e Exposure to polyaromatic hydrocarbons.
* Exposure of organotin compounds.
* Exposure of genotoxins: Induction of micronucleii.
— 25 —

* Exposure to selected trace metals.

e Microbial pathogens.

Table 10. Bioloical responses to and effects of pollutants on invertebrates
* Sewage pollution.

and fish in estuarine and marine (Modified from Burden, 2002).
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2 d7E dodE g=d Jdifo 4= BAS 23F EAE, w3lE, &%
oRtE, FAe, AdE, F9EY 107) e thEoE ZAL

AAste] AAEAT. ZAAAAE L IA IREETd(rocky shores, WR)<}F
= d intertidal flates, WM)E TF&3}o] AAHsAoH ZF FALA]

o} A&3l A E = Fig. 1, Table 113 £},

o,
re oo
o ox o >

o

Fig. 1. A map showing the study stations. Abbreviations and numbers for station
are used as fallows: WRI1, Yagsando; WRZ2, Shingydo; WR3, Saengildo; WR4,
Bogildo; WR5, Soando; WR6, Cheongsado; WM1, Wando; WMZ2, Gogeumdo; WMS3,
Geumildo; WM4, Nohwado. Grey shadow indicates tidal flates.
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Table 11. Coordinations and investigation dates of each study stations.

. 5 Coordinations L
Stations Locality Latitude Longitude Investigation dates

WR1 Yagsando 3421.9993N | 12655.4697S 25, Aug.,2006

WR2 Shingydo 3418.8250N | 12651.9836S 23, Sep.,2006

Rocky WR3 Saengildo 3418.2433N | 12658.0989S 7, Aug.,2006
shores WR4 Bogildo 3408.1472N | 12633.5810S 10, Aug.,2006
WR5 Soando 3407.6524N | 12638.6499S 11, Aug.,2006

WR6 Cheongsado 3409.6747N | 12651.5035S 23, Aug.,2006

Mud WML Wando 3423.9153N | 12639.5857S 22, Sep.,2006
Certidal WM2 Gogeumdo 3424.6523N | 12650.3928S 24, Aug.,2006
WM3 Geumildo 3421.4054N | 12700.4327S 8, Aug.,2006

flates WM4 Nohwado 3411.8019N | 12636.6806S 9, Aug.,2006

2. WY R A=

& 479 Ase 2000d 5EFEH drsgeld Ao =duet
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T 123 197 385 963l b= F 2129 =34 AMFH
FEEO| iH@QMU}(Appendix 1). °o] ¥ H¥%FE(platyhelminths), AFEHe|
(Lineus fuscoviridis)e A8t 35 F(nemerteans), 75 = (sipunculids),
3+ 5 E(annelids)e] WA o] F(polychaets), ZEA%&E(arthropods)?] ZF
(crustaceans)o 438l= ZAo]F(mysidaceans), GA)-%-F(amphipods), &7 oAl

LF(cumaceans)®t ZHHFo] HZAZ 95 (megalopa lavae), #H2FHEE(chordates)

o] #|ZF(ascidians)= F FHZHA FHo] HA FRor, 9o ERT= A
Um =] 75T SeME st FolA EFAAY FHe 2T F jle T2
2l = Uds EFAAZAR gelsto she] Fog Atk olek e W
HOE F 8% 177 35% 943 196F°] AMFHAFTES 8L + AT o=
ERTEHZ AYEA, dAlsEo] 3% 145 437 108%5(54.8%), EAs&E°] 274 5
= 2537 53F(27.4%), =95 E°] 4% 55 103 13%5(6.6%), AEFE0] 27 2%

43} 7%(3.6%), NHEEC] 174 35 43} 6%5(3.0%), BHFEE°] 2% 35 63 6%
(3.0%), ¢=FEo] 27 2% 23 2F(1.0%), F+EEE°] 1% 1= 17 1F0.6%)=
° 2 Yeltth(Fig. 2; Table 12).

TEO =¥ e grddiel AMALEZNHE o] AEd, WA 9
ZlE £ 78 157 202 763 152% S &9l & 5 dAEdH ol ERT
Hg AuEd, AA5Eo] 37 12% 353 84F(55.2%), AAFEo| 27 4%
39%(25.7%), F9FE°] 47 45 77 9%(5.8%), X}E Eo] 2% 2% 43 7%
(4.6%), ANAEE] 17} 3% 47} 6%54.0%), HHFFE0] 27 35 67 65(4.0%),
el 17 15 13 1307022 ‘)rE]r‘fl‘ﬂr LB Bl R aid e P R

7 107 255 453 68F 0] FIHIAEH olE FRTHE AR, fﬁ_ﬂlogd
3% 125 257 40%(58.7%), BAEEC] 1% 3% 107 18%F(26.5%), =535 E°]
27 5% 53} 5F(7.4%), sHE=o] 14 25 27 23(2.9%), AAEXFEC] 14 15
1% 15(1.5%), 95550 14 15 13 1501.5%), #8550 14 15 13 1%
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Fig. 2. Composition of intertidal invertebrate taxa.

Table 12. Composition and species abundance of invertebrate taxa from the
stations of rocky shore area and mud intertidal flate area.

Stations Rocky shore Mud tidal flate Total
Taxa Species abundance Percentage Species abundance Percentage Species abundance Percentage
(%) (%) (%)
Poriferians 1C 30 4F 6S 4.0 1C 20 2F 2S 2.9 1C 30 4F 6S 3.0
Cnidarians 2C 20 4F 7S 4.6 1C 10 1F 1S 1.5 2C 20 4F 7S 3.6
Nemerteans 1C 10 1F 1S 1.5 1C 10 1F 1S 0.6
Bryozoans 2C 30 6F 6S 4.0 2C 30 6F 6S 3.0
Brachiopods 1C 10 1F 1S 0.7 1C 10 1F 1S 1.5 2C 20 2F 2S 1.0
Molluscs 3C 120 35F 84S 55.2 3C 120 25F 68S 58.7 3C 140 43F 108S 54.8
Arthropods 2C 40 19F 39S 25.7 1C 30 10F 18S 26.5 2C 50 25F 53S 274
Echinoderms 4C 40 7F 9S 5.8 2C 50 BF 5S 7.4 4C 50 10F 13S 6.6
Total 7P 15C 200 76F 152S| 100.0 7P 10C 250 45F 68S 100.0 |8P 17C 350 94F 196S| 100.0

Abbreviations: P, Phylum; C, Class; O, Order; F, Family; S, Species.
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Table 13. Species abundance of invertebrate taxa from the stations of rocky
shore area.

Stations

T WR1 WR2 WR3 WR4 WR5 WR6

exa
Poriferians 1C 20 2F 2S 1C 30 3F 3S 1C 10 1F 1S 1C 20 3F 3S 1C 30 4F 6S
Cnidarians 1C 10 2F 3S 2C 20 3F 5S 1C 10 2F 48 1C 10 2F 28 1C 10 2F 48 2C 20 3F 6S
Nemerteans
Bryozoans 1C 10 3F 3S 1C 10 2F 2S 1C 10 1F 18 1C 10 1F 1S 1C 10 1F 1S 2C 30 4F 4S
Brachiopods 1C 10 1F 1S
Molluscs 3C 90 23F 42S | 3C 110 27F 45S | 3C 80 23F 39S | 3C 100 27F 49S | 3C 110 27F 46S | 3C 100 25F 47S
Arthropods | 2C 50 14F 20S | 2C 50 12F 18S | 1C 40 10F 17S | 2C 50 14F 21S | 2C 50 13F 17S | 2C 50 15F 21S
Echinoderms| 2C 30 3F 3S 3C 30 4F 6S 2C 30 3F 3S 2C 20 2F 2S 2C 20 2F 2S
Total 6P 10C 210 47F | 6P 12C 250 51F | 4P 6C 140 36F | 7P 11C 220 47F | 6P 10C 220 48F | 6P 12C 250 53F

o 73S 798 618 78S 73S 86S

Abbreviations: P, Phylum; C, Class; O, Order; F, Family; S, Species.

Table 14. Composition of invertebrate taxa from the stations of rocky shore
area (percentage, %).

rodations | wR1 WR2 WR3 WR4 WR5 WR6
Poriferians 2.74 3.80 1.28 4.11 6.97
Cnidarians 4.11 6.33 6.56 2.57 5.48 6.97
Nemerteans

Bryozoans 4.11 2.53 1.64 1.28 1.37 4.65
Brachiopods 1.28

Molluscs 57.53 56.96 63.93 62.82 63.01 54.64
Arthropods 27.40 22.78 27.87 26.92 23.29 24.42
Echinoderms 4.11 7.60 3.85 2.74 2.35
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Fig. 5. Species abundance of invertebrate community according to
the study stations of rocky shore area.
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Fig. 6. Species composition of invertebrate community according to
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Table 15. Species abundance

intertidal flate.

of invertebrate taxa from the stations of mud

Teantations WML WM2 WM3 WMA
Poriferians 1C 20 2F 2S

Cnidarians 1C 10 1F 1S

Nemerteans 1C 10 1F 1S

Bryozoans

Brachiopods 1C 10 1F 1S
Molluscs 2C B0 7F 11S 3C 70 11F 17S 3C 100 20F 26S 2C 80 12F 158
Arthropods 1C 10 3F 5S 1C 10 4F 9S 1C 20 7F 11S 1C 30 6F 11S
Echinoderms 2C 30 3F 3S 1C 10 1F 1S 2C 20 2F 2S

Total 3P 5C 90 13F 19S |4P 6C 100 16F 28S|5P 8C 170 32F 42S|3P 4C 140 18F 27S

Abbreviations: P, Phylum; C, Class; O, Order; F, Family; S, Species.

Table 16. Species composition of invertebrate taxa from the stations of
mud intertidal flate (percentage, %).

o tations WML WM2 WM3 WM4
Poriferians 4.76

Cnidarians 2.38

Nemerteans 3.57

Bryozoans

Brachiopods 3.70
Molluscs 57.89 60.72 61.90 55.56
Arthropods 26.32 32.14 26.20 40.74
Echinoderms 15.79 3.57 4.76
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Fig. 7. Species abundance of invertebrate community according to the
study stations of mud intertidal flate.
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AdADzAANAN AR BEFS A¥EA MY BE FTE EY ¢
Z(WM3)AA 23l 7 AL AE = =

(WM3)ollM&= =2 A= HetdE e & + 3tk ol sd=dA4 &<l
B2 TE| UFE AEAIA FE FEoIH, d=(WMD L5 =(WM2)e]
A Ewe AEFES Yer  nN(Tegillarca granosa), 7VFEZ/W(Cyclina
sinensis), VA= (Ruditapes philippinarum) 52 ¥ & &2 2H(deposit feeder) A
As=Ec] sLEY ZaTgore 238 Adae HaE 7] wEed F& A

7

=
=FE Hole Ao® wdd.

Table 17. Biomass of invertebrate taxa at each study stations (g/0.25m?).

T 2HOnS | wR1 | WR2 | WR3 | WR4 | WR5 | WR6 | WML | WM2 | WM3 | WM4
Poriferians 19.04] 19.15 17.81

Cnidarians 0.65 2.72 0.99 1.01 4.21

Platyhelminths| 0.02 0.11 0.01 0.01

Nemerteans 0.64 0.10 0.07 0.01 0.10 0.02 0.16

Bryozoans 0.03 0.04 0.01 1.11

Brachiopods 0.04 0.01
Sipunculids 0.55|  3.44| 0.03 0.54

Molluscs 43.71] 144.63| 173.65| 204.26| 139.25 65.9] 48.02| 57.99 2.91| 15.79
Annelids 0.89 0.88 1.47 1.34 1.60 1.12 0.79 1.10 8.30 3.09
Arthropods 2.58] 150.73 7.21] 11.99] 25.57| 314.80 6.84 1.82 2.89 0.99
Echinoderms 0.01 0.04 0.48 0.44
Total 67.61| 318.95| 186.84| 218.65| 166.52| 406.00| 55.65| 61.07| 14.54| 19.88
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WA OZ AxdoA stz A BEFo] sojvbs IRbA
ol A3E Hola dti(Table 18~23; Fig. 10~15).
FAZE(WRDE tE ZAAFET] 25 T8 S Btk & AP A A
= Fa Holv Axue wiHF, Sxte F
wA v AEFS YepdH, oAl SidsE] TSN A (Hymeniacidon
sinapium)®] WA £ AEFHS Hele A& & F AUtH(Table 18; Fig.
10). AAZ=WR2)= Ax=dstF =zl =T 7198 (Chthamalus
challengern®t #L=2B G A (Septifer virgatus)o| 23 stZE T YEFo] =
oA = AEdFE YeElNH(Table 19; Fig. 11), AYLZ=(WR3)Q T oA
AR FES F2E48FAd oste] BEZFo| FUlete A BHloH, stx
g F2AME 98X (Modiolus modiolus  difficilis)®t &% 35 (Serpulorbis
Imbricatus)® T2 & F-FAZ ofste] vl AEFo] EokA= =
t}.(Table 20; Fig. 12). 2AZ(WRA)9 AQH=(WR5)S] 2 AEF Wsle of
o

T H=g Fe detled szl ARt 24X WA #2499 37F 22
o w2 Aede WehiARE ARG Husy 22 stxgRAde =T

of A ¥7] WTol el wiste] A=Fol Wol TUkeHA Rte FdE B
olal SltH(Table 21, 22; Fig. 13, 14). FAIE(WRE)E HAES} AQt=ohs vy
2 A EAFES wpu Rl 25AyiaoNel e deSnoNel(Tetraclita
Japonica)?l €18to] AEFo]l ¥ ke Fda UERItHTable 23; Fig. 15).
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Table 18. Wet weight distribution of intertidal invertebrate community
according to the tidal levels at Yagsando (WR1).

Tidal level Wet weight(g/ 0.25m") Total

Taxa 3.6- 3.2m|3.2- 2.5m|2.5- 2.0m|2.0- 1.5m|1.5- 1.0m| 1.0- 0.7m

Poriferians 0.35 112.77 1.10 114.22
Cnidarians 0.50 3.41 3.91
Platyhelminths 0.03 0.01 0.03 0.06 0.13
Nemerteans 0.11 3.43 0.11 0.17 3.82
Bryozoans 0.01 0.16 0.17
Brachiopods 0.01 0.02 0.18 0.21
Sipunculids

Molluscs 1.82 10.09 17.58 24.93 102.49 105.34 262.25
Annelids 0.01 0.38 2.30 1.92 0.76 5.37
Arthropods 9.48 0.93 0.61 2.95 0.53 14.5
Echinoderms 0.01 0.01
Total 1.82 20.08 19.39 147.46 108.64 107.2 404.59

Table 19. Wet weight distribution of intertidal invertebrate community according
to the tidal levels at Shingydo (WR2).

Tidal level Wet weight(g/ 0.25m’) Total

Taxa 3.5- 2.7m 2.7- 1.9m 1.9- 1.2m 1.2- 0.7m

Poriferians 76.58 76.58
Cnidarians 10.87 10.87
Platyhelminths 0.11 0.13 0.18 0.42
Nemerteans 0.02 0.23 0.16 0.41
Bryozoans 0.16 0.16
Brachiopods

Sipunculids 1.98 0.20 2.18
Molluscs 6.62 405.88 5.34 160.66 578.5
Annelids 0.92 0.86 1.73 3.51
Arthropods 15.52 576.92 4.88 5.61 602.93
Echinoderms 0.01 0.16 0.17
Total 22.14 983.85 100.88 168.86 1,275.73
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Table 20. Wet weight distribution of intertidal invertebrate community according
to the tidal levels at Saengildo (WR3).

Tidal level Wet weight (g/ 0.25m") Total
Taxa 3.7- 3.0m|3.0- 2.5m|2.5- 2.0m|2.0- 1.5m| 1.5- 1.0m| 1.0- 0.7m
Poriferians
Cnidarians 5.91 5.91
Platyhelminths
Nemerteans 0.39 0.02 0.41
Bryozoans 0.07 0.07
Brachiopods
Sipunculids 0.05 8.80 11.81 20.66
Molluscs 0.23 420.31 0.82 5.43 316.35 298.76 1,041.9
Annelids 6.34 0.72 0.16 0.94 0.64 8.8
Arthropods 2.80 31.13 0.62 1.00 1.27 6.43 43.25
Echinoderms
Total 3.03 464.13 2.23 6.59 327.38 317.64| 1,121.00

Table 21. Wet weight distribution of intertidal invertebrate community according
to the tidal levels at Bogildo (WR4).

Tidal level Wet weight (g/0.25m’) Total
Taxa 4.0- 3.7m|3.7- 3.0m|3.0- 2.0m|2.0- 1.2m|1.2- 0.7m|0.7- 0.5m|0.5- 0.4m
Poriferians
Cnidarians 3.54 3.51 7.05
Platyhelminths 0.01 0.01
Nemerteans 0.01 0.09 0.10
Bryozoans
Brachiopods
Sipunculids 0.18 0.04 0.22
Molluscs 4.89| 109.48| 545.47| 466.64| 279.96 5.42 17.96| 1,429.82
Annelids 0.62 1.12 3.33 0.06 0.09 4.13 9.35
Arthropods 11.53 69.53 0.19 0.49 0.84 1.34 83.92
Echinoderms
Total 4.89| 121.63| 619.66| 473.68| 280.70 6.35 23.56| 1,530.47
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Table 22. Wet weight distribution of intertidal invertebrate community according
to the tidal levels at Soando (WR5).

Tidal level Wet weight (g/0.25m") Total
Taxa 4.1- 3.4m|3.4- 2.2m|2.2- 1.5m| 1.5- 0.9m|0.9- 0.4m|0.4- 0.1m
Poriferians
Cnidarians
Platyhelminths
Nemerteans 0.11 0.35 0.12 0.02 0.60
Bryozoans
Brachiopods
Sipunculids
Molluscs 2.11 53.17 198.53 563.24 6.37 12.09 835.51
Annelids 0.52 4.74 3.52 0.03 0.76 9.57
Arthropods 2.99 45.81 100.77 0.23 0.81 2.78 153.39
Echinoderms
Total 5.10 99.61 304.39 567.11 7.21 15.65 999.07

Table 23. Wet weight distribution of intertidal invertebrate community according
to the tidal levels at Cheongsado (WR6).

Tidal level Wet weight (g/0.25m’)

Taxa 3.7- 2.7m 2.7- 1.8m 1.8- 1.0m 1.0- 0.6m Total
Poriferians 68.07 3.19 71.26
Cnidarians 16.84 16.84
Platyhelminths 0.03 0.03
Nemerteans 0.02 0.06 0.08
Bryozoans 0.16 4.27 4.43
Brachiopods
Sipunculids 0.72 1.44 2.16
Molluscs 70.58 63.7 47.20 82.12 263.6
Annelids 0.08 0.28 4.13 4.49
Arthropods 176.55 814.38 262.12 6.16 1,259.21
Echinoderms 1.92 1.92
Total 247.21 878.08 397.33 101.40 1,624.02
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Fig. 10. Wet weight distribution of intertidal invertebrate community according
to the tidal levels at Yagsando (WR1).
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Fig. 11. Wet weight distribution of intertidal invertebrate community according
to the tidal levels at Shingydo (WR2).
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Fig. 12. Wet weight distribution of intertidal invertebrate community according
to the tidal levels at Saengildo (WR3).
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Fig. 13. Wet weight distribution of intertidal invertebrate community according
to the tidal levels at Bogildo (WR4).
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Fig. 14. Wet weight distribution of intertidal invertebrate community according
to the tidal levels at Soando (WR5).
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Fig. 15. Wet weight distribution of intertidal invertebrate community according
to the tidal levels at Cheongsado (WR6).
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Table 24. Wet weight distribution of intertidal invertebrate community according
to the tidal levels at Wando (WM1).

Tidal level Wet weight (g/0.26m") Total
Taxa 3.5-29m | 2.9- 2.1m | 2.1- 1.6m | 1.6- 1.2m | 1.2- 0.7m
Poriferians
Cnidarians
Platyhelminths
Nemerteans
Bryozoans
Brachiopods
Sipunculids
Molluscs 3.46 55.83 52.52 110.81 17.47 240.09
Annelids 0.64 0.12 3.17 3.93
Arthropods 3.47 3.89 6.79 12.96 7.08 34.19
Echinoderms
Total 7.57 59.72 59.43 123.77 27.72 278.21

Table 25. Wet weight distribution of intertidal invertebrate community according
to the tidal levels at Gogeumdo (WM2).

Tidal level Wet weight (g/0.25m’) Total

Taxa 3.7- 3.0m | 3.0- 25m | 2.5- 20m | 2.0- 1.0m | 1.0- 0.6m
Poriferians

Cnidarians
Platyhelminths
Nemerteans 0.82 0.82
Bryozoans

Brachiopods

Sipunculids

Molluscs 74.84 139.80 59.11 11.73 13.48 298.96
Annelids 2.26 0.70 2.13 0.01 0.41 5.51
Arthropods 2.88 0.90 2.80 0.09 2.45 9.12
Echinoderms
Total 79.98 141.4 64.86 11.83 16.34 314.41
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Table 26. Wet weight distribution of intertidal invertebrate community according
to the tidal levels at Geumildo (WMS3).

Tidal level Wet weight (g/0.25m") Total

Taxa 4.0- 3.0m 3.0- 2.0m 2.0- 1.0m 1.0- 0.6m
Poriferians

Cnidarians

Platyhelminths

Nemerteans

Bryozoans

Brachiopods

Sipunculids

Molluscs 8.92 0.41 2.30 11.63
Annelids 1.06 0.91 29.59 1.62 33.18
Arthropods 1.60 4.65 5.27 0.02 11.54
Echinoderms 1.47 0.27 1.74
Total 11.58 7.03 35.27 4.21 58.09

Table 27. Wet weight distribution of intertidal invertebrate community according
to the tidal levels at Nohwado (WM4).

Tidal level

Wet weight (g/0.25m")

Taxa 40- 33m | 3.3- 28m | 2.8- 2.2m | 2.2- 16m | 16- 12m | [°%
Poriferians

Cnidarians

Platyhelminths

Nemerteans

Bryozoans

Brachiopods 0.06 0.06
Sipunculids

Molluscs 1.72 1.25 18.00 57.96 78.93
Annelids 0.18 1.78 2.64 9.94 0.92 15.46
Arthropods 0.01 0.01 0.03 4.89 0.03 4.97
Echinoderms

Total 0.25 3.51 3.92 32.83 58.91 99.42
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Fig. 16. Wet weight distribution of intertidal invertebrate community according
to the tidal levels at Wando (WM1).
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Fig. 17. Wet weight distribution of intertidal invertebrate community according
to the tidal levels at Gogeumdo (WM2).
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Fig. 19. Wet weight distribution of intertidal invertebrate community according
to the tidal levels at Nohwado (WM4).
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Table 28. Diversity (H') of intertidal invertebrate community according to
the tidal level at the study stations of rocky shore area.

Station & quadrate WR1
position WR1-1 WR1-2 WR1-3 WR1-4 WR1-5 WR1-6
Diversity index (H") 0.304 0.078 1.649 1.824 1.356 1.840
Station & quadrate WR2
position WR2-1 WR2-2 WR2-3 WR2-4
Diversity index (H') 0.286 0.193 0.995 1.508
Station & quadrate WR3
position WR3-1 WR3-2 WR3-3 WR3-4 WR3-5 WR3-6
Diversity index (H') 0.210 1.909 1.817 0.454 2.003 1.727
Station & quadrate WR4
position WR4-1 WR4-2 WR4-3 WR4-4 WR4-5 WR4-6 WR4-7
Diversity index (H") 1.103 1.140 0.875 0.990 1.831 1.662 1.685
Station & quadrate WR5
position WR5-1 WR5-2 WR5-3 WR5-4 WR5-5 WR5-6
Diversity index (H") 0.530 0.380 1.004 1.612 1.662 1.460
Station & quadrate WR6
position WR6-1 WR6-2 WR6-3 WR6-4
Diversity index (H') 0.039 0.039 1.543 1.575
2.2
2 A -2 WR1
1.8 f\a /);\ a
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Fig. 20. Diversity (H') of intertidal invertebrate community according to the

tidal level at the study stations of rocky shore area.
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Table 29. Diversity (H') of intertidal invertebrate community according to
the tidal level at the study stations of mud intertidal flate area.

Station & quadrate WM1

position WM1-1 WM1-2 WM1-3 WM1-4 WM1-5
Diversity index (H") 0.806 1.370 1.379 1.471 0.631
Station & quadrate WM2

position WM2-1 WM2-2 WM2-3 WM2-4 WM2-5
Diversity index (H') 1.545 1.596 0.251 1.296 0.223
Station & quadrate WM3

position WM3-1 WM3-2 WM3-3 WM3-4
Diversity index (H') 1.236 0.663 0.064 0.087
Station & quadrate WM4

position WM4-1 WM4-2 WM4-3 WM4-4 WM4-5
Diversity index (H") 0.113 0.092 0.060 0.279 0.732
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Fig. 21. Diversity (H') of intertidal invertebrate community according to the
tidal level at the study stations of mud intertidal flate area.

_72_



V. 13

A=) 1070 Ao dtxzttiet AALAZINE HAst] FHE AR ZAR A
IIE F 128 197 385 963 21259 A3} 7bsde AHEY o33
FBENA Tzt AAEH et A77F 7B 2 JqF AHEEE
(poriferians), A}2Z-5E(cnidarians), & & &(bryozoans), I‘dF(tunicates)oll s}
AHEH, AHFESY A5 AAXAE Fold T 630 FAHJT oF L=}
HALE Ag BE gzt ZAMA A S AAZZAN A9 5¢ =
MR AN = SlE FeFeA W (Hymeniacidon sinapium) B2} (Haliclona
permollis)e FETo] EE GHFRIFNA A HA BEXSe= ToF odHrT)
AEZFoMe FFaiside] 49 DHdd ) F 9 70 ¢ H=7F GlE
(Appendix 15) T2 AEo| H|3}o] o}lF EHe S Hol=H, T2 %2 & F9
M= gg&FAHd o] JdE debromohymenialdisineo]gbs EZo] Fold = <l
(Table 5). ®.ebaldL ﬂ‘HUﬂszUMl Hslo] v AEZ(0.93~2.84 g/i)& H
o| ARt @& ZAPF A FElEJA o, FFEZAL EFEA X3 IS mli
M A A (SRR FAMR oY g ool FE HAYITAE ot FAHUT
o] =AM AEFET O & AEFS EY o AZddn. 22 £9 o
2 ZFollA cyclic peptide, macrolid, alkaloid, ceramide 52 43t 28 E0] &
AE vb AeHTable 5).
2QPE(WRE)eF HATZ=(WRE)ON A &ld AA NN H(Halichondria okadan->
A JdFAEGAVE JyE T dE HalichondrinAlgo]l &Qld F O Z(Table
11), o] 9N BZFZALE Tt &st7] o mlaA A A A F2 FQAFS
At ole]eu Bepsld Axo AEFH
S Holy Zoz AZtEn. EI e o &Gibe FFW s H(Halichondria

BN

F

2
o,

o

. @
S
S
k1
f
i,
k1
=
=
vt
=2,
>,
o
ox,
BN
>~
>
il
ol
P‘L
9
Job
-0,



B
i

Yu) Z(Anthopleura midori)

W 4w Z(Anthopleura japonica),

3}cH(Table 6).

5

Al =

s
_

°]7]

o

=

AL AR ol=Ade ATl 2
3l

=

ok

P27l A 2.00~8.27 g/m' 9]

=)
fus

oF

=
T AR (Appendix 15).

ofe FRel Berol=sh

=
=
=

feig

0|
0SS
ojp
oR

¢

ol

Ho

mj

F=o A 4.18 g/

t AP A A2 e0l7]

ZARS
15 (Appendix 15). 9]

=2l

=

o] Hgs=ol

o

=

5)

[¢)

=

F27H0.01~0.14 g/m’)

thabol 7| el (Bugula neritina)$} -2

[¢)

==
LI
A
L

e

i

ak

Y

487 )

ESEIEES RIS

9

=

ol (Mendola, 2003)

=

b oA BT 2

Tl A e

[e)

oz A7, AmzATe o9 o

Bugula neritina®

-
T

o]

ol

file)
o
el
rl

o

4r

ojp

ok
I[N

ARl NE BAZAE

o

A7t Ay

i

33
%

¢

B

oF
o
o
(]

ki3

Ecteinascidia turbinatel <] 3

L

g

=
-

0oX

g 7hsAdel

_74_



PR 2 vk A

01]7|‘ Q_ll % D}- V]
N]\ ( endola, 2003) 3}1
. LI:}— A

Qs

z

=2 H3EE
©© EO] =
Zohko] 71 #l (Bugul
a neritina)%t
)

ET743 i
(Ecteinascidin)¢]gt= &3
= = EO] Oq Eﬁ 1=
okl A

H oo
s < o B o
g = I - Sy
o XE ' HE mH = W T fio
3 %q@&?of%gg_ T T T
o T T = == o ro=
Leﬂ L_LWW_@%L_LW%% W%HW%#@%J
_,ﬁo bl E._ E.E — 1R oo . T ]__/l Of E N ,ul O_E ;\ME E.C ;CI ‘UI A ﬂAE
dr ol o B S o e w o) o X oy
B ﬁﬂléfmx% %Lﬂaﬂaﬁz i%%
% E%w_nmoﬂ.wi?ﬂ q:ﬂtiev.zz,_wo_ﬂeh%
M uuunnurooﬂmgﬂga mAViiﬂmﬁaoxﬂ
0R ~o ~ o = y = No Al = s I L KL al] T~
T X B E} i W o o © o o o) ey
w N ,m_mﬁ%w o ﬂ%ﬂ%%%%ﬂ%ﬁ%
= . ,Dl by ) 1 M c]_a — 50 = p— CElL ) o8 oF of wOE
e dulgo%ﬂ_uuaﬁuﬂﬂﬂ I T e ™ B = =
A - I SR 2T n__ogﬂc_law7
i_a% QATwrmEWD%_@HE go%@a__dr.%w“wﬁrﬂommmm
0 or = T — M oV o =
mﬁm_m Q%%M%wmﬂﬂmﬂ o@ﬂwizﬂag,womﬁ%ﬂm_.
= — . o= ! 0 o=
_w_mw_m ﬂoa%mtmrﬁmwo\rwmmtnun_.@au%nd%ﬂw
HT_ 1__._/ EE EE w‘_ % M o EE — e ,nI e mw.o ‘IUF L_L M =3 Jl
5 %%smnﬂ ﬂ%.miw o ﬂﬁo}xﬂv
w = ® SiW=eT % ,AOE@___ﬂlﬁ i
= o B m_w_m K = Ny m ,mm‘_ g M# W T o e < X oy H T
& T TR B < e oo ,|_ A <o oy or = o o) Mo T T N
o B L_L%f%%_zfo pﬂ¥€7 b -
R T K R m e my wﬁ < - ,_m_o oo <° mo o X ok o o/
J:Hu_,_%ﬂnﬁﬂlmﬂmonmwa7d|ﬂﬂuro§ug_oq mnﬁﬂ_.
dw%ﬁﬁaﬁﬂoﬂomnﬁ g & EJL_LEQ%HAQ
w IE F © tuao_bmﬂmMﬂl%ﬂ ovdllﬁamﬂﬂa
wm o o ~ o o N g W o © T O 3 cRt
wi_ezmgiprim amiT%AﬁJ%oﬂg L
Hw_bgwwLw*ﬁdm o R
> Ty o2 q A R R ~ Mo oE
oo 5o E ° T S = o Mo ™ o) o T O N oo ~ o= oo W 10” "
U X 17! w E_Hy _ BOx - k= ™ o S o T - % I T KA
oW w__m ~ - T T S ° N o s K™ T T T T = (3
N zﬂé S E SN E 5w o i S Gl 5
T &g e E = T W Jo Wy = TR
7 S = Bo o o 0| T o~ o L
S w8 o X N o R N N o W5 A
O 9 B < J o
o_@uww@ih% g
R rola o+
T po ok I = -
ol W
|

_75_

g loiM o

L

=] -

}

o [e)
14E 71x 2

S

==
T=

}

0
o

Ko
=



ox
ok
i

ol
a2
>
Mo
offt
oX,
o
Ir
ik
N
=
Mo
K-
R
N
ol
2
Sy
mV)
o,
i,
o
ol
2

Azke] A A7}

G 29 & 9= 9 b 2RTL 4P T 5 Aok
=] =
T R

u U F(chitons)E EE ozt AR AA 1 EXE
HA AT F o HEF EI BE 45 28.87 g/wel ZFrH(Appendix

14). ESF(gastropod)?] HArESF(archaeogastropods)oll  £3h= A& ¥KFamily
Haliotidae), THAZ+Z7] F(Family Fissurellidae), A7tZF7] 3(Family Patellidae),
AN FHFamily Acmaeidae)= Z2 5FFo &3t LeRFoe &8 #H7
o] Fx7F mAYA &) Wil AAFE 2 dHe

I oElE 13F0] BT GutxitdAM w2 s

o](Appendix 15) AELAEZHA HGA] o] &T + A& ZAoE AZHAT. w3 v=
ol = FYANRZANFA &3, A7 7F S & Megathrura crenulata®|2he %
o] FEAlobd(hemocyanin)¢l KLHOl gk A7 243 IPHHA ASGHks
AL 5 odd dSAEA-E S AX L der(Harris and Markl, 1999), ©]
o ZAFol de AEFAAE sEAobdel gk A77F " v Aek(Markl
et.al,, 2001; Keller et al., 1999). 557 5 ¢4 A58 F oled= 2y

2} v|71&F 2 Oncidiella kurodar= o) ZAFGHA A FAFoly 3

rld
(o]
o
s
T
BN
P

o
AVsEA|E 2 E(order)ol] <8t 1 IiH] 3 (Family Siphonariidae)] FE0]
U, a5 HF sted dAAREIY 2 E=3%(Haloa japonica), WA o|(Ballacta
exarata) il AoQle= w7 Frol ARk A bwkzIbel A W
ol dFdLAHE o]&o] 7Hsdt
2}

W, FAIFFEHe OE AAUHS 7H 2429 (Family Muricidae)oll &3+
7



A7}

.

-

5t

9]

ATl AA

1
!

o]
pul

=

o

)

B21(3.51~33.18 g/,
A

27 2

s

= o

=

[e)

Zz=0o
<
Al
-1

1 o482 ol A

I

}u) AW E &4 (antimicrobial activity)ol] Tt
A A 7HA]

ATA Sl A

.

1

L

A &gt

°

o5 BEe3 dAdHk

% = (annelids)ol A]

Appendix 15) 7RA] & o] F(polychaets) S A|
o] 3= ATt

A A% & F(arthropods)
o A 7} mH]

S
=13

<)
=
R

]
Nd
K
foeal

ksl

s 5

A

=)
=TT

58F 9 Tt HES, 2 AT A

&

u,

Fraol7l wEol A&Z <]

i

ojp
oR

-
gl
H
o

o

25ko] vlad AL A

]
—_

=
it

+

2= A

X Al (Hemicentrotus pulcherrimus)?t 2<

TF

=

o
s

] 1.4

-

R

g A A

)

A= Weoz Wsts] $%A

39

iR
=

A A 7}

o]

A

i

"

AA Y YA <]

1

h Y

Ao =t AEAZE ofw
Atk Ao AF

A~

-
Aolt}. wepa ol

-
T

fsig
=2

3 A

al

‘?4
a}

]

=
o

=

A
p4

%

o
-+

2003). kA o]y

™, o]
]

o

B
ﬁo
B

Hskrp 2}

g

_77_



)

‘_lryl

o}

oj7]ell ol#F FrH=

al

K
W

uze)

pAWS
=,

61 4
b goh meA dde] AE 2AHE

S

&

o}
AH
A

N

o)
s

F
o
o7
o

fiTe)

A X

il

B

94, His

=
=

R4

3 B I1A

ZEeR A e Aol

Abl A E 1997dRH 20008714 ¢+, B2

el

&= 42

75, 1998). 1998 % ZAL

FA = Ao (FA4H,

Sk

WA 19979, BAEAA AAlE EAIA =

Fs= 2%, AAT= 12F0°] =R

1999, 2000, 2001).

o

o

1999),

127 116%°]

9=

A BAE

-
T

1999 = Z A}l A]

3

2000). 2000

CHEHAE

118 127+ 32% 8139 152F 9]

- =
. ¢}

=
—_

1

B
)

E

gl

I
;I:yl
w

o)

, 2001). o]¢} #

1t
ﬁo
i

=
=

she 2AA 719 el Wt o

)

w
el

ojp

I

w

i)

-

B

o) A

d B ZolA

<
%O
fug!

)
(R

—_

o

o

A Al 116F 9]

o glF At 1999 A H- At A 152F 0]

A AR 74F0|

-
.

gol

=
o

94

-
T

|

15218, olzg 23

slo
1 =

23tol7] mEL

s

7HA A

= =
. [¢)

%

-
X

o e 2

B

ﬁo
B
4K

SENT P

2 d

s At

g, o

100F°] &= A=

- =
= =
. [¢

2000d = ZA}ol A

Eis

AE AT 86F AL MR

3}o
=

AT Al A

H o
—

Astol o}, whebA

3

Rt

©
Np

_78_



EEET LR

oo
= =2
dol A=

o]
PN

AF7HA HmsjE Adks 1997dRE 2000874

=

B

3

2AA ol WA FE

S ATE o} A =

=

1

]

o

il

1l 4

I

=

T

oz7E A%

i o

k9

bl 2Abg ol 2900 o

A H Aok

)

Aol

}

2Rt

%

A7 o] vl @A

Egh &

-

T

.

o
H

o]
ye
b
o5

, QA A

al

B3t o] §A 9 A, A Aol b s 9

ojp

o

Hlo

3l A H

<]

xo=

oF o

olch, upebA

=
5

o wia s oo} & Foltt

o] 23
o
_79_

7N EA]



Reference
AEF, 1988, &4k Y 547, Agdstu EHGL"J o] stakA} 9] =1, 201pp.
oA, wwh o], 1993, AT s F =3t olFbun| A A, 445pp.
AY3], 1985, =4t wolul R4 7, w2 0}70, &g 5). Aedisturietol
kAL Q=5 202pp.+ 53pls.
Ads], 1998. g=FAEE7, A38A wilHIF, FAHLAF, vitAR R/, 1A
WA F2] 3] AL 1038pp.
A%, 1991, k= Ak A-FEHAT) ASEFEE AT AEHT T
Ho|gutaL et 9l =&, 442pp.

3
, 2001. ¥AA=S] A2 vl F=F2, 13(2): 75-81.
5 XsE 2. A5 F7. FAE 332pp.
L, 1996 s AEE, A36dE S9FE. AT S|AL 780pp.
8, 2000. =9 FE, AXFE 1! g HdRIAIN =g EE, HFil=ekE
=). A AE 251pp.
s, AAI, 2005, sidrtel ety e] w8 2 A% AR 9% 10(2): 32-39.
HAEsE wAHZA LS, 2003, FAEsIE JHAL, 497pp.
A, 1992. S ERY, A33W AAETEI. THnIAF2]5]AL 860pp.
SHrE BT eE], 1997, S ERF(ZEAL). oFHHAA, 489pp.
5, 1998. A2AF HAHAFAZE ZARE A
i, 1999. A23F A5 AFASE AR LA
SRR 2000, A23F AZAFAS A ZA}H 114
K, 2001, A2aF HAFAFARE AR A
3 FAR-, 2005. 20059 FAEIEH Y AFBEAD AT AT, 143pp.

oo ok
[\l
(@)
(@)
o
rol
H
1o

T, 1973, A EE, A148 ZAAF. A3E3A}L, 694pp.

T, 1977, AFEAEEE, A198 AS-F. A=A 414pp.

TZ, 1977, SEEAE =T, A20A WS =k 2. AFstE AL 470pp.
ER73ts], 2003. 5EE 73 3 A2}, 458pp.

°]%l, 1989. er=mEAEET, A31W AAGolR{. FZ A F2 3|}, 764pp.
3

;

2 o> o 2 E oo Wy oY

ol

e

¢
of

F

= I

—)

P
-]

_80_



RIS, NHET, NEFZEEE), 1981a. HrH ABIRE: (1), JH£EE 633pp.

RIS, NHET, NHEFZEIEE), 1981b. #rHABEE: (), JthEgE, 748pp

RIS, NHET, WHEZEIEEE), 1981c. FrH A8l (1), JH£8HE, 763pp

Bhakuni, D. S. and D. S. Rawat, 2005. Bioactive Marine Natural Products.
Springer Co, 382pp.

Burden, F. R., 2002. Environmental Monitoring Handbook. McGraw—Hill Book Co.

Donia, M. and Mark T Hamann, 2003. Marine Natural Products and Their
Potential Applications as Anti-infective Agents. Lancet Infect Dis, 3:
338-348.

Etcheberrigaray, R., M. Tan, 1. Dewachter, C. Kuipéri, [. Van der Auwera, S.
Wera, L. Qiao, B. Bank, T. J. Nelson, A. P. Kozikowski, F. V. Leuven, and
D. L. Alkon, 2004. Therapeutic effects of PKC activators in Alzheimer's
disease transgenic mice. PANS, 101(30): 11141-11146.

Haefner, B., 2003. Drugs from the deep: marine natural produnts as drug
candidates. DDT., 8: 536-544.

Harris, J. R., J. Markl, 1999. Keyhole limpet hemocyanin (KLH): a biomedical
review. Micron, 30: 597-623.

Honma, T. and K. Shiomi, 2006. Peptide toxins in sea anemones: Structural

and Functional Aspects. Marine Biotechnology, 8: 1-10

Jimeno, J., G. Faircloth, J. M. Fernadndez Sousa-fago, P. Scheuer and K.
Rinehart, 2004. New Marine Derived Anticancer Therapeutics— A
Journey from the Sea to Clinical Trials. Mar. Drugs, 2: 14-29.

Keller, H., B. Lieb, B. Altenhein, D. Gebauer, S. Richter, S. Stricker and J. Markl,
1999. Abalone (Haliotis tuberculata) hemocyanin type 1 (HtHI):
Organization of the =400 kDa subunit, and amino acid sequence of its
functional units f, g and h. Eur. J. Biochem., 264: 27-38.

Lei, J. and J. Zhou, 2002. A Marine Natural Product Database. J. Chem. Inf.
Comput. Sci., 42: 742-748

Markl, J., B. Lieb, W. Gebauer, B. Altenhein, U. Meissner, J. R. Harris, 2001.

_81_



Marine tumor vaccine carriers: structure of the molluscan hemocyanins
KLH and HtH. J. Cancer Res. Clin. Oncol., 127(Suppl 2): R3-R9.

Mendola, D., 2003. Aquaculture of three phyla of marine invertebrates to yield
bioactive metabolites: process developments and economics, Biomolecular
Engineering, 20: 441-458

Mutter, R. and M. Wills, 2000. Chemistry and Clinical Biology of the Bryostatins.
Bioorganic & Medicinal Chemistry, 8: 1841-1860.

Newman, D. J. and G. M. Cragg, 2004. Marine Natural Products and Related
Compounds in Clinical and Advanced Preclinical Trials. J. Nat. Prod., 67:
1216-1238.

Nuijjen, B., M. Bouma, C. Manada, J. M. Jimeno, J. H. M. Schellens, A. Bult
and J. H. Beijnen, 2000. Pharmaceutical development of anticancer
agents derived from marine sources. anti-Cancer Drugs, 11:
793-811.

O'Keefe, B. R., 2001. Biologically Active Proteins from Natural Product
Extracts. J. Nat. Prod., 64: 1373-1381.

Ovchinnikova, T. V., G. M. Aleshina, S. V. Balandin, A. D. Krasnosdembskaya,
M. L. Markelov, E. 1. Frolova, Y. F. Leonova, A. A. Tagaev, E. G.
Krasnodembsky and V. N. Kokryakov, 2004. Purification and primary
structure of two isoforms of arenicin, a novel antimicrobial peptide from
marine polychaeta Arenicola marina. FEBS Letters, 577: 209- .214

Parker S. P., 1982. Synopsis and Classification of Living Organisms.
McGraw-Hill Book Co.

Pechenik, J.A., 2005. Biology of the Invertebrates. 5th ed. McGraw-Hill
Book Co., 590pp.

Rajeev K. and Xu Z., 2004. Biomedical Compounds From Marine organisms.
Marine Drugs, 2: 123-146.

Shannon, C. E., W. Weaver, 1963. The Mathematical Theory of Communication,

University of Illinois Press, Urbana, 177pp.

_82_



Simmons, T. L., E. Andrianasolo, K. McPhail, P. Flatt and W. H. Gerwick, 2005.
Marine natural products as anticancer drugs. Mol. Cancer Ther., 4(2):
333-342.

Sipkema, D., M. C. R. Franssen, R. Osinga, J. Tramper and R. H. Wijffels, 2005.
Marine Sponges as Pharmacy. Marine Biotechnology, 7: 142-162
Spellerberg, 1. F., 1991. Monitoring Ecological Change. Cambridge Univ.

Press, 310pp.

_83_



Appendix

Appendix 1. Species list of intertidal invertebrates in Wan—-do gun.

Phylum Porifera S5 &F

Class Demospongia BZ3d 7

Order Haplosclerida ©Z3|H &

Family Haliclonidae B &3|¥ 3}

1. Haliclona permollis (Bowerbank) X 2}sl]%

Order Poecilosclerida G-Z3d &

Family Clathriidae f33]® 3}

2. Ophlitaspongia noto Tanita B}5 M afH

3. Clathriidae sp. % 3l|HF

Order Halichondrida 3l 3|H =

Family Halichondriidae 3j®3jd =}

4. Halichondria okadai (Kadota) #1743l ¥ 3ll¥

5. Halichondria oshoro (Tanita) 353l ¥ 3™

Family Hymeniacidonidae -’l‘-fﬂ'ﬁﬂ“ﬂ?’ﬂ‘ﬂ 3

6. Hymeniacidon sinapium De Laubenfels F3}al W &l
Phylum Cnidaria AXFE &

Class Hydrozoa 3=a% %

Order Thecatae A3 =t5 =

Family Sertulariidae 3=} 3}

7. Dynamena crisioides Lamouroux W H| 3] =2}

8. Sertularella miurensis Stechow 7}2H| 3] =2}

Class Anthozoa A+&3% 7

Order Actiniaria sj®@2nd &

Family Actiniidae 3|®¥2v]& 3

9. Anthopleura japonica Verrill ZtA 23] 4 hu] 2

10. Anthopleura kurogane Uchida et Muramatsu 7373 Zsf ¥ dw] 2
11. Anthopleura midori Uchida et Muramatsu = ZsjH dw) 2
Family Haliplanellidae %0 & 3}

12. Haliplanella lucia (Verrill) ©3=2v| 2

Family Hormathiidae &%z 3}

13. Hormathia andersoni Haddon il& -]z
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Appendix 1 (Continued).
Phylum Platyhelminthes B3 5% &
14. Platyhelminthes indet. A &%
Phylum Nemertea §+35& &

Class Nemertini &2 %

Order Hoplonemertini ¥l=2d3d &
Family Lineidae 95733 3

15. Lineus fuscoviridis Takaura 95122
16. Nemertea indet. 1 ZH# 5 1

17. Nemertea indet. 2 ¥ 5F 2

18. Nemertea indet. 3 ¥ 3

Phylum Bryozoa HI35E& &

Class Stenolaecmata @F 7

Order Cyclostomata 94+ &

Family Crisiidae =gol71d4d

19. Crisia sp. =078 5

Class Gymnolaemata 4% %

Order Ctenostomata &7 &

Family Vesiculariidae F# o]z 83 3
20. Amathia distans Busk WA FEv o]z d |
Order Cheilostomata &7 &

Family Bugulidae thito] 784 I}

21. Bugula sp. thZol 7] H 87

Family Cabereiae Z}H|dlo}o]7| 84 3}

22. Tricellari sp. A¥ol7| &5

Family Schizoporellidae 7+9°]7|24d 3}
23. Dakaria subovoidea (D' Orbigny) AF5=0]7]H g
Family Smittinidae Yo]71¥d 3}

24. Parasmittina sp. ¥ °|7]2 5

Phylum Brachiopoda $#&%& &

Class Inarticulata ¥+#3 3

Order Atremata 73 &

Family Lingulidae 7§35t 3}

25. Lingula unguis (Linné) 71 %F
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Appendix 1 (Continued).

Class Articulata &3 7

Order Telotremata 3 %

Family Dallininidae 318 Z/|Al= 3}

26. Coptothyris grayi (Davidson) A== ZI|AL=
Phylum Sipunculida A T7%& &

27. Sipunculida indet. A F+E&&F

Phylum Mollusca 94 5& &

Class Polyplacophora o3& 7

Order Neoloricata A#% &

Family Ischnochitonidae Q%% 3

28. Ischnochiton comptus (Gould) H5F-%-

29. Ischnochiton hakodadensis (Carpenter) HFL=A T4
30. Lepidozona coreanica (Reeve) &%

Family Mopaliidae w}7}2] 3}

31. Mopalia retifera Thiele &9 75

32. Placiphorella stimpsoni (Gould) wW7}&]

Family Chitonidae &% 3}

33. Chiton kurodai Is. Taki et Iw. Taki ALv}%-

34. Liolophura japonica (Lischke) %-

35. Onithochiton hirasei Pilsbry ¥ g5

Family Acanthochitonidae 7}A% 3

36. Acanthochitona achates (Gould) &Y%

37. Acanthochitona defilippii (Tapparone— Canefri) "%
38. Acanthochitona rubrolineata (Lischke) o 7]¥€ -
Family Cryptoplacidae €@+ 3}

39. Cryptoplax japonica Pilsbry W 5-

Class Gastropoda & 7

Order Archaeogastropoda YA &F &

Family Haliotidae A ¥ 3}

40. Nordotis gigantea (Gmelin) &4 &

Family Fissurellidae T3X2=A 3

41. Macroschisma dilatatum A. Adams S35 27)
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Appendix 1 (Continued).
Family Patellidae At7tZ7] 3

1_4

42. Cellana nigrolineata (Reeve) ZAnj
43. Cellana toreuma (Reeve) ©)7|5t7% 27

Family Acmaeidae A7 Z7] 3

44. Acmaea pallida (Gould) A7tz 7)

45. Chiazacmea pygmaea (Dunker) ol 7|8l %

46. Chiazacmea pygmaea lampanicola (Habe) & Zoff 7| uljZ

47. Collisella heroldi Dunker ol 7] F=2 &

48. Notoacmea concinna (Lischke) & <-vl 5] 7]

49. Notoacmea concinna fuscoviridis Teramachi ‘&2l -2 7]

50. Notoacmea gloriosa Habe T1Ao]w]-2} 7]

51. Notoacmea schrenkii (Lischke) Bj5-2)]7]

52. Patelloida saccharina lanx (Reeve) H| 2] aL%

Family Trochidae ®i% 3}

53. Cantharidus callichroa (Philippi) €5il%

54. Cantharidus hirasei (Pilsbry) Z1v}d 53515

55. Chlorostoma argyrostoma lischkei (Tapparone—Canefri) ®il%
56. Chlorostoma argyrostoma turbinatum A. Adams T4 %1%
57. Conotalopia mustelina (Gould) 7| ¢Wil%s

58. Lirularia iridescens (Schrenck) Al 7]4t3l-g

59. Monodonta labio confusa Tapparone-Canefri 7}&E}28] 115G
60. Monodonta neritoides (Philippi) Z+A| i~

61. Omphalius rusticus (Gmelin) E&il%

62. Tristichotrochus consors multiliratum (Sowerby) &
63. Tristichotrochus koma Shikawa et Habe ¥ o]®}4d 315
Family Turbinidae 4} 3}

64. Batillus cornutus (Lightfoot) A%}

65. Homalopoma sangarense (Schrenck) 2HZ

66. Lunella coronata coreensis (Récluz) &1l

L
S aE
=
oy

o} i‘g_
5
Family Phasianellidae #21% 3}

67. Phasianella modesta (Gould) 2] 1%

Family Neritidae Z31% 3

68. Heminerita japonica (Dunker) Zil%
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Appendix 1 (Continued).

Order Mesogastropoda FE& &

Family Lacunidae #%¥<315F I}

69. Stenotis smithi (Pilsbry) &% %ils

Family Littorinidae $¢ 1% 3}

70. Granulilittorina exigua (Dunker) $2&5H&d 1%
71. Littorina brevicula (Philippl) & %ils

72. Peasiella infracostata (Issel) &% <ils

Family Potamididae A3 % 3

73. Batillaria multiformis (Lischke) 7031l

74. Cerithideopsilla cingulata (Gmelin) B E0]il%

75. Cerithideopsilla djadjariensis (Martin) 7Av] E0] 1%
Family Vermetidae #3115 3}

76. Serpulorbis imbricatus (Dunker) & il

Family Hipponicidae 31Z3% 3}

77. Amalthea conica Schumacher 7] 1172115

Family Calyptraeidae #lii% I}

78. Bostrycapulus gravispinosus (Kuroda et Habe) ] i%
79. Crepidula onyx (Sowerby) %%o0] 2 Al 1%

Order Heteropoda °|& &

Family Naticidae 7+&$3o] 3}

80. Lunatia gilva (Philippi) 7253 ©|

Order Neogastropoda A &% &

Family Muricidae 248 3}

81. Ceratostoma rorifluum (A. Adams et Reeve) WA}IE]
82. Ergalatax contractus (Reeve) B il%

83. Ocinebrellus inornatum (Récluz) ©] 7% 31

84. Rapana venosa (Valenciennes) ¥ %1%

85. Reishia clavigera (Kiister) W<=¢]

86. Reishia luteostoma (Holten) =231
Family Columbellidae 5 3}

87. Indomitrella lischkei (E. A. Smith) BlAHFHH-5
88. Mitrella bicincta (Gouild) B #F 5

89. Mitrella tenuis (Gaskoin) 4l o] B 2] H-=5
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Appendix 1 (Continued).

90. Mitrella sp. ¥-5+

91. Pleurotomitrella pleurotomoides (Pilsbry) MEFYF =

Family Nassariidae F2541% 3

92. Nassarius festivus (Powys) 45254

93. Nassarius fraterculus (Dunker) 7-2>&%
A5y

95. Nassarius multigranosus (Dunker) 9|52

Family Buccinidae Ed15F 3}

96. Cantharus cecillei (Philippi) €74 2= A 115

97. Japeuthria ferrea (Reeve) Etdal%

Family Costellariidae ¥35Al& 3}

98. Vexillum inermis (Reeve) 8o 51175

¢ b

m>~
offt 45
A

=X J—/_lg_

H ]I

94. Nassarius livescens (Philippi) 572

e

41:

Family Turridae 9% 31% 3

99. Inquisitor jeffreysii (E. A. Smith) %1%
Order Heterogastropoda °]| &% =

Family Epitoniidae %2 1% 3

100. Spiniscala japonica (Dunker) 7}A]A 2] 1%
Order Cephalaspidae ¥& %

Family Atyidae %1§0| 3}

101. Ballacta exarata (Philippi) %173 9]

Family Haminoeidae ¥=1% 3}

102. Haloa japonica Pilsbry X% il-g

103. Cylichnatys angusta (Gould)

Order Basommatophora 7|¢t &

Family Siphonariidae 313%704] 3}

104. Anthosiphonaria sirius (Pilsbry) 2w
105. Planesiphon acmaeoides (Pilsbry) 2 1%
106. Sacculosiphonaria japonica (Donovan) il
Order Systellommatophora

Family Oncidiacea

107. Oncidiella kurodai Tw. Taki

108. Gastropoda sp. 1

109. Gastropoda sp. 2
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Appendix 1 (Continued).

110. Gastropoda sp. 3

111. Gastropoda sp. 4

Class Bivalvia °]d]s] 7

Order Solemyoida H|G@Z/] &

Family Solemyidae ¥ 9%/ 3}

112. Acharax japonicus (Dunker)

Order Arcoida 7] &

Family Arcidae E&7] 3}

113. Arca boucardi Jousseaume U EEZ7]
114. Arcopsis symmetrica (Reeve) =208 27

115. Scapharca subcrenata (Lischke) A 19}

116. Tegillarca granosa (Linnaeus) ALY}

Order Mytiloida ¢ &

Family Mytilidae & 3}

117. Modiolus modiolus difficilis Kuroda et Habe "
118. Musculus senhousia (Benson) &%

119. Mytilus coruscus Gould &+

120. Mytilus edulis Linnaeus JF% 3

121. Septifer virgatus (Wiegmann) #2572 3494
Order Pterioida 97 &

Family Ostreidae & 3

122. Crassostrea echinata (Quoy et Gaimard) 7}A=
123. Crassostrea gigas (Thunberg) =

124. Ostrea circumpicta Pilsbry EJAJ =

Order Veneroida W g =

Family Ungulinidae A&7 3}

125. Felaniella sowerbyi Kuroda et Habe AlwlEA}e]Z7)
Family Galeonmatidae ZA}to]Z7)] 3}

126. Lasaea undulata Gould ZAFAro] Z7)

Family Carditidae F&%AISZ7 3

127. Cardita leana Dunker TEHWALE Z7)

Family Cardiidae M Z/ 3}

128. Fulvia mutica (Reeve) M &7
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Appendix 1 (Continued).

Family Tellinidae A& 3}

129. Arcopagia (Merisca) diaphana

130. Macoma incongrua v. Martens ©of 7]t &7}

131. Morerlla jedoensis (Lischke) &3 A Z7)

132. Nitidotellina minuta (Lischke) 55 Al 271

Family Mactridae 713Z/ I

133. Mactra veneriformis Deshayes &=

Family Veneridae 93 3}

134. Cyclina sinensis (Gmelin) 7}

135. Dosinorbis japonicus (Reeve) & Z 7l

136. Irus macrophyllus (Deshayes) #2535 270

137. Ruditapes philippinarum (A. Adams et Reeve) W} 2+
Family Petricolidae E&4to|=7] 3}

138. Claudiconcha japonica (Dunker) 2% 42bo] %7
Family Glauconomidae M &=/

139. Glauconome primeana Crosse et Debeaux M &=7)
Phylum Annelida &3 5E &

Class Polychaeta B2 7%

140. Polychaeta indet. ZRA] & o] &

Phylum Arthropoda A FE& &

Subphylum Chelicerata @Z}ol&

Class Pycnogonida ®}t}A "] 7

Order Pantopoda ®}t}AH® &

Family Ammotheidae FA]v}c}AH 34}

141. Achelia bituberculata Hedgpeth % Zof| 7] = nlc) 7 1]
142. Ammothea hilgendorfi (Bohm) <4 ut7 |
Family Callipallenidae ZtA|v}c}tA®] 3}

143. Callipallene amaxana (Ohshima) 71&ZtAInlt}7 |
144. Callipallenidae sp.

Family Phoxichilidiidae “v¥}c}An =}

145. Anoplodactylus viridintestinalis (Cole) A Sult} A w]
Subphyulum Mandibulata ¢} o}&

Class Crustacea #Z+ 7%
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Appendix 1 (Continued).

Order Thoracica &% &

Family Scalpellidae ¥A<& 3}

146. Pollicipes mitella (Linnaeus) &<

Family Chthamalidae Z%#7] 5] 3}

147. Chthamalus challengeri Hoek Z5-dl7] w7 H]
Family Tetraclitidae A}Ztu}7jn] 3}

148. Tetraclita japonica Pilsbry 72 u}7)n]
Order Mysidacea &3] &

Family Mysidae 27 o|3}

149. Mysidae indet. A o] &

Order Tanaidacea

Family Tanaidae

150. Anatanais normani (Richardson)

151. Apseudes nipponicus Shiino

152. Tanaidae sp.

Order Isopoda 524 &

Family Anthuridae vltjdd 3}

153. Cyathura higoensis Nunomura % 2jv}t]d |
154, Mesanthura nigrodorsalis Nunomura 73-&wnjt]H g
Family Paranthuridae 2 E &g vltdy 3}

155. Paranthura japonica Richardson v}t g
Family Cirolanidae 2 #|¥Xdd =

156. Excirolana chiltoni (Richardson) 242 |
Family Limnoriidae

157. Limnoria sp.

Family Sphaeromatidae 33 #|3}

158. Cymodoce japonica Richardson =%+
159. Dynoides dentisinus Shen 7}A] 2224 o
160. Holotelson tuberculatus Richardson A=z 2|
Family Idoteidae FZ¥# 3}

161. Cleantiella isopus (Grube) 7A5=21H |

162. Cleantiella sp.

163. Idoteidae indet.
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Appendix 1 (Continued).

164. Isopoda sp. 1

165. Isopoda sp. 2

Appendix 1(continued).

166. Isopoda sp. 3

Order Amphipoda ©7 &

167. Amphipoda indet. G ¢+

Family Caprellidae u}t}o] a3}

168. Caprellidae indet. B}CFo & ] 7

Order Cumacea &3olA$¢ &

169. Cumacea indet. <7 o] 4| -¢-F

Order Decapoda HZ =

Family Penaeidae B 3¢ 3}

170. Penaeus chinensis (Osbeck) ta}

Family Alpheidae T3¢ 3}

171. Alpheus bisincisus De Haan ZW&-EA]-¢-
172. Alpheus brevicristatus De Haan =A%
173. Alpheus rapax Fabricius L msA) ¢

Family Crangonidae AA-¢ 3}

174. Crangon affinis De Haan A}F5A]-%-

Family Paguridae 3 A 3

175. Pagurus brachiomastus (Thallwitz) €<z A
176. Pagurus geminus McLaughlin 387

177. Pagurus lanuginosus De Haan "Eug] 23 Al
178. Pagurus pectinatus (Stimpson) Yz A
Family Majidae E%o]A 3}

179. Pugettia quadridens quadridens (De Haan) & 4ro] A
Family Hymenosomatidae @4 3}

180. Rhynchoplax messor Stimpson 7@ 7|
Family Portunidae A

181. Charybdis acuta (A. Milne Edwards) &Ml ZL 7
182. Charybdis japonica A. Milne Edwards WZA
Family Xanthidae ¥ A 3

183. Macromedaeus distinguendus (De Haan) 24z A

L
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Appendix 1 (Continued).

184. Pilumnopeus indicus (De Man) Y& Y5 A
185. Pilumnus minutus De Haan ol 7] 255 A
186. Sphaerozius nitidus Stimpson W] ¥H5-2j A
Family Grapsidae wF$]Al 3}

187. Gaetice depressus (De Haan) ‘&%

188. Helice tridens tridens De Haan 7|

189. Hemigrapsus penicillatus (De Haan) % 4|
190. Hemigrapsus sanguineus (De Haan) T3 247
191. Pachygrapsus crassipes Randall ¥} A
192. Sesarma pictum (De Haan) A}ZHA|

193. Sesarma plicatum (Latreille) 7}A] A

Family Pinnotheridae &4to]A 3

194. Pinnotheres sinensis Shen = 4:%to] 7|
Family Ocypodidae @34 I}

195. llyoplax pingi Shen Y Z A

196. Macrophthalmus dilatatus (De Haan) 247
197. Macrophthalmus japonicus (De Haan) & A
198. megalopa lavae "z =354

Phylum Echinodermata <3 & &

Subphylum Crinozoa H}th}a] of&

Class Crinoidae wltbya] 7

199. Crinoidae sp. wjobubg] &+

Subphylum Asterozoa E7}AlgE] o}&

Class Stelleroidea ¥7}A}2] 7

Order Platyasterida ¥ =

Family Luidiidae 7A-2%&7lA}8 3

200. Luidia quinaria von Martens 7 2% & 74}
Order Spinulosa #< &

Family Asterinidae &7}AlE] 3}

201. Asterina pectinifera Miiller et Troschel ‘HE7}A}E]
Family Echiniasteridae 7] &7}A}e] 3}

202. Henricia nipponica Uchida ©f 7] & 7}A} 2]
203. Henricia sp. °N7] &7
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Appendix 1 (Continued).

Order Myophiurida #A}9] &

Family Ophiacanthidae A1 E71A}E] 3}

204. Ophiacantha linea Shin et Rho 4137 n] &7} e]
Family Amphiuridae $¥HAv]E71A18] 3

205. Aphiura sinicola (Matsumoto) 71Z7A 1| & 7}A}E]
Family Ophiodermatidae 7} A v &7}Al8] 33

206. Ophiarachnella gorgonia (Miiller et Troschel) 7w &-7}A12]
Subphylum Echinozoa A Al °}7%

Class Echinoidea A %

Order Echinoida A &

Family Temnopleuridae XA A 3}

207. Temnopleurus toreumaticus (Leske) A A7
208. Temnotrema rubrum (Doderlein) 732223 7|
Family Strongylocentrotidae T4 Al 3}

209. Hemicentrotus pulcherrimus (A. Agassiz) WA
Class Holothuroidae 3|4+ 7

Order Aspidochirotida &4 =

Family Stichopodidae E7]34 3}

210. Stichopus japonicus Selenka = 7]&l|lAF

Order Apodida & &

Family Synaptidae 234 3

211. Protankyra bidentata (Woodward et Barrett) 7}A&al At
Phylum Chordata #4}5& &

Subphylum Urochordata 7|3}E & o}l&

Class Ascidiacea 3% 7

212. Ascidiacea indet.
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Appendix 2. Species abundances of intertidal invertebrates.
(++, present of quantitative; +, present of qualitative)

Stations WR1| WR2| WR3| WR4 | WR5 | WR6 | WM1| WM2| WM3| W4

Taxa

Phylum Porifera 3|Q &%
Class Demospongia B53d 7
Order Haplosclerida ©Z3W &
Family Haliclonidae 2239 3}
. Haliclona permollis (Bowerbank) X 2}sll® ++| ++ + + +
Order Poecilosclerida t}23d &
Family Clathriidae #3313 3

2. Ophlitaspongia noto Tanita vlsm 3] H + ++
. Clathriidae sp. 37 +
Order Halichondrida sj¥sjd &
Family Halichondriidae 3j¥3|9d 3}

—

w

4. Halichondria okadai (Kadota) 737 sfd 8] + +
5. Halichondria oshoro (Tanita) 353 s]d + +
Family Hymeniacidonidae F33|¥3|d 3}
6. Hymeniacidon sinapium De Laubenfels F33j i 3] ++| ++ + |+t +

Phylum Cnidaria A¥XFE &
Class Hydrozoa 3|E&% %
Order Thecatae R3c}F &
Family Sertulariidaec #1322} 3}
. Dynamena crisioides Lamouroux %1E| 3] =2} + ++
8. Sertularella miurensis Stechow 7}2H 3| =2}k ++
Class Anthozoa {t&3 %
Order Actiniaria S|¥i g3 &
Family Actiniidae 3j¥gw| 3 3
. Anthopleura japonica Verrill 22 Z&]d o]z + |+ + + |+t
10. Anthopleura kurogane Uchida et Muramatsu AARZZsHdm] 2 | ++| + L e s
11. Anthopleura midori Uchida et Muramatsu 3222aj ¥ dm) 2 | A+t +
Family Haliplanellidae %7 & 3}
12. Haliplanella lucia (Verrill) 354wz |+ |+ + + +
Family Hormathiidae €212 3}
. Hormathia andersoni Haddon L% 3+dv]z: ++
Phylum Platyhelminthes $ ¥ & &
14. Platyhelminthes indet. H3 52 HF ++ |+ ++ ++
Phylum Nemertea 435 E &
Class Nemertini &3 %
Order Hoplonemertini BHs&3d# &
Family Lineidae 5% 3%
15. Lineus fuscoviridis Takaura &F3H# ++
16. Nemertea indet. 1 #+H#EF 1 ++ |+t ++ ++
17. Nemertea indet. 2 +HEF 2 B I It Mt e Mt
18. Nemertea indet. 3 #H#EF 3 ++
Phylum Bryozoa H¥ & &
Class Stenolaemata ¥¥ 7
Order Cyclostomata 947 &
Family Crisiidae g°|7d# 3}
. Crisia sp. TR°|718d+#F t+
Class Gymnolaemata Y% 7%
Order Ctenostomata &7 &
Family Vesiculariidae ¥ Yo]7 ¥ 3}
20. Amathia distans Busk WAFH Yol 7E ¥ ++

~

1:

w

—
©
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Appendix 2 (Continued).

(++, present of quantitative; +, present of qualitative)

Stations | wR1 | WR2| WR3| WR4 | WR5 | WR6 | WM1 | WM2| WM3| W4

Taxa
Order Cheilostomata &7 &
Family Bugulidae thidol7dd 3}
21. Bugula sp. ThH&o] 71 ¥ & ++ ++
Family Cabereiae Jt¥l#olo]7d# 3}
22. Tricellari sp. A¥-o]7 ¥ F/ ++
Family Schizoporellidae F9ol7'd# 3}
23. Dakaria subovoidea (D' Orbigny) AF0]7] H#)| t+H| ++H| +H] O+ + ot
Family Smittinidae §Jo|71 4% 3
24. Parasmittina sp. 9 °)7]18#d 5 ++
Phylum Brachiopoda ¢&%& &
Class Inarticulata ¥#3 %
Order Atremata 58 &
Family Lingulidae 719 3%
25. Lingula unguis (Linné) 715+ ++
Class Articulata $-#2 %
Order Telotremata 3 &
Family Dallininidae ZL3{Z/| A& 3}

26. Coptothyris grayi (Davidson) Al 2&ZWAME +
Phylum Sipunculida A T75& &
27. Sipunculida indet. A T+5 &% [FRFE FIVE IV T+

Phylum Mollusca QA& &

Class Polyplacophora o+& 7%

Order Neoloricata A 7% &

Family Ischnochitonidae Q5% 3}
28. Ischnochiton comptus (Gould) &5T%- + + ++ |+ |+ +
29. Ischnochiton hakodadensis (Carpenter) #<2Z A5 4
30. Lepidozona coreanica (Reeve) &% + +

Family Mopaliidae @}7}2] 3}
31. Mopalia retifera Thiele Q1% | |+
32. Placiphorella stimpsoni (Gould) w7}g] +

Family Chitonidae ¥% 3
33. Chiton kurodai 1s. Taki et Iw. Taki Zv}a-%- ++ ++ | ++ | ++
34. Liolophura japonica (Lischke) w%- + ++ | ++ | ++ + ++
35. Onithochiton hirasei Pilsbry W] g% +

Family Acanthochitonidae 7}A#% 3}
36. Acanthochitona achates (Gould) &84 ++ | ++| ++
37. Acanthochitona defilippii (Tapparone— Canefri) @5 +
38. Acanthochitona rubrolineata (Lischke) of 71 € 1%- ++| + ++ | ++ | ++ + +

Family Cryptoplacidae ©@% 3}
39. Cryptoplax japonica Pilsbry B ¥ o5 ++| o+ | ++ + | ++

Class Gastropoda & 7

Order Archaeogastropoda YA &€& &

Family Haliotidae ¥ & 3}

+

40. Nordotis gigantea (Gmelin) @A 5 + + +
Family Fissurellidae Y32 =7 3}

41. Macroschisma dilatatum A. Adams ‘St 853E 270 ++ ++
Family Patellidae A*Z 7] 3}

42. Cellana nigrolineata (Reeve) =M a2 +

43. Cellana toreuma (Reeve) o 7137k z 71 + | 4+ | |+ |+t
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Appendix 2 (Continued).

(++, present of quantitative; +, present of qualitative)

Taxa Stations | wr1 | WR2| WR3| WR4 | WR5 | WR6 | WM1 | WM2| WM3| Whd

Family Acmaeidae AR/ 3}
44. Acmaea pallida (Gould) 3AF5Z7) + + +
45, Chiazacmea pygmaea (Dunker) of 7] vl 2 i el B ++
46. Chiazacmea pygmaea lampanicola (Habe) &l 7] vjd ++ ++
47. Collisella heroldi Dunker o} 7] %= u ++
48. Notoacmea concinna (Lischke) & <-u]5-2]7] L
49. Notoacmea concinna fuscoviridis Teramachi ‘3252 7] + + + +
50. Notoacmea gloriosa Habe B A o] v -] 7] ++
51. Notoacmea schrenkii (Lischke) wl5-2j7] + + L A + +
52. Patelloida saccharina lanx (Reeve) B F2] 1% T A A+ ]+

Family Trochidae ¥1% 3}
53. Cantharidus callichroa (Philippi) @& il% ++ il Bl M
54. Cantharidus hirasei (Pilsbry) # €& 3% + ++
55. Chlorostoma argyrostoma lischkei (Tapparone—Canefri) Wals | + + + + +
56. Chlorostoma argyrostoma turbinatum A. Adams T-HWil% +
57. Conotalopia mustelina (Gould) 7<% R
58. Lirularia iridescens (Schrenck) A} 74315 S I e I 5
59. Monodonta labio confusa Tapparone—Canefri 7|-2€E}2] 1% + + e +
60. Monodonta neritoides (Philippi) Z}A 2lg + +
61. Omphalius rusticus (Gmelin) X &35 + | ++ t+ + + +
62. Tristichotrochus consors multiliratum (Sowerby) QEWA 1% +
63. Tristichotrochus koma Shikawa et Habe §o]W4] 3175 + +

Family Turbinidae &2 3}
64. Batillus cornutus (Lightfoot) A2} ++
65. Homalopoma sangarense (Schrenck) A2 R
66. Lunella coronata coreensis (Récluz) &% ilg R + T F

Family Phasianellidae 8 1% 3}
67. Phasianella modesta (Gould) 2 3L% ++ | ++ ++ | ++| ++

Family Neritidae 231% 3}
68. Heminerita japonica (Dunker) Zil% R Il I sl Ml

Order Mesogastropoda 5% &

Family Lacunidae HA%&1% 3}
69. Stenotis smithi (Pilsbry) £%%il% i B

Family Littorinidae $¢1% 3}
70. Granulilittorina exigua (Dunker) F25 5% %315 R il i Bl Bl B
71. Littorina brevicula (Philippi) & 23l% tH A A A ]+ +
72. Peasiella infracostata (Issel) F% %% |+t

Family Potamididae 231% 3}
73. Batillaria multiformis (Lischke) 7R3l ++| + +
74. Cerithideopsilla cingulata (Gmelin) B Eo]il% ++ | ++
75. Cerithideopsilla djadjariensis (Martin) 7A8]&0] 1% ++ | ++

Family Vermetidae ¥ 1% 3}
76. Serpulorbis imbricatus (Dunker) 235 t+H | +H| HH| HH O+

Family Hipponicidae 1231% 3}
77. Amalthea conica Schumacher 7] 1721% + | |+t +

Family Calyptraeidae ¥l % 3}
78. Bostrycapulus gravispinosus (Kuroda et Habe) ¥ujalg| ++| + ++
79. Crepidula onyx (Sowerby) % 0] A5 |t HH | HH |+ +
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Appendix 2 (Continued).

(++, present of quantitative; +, present of qualitative)

Stations

Taxa WR1| WR2 | WR3 | WR4 | WR5 | WR6 | WM1| WM2| WM3| WMv4
Order Heteropoda °|& &
Family Naticidae T&$3°] 3}
80. Lunatia gilva (Philippi) 72-%-% 0] ++
Order Neogastropoda A& &
Family Muricidae 84 3}
81. Ceratostoma rorifluum (A. Adams et Reeve) WAL 4|+ |+t +
82. Ergalatax contractus (Reeve) ©¥ 1% ++
83. Ocinebrellus inornatum (Récluz) o171 ¥ 315 ++ ++| ++
84. Rapana venosa (Valenciennes) ¥ %31 + +
85. Reishia clavigera (Kuster) t4g] ++ | ++ | ++ ++ +
86. Reishia lutcostoma (Holten) BFE 1% I e B
Family Columbellidae %353}
87. Indomitrella lischkei (E. A. Smith) B35 + + +
88. Mitrella bicincta (Gouild) Hg55 4|+ | |+
89. Mitrella tenuis (Gaskoin) g4lo] B 2] -5 |+ |+t
90. Mitrella sp. ¥55F ++
91. Pleurotomitrella pleurotomoides (Pilsbry) ME%Y9 %= ++
Family Nassariidae $25%4Y31% 3
92. Nassarius festivus (Powys) 9F&F Y% | HH | HH | A+
93. Nassarius fraterculus (Dunker) HALSEFAFH 1% i el e Rl
94. Nassarius livescens (Philippi) F28%Y 1% + ++ | + + +
95. Nassarius multigranosus (Dunker) $jF2FH 1% +
Family Buccinidae E331% 3}
96. Cantharus cecillei (Philippi) 874 2 X115 + + +
97. Japeuthria ferrea (Reeve) B} ils + + + + + | ++
Family Costellariidae ®15At& 3}
98. Vexillum inermis (Reeve) o] 3315 ++ ++
Family Turridae B%31%F 3
99. Inquisitor jeffreysii (E. A. Smith) @3 1% +
Order Heterogastropoda o8& &
Family Epitoniidae A3 8 1% 3}
100. Spiniscala japonica (Dunker) 7}AA 2] 1% +
Order Cephalaspidae $& &
Family Atyidae 1789 3}
101. Ballacta exarata (Philippi) ¥173 0] + ++
Family Haminoeidae ¥ 1% 3}
102. Haloa japonica Pilsbry X =115 ++ | ++ ++ +
103. Cylichnatys angusta (Gould) ++
Order Basommatophora 7]t &
Family Siphonariidae 31%97]¥] 3}
104. Anthosiphonaria sirius (Pilsbry) Zi1s}w-7jH] + + ++ +
105. Planesiphon acmaeoides (Pilsbry) 2 ii®7)1] ++
106. Sacculosiphonaria japonica (Donovan) ILZ-7]H] R I s e
Order Systellommatophora
Family Oncidiacea
107. Oncidiella kurodai Tw. Taki R e o el s o
108. Gastropoda sp. 1 37/ 1 ++ ++
109. Gastropoda sp. 2 37/ 2 ++ ++ ++
110. Gastropoda sp. 3 &7/ 3 ++
111. Gastropoda sp. 4 &7/ 4 +
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Appendix 2 (Continued).

(++, present of quantitative; +, present of qualitative)
Stations WR1| WR2| WR3| WR4 | WR5 | WR6 | WM1| WM2| WM3| wMa

Taxa
Class Bivalvia o]#]3] 7
Order Solemyoida ¥]|©Z/] &
Family Solemyidae B9/ 3}
112. Acharax japonicus (Dunker) ++
Order Arcoida €&/] &
Family Arcidae &7 3}

113. Arca boucardi Jousseaume V| E&Z7) +

114. Arcopsis symmetrica (Reeve) S d54 Z7) + + + ++

115. Scapharca subcrenata (Lischke) A 712: + +
116. Tegillarca granosa (Linnaeus) X9} ++ | ++

Order Mytiloida ¥% &
Family Mytilidae % 3}

117. Modiolus modiolus difficilis Kuroda et Habe ©% 3] I o I B o S

118. Musculus senhousia (Benson) &% ++ ++ T+
119. Mytilus coruscus Gould &% +

120. Mytilus edulis Linnaeus % FE 3| ++

121. Septifer virgatus (Wiegmann) #->% 2383 B I o I e e e e B e

Order Pterioida 94 &
Family Ostreidae & 3}

122. Crassostrea echinata (Quoy et Gaimard) 7FAl & + + +
123. Crassostrea gigas (Thunberg) & L +
124. Ostrea circumpicta Pilsbry Bl +

Order Veneroida #% &
Family Ungulinidae EAle]l&A 3}
125. Felaniella sowerbyi Kuroda et Habe Au}EA}E]Z7) +
Family Galeonmatidae FA}4to|x7] 3}
126. Lasaea undulata Gould FA}ao] 27| SR o B I o
Family Carditidae FEWAISZA 3
127. Cardita leana Dunker FEYWAMS 27 +4+ | ++ ++
Family Cardiidae A &7] 3}
128. Fulvia mutica (Reeve) A Z7Y +
Family Tellinidae FAZM3}
129. Arcopagia (Merisca) diaphana ++
130. Macoma incongrua v. Martens ©°f 7]t %zl + ++ | + +
131. Morerlla jedoensis (Lischke) #&78 A 27 ++
132. Nitidotellina minuta (Lischke) X7 A Z7) ++
Family Mactridae /A%¥X/A 3}
133. Mactra veneriformis Deshayes &% ++
Family Veneridae W% 3}
134. Cyclina sinensis (Gmelin) 7F5-227) ++ |+ |+ +
135. Dosinorbis japonicus (Reeve) ® %7l ++ | ++ +
136. Irus macrophyllus (Deshayes) &2F5 YU 27N ++
137. Ruditapes philippinarum (A. Adams et Reeve) ¥}X 2 ++ | ++ + +
Family Petricolidae &&= 3}
138. Claudiconcha japonica (Dunker) & 4:4ko] 271 +
Family Glauconomidae M <&/ 3
139. Glauconome primeana Crosse et Debeaux A &Z7Y ++ ++
Phylum Annelida $35& &
Class Polychaeta ©}2 %
140. Polychaeta indet. 78 %] ¥ o] & s i B B e I e o I o I o B o B S S o B S
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Appendix 2 (Continued).

(++, present of quantitative; +, present of qualitative)
Stations WR1| WR2| WR3| WR4 | WR5 | WR6 | WM1| WM2| WM3| wMa

Taxa

Phylum Arthropoda B SE& &

Subphylum Chelicerata {Z}ol&

Class Pycnogonida ult}A®] 7

Order Pantopoda ®}t}A®] &

Family Ammotheidae FA|v}c}A ] 3}
141. Achelia bituberculata Hedgpeth T-¥.Z o 7]&ulr}A v ++ | ++ ++ ++
142. Ammothea hilgendorfi (Bohm) &Y 2] v}t n] ++ | ++ 4| ++ | ++

Family Callipallenidae ZtAlv}lc}A ] 34
143. Callipallene amaxana (Ohshima) 715ZtA] u}thA v) ++
144. Callipallenidae sp. ZFA]b}chA v & t+

Family Phoxichilidiidae %ult}A® 3
145. Anoplodactylus viridintestinalis (Cole) 3 A Gtulct7 n] +4+ | ++ 4| ++ ]| ++

Subphylum Mandibulata tj¢} o}

Class Crustacea @& %

Order Thoracica ¥ &

Family Scalpellidae #A& 3}
146. Pollicipes mitella (Linnacus) A5 & N U e D D

Family Chthamalidae &% #7|u}s4u] 3}
147. Chthamalus challengeri Hoek Z5-2j7]u}7]H] ++ |+ |+ FH | | ++

Family Tetraclitidae A}Ztu}7v] 3}
148. Tetraclita japonica Pilsbry 722 wk7)]H] + + | ++ + | 4 | 4+

Order Mysidacea £4°] &

Family Mysidae &7 o]3}
149. Mysidae indet. A o] T+

Order Tanaidacea

Family Tanaidae

150. Anatanais normani (Richardson) 4| 4+ ++| ++]| ++
151. Apseudes nipponicus Shiino ++
152. Tanaidae sp. T+ T I

Order Isopoda 52 &
Family Anthuridae w}tids] 3}
153. Cyathura higoensis Nunomura X #]v}c] ) ++
154. Mesanthura nigrodorsalis Nunomura 7 -2w}c]H ¢ ++
Family Paranthuridae 2Exgvjlc)dd 3}
155. Paranthura japonica Richardson 2wt ++ | ++ ++ | ++
Family Cirolanidae E#FXgd 3}
6. Excirolana chiltoni (Richardson) &.2]5-%4 9 ++
Family Limnoriidae
157. Limnoria sp. ++
Family Sphaeromatidae 3 #)3}
158. Cymodoce japonica Richardson 3338 ++ | ++ | +
159. Dynoides dentisinus Shen 7}A Z 234 ) S o B o
160. Holotelson tuberculatus Richardson A2 ¥ 4| H+ |+ |+t
Family Idoteidae FZ g2l 3}
161. Cleantiella isopus (Grube) 7AFZH¥| ++ | | A HH | | A +
162. Cleantiella sp. 252 ¥ & ++
163. Idoteidae indet. ++
164. Isopoda sp. 1 545 1 ++ ++
165. Isopoda sp. 2 545 2 ++ | ++ ++
166. Isopoda sp. 3 52+ 3 ++
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Appendix 2 (Continued).

(++, present of quantitative; +, present of qualitative)

Stations | wRy | WR2| WR3| WR4 | WR5 | WR6 | WM1 | WM2| WM3| v

Taxa
Order Amphipoda ©Z &
167. Amphipoda indet. A7 R e T o O o e O s
Family Caprellidae vlcidi'dd 3}
168.Caprellidae indet. v}c}of & & F t++ | ++ ] ++ ] ++ | ++ | ++
Order Cumacea &30l $ &
169.Cumacea indet. &7 o] A $-5 ++

Order Decapoda 4% &

Family Penaeidae 2.2 A]-¢ 3}
170. Penaeus chinensis (Osbeck) ™3} + +
Family Alpheidae ©-FA1$- 3}
171. Alpheus bisincisus De Haan &= ++
172. Alpheus brevicristatus De Haan %5 A]-$- + | ++
173. Alpheus rapax Fabricius Z&£%3A] ¢ ++ +
Family Crangonidae AFA$ 3}
174. Crangon affinis De Haan AFFA]$- +
Family Paguridae {4 3}
175. Pagurus brachiomastus (Thallwitz) €2 Al +
176. Pagurus geminus McLaughlin 3 Al + +
177. Pagurus lanuginosus De Haan "@the] 2 Al + +
178. Pagurus pectinatus (Stimpson) B3 Al +
Family Majidae E%olA 3}
179. Pugettia quadridens quadridens (De Haan) 2E9ko] A ++ + +
Family Hymenosomatidae &3 3}
180. Rhynchoplax messor Stimpson 52 %437 ++ | ++ | ++
Family Portunidae A 3
181. Charybdis acuta (A. Milne Edwards) W% +
182. Charybdis japonica A. Milne Edwards Y%A + +
Family Xanthidae ¥ A 3}
183. Macromedaeus distinguendus (De Haan) 2253 A ++ | ++ | ++ ++
184. Pilumnopeus indicus (De Man) Y5153 Al ++
185. Pilumnus minutus De Haan o 7] & B5-2) Al ++
186. Sphaerozius nitidus Stimpson B] §-5-3| A| ++ ++
Family Grapsidae B} A 3
187. Gaetice depressus (De Haan) Y2HA| + + +
188. Helice tridens tridens De Haan W7 +
189. Hemigrapsus penicillatus (De Haan) & #| ++ | ++
190. Hemigrapsus sanguineus (De Haan) $-3%-A] R e e + ++ |+
191. Pachygrapsus crassipes Randall B¢ Al + ++
192. Sesarma pictum (De Haan) AFZHA| + +
193. Sesarma plicatum (Latreille) 7} Al +
Family Pinnotheridae &4to]A 3}
194. Pinnotheres sinensis Shen Z44to] A ++
Family Ocypodidae ©37 3
195. llvoplax pingi Shen & ZA| ++ +
196. Macrophthalmus dilatatus (De Haan) A7 ++
197. Macrophthalmus japonicus (De Haan) 27| R
198.megalopa lavae W Z 235 §4 ++ ++
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Appendix 2 (Continued).

(++, present of quantitative; +, present of qualitative)

Taxa Stations | wr1 | WR2| WR3| WR4 | WR5| WR6 | WM1 | WM2| WM3| wivia

Phylum Echinodermata =39 & &

Subphylum Crinozoa ®}tiv}z] ol&

Class Crinoidae ¥lthr}a] #
199.Crinoidae sp. vlthua] F +

Subphylum Asterozoa E7M}&] ol&

Class Stelleroidea &7}Alg] #%

Order Platyasterida ¥% &

Family Luidiidae 3258 7M}8] 3
200. Luidia quinaria von Martens 725 & 7FALE] T

Order Spinulosa = &

Family Asterinidae E&7A1g] 3

201. Asterina pectinifera Niiller et Troschel 8 E7}AE] + + + | ++ | +
Family Echiniasteridae °}7]&7}Alg] 3}

202. Henricia nipponica Uchida °f 7] &7}A}2] +

203. Henricia sp. °N71 &7 ] & T+

Order Myophiurida ¥|A}v] &

Family Ophiacanthidae A v &AL 34}
204. Ophiacantha linea Shin et Rho A3 An] &7}1Akg] ++ |+

Family Amphiuridae %% A v & 721 3}
205. Aphiura sinicola (Matsumoto) 7127 u] & 7FALE] tH|

Family Ophiodermatidae 7}% 7 v]&7}AlE] 3}
206. Ophiarachnella gorgonia (Miller et Troschel) WA u]E7IA1E] +

Subphylum Echinozoa A Al oH&

Class Echinoidea A %

Order Echinoida A &

Family Temnopleuridae £XA A 3}

207. Temnopleurus toreumaticus (Leske) #2]3A| +
208. Temnotrema rubrum (Doderlein) "-732F2 4 A ++

Family Strongylocentrotidae T34 3}
209. Hemicentrotus pulcherrimus (A. Agassiz) WEA Al + + + +

Class Holothuroidae #14t 7%
Order Aspidochirotida &4 &
Family Stichopodidae &7]3]4t 3}

210. Stichopus japonicus Selenka =7]38|4t +
Order Apodida 5% &
Family Synaptidae 2314t 3}

211. Protankyra bidentata (Woodward et Barrett) 7FA| G384t ++
Phylum Chordata 345& &
Subphylum Urochordata U|tE & o}&
Class Ascidiacea 3% %

212. Ascidiacea indet. + + + +
Phylum 11 11 7 12 8 11 3 5 6 4
Class 12 | 14 7 13 | 11 | 14 4 7 9 5
Number of species Order 22 26 15 23 23 26 7 11 18 15
Family 48 52 37 48 49 54 10 17 32 19
Species 81 86 65 74 75 94 18 29 43 28
Total 12 Phala 19 CI 38 Orders 96 Families 212 Species
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Appendix 3. Species abundances of intertidal invertebrates in quantitative
method.

\Method & Stations Quantitative
Rocky shores Mud tidal flates Total
Texa WRL | WR2 | WR3 | WR4 | WR5 | WR6 | Total| WML | WM2 | WM3 | WM4 | Total | O
Class 1 1 1 1 1
Poriferians Order 2 2 2 2 2
Family 2 2 2 3 3
Species 2 2 2 3 3
Class 1 1 1 1 1 2 2 2
Cnidarians Order 1 1 1 1 1 2 2 2
Family 2 1 2 2 1 2 4 4
Species 2 2 2 2 1 4 7 7
Class
Platyhelminths Ord(-fr
Family
Species 1 1 1 1 1 1
Class 1 1 1
Nemerteans Order ! ! !
Family 1 1 1
Species 2 2 2 2 2 3 1 1 4
Class 1 1 1 2 2 2
Bryozoans Order 1 1 1 3 3 3
Family 3 2 1 4 6 6
Species 3 2 1 4 6 6
Class 1 1 1
. Order 1 1 1
Brachiopods Family 1 1 1
Species 1 1 1
Class
Sipunculida Ord(-fr
Family
Species 1 1 1 1 1 1
Class 3 3 3 3 3 3 3 2 2 2 2 2 3
Molluscs Order 8 9 8 10 8 10 4 5 5 5 9 13
Family 16 20 20 22 20 18 29 5 8 6 5 15 37
Species 24 29 31 40 27 27 62 10 13 6 5 24 82
Class 1 1 1 1 1 1 1 1 1 1 1
Annelids Order
Family
Species 1 1 1 1 1 1 1 1 1 1 1 1 1
Class 2 2 1 2 2 2 2 1 1 1 1 1 2
Order 6 6 5 6 6 5 6 2 1 2 6 6 8
Arthropods T ity 13 | 12 | 11 | 11 | 11 | 11 | 19 2 2 2 1 6 22
Species 18 18 16 16 14 17 36 4 4 6 6 14 46
Class 1 2 1 2 1 2 2 2
. Order 1 3 1 3 1 2 2 4
Bchinoderms | mily 1 3 1 1 1 2 2 6
Species 1 3 1 4 1 2 2 6
Class
Chordates Ord(-fr
Family
Species
Phylum 10 10 7 7 5 10 10 3 5 4 4 6 11
Class 10 11 7 8 7 12 13 4 6 6 5 8 15
Total Order 19 22 15 15 17 21 26 6 8 9 12 19 34
Family 38 40 34 35 32 38 65 7 12 10 10 25 80
Species 55 59 53 63 45 59 124 15 20 5 13 42 156
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Appendix 4. Species abundances of intertidal invertebrates in quantitative &
qualitative method.

\Ms ) Quantitative & Qualitative
thod & Stations
Rocky shores Mud tidal flates
Texa Total
WR1 | WR2 | WR3 | WR4 | WR5 | WR6 | Total | WM1 | WM2 | WM3 | WM4 | Total
Class 1 1 1 1 1 1 1
Poriferi Order 2 3 1 2 3 3 2 2 3
Ortientans I Family 2 3 1 3 1 1 2 2 1
Species 2 3 1 3 6 6 2 2 6
Class 1 2 1 1 1 2 2 1 1 2
Cnidarians Order 1 2 1 1 1 2 2 1 1 2
Family 2 3 2 2 2 3 4 1 1 4
Species 3 5 4 2 4 6 7 1 1 7
Class
Platyhelminths Orde?r
Family
Species 1 1 1 1 1 1
Class 1 1 1
Order 1 1 1
Nemerteans -
Family 1 1 1
Species 2 2 1 2 2 2 3 1 1 4
Class 1 1 1 1 1 2 2 2
Order 1 1 1 1 1 3 3 3
Bryozoans . mily 3 2 1 1 1 1 6 6
Species 3 2 1 1 1 4 6 6
Class 1 1 1 1 2
. Order 1 1 1 1 2
Brachiopods Family ] ] ] ] 5
Species 1 1 1 1 2
Class
Sipunculids Orde?r
Family
Species 1 1 1 1 1 1 1
Class 3 3 3 3 3 3 3 2 3 3 2 3 3
Molluscs Order 9 11 8 10 11 10 12 5 7 10 8 12 14
Family 23 27 23 27 27 25 35 7 20 12 25 43
Species 43 45 41 49 46 47 86 12 7 27 1f 42 112
Class 1 1 1 1 1 1 1 1 1 1 1 1 1
Annelids Order
Family
Species 1 1 1 1 1 1 1 1 1 1 1 1 1
Class 2 2 1 2 2 2 2 1 1 1 1 1 2
Order 6 6 5 6 6 6 6 2 2 3 6 6 8
Arthropods I ity 15 | 13 | 1 5 | 14 16 | 20 3 1 7 7 11 26
Species 21 20 18 21 17 23 42 5 9 11 11 22 58
Class 2 3 2 2 2 4 1 2 2 4
. Order 3 3 3 2 2 4 1 2 5 5
Echinoderms |- ity 3 1 3 2 2 7 1 2 5 10
Species 3 6 3 2 2 9 1 2 5 13
Class 1 1 1 1 1 1
Chordates Orde?r
Family
Species 1 1 1 1 1 1
Phylum 11 11 7 12 8 11 12 3 5 6 4 8 12
Class 12 14 7 13 11 14 17 4 7 9 5 11 19
Total Order 22 26 15 23 23 26 31 7 11 18 15 28 38
Family 48 52 37 48 49 54 71 10 17 32 19 46 96
Species 81 86 65 74 75 94 163 18 29 43 28 74 212
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Appendix 5. Distribution of intertidal invertebrates at the study station WR1

Species ingzgi.dggls Coxz%age we‘izg:(g)
WR1-1 (horizontal, upper tidal line O- 1m; tidal level, 3.6— 3.2m)
Granulilittorina exigua (Dunker) 25954 1% 10 1.72
Littorina brevicula (Philippi) € il% 1 0.10
WR1-2 (horizontal, upper tidal line 1- 5m; tidal level, 3.2- 2.5m)
Haliplanella lucia (Verrill) @320z 2 0.50
Acanthochitona rubrolineata (Lischke) o} 7] €% 1 1.03
Chiazacmea pygmaea (Dunker) off 7] 8l & 3 0.14
Patelloida saccharina lanx (Reeve) ®|F2] 1% 6 7.62
Reishia clavigera (Kuster) t<g] 2 1.60
Polychaeta indet. 78 %] & o] & 1 0.01
Pollicipes mitella (Linnaeus) A&<& 2 2.89
Chthamalus cha//engeu Hoek ZHEH 7w m)] 2304 6.58
Amphipoda indet. &% 8 0.01
WR1-3 (horizontal, upper tidal line 5- 10m; tidal level, 2.5— 2.0m)
Haliclona permollis (Bowerbank) X.2}sj]™ colony 0.35
Platyhelminthes indet. B¥E &5 4 0.03
Nemertea indet. 1 1 0.01
Nemertea indet. 2 13 0.11
Dakaria subovoidea (D' Orbigny) AF=0] 7| colony 0.01
Acanthochitona rubrolineata (Lischke) o} 71 €% 12 4.99
Chiazacmea pygmaea (Dunker) ©ff 7] 8l & 2 0.16
Patelloida saccharina lanx (Reeve) H 58 1% 10 5.27
Ceratostoma rorifluum (A. Adams et Reeve) PA}E] 1 0.09
Reishia clavigera (Kister) H4¢] 6 4.01
Reishia luteostoma (Holten) ¥F =2 3% 1 0.41
Nassarius fraterculus (Dunker) @%%%’é"’%lﬂ 3s 5 0.73
Haloa japonica Pilsbry X%1l-5 1 0.07
Oncidiella kurodai Tw. Taki 13 0.43
Musculus senhousia (Benson) &% 2 0.05
Septitfer virgatus (Wiegmann) #H-2=24H4H 3 16 0.30
Lasaea undulata Gould Aol z7) 472 0.67
Claudiconcha japonica (Dunker) Z-&2:4o] Z 7] 1 0.40
Polychaeta indet. 70 %] & o] 5 61 0.38
Ammothea hilgendorfi (Bohm) <% 52| vlc}A 1 1 0.01
Anoplodactylus viridintestinalis (Cole) 74 A GtulthAn| 2 0.01
Anatanais normani (Richardson) 9 0.01
Paranthura japonica Richardson v}t 1 0.01
Dynoides dentisinus Shen 7}A| &% 73 ) 92 0.10
Cleantiella isopus (Grube) 7152 H | 23 0.28
Amphipoda indet. 925 35 0.49
Caprellidae indet. v}C}o]E 2 & 1 0.01
Hemigrapsus sanguineus (De Haan) 5244 1 0.01

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 5 (Continued).

Species ingzgi.dzgls Coxz%age we‘iz}el:(g)
WR1-4 (horizontal, upper tidal line 10- 14m; tidal level, 2.0- 1.5m)
Haliclona permollis (Bowerbank) Hz}sf]= colony 2.81
Hymeniacidon sinapium (De Laubenfels) =33l sl colony 109.96
Anthoplewra kurogane Uchida et Muramatsu 73732-spHdm) 2k 4 3.41
Platyhelminthes indet. B¥E &+ 1 0.01
Nemertea indet. 1 4 0.01
Nemertea indet. 2 23 0.11
Acanthochitona rubrolineata (Lischke) off 7] €% 13 4.35
Patelloida saccharina lanx (Reeve) H 58 1% 19 7.19
Reishia clavigera (Kister) g 8 6.65
Reishia luteostoma (Holten) 2FE=8 1% 1 2.62
Modiolus modiolus difficilis Kuroda et Habe © %A 3 3.78
Musculus senhousia (Benson) &% 1 0.02
Septifer virgatus (Wiegmann) #-<2=2 3% 2 0.03
Lasaea undulata Gould Aol 205 0.29
Polychaeta indet. 78 %] & o]H 33 2.30
Achelia bituberculata Hedgpeth S ol 7] &ujt)7 ) 1 0.01
Anatanais normani (Richardson) 12 0.02
Dynoides dentisinus Shen 72|27 ) 13 0.01
Cleantiella isopus (Grube) 7152 H ] 7 0.05
Amphipoda indet. QA --F 26 0.06
Caprellidae indet. W}C}eidE =) 7 2 0.01
Macromedaeus distinguendus (De Haan) Z3-2] 7| 1 0.38
Hemigrapsus sanguineus (De Haan) FY%HA| 4 0.08

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 5 (Continued).

WR1-5 (horizontal, upper tidal line 14— 19m; tidal level, 1.5- 1.0m)

Haliclona permollis (Bowerbank) irR=ARC hs] colony 1.10
Platyhelminthes indet. V& & &F 10 0.03
Nemertea indet. 1 16 0.03
Nemertea indet. 2 30 0.08
Bugula sp. colony 0.01
Parasmittina sp. o7 HdF colony 0.01
Sipunculida indet. 2 0.01
Cryptoplax japonica Pilsbry @] w-5- 2 1.70
Chiazacmea pygmaea (Dunker) ©off 7] 8] & 2 0.01
Lirularia iridescens (Schrenck) A7l %tal% 4 0.10
Serpulorbis imbricatus (Dunker) W il-s 2 20.60
Bostrycapulus gravispinosus (Kuroda et Habe) FHlil% 6 0.02
Ocinebrellus inornatum (Récluz) o17]¥ 315 4 0.16
Gastropoda sp. 2557 2 2 0.01
Nassarius fraterculus (Dunker) A2E&FE5FY 15 4 0.11
Modiolus modiolus difficilis Kuroda et Habe © %A 36 79.78
Polychaeta indet. 78X & o]+ 256 1.92
Achelia bituberculata Hedgpeth &M <ol 7]&ulc) 7 0] 16 0.05
Ammothea hilgendorfi (Boshm) <% %-g]v}t}An] 4 0.01
Anatanais normani (Richardson) 10 0.02
Apseudes nipponicus Shiino 6 0.01
Dynoides dentisinus Shen 7}A| S22 ) 2 0.01
Cleantiella isopus (Grube) 7152 H | 2 0.03
Isopoda sp. 1 52 1 2 0.01
Amphipoda indet. QA5 660 1.97
Caprellidae indet. B}c}oi & &5 6 0.01
Pilumnopeus indicus (De Man) U545 Al 2 0.82
Ophiacantha linea Shin et Rho A% A0 & 7}ALE] 2 0.01

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 5 (Continued).

Species ingggi'd?lgls Cowég*)age we‘igﬁ:(g)
WR1-6 (horizontal, upper tidal line 19- 24m; tidal level, 1.0- 0.7m)
Platyhelminthes indet. H¥E &+ 10 0.06
Parasmittina sp. Qo738 F colony 0.18
Nemertea indet. 1 20 0.06
Nemertea indet. 2 36 0.11
Sipunculida indet. 4 0.16
Chiton kurodai Is. Taki et Iw. Taki ZVl-4- 2 0.11
Chiazacmea pygmaea (Dunker) ©off 7] 8l & 2 1.66
Lirularia iridescens (Schrenck) A7 ¥il% 8 0.14
Phasianella modesta (Gould) 2] il% 2 0.01
Serpulorbis imbricatus (Dunker) Wil 4 28.68
Crepidula onyx (Sowerby) %% o] dA 1% 2 0.01
Nassarius fraterculus (Dunker) A2EF&FY 1% 4 0.46
Haloa japonica Pilsbry %115 6 0.04
Modiolus modiolus difficilis Kuroda et Habe © &3] 30 74.23
Polychaeta indet. 78 %] & o] & 148 0.76
Achelia bituberculata Hedgpeth S ol 7] &ujt)7 ) 4 0.01
Ammothea hilgendorfi (Bshm) <% %-g]v}t}An] 2 0.01
Callipallene amaxana (Ohshima) 7]15-ZtA| v}t A m 2 0.01
Anatanais normani (Richardson) 2 0.01
Cleantiella isopus (Grube) A7) 2 0.03
Amphipoda indet. QA -$-F 172 0.36
Pugettia quadridens quadridens (De Haan) %-22o] A 2 0.10

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 6. Distribution of intertidal invertebrates at the study station WRZ2

No. of Coverage Wet
individuals (%) weight(g)

WR2-1 (horizontal, upper tidal line O— 1m; tidal level, 3.5- 2.7m)

Species

Heminerita japonica (Dunker) Zil% 1 0.78
Granulilittorina exigua (Dunker) 2594 1% 119 5.74
Littorina brevicula (Philippi) %1% 2 0.10
Pollicipes mitella (Linnaeus) A&<& 1 2.54
Chthamalus challengeri Hoek Z%-27]wh7lH] 1464 12.98

WR2-2 (horizontal, upper tidal line 1- 4m; tidal level, 2.7- 1.9m)

Platyhelminthes indet. B ¥ &+ 5 0.11
Nemertea indet. 2 ZHdF 2 6 0.02
Chiazacmea pygmaea (Dunker) ©off 7] 8] & 7 0.68
Heminerita japonica (Dunker) Zil% 1 0.38
Amalthea conica Schumacher 7]A112 315 3 0.02
Reishia clavigera (Kuster) t<4g] 19 32.74
Sacculosiphonaria japonica (Donovan) I13®7]H] 1 0.34
Oncidiella kurodai ITw. Taki 157 3.97
Septifer virgatus (Wiegmann) #2544 H 3| 150 366.90
Lasaea undulata Gould FA}ao]lz7) 495 0.85
Polychaeta indet. 78 %] & o]+ 128 0.92
Chthamalus challengeri Hoek Z5-2)]7]w}7]H] 29584 576.89
Dynoides dentisinus Shen 7}A| S22 ) 6 0.01
Amphipoda indet. 925 26 0.02

* Number of individuals, coverage, and wet weight were calculated per 0.25nm’
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Appendix 6 (Continued).

Species imli\ggi'd?lgls Cowzg’)age we}gﬁ:(g)
WR2-3 (horizontal, upper tidal line 4- 9m; tidal level, 1.9- 1.2m)
Haliclona permollis (Bowerbank) X 2}sj]™ colony 1.93
Hymeniacidon sinapium De Laubenfels 33| a|™d colony 74.65
Anthopleura japonica Verrill ZA 23| 2ho) 2k 2 7.55
Anthopleura nidori Uchida et Muramatsu 8228 2] 2k 1 3.32
Platyhelminthes indet. V& &5 &F 18 0.13
Nemertea indet. 1 #E|5F 1 36 0.03
Nemertea indet. 2 #+E#|5F 2 42 0.20
Sipunculida indet. A T7% = 7 1.98
Liolophura japonica (Lischke) T 1 2.17
Acanthochitona achates (Gould) &Y% 1 0.02
Cellana toreuma (Reeve) o 7]5k%k27) 15 4.18
Collisella heroldi Dunker o 7]5F=2vl& 1 0.16
Patelloida saccharina lanx (Reeve) ®|F2] 1% 1 0.67
Ceratostoma rorifluum (A. Adams et Reeve) PA}E] 2 3.80
Reishia luteostoma (Holten) ¥FE=2 3% 8 12.88
Nassarius fraterculus (Dunker) A2EF&5FY 1% 1 0.16
Vexillum inermis (Reeve) Futo] 5% 1 0.16
Haloa japonica Pilsbry £%11F 1 0.04
Modiolus modiolus difficilis Kuroda et Habe ® &% 21 22.95
Lasaea undulata Gould FA}ao]lz7) 2608 4.48
Polychaeta indet. 78X & o]+ 221 0.86
Achelia bituberculata Hedgpeth S ol 7] &ujc) 7 v) 1 0.01
Ammothea hilgendorfi (Bshm) <% %-g]v}t}An] 7 0.07
Anoplodactylus viridintestinalis (Cole) 74 A ytnlt}An| 8 0.01
Anatanais normani (Richardson) 18 0.02
Excirolana chiltoni (Richardson) EZ5FAE g 2 0.01
Dynoides dentisinus Shen 7}A| S22 ) 46 0.01
Cleantiella isopus (Grube) ZA5ZH ] 22 0.80
Isopoda sp. 2 524F 2 14 0.01
Isopoda sp. 3 54F 3 1 0.01
Amphipoda indet. G --F 178 0.44
Caprellidae indet. W}C}eidE 2 7 15 0.02
Hemigrapsus sanguineus (De Haan) 524 5 3.46
Henricia sp. W71 &7} 7 1 0.01

* Number of individuals, coverage, and wet weight were calculated per 0.25nm’

- 111 -




Appendix 6 (Continued).

Species in}l\zgi.d?lgls Cong)age we‘iz}el:(g)
WR2-4 (horizontal, upper tidal line 9- 13m; tidal level, 1.2- 0.7m)
Platyhelminthes indet. V& & &F 26 0.18
Nemertea indet. 1 ZHdF 1 10 0.03
Nemertea indet. 2 ZHdF 2 36 0.13
Dakaria subovoidea (D' Orbigny) AF5o] 7| colony 0.02
Tricellari sp. AlHko] 7] ] & colony 0.14
Sipunculida indet. A T7% =¥ 2 0.20
Macroschisma dilatatum A. Adams 2T A%Z27) 6 0.04
Cantharidus callichroa (Philippi) €% 1il% 18 0.44
Lirularia iridescens (Schrenck) A} 71%a1% 14 0.25
Omphalius rusticus (Gmelin) B 215 2 4.44
Phasianella modesta (Gould) 2]il% 4 0.01
Serpulorbis imbricatus (Dunker) Wil 20 144.64
Crepidula onyx (Sowerby) %% © ]é‘l/}li% 2 0.02
Reishia luteostoma (Holten) ¥FE=2 3% 2 0.85
Nassarius fraterculus (Dunker) u%% e e 6 0.67
Vexillum inermis (Reeve) Hulo]5-11 2 0.13
Haloa japonica Pilsbry %115 4 0.02
Modiolus modiolus difficilis Kuroda et Habe © &3 14 8.86
Lasaea undulata Gould Aol 8 0.01
Cardita leana Dunker FE5WAIEZ7) 2 0.28
Polychaeta indet. 78X & o]+ 126 1.73
Achelia bituberculata Hedgpeth &M <ol 7]&ulc) 7 0] 6 0.02
Anoplodactylus viridintestinalis (Cole) 74 A GtulthAn| 2 0.01
Anatanars normani (Richardson) 160 0.36
Tanaidae sp. 2 0.02
Paranthura japonica Richardson &v}t]H ) 2 0.01
Cymodoce japonica Richardson 22| 6 0.52
Dynoides dentisinus Shen 7}A| &% 73 ) 10 0.01
Isopoda sp. 2 524§ 2 46 0.01
Amphipoda indet. &% 960 4.64
Macromedaeus d13t1hguendu5 (De Haan) Z5-AA| 2 0.01
Henricia sp. 7] &7 & 2 0.01
Ophiacantha linea Shin et Rho A% A1 & 7}A}E] 2 0.01
Temnotrema rubrum (Doderlein) 72243 Al 2 0.14

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 7. Distribution of intertidal invertebrates at the study station WR3

No. of Coverage Wet

Species individuals| (%) | weight(g)
WR3-1 (horizontal, upper tidal line O- 5m; tidal level, 3.7- 3.0m)
Granulilittorina exigua (Dunker) 25954 1% 24 0.23
Chthamalus challengeri Hoek Z%-27]uw}7lH] 422 2.80
WR3-2 (horizontal, upper tidal line 5- 7m; tidal level, 3.0- 2.5m)
Anthopleura nidori Uchida et Muramatsu 8223 2] zk 2 5.17
Haliplanella Iucia (Verrill) @320z 1 0.74
Nemertea indet. 2 ¥ dlF 2 32 0.39
Sipunculida indet. A T7% & 2 0.05
Liolophura japonica (Lischke) 75 3 15.27
Chiazacmea pygmaea (Dunker) ©off 7] 8 & 64 1.37
Chiazacmea pygmaea lampanicola (Habe) &Zoff 7]ujgt 1 0.13
Notoacmea gloriosa Habe Bl o]ulj -2} 7] 9 0.72
Littorina brevicula (Philippi) %1% 4 0.07
Ceratostoma rorifluum (A. Adams et Reeve) WA} 4 5.86
Reishia clavigera (Kiister) H4¢] 53 57.80
Reishia luteostoma (Holten) B FE=8 1% 2 0.08
Sacculosiphonaria japonica (Donovan) 7] 1 0.32
Oncidiella kurodai Tw. Taki 26 0.47
Gastropoda sp. 28ZHF 2 1 0.01
Septifer virgatus (Wiegmann) #H-<=24 4 H 3 236 335.58
Lasaea undulata Gould Aol 570 2.63
Polychaeta indet. 78 %] & o] & 152 6.34
Pollicipes mitella (Linnaeus) A&<& 2 0.14
Chthamalus challengeri Hoek Z5-27]w}t7lH] 300 1.99
Isopoda sp. 2 524§ 2 2 0.01
Amphipoda indet. QA -$-F 63 0.08
Tetraclita japonica Pilsbry 722 u}7jH] 2 28.58
Hemigrapsus sanguineus (De Haan) §Y %A 12 0.33

WR3-3 (horizontal, upper tidal line 7- 9m; tidal level, 2.5- 2.0m)
Dakaria subovoidea (D' Orbigny) AF5o] 7] | colony 0.07

Acanthochitona achates (Gould) 95 2 0.13
Lirularia iridescens (Schrenck) Aj 77]‘?}?_? 2 0.05
Amalthea conica Schumacher 7]2317231% 2 0.01
Reishia luteostoma (Holten) & ':EF:‘] I'_—g 4 0.39
Mitrella tenuis (Gaskoin) 24l 0] B 2] 5 4 0.15
Modiolus modiolus difficilis Kuroda et Habe ® X 4 0.05
Septifer virgatus (Wiegmann) #H-2=24 34 H 3 2 0.01
Lasaea undulata Gould FAFo]lZ7 34 0.03
Polychaeta indet. 78 %] & o] & 22 0.72
Anatanais normani (Richardson) 60 0.04
Dynoides dentisinus Shen 7}A]&2ZE | 46 0.01
Cleantiella isopus (Grube) 7152 10 0.04
Amphipoda indet. QA -$-F 130 0.07
Macromedaeus distinguendus (De Haan) Z25-x] A 2 0.46

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 7 (Continued).

No. of Coverage Wet

Species individuals| (%) | weight(g)
WR3-4 (horizontal, upper tidal line 9- 10m; tidal level, 2.0- 1.5m)
Lirularia iridescens (Schrenck) A7 ®¥al% 2 0.24
Reishia luteostoma (Holten) ¥FE=2 3% 6 5.17
Septifer virgatus (Wiegmann) #H-<=24H4H 3 2 0.01
Lasaea undulata Gould Aol 2 0.01
Polychaeta indet. 78 %] & o] & 6 0.16
Anatanais normani (Richardson) 12 0.02
Dynoides dentisinus Shen 722749 42 0.01
Isopoda sp. 2 4% 2 4 0.01
Amphipoda indet. QA -$-F 720 0.97
WR3-5 (horizontal, upper tidal line 10- 14m; tidal level, 1.5- 1.0m)
Nemertea indet. 2 ZHdF 2 4 0.02
Sipunculida indet. A T7% =¥ 24 8.80
Cryptoplax japonica Pilsbry H#|T5- 4 10.67
Cellana toreuma (Reeve) ol 715F7EZ7) 24 22.50
Chiazacmea pygmaea (Dunker) off 7] 8= 52 2.63
Serpulorbis imbricatus (Dunker) Wil 8 4.19
Crepidula onyx (Sowerby) %0l 24115 4 6.07
Ceratostoma rorifluum (A. Adams et Reeve) WA} 4 2.32
Reishia clavigera (Kuster) t<4g] 16 21.86
Reishia luteostoma (Holten) ¥F =2 3% 24 15.86
Sacculosiphonaria japonica (Donovan) 1137} 4] 4 0.81
Modiolus modiolus difficilis Kuroda et Habe ©@ &3] 100 223.37
Lasaea undulata Gould Aoz 352 0.13
Cardita leana Dunker F&YAFS 2] 4 5.94
Polychaeta indet. 78X & o]+ 44 0.94
Anatanais normani (Richardson) 4 0.01
Cymodoce japonica Richardson T2 74 4 0.88
Dynoides dentisinus Shen 7HAE2Z2E ) 52 0.24
Cleantiella isopus (Grube) 7RFZE ) 4 0.04
Amphipoda indet. QA $¢-F 28 0.06
Pinnotheres sinensis Shen Z4:%ko]7] 4 0.04

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 7 (Continued).

No. of Coverage Wet

Species individuals| (%) | weight(g)
WR3-6 (horizontal, upper tidal line 14- 16m; tidal level, 1.0- 0.7m)
Sipunculida indet. A T7& = 80 11.81
Mopalia retifera Thiele @15 4 19.08
Chiton kurodai Is. Taki et Iw. Taki ZV}-4- 4 0.62
Lirularia iridescens (Schrenck) A7l ®Fal% 4 0.16
Reishia luteostoma (Holten) ¥FE=3 3% 4 0.46
Mitrella bicincta (Gouild) X 2] %5 44 2.82
Mitrella tenuis (Gaskoin) E4lo] B 2] F5 24 0.60
Pleurotomitrella pleurotomoides (Pilsbry) 7|l&549%5 4 0.24
Nassarius fraterculus (Dunker) A2EF8 515 8 1.24
Modiolus modiolus difficilis Kuroda et Habe ® & %] 80 253.82
Lasaea undulata Gould FA}ao]lz7) 16 0.01
Cardita leana Dunker F5HA}EZ7) 12 19.08
Irus macrophyllus (Deshayes) HEFEJZ7) 4 0.63
Polychaeta indet. 78 %] & o] & 56 0.64
Cymodoce japonica Richardson 2 7Z-d ) 12 1.56
Holotelson tuberculatus Richardson A=z 8 0.28
Cleantiella isopus (Grube) 7Rz E ) 4 0.04
Amphipoda indet. QA5 492 2.87
Caprellidae indet. B}C}oiE 2 & 4 0.01
Rhynchoplax messor Stimpson T2 &7 8 0.32
Sphaerozius nitidus Stimpson H| ¥H5-2] A 4 1.35

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 8. Distribution of intertidal invertebrates at the study station WR4

No. of Coverage Wet

Species individuals| (%) | weight(g)
WR4-1 (horizontal, upper tidal line 0- 3m; tidal level, 4.0- 3.7m)
Notoacmea concinna (Lischke) &85 7] 1 0.09
Notoacmea schrenkii (Lischke) Hl&2j7] 6 1.65
Heminerita japonica (Dunker) Zil% 6 2.84
Littorina brevicula (Philippi) %1% 1 0.31
WR4-2 (horizontal, upper tidal line 3- 7m; tidal level, 3.7- 3.0m)
Cellana toreuma (Reeve) °f7]5F5kz7) 1 0.43
Chiazacmea pygmaea (Dunker) ©off 7] 8] & 2 0.02
Patelloida saccharina lanx (Reeve) ®|F2] 1% 1 0.67
Monodonta labio confiisa Tapparone—Canefri 7I&E}2] L 1 2.00
Lunella coronata coreensis (Récluz) =il 1 1.53
Heminerita japonica (Dunker) Zil% 12 7.09
Granulilittorina exigua (Dunker) $25HZ%< 1% 2 0.03
Oncidiella kurodai ITw. Taki 2 0.01
Septifer virgatus (Wiegmann) #-<2= 239X 56 97.40
Lasaea undulata Gould FA}aolz7) 156 0.30
Polychaeta indet. 7 A & o] 22 0.62
Chthamalus challengeri Hoek Z5-2)]7]w}7]H] 410 11.34
Pachygrapsus crassipes Randall H}] A 2 0.19
WR4-3 (horizontal, upper tidal line 7- 10m; tidal level, 3.0- 2.0m)
Anthoplewra kurogane Uchida et Muramatsu 7373%2s|Hgw] 2k 10 3.51
Hormathia andersoni Haddon il%3*%u]zk 1 0.03
Liolophura japonica (Lischke) T 5 10.19
Acanthochitona rubrolineata (Lischke) o} 7]1€ % 1 0.23
Chiazacmea pygmaea (Dunker) ©off 7] 8] & 5 0.75
Heminerita japonica (Dunker) Zil% 12 7.63
Oncidiella kurodai Tw. Taki 4 0.02
Septifer virgatus (Wiegmann) #H-2=24H4H 3 445 526.55
Lasaea undulata Gould Aol 280 0.10
Polychaeta indet. 78 %] & o] & 50 1.21
Chthamalus challengeri Hoek Z5-2)]7]uw}7)H] 2370 68.89
Dynoides dentisinus Shen 7}A| &% 73 9] 2 0.01
Hemigrapsus sanguineus (De Haan) 524 9 0.18
Pachygrapsus crassipes Randall ] A 3 0.45

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 8 (Continued).

Species ingzgi.dggls Coxz%age we‘izg:(g)
WR4-4 (horizontal, upper tidal line 10- 14m; tidal level, 2.0~ 1.2m)
Anthopleura midori Uchida et Muramatsu 32228 ¥ do] 2+ 10 3.51
Nemertea indet. 2 ¥ 2 0.01
Chiton kurodai Is. Taki et Iw. Taki Zvl-4- 5 0.78
Acanthochitona rubrolineata (Lischke) off 7] €% 1 1.09
Cellana toreuma (Reeve) o 7]5k%k27) 9 3.82
Chiazacmea pygmaea (Dunker) ©off 7] 8] & 2 0.21
Ocinebrellus inornatum (Récluz) o172 1% 1 0.07
Reishia luteostoma (Holten) B FE=8 1% 10 3.73
Nassarius fraterculus (Dunker) A2EF&5FY 1% 22 2.08
Sacculosiphonaria japonica (Donovan) I13®7)H] 1 0.10
Oncidiella kurodai Iw. Taki 3 0.07
Modiolus modiolus difficilis Kuroda et Habe "X 6 2.91
Mytilus edulis Linnaeus T3 12 4.40
Septifer virgatus (Wiegmann) #H-<=24H4H 3 384 446.93
Lasaea undulata Gould Aol 1208 0.45
Polychaeta indet. 78 %] & o] & 53 3.33
Dynoides dentisinus Shen 7}A| 274 ) 8 0.03
Cleantiella isopus (Gr ube) ZET H 8 0.10
Amphipoda indet. &% 8 0.06
WR4-5 (horizontal, upper tidal line 14— 24m; tidal level, 1.2- 0.7m)
Platyhelminthes indet. Z&}}e] o} 2 0.01
Sipunculida indet. A T7% & 1 0.18
Ischnochiton comptus (Gould) H5-5- 2 0.81
Chiton kurodai Is. Taki et Iw. Taki Zvl-4- 1 0.13
Lirularia iridescens (Schrenck) A7 ¥al% 30 0.48
Omphalius rusticus (Gmelin) B % i1% 1 0.23
Homalopoma sangarense (Schrenck) AFg&i% 9 0.88
Phasianella modesta (Gould) #2]3i% 25 0.25
Stenotis smithi (Pilsbry) £%%1% 3 0.01
Serpulorbis imbricatus (Dunker) %‘%‘1% 24 275.33
Crepidula onyx (Sowerby) %%o] @411 1 0.42
Ergalatax contractus (Reeve) EL% s 1 0.17
Ocinebrellus inornatum (Récluz) 17|11 1 0.06
Reishia luteostoma (Holten) ¥F=2 1% 3 0.70
Nassarius fraterculus (Dunker) ALZF2FH 1% 7 0.47
Lasaea undulata Gould }—/\}@0]}_711 2 0.01
Irus mitis (Deshayes) 53 Z N 1 0.01
Polychaeta indet. 78 %] & o]HF 23 0.06
Anoplodactylus viridintestinalis (Cole) 74 A GtulthAn| 1 0.01
Anatanais normani (Richardson) 9 0.01
Paranthura japonica Richardson &v}t]H ] 1 0.01
Dynoides dentisinus Shen 7}A| &% 73 ) 201 0.13
Holotelson tuberculatus Richardson A= %] 1 0.01
Amphipoda indet. QA5 166 0.31
Caprellidae indet. B}ChehE &7 10 0.01

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 8 (Continued).

Species ingzgi.dggls Coxz%age we‘izg:(g)
WR4-6 (horizontal, upper tidal line 24- 35m; tidal level, 0.7- 0.5m)
Ischnochiton comptus (Gould) A F%- 4 1.18
Cantharidus callichroa (Philippi) €% i11% 2 0.23
Lirularia iridescens (Schrenck) A7l ®tal% 34 0.30
Phasianella modesta (Gould) #2]i% 18 0.12
Reishia luteostoma (Holten) ¥FE=2 3% 2 0.43
Mitrella sp. 55 6 0.02
Nassarius fraterculus (Dunker) A22F2FY 1% 4 0.25
Modiolus modiolus difficilis Kuroda et Habe © &3 10 2.88
Musculus senhousia (Benson) &% 2 0.01
Polychaeta indet. 78 %] & o]+ 48 0.09
Achelia bituberculata Hedgpeth &M <ol 7]|&u}c)7 0] 4 0.01
Anatanais normani (Richardson) 10 0.02
Dynoides dentisinus Shen 7}A| 274 ) 10 0.02
Holotelson tuberculatus Richardson A= %] 2 0.02
Cleantiella sp. 4 0.03
Amphipoda indet. &AM -¢-5F 258 0.53
Caprellidae indet. v}C}o]E 2 & 20 0.01
Rhynchoplax messor Stimpson T2 &7 6 0.20

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 8 (Continued).

Species in}l\ggi'd?lgls Cowég*)age we‘igﬁ:(g)
WR4-7 (horizontal, upper tidal line 35— 42m; tidal level, 0.5- 0.4m)
Nemertea indet. 1 & 2 0.09
Sipunculida indet. AT% &5 4 0.03
Ischnochiton comptus (Gould) A5 4 0.23
Mopalia retifera Thiele @15 6 0.59
Chiton kurodai Is. Taki et Iw. Taki Zv}-4- 2 0.30
Acanthochitona achates (Gould) &Y 4 2 0.01
Macroschisma dilatatum A. Adams ST HAMZ7) 8 3.91
Chiazacmea pygmaea (Dunker) ©ff 7] 8] & 2 0.18
Cantharidus hirasei (Pilsbry) #vld &35 4 0.40
Lirularia iridescens (Schrenck) A} 7] %Fail% 4 0.01
Omphalius rusticus (Gmelin) B &% 2 4.23
Homalopoma sangarense (Schrenck) AFZ&ils 42 0.75
Phasianella modesta (Gould) #2]il% 2 0.01
Granulilittorina exigua (Dunker) £2F9&£4 1% 2 0.01
Crepidula onyx (Sowerby) S5 0|Z 4 1% 4 2.01
Ocinebrellus inornatum (Récluz) o7& 115 2 1.09
Reishia luteostoma (Holten) ¥F =8 315 2 0.46
Nassarius fraterculus (Dunker) A22F2FH 1% 12 0.78
Vexillum inermis (Reeve) Aulo| 1% 4 0.17
Anthosiphonaria sirius (Pilsbry) 23134 7]H] 2 0.39
Modiolus modiolus difficilis Kuroda et Habe %X 20 2.43
Polychaeta indet. 7AA] & o] & 140 4.13
Ammothea hilgendorfi (Bohm) <% 4-g]v}t} A 2 0.01
Anatanais normani (Richardson) 4 0.01
Dynoides dentisinus Shen 7}A S22 ) 30 0.07
Holotelson tuberculatus Richardson A|=-3H4 g 6 0.08
Amphipoda indet. QA+ 518 0.77
Caprellidae indet. v}cho) 2 86 0.03
Rhynchoplax messor Stimpson T2 &% 4 0.10
Pilumnus minutus De Haan of 712 B -3 A 4 0.27

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 9. Distribution of intertidal invertebrates at the study station WR5

Species ingzgi.dggls Coxz%age we‘izg:(g)
WR5-1 (horizontal, upper tidal line O— 3m; tidal level, 4.1- 3.4m)
Heminerita japonica (Dunker) Zil% 2 0.75
Granulilittorina exigua (Dunker) 2594 1% 44 1.16
Littorina brevicula (Philippi) %1% 2 0.20
Chthamalus challengeri Hoek Z5-27] w7l H] 221 2.99
WR5-2 (horizontal, upper tidal line 3— 8m; tidal level, 3.4- 2.2m)
Nemertea indet. 2 #+E#|5F 2 8 0.07
Nemertea indet. 3 ZHdF 3 3 0.04
Heminerita japonica (Dunker) Zil% 2 0.04
Granulilittorina exigua (Dunker) $25H%<4 1% 27 0.10
Littorina brevicula (Philippi) % il% 96 26.27
Peasiella infracostata (Issel) &% %415 1 0.01
Sacculosiphonaria japonica (Donovan) 1137} 4] 1 0.18
Septifer virgatus (Wiegmann) #-<2= 239X 33 26.27
Lasaea undulata Gould Aol z7) 153 0.30
Polychaeta indet. 78 %] & o]+ 57 0.52
Chthamalus challengeri Hoek Z5-2)]7]w}7]H] 5480 45.79
Dynoides dentisinus Shen 7FA]E27E ) 38 0.02
WR5-3 (horizontal, upper tidal line 8— 11m; tidal level, 2.2- 1.5m)
Nemertea indet. 2 #+E#|5F 2 28 0.03
Nemertea indet. 3 #2#|5F 3 44 0.32
Acanthochitona rubrolineata (Lischke) °f 7]"d -5 4 4.74
Granulilittorina exigua (Dunker) 25954 1% 4 0.01
Littorina brevicula (Philippi) %1% 20 0.02
Peasiella infracostata (Issel) &% %1% 28 0.10
Sacculosiphonaria japonica (Donovan) 1137} 4] 16 2.03
Oncidiella kurodai Tw. Taki 4 0.04
Septifer virgatus (Wiegmann) #H-2=24H4H 3 148 167.34
Crassostrea gigas (Thunberg) = 5 24.07
Lasaea undulata Gould Aol 624 0.18
Polychaeta indet. 78 %] & o]+ 268 4.74
Chthamalus challengeri Hoek Z%-2)]7]w}7)H] 4356 100.08
Dynoides dentisinus Shen 7FAE2Z2E ) 1208 0.65
Amphipoda indet. QA -$-F 24 0.04

* Number of individuals, coverage, and wet weight
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Appendix 9 (Continued).

Species ingzgi.dggls Coxz%age we‘izg:(g)
WR5-4 (horizontal, upper tidal line 11- 12m; tidal level, 1.5- 0.9m)
Nemertea indet. 2 #+E#|5F 2 20 0.12
Septifer virgatus (Wiegmann) #H-2=24H4H 3 344 563.04
Lasaea undulata Gould Aol 144 0.20
Polychaeta indet. 78 %] & o] & 96 3.52
Anatanais normani (Richardson) 140 0.07
Limnoria sp. 4 0.01
Dynoides dentisinus Shen 7}A| &% 74 9 32 0.07
Cleantiella isopus (Grube) ZA5ZH ] 8 0.06
Amphipoda indet. QA --F 20 0.02
WR5-5 (horizontal, upper tidal line 12— 14m; tidal level, 0.9- 0.4m)
Conotalopia mustelina (Gould) 7| &Wil% 4 0.01
Homalopoma sangarense (Schrenck) 2F&&aL 4 0.34
Littorina brevicula (Philippi) &% il% 4 0.06
Reishia luteostoma (Holten) ¥ 5= 815 4 3.62
Nassarius fraterculus (Dunker) A2&F85FH 1 16 1.75
Haloa japonica Pilsbry £%11F 4 0.90
Septifer virgatus (Wiegmann) #-<2= 239X 16 0.04
Lasaea undulata Gould FA}ao]lz7) 100 0.01
Polychaeta indet. 78 %] & o] & 12 0.03
Anatanais normani (Richardson) 4 0.01
Dynoides dentisinus Shen 7}A| &% 74 ) 232 0.07
Cleantiella isopus (Grube) 7152 H ] 8 0.10
Idoteidae indet. FZH#|F 4 0.01
Amphipoda indet. &% 116 0.21
Rhynchoplax messor Stimpson T2 &7 4 0.41

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 9 (Continued).

Species ingzgi.dzgls Coxz%age we‘iz}el:(g)
WR5-6 (horizontal, upper tidal line 14- 16m; tidal level, 0.4- 0.1m)
Nemertea indet. 2 #+E#|5F 2 4 0.01
Nemertea indet. 3 #HdF 3 4 0.01
Ischnochiton comptus (Gould) H5T-5- 2 0.59
Mopalia retifera Thiele @5 4 0.29
Chiton kurodai Is. Taki et Iw. Taki ZvPl-H- 4 0.40
Cantharidus callichroa (Philippi) €% i1l% 18 0.30
Lirularia iridescens (Schrenck) A7l %Fal% 128 1.68
Homalopoma sangarense (Schrenck) AFZ<ilg 16 1.75
Phasianella modesta (Gould) 8] 11% 32 0.14
Stenotis smithi (Pilsbry) £%%1% 7 0.01
Peasielia infracostata (Issel) &5 Y¢1% 4 0.01
Bostrycapulus gravispinosus (Kuroda et Habe) 8]l 2 0.04
Ocinebrellus inornatum (Récluz) 17|31 10 2.33
Mitrella bicincta (Gouild) X255 6 0.78
Mitrella tenuis (Gaskoin) E4lo] B 2] F 5 2 0.09
Nassarius fraterculus (Dunker) A22F2FY 1% 54 2.71
Modiolus modiolus difficilis Kuroda et Habe ©@ &3] 4 0.81
Septifer virgatus (Wiegmann) #H-<=24H4H 3| 6 0.15
Lasaea undulata Gould FAFo] 7 6 0.01
Polychaeta indet. 78X & o]+ 116 0.76
Ammothea hilgendorfi (Boshm) <% 2] vlc}A v 6 0.03
Anoplodactylus viridintestinalis (Cole) 74 A ytulthAn| 2 0.01
Anatanais normani (Richardson) 24 0.06
Mesanthura nigrodorsalis Nunomura 7-2>v}t] 32| 2 0.01
Paranthura japonica Richardson &v}t]H ] 2 0.01
Dynoides dentisinus Shen 7}A| S22 ) 752 0.24
Holotelson tuberculatus Richardson A= %] 2 0.06
Cleantiella isopus (Grube) 7152 H ] 2 0.01
Isopoda sp. 1 52 1 40 0.05
Amphipoda indet. QA5 1340 1.88
Caprellidae indet. v}c}o]E 2 & 2 0.01
Rhynchoplax messor Stimpson T2 &7 8 0.41

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 10. Distribution of intertidal invertebrates at the study station WR6

Species imli\ggi.dzgls Cong%}')age we‘izg:(g)
WR6-1 (horizontal, upper tidal line 0- 3m; tidal level, 3.7- 2.7m)
Chiazacmea pygmaea (Dunker) ©off 7] 8l & 3 0.13
Granulilittorina exigua (Dunker) F2FY5Y 1 0.01
Peasielia infracostata (Issel) &5 Y¢1% 3 0.01
Heminerita japonica (Dunker) Zil% 4 2.43
Reishia clavigera (Kister) H4-¢] 57 58.54
Oncidiella kurodai Tw. Taki 4 0.13
Septifer virgatus (Wiegmann) #H-<=24H4H 3| 18 9.20
Lasaea undulata Gould Aol 80 0.13
Polychaeta indet. 78 %] & o]H 8 0.08
Pollicipes mitella (Linnaeus) A& 1 5.06
Chthamalus challengeri Hoek Z%-27]w}7lH] 36100 171.48
Dynoides dentisinus Shen 7}A| &% 73 9] 2 0.01
WR6-2 (horizontal, upper tidal line 3—- 9m; tidal level, 2.7- 1.8m)
Liolophura japonica (Lischke) 75 3 10.86
Chiazacmea pygmaea (Dunker) ©off 7] 8] & 1 0.04
Patelloida saccharina lanx (Reeve) ®|F2] 1% 4 7.78
Heminerita japonica (Dunker) Zil% 1 0.02
Reishia clavigera (Kister) H4g] 38 37.06
Sacculosiphonaria japonica (Donovan) I13®7)H] 1 0.27
Septifer virgatus (Wiegmann) #-<2= 2 3% 3 7.67
Chthamalus challengeri Hoek Z%-2)]7]w}7)H] 16900 239.14
Tetraclita japonica Pilsbry 722 u}7jH] 35 575.24

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 10 (Continued).

WR6-3 (horizontal, upper tidal line 9- 18m; tidal level, 1.8— 1.0m)

Hymeniacidon sinapium De Laubenfels F=33f &) colony 68.07
Dynamena crisioides Lamouroux %H| 3] =2} colony 1.01
Sertularella miurensis Stechow 7}ZH| 3| =2} colony 0.12
Anthopleura japonica Verrill 722422 a] A o]z 9 7.44
Anthoplewra kurogane Uchida et Muramatsu 737422 o) 2 10 8.27
Nemertea indet. 2 1 0.02
Dakaria subovoidea (D' Orbigny) AF50] 7] | colony 0.16
Sipunculida indet. 6 0.72
Liolophura japonica (Lischke) 75 9 18.01
Acanthochitona rubrolineata (Lischke) off 7] €% 7 4.84
Cellana toreuma (Reeve) o 7]5k%k27) 17 11.14
Chiazacmea pygmaea (Dunker) ©off 7] 8] & 3 0.22
Patelloida saccharina lanx (Reeve) H 58 1% 1 0.51
Conotalopia mustelina (Gould) 7| &Y% 7 0.02
Reishia clavigera (Kister) g 3 1.51
Nassarius fraterculus (Dunker) H2&F24FH 1% 1 0.09
Japeuthria ferrea (Reeve) E}e]il% 1 1.62
Planesiphon acmaeoides (Pilsbry) 2 i13w7)1] 1 0.17
Modiolus modiolus difficilis Kuroda et Habe ©@ &3] 9 8.73
Lasaea undulata Gould Aol Z7 544 0.34
Polychaeta indet. 78 %] & o] & 53 0.28
Ammothea hilgendorfi (Boshm) <% %-g]v}t}An] 11 0.07
Anoplodactylus viridintestinalis (Cole) 74 A ytult}An| 3 0.01
Callipallenidae sp. ZHA|W}c}A v 1 0.01
Tetraclita japonica Pilsbry 722 u}7jH] 11 201.26
Dynoides dentisinus Shen 7FAE27E ) 41 0.13
Cleantiella isopus (Grube) A2 ] 30 0.51
Amphipoda indet. QA -$-F 38 0.12
Caprellidae indet. B}C}oidE =) 7 2 0.01
Asterina pectinifera Miiller et Troschel ¥H&7}A12] 1 1.92

* Number of individuals, coverage, and wet weight were calculated per 0.25nm’
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Appendix 10 (Continued).

No. of Coverage Wet

Species individuals| (%) | weight(g)

WR6-4 (horizontal, upper tidal line 18- 24m; tidal level, 1.0~ 0.6m)

Ophlitaspongia noto Tanita Bp=M 3] colony 3.19
Platyhelminthes indet. B¥E &+ 10 0.03
Nemertea indet. 1 ZHdF 1 10 0.01
Nemertea indet. 2 ZHdF 2 26 0.06
Crisia sp. colony 0.01
Amathia distans Busk WAy o] 7]1H ) colony 0.01
Bugula sp. colony 4.18
Dakaria subovoidea (D' Orbigny) AF=o] 7| colony 0.07
Sipunculida indet. A 7% =¥ 52 1.44
Cryptoplax japonica Pilsbry H#| T4 2 0.09
Cantharidus callichroa (Philippi) €%il% 18 0.08
Lirularia iridescens (Schrenck) A7 ¥il% 2 0.02
Batillus cornutus (Lightfoot) A2} 2 0.39

Phasianella modesta (Gould) #2]il% 0.02

Reishia luteostoma (Holten) ¥F =2 3% 16.08

Gastropoda sp. 1 &/ 1 0.01

4
4
Nassarius fraterculus (Dunker) A22F2FY 1% 6 0.10
2
2

Gastropoda sp. 25ZF 2 0.01
Modiolus modiolus difficilis Kuroda et Habe © &3] 50 65.29
Cardita leana Dunker FE5WAIEZ7) 4 0.03
Polychaeta indet. 78 %] & o]+ 744 4.13
Achelia bituberculata Hedgpeth 58 <ol 7]&ulc) 7 0] 10 0.02
Ammothea hilgendorfi (Bohm) <% 52 vlc}A 1 2 0.01
Anoplodactylus viridintestinalis (Cole) 74 A GtulthAn| 16 0.01
Dynoides dentisinus Shen 7FAE2ZE 12 0.01
Holotelson tuberculatus Richardson A= %] 26 0.31
Cleantiella isopus (Grube) 7152 H | 4 0.10
Isopoda sp. 1 52 1 2 0.01
Isopoda sp. 2 524§ 2 7 0.01
Amphipoda indet. QA5 702 0.34
Caprellidae indet. B}C}o]E 2 & 36 0.06
Macromedaeus distinguendus (De Haan) Z3-2] 7| 6 2.38
Sphaerozius nitidus Stimpson H| &H5-2] A 10 2.88
megalopa lavae HZ & 374 2 0.02

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 11. Distribution of intertidal invertebrates at the study station WM1

No. of Coverage Wet

Species individuals| (%) | weight(g)
WM1-1 (horizontal, upper tidal line O- 50m; tidal level, 3.5- 2.9m)
Cerithideopsilla cingulata (Gmelin) ¥ E&0°]31% 6 2.53
Cerithideopsilla djadiariensis (Martin) ZAR]E0| 1% 1 0.93
Polychaeta indet. 78 %] & o] & 37 0.64
Alpheus rapax Fabricius S&55A]-$- 2 0.55
Macrophthalmus japonicus (De Haan) & 7| 2 2.92
WM1-2 (horizontal, upper tidal line 50- 100m; tidal level, 2.9- 2.1m)
Cerithideopsilla cingulata (Gmelin) H|E0] 1% 6 2.49
Tegillarca granosa (Linnaeus) A% 1 17.39
Nitidotellina minuta (Lischke) AFH A Z7) 1 0.06
Cyclina sinensis (Gmelin) 7}-2Z 71 2 35.89
Alpheus bisincisus De haan W& A]-¢- 1 0.07
Macrophthalmus japonicus (De Haan) & 7| 10 3.82
WM1-3 (horizontal, upper tidal line 100- 150m; tidal level, 2.1- 1.6m)
Cerithideopsilla cingulata (Gmelin) H]£0°]3l% 5 2.20
Nassarius festivus (Powys) 4&&5-H 1% 2 0.38
Tegillarca granosa (Linnaeus) Z1%: 1 25.87
Arcopagia (Merisca) diaphana 1 2.26
Cyclina sinensis (Gmelin) 772271 1 21.81
Polychaeta indet. 70 A] & o]+ 33 0.12
Alpheus bisincisus De haan &&5EA-$- 5 1.21
Macrophthalmus japonicus (De Haan) & 7| 11 5.58
WM1-4 (horizontal, upper tidal line 150— 200m; tidal level, 1.6— 1.2m)
Cerithideopsilla cingulata (Gmelin) H|E0] 1% 8 0.81
Nassarius festivus (Powys) 4F25H 1% 2 0.22
Tegillarca granosa (Linnaeus) 419 12 52.71
Cyclina sinensis (Gmelin) 7}5-2Z 71 5 56.38
Ruditapes philippinarum (A. Adams et Reeve) B}A| & 1 0.69
Macrophthalmus japonicus (De Haan) # 7 19 12.96
WM1-5 (horizontal, upper tidal line 200— 250m; tidal level, 1.2- 0.7m)
Cerithideopsilla cingulata (Gmelin) ¥ E0] 1% 1 0.14
Nassarius festivus (Powys) 4F25H 1% 5 2.02
Nassarius livescens (Philippl) F&5H 3% 1 1.70
Tegillarca granosa (Linnaeus) Z1%: 1 5.66
Dosinorbis japonicus (Reeve) B Z7| 2 7.95
Polychaeta indet. 78X & o] 193 3.17
Amphipoda indet. QA -¢-F 33 0.06
Macrophthalmus japonicus (De Haan) # 7 6 7.02

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 12. Distribution of intertidal invertebrates at the study station WM2

No. of Coverage Wet
individuals (%) weight(g)

WM2-1 (horizontal, upper tidal line O- 50m; tidal level, 3.7— 3.0m)

Species

Chiazacmea pygmaea lampanicola (Habe) &30 7]8]& 1 0.09
Lunella coronata coreensis (Récluz) =23l 2 1.41
Batillaria multiformis (Lischke) 7135 22 10.29
Cerithideopsilla djadjariensis (Martin) ZAR]E0] 1% 25 10.26
Macoma incongrua v. Martens ©°f 7]t %zl 1 1.49
Ruditapes philippinarum (A. Adams et Reeve) ¥}A| & 11 41.31
Glauconome primeana Crosse et Debeaux A &N 1 9.99
Polychaeta indet. 78X & o]+ 64 2.26
Hemigrapsus penicillatus (De Haan) =7 2 2.07
Hemigrapsus sanguineus (De Haan) 524 1 0.02
Macrophthalmus japonicus (De Haan) # 7 4 0.79
WM2-2 (horizontal, upper tidal line 50— 120m; tidal level, 3.0- 2.5m)

Chiazacmea pygmaea lampanicola (Habe) &30 7|82 2 0.12
Lunella coronata coreensis (Récluz) = %il% 4 4.96
Batillaria multiformis (Lischke) 7031l% 24 18.76
Cerithideopsilla djadjariensis (Martin) Z8H]E0] 1% 21 16.07
Nassarius festivus (Powys) $F&F 1% 1 0.24
Ruditapes philippinarum (A. Adams et Reeve) B}A| 27 99.65
Polychaeta indet. 78X & o] & 64 0.70
Hemigrapsus sanguineus (De Haan) 324 1 0.04
Ilyoplax pingi Shen BE3A| 4 0.73
Macrophthalmus japonicus (De Haan) ZA| 1 0.13
WM2-3 (horizontal, upper tidal line 120- 190m; tidal level, 2.5— 2.0m)

Lineus fuscoviridis Takaura 53] 2 0.82
Cerithideopsilla cingulata (Gmelin) H|E0]il% 1 0.87
Cerithideopsilla djadjariensis (Martin) ZAR] 0] 1% 13 12.93
Arcopsis symmetrica (Reeve) =2 thEH Z7) 1 0.16
Tegillarca granosa (Linnaeus) Z1%: 2 21.89
Cyclina sinensis (Gmelin) 7F7-2271 1 23.26
Polychaeta indet. 7AA] & o] & 478 2.13
Macrophthalmus japonicus (De Haan) Z 7 3 2.80
WM2-4 (horizontal, upper tidal line 190- 270m; tidal level, 2.0- 1.0m)

Batillaria multiformis (Lischke) 7031l% 2 2.56
Cerithideopsilla djadjariensis (Martin) Z8H] £ 0] 1% 9 9.09
Macoma incongrua v. Martens °f 7] th %z 71 1 0.08
Polychaeta indet. 78] & o] & 1 0.01
Hemigrapsus sanguineus (De Haan) 524 1 0.02
Ilvoplax pingi Shen BE 37 1 0.07

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 12 (Continued).

Species in}l\ggi'd?lgls Cowég*)age we‘igﬁ:(g)
WM2-5 (horizontal, upper tidal line 270- 350m; tidal level, 1.0- 0.6m)
Cerithideopsilla djadjariensis (Martin) ZRR] 0] 11% 1 0.52
Nassarius festivus (Powys) 4525 11% 1 0.26
Dosinorbis japonicus (Reeve) ®©Z 7N 1 12.62
Macoma incongrua v. Martens °f 7]t %zl 1 0.08
Polychaeta indet. 78X & o] & 96 0.41
Aphiura sinicola (Matsumoto) 71ZAn]E-7}ALg] 1 2.45

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 13. Distribution of intertidal invertebrates at the study station WM3

Species ing\?{dﬁgls Coxz%age we‘izg:(g)
WM3-1 (horizontal, upper tidal line O- 15m; tidal level, 4.0- 3.0m)
Mactra veneriformis Deshayes &= 1 8.90
Gastropoda sp. 3 %7/ 3 2 0.02
Polychaeta indet. 78 %] & o]H 15 1.06
Macrophthalmus dilatatus (De Haan) Z A 5 1.73
megalopa lavae "}z % 3743 5 0.01
WM3-2 (horizontal, upper tidal line 15— 50m; tidal level, 3.0- 2.0m)
Polychaeta indet. 78 %] & o] & 39 0.91
Macrophthalmus dilatatus (De Haan) Z A 3 4.35
Macrophthalmus japonicus (De Haan) & 7| 1 0.14
megalopa lavae "}z % 3}743 2 0.01
Protankyra bidentata (Woodward et Barrett) 7FA|gEal| 4t 1 1.47
WM3-3 (horizontal, upper tidal line 50— 100m; tidal level, 2.0- 1.0m)
Nassarius festivus (Powys) 4F25H 1% 1 0.41
Polychaeta indet. 78 %] & o] & 669 29.59
Amphipoda indet. 925 1 0.01
Hemigrapsus penicillatus (De Haan) =7 1 0.35
Hemigrapsus sanguineus (De Haan) 5244 1 0.01
Macrophthalmus dilatatus (De Haan) Z 7| 2 4.90
WM3-4 (horizontal, upper tidal line 100— 200m; tidal level, 1.0- 0.6m)
Nassarius festivus (Powys) 4F25H 1% 1 0.65
Acharax japonicus (Dunker) 3 0.13
Cylichnatys augusta (Gould) 1 0.01
Gastropoda sp. 3 ¥ 3 1 0.01
Morerlla jedoensis (Lischke) #& 7 Az 7) 3 1.50
Polychaeta indet. 70 A] & o]+ 796 1.62
Macrophthalmus japonicus (De Haan) # 7 1 0.02
Aphiura sinicola (Matsumoto) 717 1] & 7}A1g] 1 0.27

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 14. Distribution of intertidal invertebrates at the study station WM4

Species imli\zgi.d?lgls Coxz%age we‘i’gﬁ:(g)
WM4-1 (horizontal, upper tidal line 0- 50m; tidal level, 4.0- 3.3m)
Lingula unguis (Linné¢) 7§35k 1 0.06
Polychaeta indet. 78 %] & o] & 96 0.18
Tanaidae sp. 1 0.01
WM4-2 (horizontal, upper tidal line 50- 150m; tidal level, 3.3— 2.8m)
Ballacta exarata (Philippi) T3 0] 3 1.72
Polychaeta indet. 78X & o]+ 414 1.78
Cumacea indet. 23 o] ]9+ 1 0.01
WM4-3 (horizontal, upper tidal line 150- 250m; tidal level, 2.8— 2.2m)
Ballacta exarata (Philippi) T3 0] 1 0.62
Glauconome primeana Crosse et Debeaux A &z7M 1 0.63
Polychaeta indet. 70 A] & o]+ 860 2.64
Mysidae indet. & o]F 2 0.01
Cyathura higoensis Nunomura XZjv}c]H ) 2 0.01
Amphipoda indet. 1 0.01
WM4-4 (horizontal, upper tidal line 250- 350m; tidal level, 2.2- 1.6m)
Lunatia gilva (Philippi) 78-$-% 0] 2 0.57
Nassarius festivus (Powys) 4F2FH 1% 1 0.49
Musculus senhousia (Benson) &% 49 16.94
Polychaeta indet. 78 %] & o]HF 700 9.94
Alpheus brevicristatus De Haan =A% 1 4.89
WM4-5 (horizontal, upper tidal line 350- 500m; tidal level,1.6 —-1.2 m)
Musculus senhousia (Benson) &% 245 57.96
Polychaeta indet. 78 %] & o] & 287 0.92
Mysidae indet. & o]FH 3 0.02
Cumacea indet. 23 o] ]9+ 1 0.01

* Number of individuals, coverage, and wet weight were calculated per 0.25m’
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Appendix 15. Number of individuals and biomass of intertidal invertebrates.
[individuals(wet weight, g/1m’); +, present of qualitative ]

Stations WR1 WR2 WR3 WR4 WR5 WR6 WM1 wM2 WM3 W4

Taxa
Phylum Porifera |95 &&
Class Demospongia 2839 %
Order Haplosclerida ©&3|d =
Family Haliclonidae X.g}3|%d 3}
. Haliclona permollis (Bowerbank) X.2}3]™ colony(2.84) | colony(0.93) + + +
Order Poecilosclerida t+&3d &
Family Clathriidae f33d 3}
2. Ophlitaspongia noto Tanita W5 &) vl + colony(3.19)
. Clathriidae sp. % 3l ¥4 +
Order Halichondrida si¥sd &
Family Halichondriidae 3|® 3| 3}
4. Halichondria okadai (Kadota) 7173 W &l +
5. Halichondria oshoro (Tanita) 258 s)d + +
Family Hymeniacidonidae F33i¥sid 3
6. Hymeniacidon sinapium De Laubenfels 5338w colony(73.30) | colony(74.65) + colony(68.07) +
Phylum Cnidaria A¥%& ¥
Class Hydrozoa 3 =&% 72
Order Thecatae 3 =83 &
Family Sertulariidae 83 =2} 3}
7. Dynamena crisioides Lamouroux Y €3] =g} + colony(0.01)
=g} colony(0.12)

—_

w

8. Sertularella miurensis Stechow 7}= €| 3]
Class Anthozoa 4t3% 7
Order Actiniaria 3¥%v|gd &
Family Actiniidae 3W%v|% 3}
. Anthopleura japonica Verrill Zr2)Z-a] i 2o 2 + 2.0(7.55) + + 9.0(7.44)
10. Anthopleura kurogane Uchida et Muramatsu 737 2%a] i @) 2 2.7(2.27) + + 5.7(2.00) + 10.0(8.27)
11. Anthopleura midori Uchida et Muramatsu A %2a]| g 2k 1.0(3.32) 1.3(3.45) 5.7(2.00) +
Family Haliplanellidae %72 3}
. Haliplanella lucia (Verril) ¥3-3 w2 1.3(0.33) + 0.7(0.49) + + +

9

—
[\
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Appendix 15 (Continued).
[individuals(wet weight, g/1m’); +, present of qualitative ]

Stations WR1 WR2 WR3 WR4 WR5 WR6 WML WM2 WM3 Wi

Taxa
Family Hormathiidae ¥2v]2 3}
. Hormathia andersoni Haddon il§3+2u] 2 0.6(0.02)
Phylum Platyhelminthes 935 & &
14. Platyhelminthes indet. #9555 16.7(0.09) 49.0(0.42) 1.1(0.01) 10(0.03)
Phylum Nemertea §3%& ¥
Class Nemertini 283 %
Order Hoplonemertini vhs¥dd &
Family Lineidae A5 d 3}
15. Lineus fuscoviridis Takaura 151 1.6(0.66)
16. Nemertea indet. 1 #3 5 1 27.3(0.07) 46.0(0.06) 1.1(0.05) 10(0.01)
17. Nemertea indet. 2 {*®¥z|5F 2 68.0(0.27) 84.0(0.35) 24.0(0.27) 1.1(0.01) 40.0(0.15) 26(0.06)
18. Nemertea indet. 3 45 3 34.000.25)
Phylum Bryozoa H|Y & ¥
Class Stenol qF 2
Order Cyclostomata 97 &
Family Crisiidae 530|713 3}
19. Crisia sp. Q|71 colony(0.01)
Class Gymnol ta 5 7
Order Ctenostomata &7 &

Family Vesiculariidae F9Yo]7 ¥y 3}
20. Amathia distans Busk 450y o] 7| colony(0.01)
Order Cheilostomata &7 &

Family Bugulidae thito]7# 3}
21. Bugula sp. thEo] 7 ¥ &5 colony(0.01) colony(4.18)
Family Cabereiae 7hWl#olol78d 3}
22. Tricellari sp. Aol 78 )5 colony(0.14)
Family Schizoporellidae F%°|7d# 3%
23. Dakaria subovoidea (D' Orbigny) A}50]7]4 ] colony(0.01) | colony(0.02) | colony(0.05) + + colony(0.23)
Family Smittinidae ¢Jo]7d# 3}

24. Parasmittina sp. 0|78 o+ colony(0.13)

1¢

w
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Appendix 15 (Continued).
[individuals(wet weight, g/1m’); +, present of qualitative ]

Stations WR1 WR2 WR3 WR4 WR5 WR6 WML wWM2 WM3 Wi

Taxa
Phylum Brachiopoda #%%& ¥
Class Inarticulata ¥¥3 %
Order Atremata ¥8 &
Family Lingulidae 719 3}
25. Lingula unguis (Linné) 7§43+ 0.8(0.05)
Class Articulata #%3 %
Order Telotremata 38 &
Family Dallininidae 318 Z/jAlE 3}

26. Coptothyris grayi (Davidson) Al &% 7| AR +
Phylum Sipunculida 4758 &
27. Sipunculida indet. A 7554 4(0.11) 9.0(2.00) 7.1(13.77) 2.9(0.12) 52(1.44)

Phylum Mollusca QAFE &

Class Polyplacophora t}# 7

Order Neoloricata A% &

Family Ischnochitonidae @575 3%
28. Ischnochiton comptus (Gould) @15+ + + 5.7(1.27) 1.33(0.39) + +
29. Ischnochiton hakodadensis (Carpenter) #-2% Q155w +

30. Lepidozona coreanica (Reeve) Z-%- + +
Family Mopaliidae w7}2] 3}
31. Mopalia retifera Thiele 4@ -4- 2.7(12.67) 3.4(0.34) 2.7(0.19)
32. Placiphorella stimpsoni (Gould) w7}2] +
Family Chitonidae T% 3}
33. Chiton kurodai 1s. Taki et Iw. Taki Zlvpaty- 1.3(0.07) 2.7(0.41) 4.6(0.69) 2.7(0.27)
34. Liolophura japonica (Lischke) - + 1.0(2.17) 2.0(10.18) 2.9(5.82) + 12(28.87)
35. Onithochiton hirasei Pilsbry W] gkt +
Family Acanthochitonidae 7FA1#%- 3}
36. Acanthochitona achates (Gould) Y- 1.0(0.02) 1.3(0.09) 1.1(0.01)
37. Acanthochitona defilippii (Tapparone— Canefri) ©<-*- +
38. Acanthochitona rubrolineata (Lischke) off 7] & 4- 17.3(6.91) + 1.1(0.75) 2.7(3.16) 7(4.8) + +
Family Cryptoplacidae ¥F% 3
39. Cryptoplax japonica Pilsbry 35 1.3(1.13) + 2.7(7.11) + 2(0.09)
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Appendix 15 (Continued).

[individuals(wet weight, g/1m’); +, present of qualitative]

Taxa Stations WR1 WR2 WR3 WR4 WR5 WR6 WML wM2 WM3 W4
Class Gastropoda 5% 7
Order Archaeogastropoda QA 8% &
Family Haliotidae A% 3}
40. Nordotis gigantea (Gmelin) 4% + + +
Family Fissurellidae T-g3t2=7] 3}
A1. Macroschisma dilatatum A. Adams St A3k 7] 6.0(0.04) 4.6(2.23)
Family Patellidae AtZtZ7] 3}
42. Cellana nigrolineata (Reeve) =-ujjt +
43. Cellana toreuma (Reeve) °|7|5F72=7) + 15.0(4.18) 16.0(15.0) 5.7(2.43) + 17.0(11.14)
Family Acmaeidae 833z 3}
44. Acmaea pallida (Gould) 2A3FZ7) + + +
45. Chiazacmea pygmaea (Dunker) ol 7| vl 2 6.0(1.31) 7.000.68) 77.3(2.67) 6.3(0.66) 6.0(0.39)
46. Chiazacmea pygmaea lampanicola (Habe) & ol 7] vl 0.7(0.09) 2.4(0.17)
47. Collisella heroldi Dunker ©ll 7] 7= 2] vl 1.0(0.16)
48. Notoacmea concinna (Lischke) ‘&4 7] + 0.6(0.05)
49. Notoacmea concinna fuscoviridis Teramachi ‘&2l -2) 7] + + + +
50. Notoacmea gloriosa Habe ™ A o] w52 7] 6.0(0.48)
51. Notoacmea schrenkii (Lischke) W42 7] + + + 3.4(0.94) + + +
52. Patelloida saccharina lanx (Reeve) H*F2]il% 23.3(13.39) 1.000.67) + 0.6(0.38) + 5.0(8.29)
Family Trochidae W¥i1% 3%
53. Cantharidus callichroa (Philippi) €5 3l% 18.000.44) 1.1(0.13) 12.0(0.20) 18(0.08)
54. Cantharidus hirasei (Pilsbry) w15 315 + t+
55. Chlorostoma argyrostoma lischker (Tapparone—-Canefri) Wil + + + + +
56. Chlorostoma argyrostoma turbinatum A. Adams T8V al% +
57. Conotalopia mustelina (Gould) 7] Wil 2.7(0.01) 7.000.02)
58. Lirularia iridescens (Schrenck) 795l 8.0(0.16) 14(0.25) 5.3(0.3) 38.8(0.45) 85.3(1.12) 2.0(0.02)
59. Monodonta labio confusa Tapparone-Canefri 7l E}2] 3% + + + 0.6(1.14) + +
60. Monodonta neritoides (Philippi) Z}A] il'g + +
61. Omphalius rusticus (Gmelin) . '%31% + 2.0(4.44) 1.71(2.55) + + +
62. Tristichotrochus consors multiliratum (Sowerby) 25Y84]31% +
63. Tristichotrochus koma Shikawa et Habe o'§4]il% + +
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Appendix 15 (Continued).

[individuals(wet weight, g/1m’); +, present of qualitative ]

Taxa Stations WR1 WR2 WR3 WR4 WR5 WR6 WML WMz WM3 Wi

Family Turbinidae 42} 3}
64 Batillus cornutus (Lightfoot) A~} 2.0(0.39)
65 Homalopoma sangarense (Schrenck) A&l 29.1(0.93) 13.3(1.39)
66 Lunella coronata coreensis (Récluz) =% als + 0.6(0.87) + + 4.8(5.1) +

Family Phasianellidae 2 11% 3}
67 Phasianella modesta (Gould) 2] 3% 1.3(0.01) 4(0.01) 25.7(0.22) | 21.33(0.09) 4.0(0.02)

Family Neritidae 2315 3
68 Heminerita japonica (Dunker) Zil'% + 2.0(1.16) + 17.1(10.03) 2.67(0.53) 5.0(2.45)

Order Mesogastropoda 3%% &

Family Lacunidae #'}&1% 3}
69 Stenotis smithi (Pilsbry) %% %3 1.71(0.01) 4.7(0.01)

Family Littorinidae $%i1% 3
70 Granulilittorina exigua (Dunker) 52454 % %516 6.7(1.15) 119(5.74) 16.0(0.15) 2.3(0.02) 50.000.85) 1.0(0.01)
71 Littorina brevicula (Philippi) %1% 0.67(0.07) 2.0(0.10) 2.7(0.05) 0.6(0.18) 81.3(17.70) + +
72 Peasiella infracostata (Issel) &% %3l% 22.0(0.08) 3.0(0.01)

Family Potamididae 2A31% 3}
73 Batillaria multiformis (Lischke) 3l 38.4(25.29) + +
74 Cerithideopsilla cingulata (Gmelin) B]E0]1l% 20.8(6.54) 0.8(0.7
75 Cerithideopsilla djadjariensis (Martin) 709 50| 1% 0.8(0.74) 55.2(39.1)

Family Vermetidae W31% 3
76 Serpulorbis imbricatus (Dunker) -3l 4.0(32.85) | 20.0(144.64) | 5.33(2.79) 13.7(157.2) +

Family Hipponicidae 12115 3}
77 Amalthea conica Schumacher 7]A4317231%- + 3.0(0.02) 1.33(0.01) +

Family Calyptraeidae ®]i1% 3}
78 Bostrycapulus gravispinosus (Kuroda et Habe) #ujal% 4.0(0.01) + 1.33(0.03)
79 Crepidula onyx (Sowerby) %50l 22l 1% 1.33(0.01) 2.0(0.02) 2.7(4.05) 2.85(1.39) + +

Order Heteropoda °|% &

Family Naticidae 74$39°] 3}
80 Lunatia gilva (Philippi) Z1-¢-% o] 1.6(0.46)

Order Neogastropoda A 5% &

Family Muricidae %42 3}

81 Ceratostoma rorifluum (A. Adams et Reeve) WA}2| 0.7(0.06) 2.0(3.80) 5.3(5.45) +

of\

of
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Appendix 15 (Continued).
[individuals(wet weight, g/1m’); +, present of qualitative]

Taxa Stations WR1 WR2 WR3 WR4 WR5 WR6 wM1 wM2 wM3 W4

82. Ergalatax contractus (Reeve) H%il'% 0.6(0.10)
83. Ocinebrellus inornatum (Récluz) ©]71% 315 2.7(0.10) 2.3(0.7) 6.67(1.55)
84. Rapana venosa (Valenciennes) ¥]¥%31% + +
85. Reishia clavigera (Kuster) t4g] 10.7(8.17) 19(32.74) 46.0(53.11) 98.0(97.11) +
86. Reishia luteostoma (Holten) ¥ =¥ 5l% 1.33(2.02) 10.0(13.73) | 26.7(14.64) 9.7(3.04) 2.7(2.17) ++

Family Columbellidae %534
87. Indomitrella lischker (E. A. Smith) WAH-H -5 + + +
88. Mitrella bicincta (Gouild) ¥.&]%5 29.3(1.88) + 4.0(0.52) +
89. Mitrella tenuis (Gaskoin) ‘&2 o] W] -5 18.7(0.50) + 1.3(0.06)
90. Mitrella sp. 55+ 3.4(0.01)
91. Pleurotomitrella pleurotomoides (Pilsbry) 7| & 44545 2.7(0.16)

Family Nassariidae §28%4i%F 3}
92, Nassarius festivus (Powys) 952454515 7.2(2.10) 1.6(0.40) 2.0(1.06) 0.8(0.39)
03.  Nassarius fraterculus (Dunker) 7&&%85 4% 8.7(0.87) 7.0(0.83) 5.3(0.83) 25.7(2.04) | 46.7(2.97) | 4.0(16.08)
94. Nassarius livescens (Philippi) 525 1l% + 0.8(1.36) + + +
95, Nassarius multigranosus (Dunker) 9554854 311G +

Family Buccinidae E#311% 3
96. Cantharus cecillei (Philippi) &% &= A 3155 + + +
97. Japeuthria ferrea (Reeve) EFgf|3l% + + + + + 1.0(1.62)
110. Gastropoda sp. 3 55§ 3 ++
111. Gastropoda sp. 4 55§ 4 +
110. Gastropoda sp. 3 &5 3 ++
111. Gastropoda sp. 4 =55 4 +
112. Acharax japonicus (Dunker) ++

Class Bivalvia o|u}¥] 7

Order Solemyoida Bl©@Zx7] &

Family Solemyidae W&/ 3}
112. Acharax japonicus (Dunker) ++

Family Costellariidae ®315A}& 3}
98.  Vexillum inermis (Reeve) 31}o]551% 3.0(0.29) 2.28(0.01)
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Appendix 15 (Continued).
[individuals(wet weight, g/1m’); +, present of qualitative ]

Taxa Stations | g WR2 WR3 WR4 WR5 WR6 WML WM2 wM3 wM4
Family Turridae @% 3% 3}
99. Inquisitor jeffreysii (E. A. Smith) %1% +

Order Heterogastropoda °| 5% £
Family Epitoniidae A¥231% 3}
100. Spiniscala japonica (Dunker) 7}A]A %] 315 +
Order Cephalaspidae F& &
Family Atyidae 913o] 3%

101. Ballacta exarata (Philippi) W3] + 3.2(1.87)
Family Haminoeidae ¥£%31% 3}

102. Haloa japonica Pilsbry ¥:%X1il% 4.7(2.07) 5.0(0.06) 2.7(0.60) +

103. Cvylichnatys angusta (Gould) 1.000.01)

Order Basommatophora 7]¢t &
Family Siphonariidae 313%74] 3}
104. Anthosiphonaria sirius (Pilsbry) ZX3l

dol-‘{'l/HH] + + 1.1(0.22) +
Al 1.0(0.17)
) 1.0(0.34) 3.3(0.75) 0.6(0.06) 11.3(1.47) 2.000.44)

105. Planesiphon acmaeoides (Pilsbry)

‘ﬂ

106. Sacculosiphonaria japonica (Donovan

Order Systellommatophora
Family Oncidiacea
107. Oncidiella kurodai Tw. Taki 8.7(0.29) 157.0(3.97) 17.3(0.31) 5.1(0.06) 2.7(0.03) 4.0(0.13)
108. Gastropoda sp. 1 55§ 1 2.0(0.01)
109. Gastropoda sp. 2 1.3(0.01) 0.7(0.01) 2.0(0.01)

_1
=

3.0(0.03)

sl = Bl

Jru ||
!

El

=l w

+

JW BB

23
110. Gastropoda sp. 3 -
111. Gastropoda sp. 4 -
Order Arcoida %/ &
Family Arcidae S%7] 3}
113. Arca boucardi Jousseaume 71U X5 Z27) +
114. Arcopsis symmetrica (Reeve) ZQ1t)5€ 7| + + + 0.8(0.13)
115. Scapharca subcrenata (Lischke) A z19; + +
116. Tegillarca granosa (Linnaeus) %19} 12.0(81.30) 1.6(17.51)
Order Mytiloida ¥& %
Family Mytilidae ¥3% %
117. Modiolus modiolus difficilis Kuroda et Habe E%}A] 46.0(105.19) | 35.0(31.81) |122.7(318.17)| 20.6(4.69) 2.7(0.54) 59.0(74.02)
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Appendix 15 (Continued).
[individuals(wet weight, g/1m’); +, present of qualitative ]

Taxa Stations WR1 WR2 WR3 WR4 WR5 WR6 WM1 wM2 wM3 W4
118. Musculus senhousia (Benson) &4 2.0(0.05) 1.14(0.06) 235.2(59.92)
119. Mytilus coruscus Gould &g +
120. Mytilus edulis Linnaeus %% 6.9(2.51)

121. Septifer virgatus (Wiegmann) #->% 2 354 12.000.22) | 150.0(366.90) | 160.0(223.74) | 505.4(611.47) | 364.7(504.56) | 21.0(16.87)
Order Pterioida 9% &
Family Ostreidae & 3%
122. Crassostrea echinata (Quoy et Gaimard) 7}A] & + + +
123. Crassostrea gigas (Thunberg) &= + 3.3(16.04) +
124. Ostrea circumpicta Pilsbry EjA) = +
Order Veneroida 93 &
Family Ungulinidae EA}2)Z7] 3
125. Felaniella sowerbyi Kuroda et Habe AmFEA}2] 27 +
Family Galeonmatidae ZAMIo|27] 3}
126. Lasaea undulata Gould ZA}AFo]z=7) 451.4(0.64) | 3111.0(3.34) 649.4(1.87) 939.9(0.49) 684.7(0.47) 624.000.47)
Family Carditidae F&%AI5ZA 3}
127. Cardita leana Dunker T "3AMS 227 2.0(0.28) 10.7(16.68) 4.0(0.03)
Family Cardiidae A&7 3}
128. Fulvia mutica (Reeve) AZ7) +
Family Tellinidae 8 A&7}
129. Arcopagia (Merisca) diaphana 0.8(1.8)
130. Macoma incongrua v. Martens ©° 7]t %z 7 + 2.4(1.32) + +
131. Morerlla jedoensis (Lischke) &5 A 27l 3.0(1.50)
132. Nitidotellina minuta (Lischke) 53 A 227 0.8(0.05)
Family Mactridae 7|3ZA 3
133. Mactra veneriformis Deshayes &35 1.0(8.9)
Family Veneridae ®3§ 3}
134. Cyclina sinensis (Gmelin) 7}-2}271 6.4(71.26) 0.8(18.60) + +
135. Dosinorbis japonicus (Reeve) " %7 1.6(6.36) 0.8(10.10) +
136. Irus macrophyllus (Deshayes) #&F5 927 2.67(0.42)
137. Ruditapes philippinarum (A. Adams et Reeve) vFA|2} 0.8(0.55) 30.4(112.55_ + +
Family Petricolidae S&4to) &) 3}
138. Claudiconcha japonica (Dunker) %235k 27§ +
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Appendix 15 (Continued).
[individuals(wet weight, g/1m’); +, present of qualitative ]

Taxa Stations WR1 WR2 WR3 WR4 WR5 WR6 WM1 wM2 WM3 W4
Family Glauconomidae A=/ 3}
139. Glauconome primeana Crosse et Debeaux A %Z=7) 0.8(7.99) 0.8(0.50)

Phylum Annelida 3 %% ¥
Class Polychaeta t}5. 7
140. Polychaeta indet. 70 A & o] 5 :
Phylum Arthropoda A FE &
Subphylum Chelicerata §Ztol#
Class Pycnogonida ¥}ttAu] 7
Order Pantopoda Hlt}A® &

[
~

)

o)

(3.58) | 457.0(3.51) | 186.7(5.87) | 191.9(5.39) | 366.0(6.38) | 805.0(4.49) | 210.4(3.14) | 562.4(4.41) [1519.0(33.18)|1885.6(12.37)

Family Ammotheidae FAlvl}A A 3}
141. Achelia bituberculata Hedgpeth 5L Z ol 7] &=nje} 7| 0] 14.0(0.05) 7.0(0.03) 2.28(0.01) 10.0(0.02)
142. Ammothea hilgendorfi (Bohm) %852 njthr| 1] 4.67(0.02) 7.000.07) 1.14(0.01) 4.0(0.02) 13.0(0.08)

Family Callipallenidae ZAJvlchAw 3}

143. Callipallene amaxana (Ohshima) 71%5-ZfA| vt} v

144. Callipallenidae sp. ZFA|ve}7 o] 5+ tr
Family Phoxichilidiidae *v}c}Av] 3}
145. Anoplodactylus viridintestinalis (Cole) 73 A|Smpc}7n] 1.3(0.01) 10.0(0.02) 0.6(0.01) 1.3(0.01) 19.0(0.02)

Subphylum Mandibulata 92} ol
Class Crustacea %% 7

Order Thoracica $§ =

Family Scalpellidae ¥-A& 3}

146. Pollicipes mitella (Linnaeus) 7% 1.33(1.93) 1.0(2.54) 1.3(0.09) + + 1.0(5.06)
Family Chthamalidae 57|74 3}

147. Chthamalus challengeri Hoek Z%-2)7|w}7||n] 1536.1(4.39) |31048(589.87)| 481.4(3.19) | 1587.4(45.81) | 6705.0(99.24) |53000(410.62)
Family Tetraclitidae AtZui7Ru] 3}

148. Tetraclita japonica Pilsbry 71-&u}s|n] + + + + 46.0(776.50)

Order Mysidacea &#°] =
Family Mysidae o] 3}
149. Mysidae indet. 224 o] 5 4.0(0.02)
Order Tanaidacea
Family Tanaidae
150. Anatanais normani (Richardson) 21.33(0.04) | 178.0(0.38) 1.3(19.05) 13.1(0.02) 112.0(0.09)

151. Apseudes nipponicus Shiino 4.0(0.01)
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Appendix 15 (Continued).
[individuals(wet weight, g/1m’); +, present of qualitative]

Taxa Stations WR1 WR2 WR3 WR4 WR5 WR6 wM1 wM2 wM3 W4

152. Tanaidae sp. 2.000.02) + 0.8(0.01)

Order Isopoda 5% &

Family Anthuridae vic®d# 3}
153. Cyathura higoensis Nunomura % 2jjv}c]g) 1.6(0.01)
154. Mesanthura nigrodorsalis Nunomura 7}-2-vlc]de] 1.3(0.01)

Family Paranthuridae 2 5 ®ma]vljda] 3
155. Paranthura japonica Richardson Zvic]® ¢ 0.7(0.01) 2.0(0.01) 0.6(0.01) 1.3(0.01)

Family Cirolanidae 2e%X3d 3}
156. Excirolana chiltoni (Richardson) X&)l -2 1 ¢ 2.0(0.01)

Family Limnoriidae
157. Limnoria sp. 2.7(0.01)

Family Sphaeromatidae 2 a3}
158. Cymodoce japonica Richardson T2 3HH g 6.000.52) +
159. Dynoides dentisinus Shen 74 &% 73 ) 71.3(0.08) 62.0(0.03) 93.3(0.17) 143.32(0.15) | 1508.1(0.7) 55.0(0.15)
160. Holotelson tuberculatus Richardson A=z 5.33(0.19) 5.13(0.06) 1.3(0.04) 26.0(0.31)
Family Majidae £%0|7] 3}
179. Pugettia quadridens quadridens (De Haan) 2-54ko] 7)) 1.3(0.07) + +
Family Hymenosomatidae %37 3%
180. Rhynchoplax messor Stimpson 521 %a 7| 5.3(0.21) 5.7(0.17) 8.0(0.55)
Family Portunidae ZA] 3}
181. Charybdis acuta (A. Milne Edwards) 4171247 +
182. Charybdis japonica A. Milne Edwards W Z-A)| + +
Family Xanthidae ¥-3A 3}
183. Macromedaeus distinguendus (De Haan) Z2%-A| 7] 0.7(0.25) 2.0(0.01) 1.3(0.30) 6.0(2.38)
184. Pilumnopeus indicus (De Man) Y354 -4 7 1.3(0.55)

185. Pilumnus minutus De Haan °ll 7] & 154 7] 2.3(0.15)

186. Sphaerozius nitidus Stimpson W] g2 #| 2.7(0.90) 10.0(2.88)

Family Grapsidae ®$]7] 3%

187. Gaetice depressus (De Haan) W27 + + +

188. Helice tridens tridens De Haan ‘§ 7| +

189. Hemigrapsus penicillatus (De Haan) %7 1.6(16.56) 1.0(0.35)

190. Hemigrapsus sanguineus (De Haan) =7 3.3(0.06) 5.0(3.46) 8.000.22) 5.14(0.10) + 2.4(0.06) 1.0(0.01)
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Appendix 15 (Continued).

[individuals(wet weight, g/1m’); +, present of qualitative ]
Taxa Stations WR1 WR2 WR3 WR4 WR5 WR6 WM1 WM2 wM3 w4

191. Pachygrapsus crassipes Randall v} Al + 2.9(0.36)

192. Sesarma pictum (De Haan) A}Z}7) + +

193. Sesarma plicatum (Latreille) 7}#] 7| +
Family Pinnotheridae 44to|A 3%

194. Pinnotheres sinensis Shen # &%ko] 7] 2.7(0.03)
Family Ocypodidae @34 3}

195. llvoplax pingi Shen HE 37 4.0(0.64) +

196. Macrophthalmus dilatatus (De Haan) Z 7|

197. Macrophthalmus japonicus (De Haan) # A 38.4(25.84) 6.4(2.98) 10.0(10.98) +

198. megalopa lavae v Z 53} §41 2.0(0.02) 9.0(0.02)
Phylum Echinodermata I3 §& ¥
Subphylum Crinozoa wjtjy}a] o}
Class Crinoidae #lthva] %

199. Crinoidae sp. vlebuba] 5 +
Subphylum Asterozoa ¥7}A}2] o
Class Stelleroidea E7M}2] %
Order Platyasterida $1% &

Family Luidiidae 225 &7 3

200. Luidia quinaria von Martens 72527}k +
Order Spinulosa 5 %

Family Asterinidae '# &7}412] 3}

201. Asterina pectinifera Miller et Troschel H-:E-7}A}2] + + + 1.0(1.92) +
Family Echiniasteridae 17| 27}At2] 3%

202. Henricia nipponica Uchida o 7] & 721 +

203. Henricia sp. °N7]%7}A}2] 5+ 3.000.02)

Order Myophiurida $jA}v] &

Family Ophiacanthidae A u]&7A}8] 3}
204. Ophiacantha linea Shin et Rho 4137 n] 2-7}A}g] 1.3(0.01) 2.000.01)

Family Amphiuridae $8A v E71A1E] 3
205. Aphiura sinicola (Matsumoto) 7137w %E-7}kA}2] 0.8(1.96) 1.000.27)

Family Ophiodermatidae 7}&Av|E7HA 8 3}
206. Ophiarachnella gorgonia (Miiller et Troschel) WA v 714} +
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Appendix 15 (Continued).
[individuals(wet weight, g/1m’); +, present of qualitative ]

Toxa Stations WR1 WR2 WR3 WR4 WR5 WR6 wM1 wM2 WM3 W4
Subphylum Echinozoa 4 Al oH&
Class Echinoidea 4A 7%
Order Echinoida A7 &
Family Temnopleuridae ¥A|4 7] 3%
207. Temnopleurus toreumaticus (Leske) %4 7| +
208. Temnotrema rubrum (Doderlein) "7} 2241 7)) 2.0(0.14)
Family Strongylocentrotidae 244 3}
209. Hemicentrotus pulcherrimus (A. Agassiz) %527 + + + +

Class Holothuroidae 314 7%
Order Aspidochirotida &4 &
Family Stichopodidae &7]3|4 3}
210. Stichopus japonicus Selenka %734} +
Order Apodida %% &
Family Synaptidae S3l4 3}
. Protankyra bidentata (Woodward et Barrett) 7}FA|S:8l]|4k 1.0(1.47)
Phylum Chordata 34t5& ¥
Subphylum Urochordata ®|At5& of&
Class Ascidiacea 3= %
212. Ascidiacea indet. + + + *

no
=
—
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