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ABSTRACT

ABSTRACT

Keywords: intertidal zone, intertidal benthos, Gugang, oil spill

1. Introduction

Kinmen is continental islands located near the estuary of the Jiulong River in China,
Xiamen Bay. There are high biodiversity and rich biological resources with coastal wetland
environments around Kinmen. However, Typhoon Meranti invaded Kinmen in September, 2016
and caused a huge influence to Kinmen. A cargo ship which anchored in Xiamen was drifting to
and stranded at Daan coastal, south of Gugang, Kinmen. The accident caused an oil spill. The
habitat and organisms of intertidal were polluted and injured. In order to understand the influence
of the intertidal fauna caused by the oil spill accident, this biological resources monitoring plan

was taken and carried out.

2. Research methods

This survey took qualitative and quantitative methods to investigate the Gugang intertidal
benthic community. And we also compared the survey results with the past literature reviewed to
understand the oil spill accidents and their subsequent effects of intertidal benthos, finding out
the potential indicators species and proposing suggestions about surveys methods and other

suggestions for subsequent monitoring.

Survey area were from Gugang to Oucuo coastal and classified into two main types of
habitats, rocky reefs and sandy beach. Two rocky reef stations and two sandy stations were set.
The rocky reef stations including the eastern rocky reef area of Daan (Station A-1) and
promontory of Daan where the oil spilled (Station A-2). The two sandy stations are the beach of
Daan (Station A-3) and Oucuo. (Station B). The Gugangan (Station CS) was taken as a control
station to be compared. Quantitative method of this study was transect line with quadrate

sampling, and the abundance and biomass of each species per unit area were calculated.

Total of three surveys were conducted during 12 to 14 September 2016, 3 to 8 January and
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28 February to 5 March 2017.

3. The important results

There were some organisms, such as Capitulum mitella, still covered by oil and tar residue
at A-2 station where the oil splash. The richest of species numbers were recorded at A-1 station
with 5 phyla 38 families 61 species. The other two rocky reef stations were recorded 3 phyla 28
families 38 species at A-2 station and 3 phyla 22 families 34 species. CS station was the most
poor in species richness. Comparing with study of Gugangan intertidal fauna in 2013, the species
number in this study was fewer than that in 2013 (28 families 41 species). Morefore, the common
species, Lunella granulate, was disappear in Gugangan. It seems the Gugangan was also affected.
By analysis of ABC curve (Abundance Biomass Comparison curve), the negative interference
tends to decrease. The lowest abundance and biomass were at A-2 station. However, we suggest
Thais clavigera, was common in the low tidal region among three stations, as one of the

biological indicator for oil pollution, and C. mitella as ecology monitoring target.

4. Some major suggestions

(1) Immediate Feasibility Advice — To establish the baseline of clam resources and to collect the
samples from Gugang and OuCuo Area

The organizer: Kinmen National Park
The co-organizer: Academic institutions, local non-governmental organization (NGO)

Entrust the local NGO to conduct long-term investigation of the clam resources and baseline data
in Gugang and OuCuo Area. Collect shellfish with local traditional clam collectors and record the
drag length with hand-held GPS to calculate the sampling area in order to get the shellfish
resources per unit area. The clams were collected and preserved for heavy metals or organic
pollutants examined.

(2) Immediate Feasibility Advice —Detection of trace organic and heavy metal pollutants in edible
Intertidal organisms of Gugang and OuCuo Area

The organizer: Kinmen County Fisheries Research Institute, FPG.

The co-organizer: Kinmen National Park, Academic institutions
For the issue of food safety, it is necessary to examine the shellfish toxicants to clarify the concerns
of the residents. And follow the results to develop and generate strategy.

VIl
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(3) Medium - long term recommendations — To establish the systems of biological indicators and
indictor organism.

Sponsor: Kinmen County Fisheries research Institute or Kinmen National Park

Co-organizer: Academic institutions,
In order to understand the mechanism of the damage caused by oil spill to marine ecology and to
establish the basic data of oil spill damage to evaluate the damage of oil spill to marine ecology. In
addition to the effects of single contaminants on a single species, the effects of multiple
contaminants on the ecosystems need to be further understood. Therefore, in the management and
decision-making process, the more detail information of the structure and function of ecosystems
should is necessary. The comprehensive and integrated data collection should be carried out to
establish the systems of biological indicators and the indicator organisms can be used as monitoring
the effect of the accidents in the future.

(4) Medium- long term recommendations - Coastal organisms are included in the long-term
monitoring target to establish the baseline data

Sponsor: Kinmen National Park

Co-organizer: academic institutions, Kinmen County Fisheries research Institute
The important animal resources in NKP such as otters, horseshoe crabs and birds have been
monitoring and tracking long-term monitoring. But in the intertidal zone, in addition to some
wetland birds and horseshoe is distributed in a specific area or the hot spots, the other intertidal
creatures have not been concerned. When the accident occurred, the basic information is important
for data analysis to clarify the extent of the impact, thus affecting the follow-up, management and
even claims. In addition the Thais sp., Lunellla sp. and Ruditapes sp. are as the objects for
monitoring in future In Gugang. It is recommended that other coastal areas within the Kinmen
National Park should be selected more locations and organism for monitoring as baseline data for
long-term monitoring and follow-up.
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A1 3R o PR FAKEDHR T APaFd MI R4 A& PE A

?ﬁ%

#1
WERTH L RLREFAGHAPE AR NFRRTR ST B EEES 2 LA
AprdliEr 5 MGER BMITT A4 RAEEF (JLE 5 2006) o b T L WA E L B
B eI EFFELI P L AT RS R EEY 2 R - 0 A
(DMS)eng 4 42 > 7 10318 &0 o bldo > S a4 pE g R Ay L2353 kR
T AR CGHEEFVE BB FUPE AR

S.EATAFREFT R BAEFARFFTR A E-F-HZ2RE2HDEL 0 bl

KA Gk v B4 AT LG ABET RS LA TR R g
G etie A S L R S AU RS SR A

Glhei T € TR R L A RE e PRRAR o AR P W ahE R R 5 0.1 mg/l BE o e ih gy -

P Afa, BERR AR PRI AT o ARY > R AR (B % »2016) - ¥
R 3T Aad g wenps D TR 25587 02007 & ¢ RITA A BAL 45 - A~ 2 e
DDT f3RA b sgfp e §AR IR BIRE IR % (2> 2008) c H ¢ Lixvr ~Fd ~ &%
”/?’fﬂ?"’/‘*/‘? 'ﬁ‘ﬁ»,& E@E’iﬁp\ I E 2B I 5%2?1%&&’]?;}1‘[———[5&%%0 ;),/45}), ¥ 4 %
=GRS I Sl AL SRR S SR A cF R IR E
(Z)PEF eI gL SR RF RHR

M EEArlF s TR SRR E R E BB E L AR ER F L

HHEESBRDEEHFL 0 4 € A HEREE ATiE 2 B - Osuji and Onojak (2004) 12 % %

f

G R PPz dmamRMmBER Lo Rl IMEE 2 e 424 (NI &~(V) 4 ( Cu),
g2 ( Cd) % 4 ( Pb) ehitsks =% o ¢t * Ahmad Dasuki et al (2015)4% & & + b =
FEHPFRGFALTLE AV RBRN B L 2854 (Pb) >4 (N) g (V) >
$ (Zn) >4 (Cd)> A G €2 BT i M B PR » L H 3 R Flot - WRITRA
PEEBLA Y RH o BRI H R e o

/EFE'F%/‘/‘“’E“IE % 2 I ARE R RN ) “Lr;gls‘»mﬁ‘$@£ H L\«JP' BIR B K’“’{E’ ""'ﬁi

e a5 F o FENAREILHAHR - LEHF P LAFL PPN ST - LNk
g,%ﬁﬁiﬂgﬁ zx§§’ﬂi%ﬁ?*°ﬁ$ﬂﬁéﬁ€£@’%7ﬁﬁﬁ%?

FA ok BT A p A e d bl d 5 A Sk 0 AT S BT (52008 E

2011) - & 5| LB B b > HE £ L B et Rt 4 TR T T LIS L R

"l
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$z% Rt Rz MEY

12 3 o Kostas (1996)4%1 € & B4 E BB OP LR FAY > 5d ISR frdig i p ahg
ERFE FRBFIFAEAFNEIREEHL G RBDRH S T UL BES
FERIGIpIEL & oo

Heavy Metals Detected in Oil Spill Incident

Zn Cd Ni V Mn Cr Pb Cu Fe As Sn Hg Ba Se
Heavy Metals

(o8 ]

Frequency
s O 0 O

(%]

o

Figure 2. Frequencies of Heavy Metals Detected in Oil Spill Incident

B » p Ahmad Dasuki et al (2015)Malaysian Journal of Analytical Sciences, Vol 19 No 6 (2015):

1348 — 1360
ARP P e £ 2RpL > A 2016 5 7 RS BF AR T 45 5
FEAARUIRE, XA HORY £EPH2L TN Y L 6A - i) M AR

FRA 320

() FETIF 32745 R Hwnk
B bR T AR AT & H AR L B A BRI NIRRT 4 TR & e o

RS TS I L F ot B ARE A R P A T B e ( Cl ~
ClO)i i 7z 3 i » = f (RSB - F 5 14 10% & o fpa 3+ & TR~ g sl i K
PR R U B ARE M T o KM R R e P T e A
AP 2 ¢ E & e 35 (PHAS) G Jﬁﬁ#vvfihg BRIl L B L
(2% 2008) - i F P Fld rokehd B el s/ > HERB LG FFADIHA
F SR FEHBALLESTE 2R AT RATEE (35 2015)d 2 H - fAF
ﬁ%ﬂ@%’iiﬁﬁﬁ£&1$m“ﬁ#?ﬁ* LRIl LR Sl SRR
P3P RBUGF W F T B E B P 4 2000 ffEA A TG AT RERK



EFRFF P HRBIF FPRFFEFTRERT S
Boehd W3 F o e F A L s SIS B 0 WA GBS o B AR T 4805 A
Fraonok o e v Bk A R iR g ke o R RMPEF S e s ~ ok @ (2 0 2007)
Flpt o B E T A e AR EA B AR E R AL et £ 45
BEE SR S P BR(T 0 2002) o hef % (2017) 1 £ FlA G 5 R enip B F X A R
B BRI L BRE AT 2 AL KT 0 FIRE M % 9 13(TPH: total petroleum
hydrocarbon) Zz & A~ W 2 &R FRMH F g Ay 3 AR E 28 TPH
Affe- BEEFF o Fp o p s 2 R F W 25 (TPH: total petroleum hydrocarbon)$f &
AR FETRTH

TR 4 2016 # 7% 4p Fagnipd iz T am? 544

Fra4 2w g, Tk Y (04083 5 1051301274 5L) - itk 0 i F 2 enig & him 4

b AV d & A BEAEY A4 NS R A %G V&4 (PAHS) b oo 3t H &z A =

(T)ERBLEZ - BH =42 B

FEQO) g A E R FAA A G AAREBRE A EL P &4
w2 w?&iimwé‘ﬁ’iiﬁ Bo a X[ fpd st Hekg 8 £ - %%I% BEHRE P IER A PR
§ o ypoREr 2012 BB A THFLET T M4 BERaHEL FTTREELS T

RH I HPFF BB K2 %R 67.75iInd/m? % > 2= 5 %A 52.75ind./m? > £ =% G
o 35.50nd./m? » EH DR B M2 A L A A ‘2ind./m2’§F%v’3‘1’»#;] RS 1

HEAEHRPF TR ERTLLER e HEEFES HFEESAREL A ZEHFPT
BV N RFFOM (4P ECK AR 2013)

iz Mg 2 PRSI 2R fe- £ € £ BAF LG g R a4
(3% >2015) - B2 A 340l > 2 ST I ERGEDLA S > BB HOEFE > HI
ARG S pEEEF 2013 TH Tl GUPRAI-AT > L S5 shiE
e

ST AMEE S 2(2 % 52008) A X BT LA 0 B4 BRE ook

o~

AHS e BRI S0 RPRITEHTH A LRBEVEINE C£5 5
frd = > @~ B0 H R ERA B ERTEL L oA Y B4k (2013 # ¢ RS
FIEB ym\$>ﬁ*’ZMOE%E%%”%m”Mﬁ%i%’uﬁﬁiﬁﬁﬁﬁﬁ&ﬁ
WD E  FRFFERLRE AP B R TR RS ER fossk b

A SRR & AN A 15% e 17% B ¢ RiRA $end B R g B B IIRAR B
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2R HEIETRZFHAY

BEA A PR LT F S AT EBE 1 A R ERA ok

FRFp T RE R BEEE DT A okE -

232 TRV ARF T2 AL R XS HES RS B2 NAF

E L & BoA vk
(mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg)
1.5 48 1.0 1.0 1 0.5 -
2. 4% 0.5 0.3 0.3 - -
-1~ ~ i ~ W A - - - - 2
2-2 T AT - - - - 1
2-3 8 4 44 - - - - 0.5
3.0 %4 0.5 2 2 - 0.5
457 KAE(F 5 N %) 0.5 0.3 2 - 0.5
5.9 &gz v & sCp 0.5 0.5 0.5 - 0.5
6.5 1 -k A F 4o 0.5 0.3 0.3 - 0.5

TR AN L CBA B A A RFA BB A P A B A T AR S 5
BfEh - EBACBA KT

(FHRXR: F2ARTRNL TRV FSAFT2RFFLHBE T 5 27 FR)

£33 -Te8? SR+ P23 AL HBE, T 37 HPHASZ R AF
¥ (a)# (ug/kg) 4PAHs(pg/kg)
%i”t S lx\F' ( THE S 4 J?Hi % /ﬁ;) 5.0 30

(FHR KR W2 TR AAF T2 AWLBE ) T3 275 K2
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EPRFEF P HRIF RFPFFIEFTRE T E
%45 2010, (38% > 2008 & 2010) ~ ¥ A5 A SHBATT Y w2 SHLETAL
(http://shell.sinica.edu.tw/) ~ #§ (1996 & 1998) - #+ % (2006) ~ r ¥ % (2007) ~ Abbott and
Dance(1986) ~ Debelius(1996) ~ Debelius and Kuiter(2007)~Gosliner et al. (2008) ~Nakano(2004) ~
Okutani(2000, 2006a, 2006b) ~ Ono(1999, 2004) ~ Suzuki(2000)f= Takamasa(2003)i& 7 % 4@

G </ TAl L

FTHEEAFHFE- PR AL FE A 5 48 17014 * Shannon-Wiener
diversity index (H’) - 323 & 4p#R|3 * Pielou’s Evenness Index (J°)4-

(2)Shannon-Wiener diversity index (H’)
s
H' =1 PjlnP;
i=1

Pi: & ifas 2 BT A5E0 B v b

SRR LR S

"%\}

H #ﬂﬁ’zv K
BRSPS BB o T A SRR S AN o R AL

EFP-HRPMAPAGZ YR AR PHEKLEF A RALTHI o

/P 1/)»

Bt FrmEEnd —%fé_,zgécﬂll H &5 0 # FRfEw2 2 & i) R_F Tt

PR EIFAEREEE DT H ] rﬂ“%ﬁd BR Ripdehs 1 T U EER A RS
AT SRTARZAL -

(2)Pielou’s Evenness Index (J7)

I Hf
/ " InS

SEIEEURIEICI R 2

T bl FEE 01 2 B0 47 i - BETY 2P RAMED DR T
AP ABHED Afada] 2R o F LL#H$4¢&,% 1P 270 R ARE LA B
AR T 10 BEFEART PR o

Bts :;_,.fl#i 3 i e 2P T IEE A o 1Y Primer 6.0 & ﬁls\%.%‘t,fn
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£ 51 AFg b2 B R (B4 5 WGSS)

e A e
< e H R A-1 118.329131 24.388301
PSR 14 A-3 118.325826 24.387917
S A-2 118.327017 24.387772
WGV B 118.335833 24.401672

1 CS  118.308830 24.392203

(FHR LR : 277F)
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Yo% REALES

£ EERLE

S E RGP AL ~ S st d (Bl A2)fos @ aR(RlEE CS) 0 = R H Ry AL £
T 5 8% A2 68 e B H F 4 (£ 5-3) e e HEFJEHBF M) L5~ EAHFF T
GRS S ot T o RS TP s s SRS R e
TR BAEEEPRY RS AR o

HEFR2Z L AES S E RGP AL)E 5 5 38 £ 6L 48 0 ~ sk & (Bl A2)
L3 2843848 0 + fae(Rlxk CS)RI 5 3 22 4 34 48 o 1 % s H (B2 A-L)eha
B B b oo ek s & (RlsE A-2) e (Rl CS) 51720 /8 o Ak R A E MNP R D
#F T 247 g3 3 (Nephtheidae) ~ # v &(Chamidae) % » v % 2. P % 7 5 F - B+

y
¥ <o) en? ERA(Turbo chinensis) e 4 348 - W H & ¥ e P lRdE & 3 Bpak i

“$ TR RN B PR EFIAF AL AR BRI RHFARLT
= 2 R BRI 2 & L (Peasiella habei){rfe 2 3 % i (Littoraria scabra) ~ 5 & 2 % &%
(Echinolittorina radiata){r-| % 4+ 4 c4~ #&(Chthamalida spp.)#7ie = o IR E A3 & P48 A
Ao F 2 mmat o ABRIEBELIG D A EEFTES T2 IR o kAETH
WAAINRFEE R ¥ 7 A BFERD) FE POz E) > A EFPL B

B gmed 08 2% | > &FFATL T8 Hog feakBims v -

¢OR R BB 4 0 IR 5 5¢has(Barbatia virescens) ~ i+ # U1 (Reishia clavigera) ~ 4 s i
(Siphonaria japonica) ~ 7 b7 4! (Lottiidae) % &% P. g » e & # ¥ 2 353 o & § #eeh~ A 2R A
B A o N REE AR E R G TR A AR R R R
%344 B Fib(Septifer virgatus) # FLoaf o &) FHE L PR FOEEL G A WG Aok T

ENEIE ' T CE S ST T S N A

MP ROV X BRABREFRINZ AR 2 F i "HFRIEVED AX S
(Tetraclita japonica japonica) » "3 % ¥ ZF BT 7 > ~ 7 L EF 5 8 e ZiF o M

F A F IR R RS o

A #HEFIEINE
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§ g

PRFHL TR ALE BRI ADE T 47 33518+ seat & (B2 A-2)
S 3P 25135450 ¢ @Rk CS)P) 5 3 21 1 32 f8(% 5:3) - 11 % Kot (Rl AL)
E R AN A Ak L

BTEE R RIS > S ANOVA 2 i L RIF X aFL AP Ey>01)-
BAANP PRI AEFALAR  RARI U ABEENY RIS H BRI AL
11,789.7 + 24,919.5 ind/m?~589.0 + 761.8 g/m? & % » 14 + yeu & (ip] bk A-2) 1,372.3 +24,919.5
ind/m? ~ 78.3 £ 83.7 g/m? & i< (% 5-3 - % 5-4) -

i+ HE A 47 (Cluster) 2 % = ¢ B 4 $5(MDS) » i&4p iz & 50%7 4 H i B w3z H i
(B 5-3~ W 5-4) > # 424 B0 F w5 Group 1 rdg it 2 R4k 5 4 (F e 42.44%)
Group 2> 2017 £ 03 7 A 3B H (R AL )Y P T » il s [ EEFsp & p
iﬁ%iéi&ﬁ@§%ﬁ6W®ﬂmw3muﬁﬁ%ﬁﬁﬁﬁﬂM$C$éiauﬁﬁﬁﬁ
B ALE A Sp R 2 R (TR L A 62%) 5 Group 4 R G 5 @ RIP R
2 A Red plrben? PR G MANEEE AL ) B pfrePBETF LA (?FL,%J%
B %A 60%)

KA 2 o KEEEAITE S A RAITRAF 2R h 2 BRlsk o ARX A E S
P> ARG A ST LB PFEMO UL P EAL o 3 BRIFEF P B4R =8 X e
BRIz A2) A HY FEEE LA RHEY T A2pskz e o B H U R Rk
A8 o RA o FART 0 AAEY o A ERCP Ao §e(Rl CS) Fitinle
SR TR A - o WA Rl 0 5T A Bl - F oo rEiB P R A2(S 3%
Whk) BEA D RER > T ARV RRSZASFLF 22 MG o o & S
LR 2 HIp RS AUPIRE A2(S e R )M ATl R F o BT RN B Bhen ki & ()
A2 RFER VoA ek e ORI A-L)feow j 3(RlEk CS) A A o

fI* ER-2FERPRER 4T (FI5-5-H56-H57) 7id ¥R+ £ %
AF B AR P RF B AR RER ] o - AT - ETARE
PR AFER A A G fRABLRE D BUH S P E o iR
ERFPAEZ ZEFTAVIENERDBERPEAEW ST E); 7 AR A EITIFH < o
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¥ = ind./m?

R =

AL (% s k)

A-2(* Fer &)

CS (v i)

(4 )

R 2016.12

2017.01 2017.03

N

S T

2017.01

Tis

2017.03
1

37w @ B

2016.12

Tis

2017.01 2017.03

B 4

A

A-1 A-2CS

Tim

Annelida % & & 3 ™
Hesionidae -+ &
Hesionidae sp.
A RA sp.
Nereididae ¥ & #*
Nereididae sp.
7 A Sp.
Eunicidae 2 &
Lysidice sp.
W AE sp.
Polynoidae % @ f*
Polynoidae sp.
S BEAF sp.
Sipuncula % & #«% F®
(2 &)
Sipuncula sp.
58 sp.
Arthropoda & 33 P
Pollicipidae #; % #F#*
Capitulum mitella
ER g 24
Chthamalidae -|- % # #*
Chthamalidae sp.
A Sp. 12 125
Tetraclitidae ¥ & 4 f*
Tetraclita japonica
japonica
PAEES 40
Balanidae # ##*
Amphibalanus sp.
XEEE sp. 2
Fistulobalanus
albicostatus
0 EEE
Diogenidae #3g % & 4
Pagurus angustus
ForEEE 10
Pinnotheridae & {4
Pinnotheridae sp.

2 & sp.

825 16

12 62,175 32 11,550 3,650

6 98 128

48

3.0 4

2.9

0.2

93.4

3.8 36

8,617.3 208 2,450 324

30.2 12

0.2

6.4 2

0.3

0.7 500

6.0 12

497.0 10,688 375 1,154

2.0 2

0.3

125

4,786 3,192

558 V. V V

27 V.V V

2,236 548 25532 V V V

04 V V V

0.2 \%

13.9 \Y
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EPRFERFBRAS TR T O 5 FRE R
2538 1) 25 A2+ HEBEEP Y

?
T~

PREF BT E

£

¥ = ind./m?

R =

AL (5 £ i)

A2(= Fewt &)

CS (v #3%)

b 2016.12

2017.01

2017.03

L, S

T ‘ 2017.01[ 2017.03

¢ K 0§

2016.12

2017.01

2017.03

T35

B ¢

[

¢ 5

(¥ &)
A-1 A-2Cs

Eriphiidae # % @4
Eriphia sp.
78 sp.
Sesarmidae g+ 4
Nanosesarma minutum
Al e+ 2
Grapsidae * {4
Gaetice depressus
LA
Hemigrapsus penicillatus
LTS
Alpheidae #tig
Alpheus sp.
kg sp.
(Isopoda) (% %rig)
Isopoda
Mollusca $x ¥ 6 3>
Chitonidae # ¥+
Acanthopleura sp.
AT sp.
Liolophura japonica
L WEE
Acanthochitona sp.
LR ®ER sp. 6
Nacellidae =% #f*
Cellana toreuma toreuma
(g
Lottiidae  #8f*
Lottia tenuisculpta
TS OR 24 50
Nipponacmea schrenckii
=5 30
Patelloida lentiginosa
§ s R 6
Patelloida saccharina
B 46
Patelloida striata
SR

12

60

90

12

25

12

75

79

850

0.7

24 10 2

8.3

0.9

2.2

6.7

19.1 152 6 28

44 2 2

3.4

14.6

95.8

44

52

2.0

0.7

0.3

7.3

0.7

0.3

39.7

0.7

24

9% 16

96

16

20

10

206

1.8

3.8

2.2

0.2

30 184 59.8

13

2 11.6
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2532 AL A2 T HREEF VL PTF S GE

¥ = ind./m?
B Al (% g R) A-2(* s &) CS (+ ) (% %)
K 2016.12 2017.01 2017.03 T35 2017.01 2017.03 T35 2016.12 2017.01 2017.03 Py A-1 A-2 CS
iR ¢ R ¢ [ % ¢ [ % ¢ ® 3 ¢ [ % v [ % ¢ (Y # ¢ (6
Turbinidae #8434
Lunella granulata
R TR} 14 8 2 10 3.8 30 4 5.7 vV V V
Turbo chinensis
¢ OEPRT \%

Trochidae 434+

Monodonta labio

R 14 2 2.7 2 02 V V
Neritidae # %4+

Nerita albicilla

bR 6 2 0.9 2 0.3 2 02 V V V
Nerita insculpta
T SUH R 2 0.3 vV Vv

Batillariidae - /% &g fL
Batillaria multiformis

5 A kg \Y,
Batillaria sordida
2 R ih e 24 2.7 2 0.3 VvV V

Littorinidae 2 % &f 4
Echinolittorina radiata

{55+ 3 % 43 2,226 682 1,214 458.0 264 316 96.7 900 1,156 626 212 1,262 386 5047 V V V
Littoraria scabra

PRI N ) 270 22 28 25 383 216 4 8 575 1338 278 381 24 462 2 28 354 1699 V V V
Littoraria undulata

Ny S0 2 0.2 \%
Littorina brevicula

KRNy SV 66 106 25 82 75 25 421 32 8 375 69.2 2 16 50 76 V. V V
Nodilittorina pyramidalis

LR i Ny SN 200 30 108 376 4 6 1.7 62 508 2 126 776 V V V
Nodilittorina vidua

A 1 2 0.2 \Y
Peasiella habei

AP AR 20 875 2 14,525 2 1900 75 1,933.2 196 528 1,275 719 453.0 4,024 4,456 326 4,0501,892 26 7,042 560 24862 V V V

Vermetidae &% 83 4+

Vermetidae sp.

R sp. 25 2.8 \%
Ranellidae i i3 #

Gyrineum natator

SN 4 12 1.8 vV V
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EFRFF P BRI FOFF ST RERTE
533 AL A2 T HREEF VL PTF S GE

¥ ind./m?
Bl AL (* 3 7E) A2(* s &) CS (v i 3%) (¥ &)
K 2016.12 2017.01 2017.03 T 2017.01 2017.03 T 2016.12 2017.01 2017.03 Py A-1 A-2 CS
Wi R v B v [ % ¢ [ - [ % v [ % ¢ [ % v [
Eulimidae 383+
Eulimidae sp.
SLuRAL sp. 8 13 \Y
Muricidae ¥ 42
Cronia margariticola
margariticola
#ul 2 0.2 \Y,
Rapana venosa venosa
AN 2 0.2 \Y
Reishia clavigera
b AR 24 156 62 12 34 76 40.4 12 6 14 126 26.3 14 44 38 32 8 151 V. V V

Buccinidae ¢ &3+

Cantharus cecillei

E0 G 4 0.4 \Y,
Onchidiidae # & #*

Onchidium verruculatum

sy 140 15.6 6 1.0 2 02 V V V
Siphonariidae >34+

Siphonaria japonica

e R fa g} 28 26 1,433 900 265.2 8 2 20 50 72 32 20 16 50 211 V. V V

Siphonaria laciniosa

e 2 6 0.9 2 0.3 vV Vv
Mytilidae # Fig#

Lithophaga sp.

G sp. 25 2 3.0 \Y;

Perna viridis

SR y

Septifer virgatus

VELER E 2T 2 6 2 1.1 2 0.3 vV Vv

Vignadula atrata

2% 4 38 6 25 7.7 22 2 58 13.7 80 2,175 90 210 2 90 52 2999 V. V V
Arcidae &isft

Arcidae sp.

AL sp. 6 0.7 \Y

Barbatia virescens

FE RS 10 18 42 6 2 8 10.7 8 2 17 4 24 6 38 V V V
Isognomonidae Ktk i ft

Isognomonidae sp.

Bk &4 sp. 25 2.8 80 89 V Vv
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253 4 AL A2 T HREEF VL PTF S GE

¥ = ind./m?
Bk AL (S gdt) A-2(* 3 &) CS (+ %) (% &)
b 2016.12 2017.01 2017.03 P 2017.01 2017.03 P 2016.12 2017.01 2017.03 P A-1 A-2 CS
- B S S S T N T T T
Ostreidae g4
Saccostrea cucullata
i g 2 0.2 34 6 52 48 12 169 V \Y
Saccostrea echinata
(L& 2 03 96 10 14 4 138 V V V
Saccostrea mordax
2 i 2 2 0.4 2 0.3 20 4 27 V. V V
Chamidae &« #4
Chamidae sp.
o s sp. \%

Turtoniidae i tRisfL
Turtonia minuta
(& fRugftin- f8) 16 18 2 03 16 8 27 V V V
Carditidae ¥ ¥ 4L
Cardita leana
BB s 2 02 v
Veneridae & i&ft
Gomphina aequilatera
wi v
Irus mitis
TR 2 0.2 Vv
Gastrochaenidae B #Ligf
Gastrochaenidae sp.
B s sp. 2 0.2 v
Cnidaria $]% &3 /®
Nephtheidae & # 5 #*
Nephtheidae sp.

g W F sp. \Y
7 ¥ B Actiniaria spp. vV V V
#wE | +(N) 2,904 1,182 450 886 77,066 1,043 1,470 15,182 5,924 11,789.7 922 756 80 330 4,773 1,373 1,372.3 16,470 9,360 1,546 1,158 9,712 5,648 1,444 10,292 1,420 6,338.9
Fad ) 3+ (S) 11 12 16 13 16 18 8 13 18 51 7 12 12 3 14 14 35 16 16 8 3 14 15 5 13 10 32 61 38 34
BB R g d(H) 0.93 1.07 1.75 092 052 102 0.70 0.80 1.26 152101199 0.20 1.26 1.45 105 154 073 077 106 1.08 049 097 134
55 fifrﬁ #(J) 0.39 043 063 036 019 035 0.33 031 044 0.78 0.41 0.80 0.19 0.48 0.55 038 055 - 0.70 0.40 040 0.30 0.38 0.58

(FHEXR: 22%)
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£ 545 AET AR

o s

;A

#

A2 PR E

[

¥+ g/m

R

LIPS

i

AL(* 52 )

A2(~ e k)

CS(= #f %)

2016.12

e

2017.01

2017.01
1

2017.03 Ti5 2016.12

2017.01

2017.03 T35

=

[

i s8¢ R

®

[ R ! ® ? %

]

[

3¢ =

Annelida % & & 3
Hesionidae -+ &
Hesionidae sp.
A RA sp.
Nereididae ¥ & #*
Nereididae sp.
7 EF sp.
Eunicidae 2 &
Lysidice sp.
Wi sp.
Polynoidae % @ f*
Polynoidae sp.
5 BEAF sp.
Sipuncula % f. %4 F*
(B A% )
Sipuncula sp.
5 fuosp.
Arthropoda & 33 P
Pollicipidae #; % #F#*
Capitulum mitella
& L
Chthamalidae -|- % # #*
Chthamalidae sp.

L EEE .
Tetraclitidae ¥ & 4 f*
Tetraclita japonica

japonica
PAYES
Balanidae # ##*
Amphibalanus  sp.
KEER sp.
Fistulobalanus
albicostatus
0 EEE
Diogenidae #3g % & 4
Pagurus angustus
FoF AR

9.512

0.628

0.516

1.125

3.326

10.732

0.002 1.775 0.197

0.164 0.828 0.110

0.002  0.000

38.775 0.992  4.419

2.632 9.580 2414

0.268 436.200 0.248 120.925 35.350 66.083

9.000 123.504 192.000 36.426

0.057

104.868 12.844

3.190

0.006

0.001

0.086 0.014 15.375

119.661 19.944 3.750

24125 2554 4978 79.776 5.250 3.568

13.708 2.285 9.590 2.616

3.572 0.595

8.916

93.712 34.224

0.724 1.789

1.082 1.528

32.912 7.944 28.598

1.356

0.964 0.107
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254 1) 27
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S
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*=

¥ g/m?

A-1

CS

2016.12

2017.01 2017.03

2017.03

e

2017.01

2017.03 T

o i 3 W i

[

B 4

o "

o

[

d "

Pinnotheridae & ¢
Pinnotheridae sp.
2 sp.
Eriphiidae § % #4*
Eriphia sp.
7 #% sp.
Sesarmidae #p £
Nanosesarma
minutum
A A S 0.046
Grapsidae > @t
Gaetice depressus
LA e
Alpheidae i
Alpheus sp.
$hig sp.
(Isopoda) (% %7¥)
Isopoda
5 rag
Mollusca i # # 3~ F*
Chitonidae # %4
Liolophura japonica
< EEE
Acanthochitona sp.
Lk EER sp. 0.806
Nacellidae =% &34
Cellana toreuma
toreuma
[
Lottiidae # #%4+
Lottia tenuisculpta
S PETF R 0.606 0.398
Nipponacmea
schrenckii
=5 4 7.126
Patelloida lentiginosa
% B3 47 0.260
Patelloida saccharina
T 4 8.144

3.054

0.140

0.216 0.094 0.054

75.000

1.112 11.722

1.860 0.210

30.000

0.232 1.884 0.070

1.778

20.950

1.598 76.774

0.016

0.046

8.333

1.426

0.320

3.333

0.354

1.329

2.357

9.613

0.214

4.712

0.340

1.960 0.060

0.436 0.278

0.092

0.164

2.532

0.378

1.442 1.056

0.051

0.785

0.057

0.027

0.422

0.063

0.753

0.119

16.500

0.080

0.776 0.434 0.056

0.606

0.222

18.304

0.368

2.610

0.038

0.158

1.558

0.252

0.048

1.833

0.041

0.013

0.290

0.018

480.000 4.026 54.094

0.232  0.093

0.053

0.118 2.052

35



SPRFCFEHBRAIS FPFFI&FTRI ML
% 5-4 (¥ 2) ~ r*EY A

¥ g/m?

A-1

Cs

2016.12 2017.01 2017.03 i

e

2017.01 2017.03 B =

N N N

T R S

Patelloida striata
LS
Turbinidae #4842
Lunella granulata
bige S
Trochidae &34+
Monodonta labio
¥ 457
Neritidae # i34+
Nerita albicilla
R
Nerita insculpta
e SUH L
Batillariidae -] /% kgL
Batillaria sordida
2 s ks
Littorinidae z % g4
Echinolittorina
radiata
159+ 2 & 47
Littoraria scabra
PRGN S\ |
Littoraria undulata
D GG Ny
Littorina brevicula
RNy S
Nodilittorina
pyramidalis
LISy S1 A
Nodilittorina vidua
= 351
Peasiella habei
#HE2 AW Ha- 8 0016 0.875
Vermetidae % 8%
Vermetidae sp.
SR sp.
Ranellidae i &+
Gyrineum natator
EnEu

0.374 850.000 94.486

15.420 6.992 15.882 1.634 4.436

25.950 9.216 3.907

17.456 1.940

40.358 6.584 29.274 8.468

7.012 0.436 0.970 0.300 0.969

0.082 0.009

1.470 2.578 0.300 4504 2.850 25.000 4.078

6.462 0.556 1.808 0.981

0.014 0.002

0.004 13.625 0.002 5.675 75.000 10.577

176.325 19.592

7.222 17.140 2.707

10.670

3.528

4.366 0.078

0.572 0.102

0.114

0.450 0.892

5.910

1.326

1.100

7.340

15.672

0.184

0.070

1.712

1.304

7.925

13.000

2.675 1.119

1.270

0.438

1.778

0.183

1.223

3.200

2.092

2.279

0.031

0.856

4.490 0.499

4.196 0.466

5.758 0.640

13.172 8.169 28.494 3.062 54.834 7.880 12.846

1.368 3.370 1.370 4.802 0.006 1.924 5.166 2.001

0.022 0.274 0.500 0.088

0.802 10.264 0.014 7.742 2.091

3.152 6.587 0.248 6.518 1.400 0.044 14.160 0.526 3.626
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% 5-4 (3 2§ &

*
4
i

H

o+

g./m

i
*=

A-1

Cs

)

2016.12 2017.01 2017.03

2017.03

2017.01

2017.03

T W § ¢ m F i

2017.01
50 =

B ¢

[

T R i

T

Eulimidae %4
Eulimidae sp.
TEF sp.

Muricidae ¥ 8% f¢
Cronia margariticola
margariticola
e
Rapana venosa subsp.
venosa
B 8 R
Reishia clavigera
e R

Buccinidae &} ¢
Cantharus cecillei

& &R

Onchidiidae #&
Onchidium verruculatum
o

Siphonariidae >3}
Siphonaria japonica
e R id
Siphonaria laciniosa
R

Mytilidae # izt
Lithophaga sp.
6 sp.

Septifer virgatus
R E -
Vignadula atrata
2 H b

Arcidae &
Arcidae sp.

AL Sp.

Arcidae &
Barbatia virescens
TR

Isognomonidae Hg ik i fL
Isognomonidae sp.
Hiik sl sp

1.010 0.112

0.126 0.014

42.654 335.742 97.952 10.154 77.694 124.480 76.520

7.704 0.856

484.000 53.778

0.904 0.408 126.676 900.000 114.221

0.054 2.720 0.308

6.225 0.228 0.717

14.358 27.826 20.564 6.972

3.876 0.296 0.025 0.466

4.122 0.458

18.862 54.714 48.246 32.828 8.432 67.686 25.641

13.100 1.456

0.048

18.278 21.232

0.370

0.192 0.028

0.152

0.008

36.916 119.978 32.734

0.136

1.662

0.270

8.140

0.474

0.352

0.616

0.062

0.116

0.023

0.277

0.129

1.459

5.348 21.436 59.434

4.062

0.824 0.438 0.518

0.560 105.814 3.754 1.454

4.024 17.250 2.718

0.320

132.558 12.212 25.665

3.972 4.452

0.451

1.134

0.016 1.334 0.272 12578

2.666

0.036
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EPRPEOFEBRAAIF PRI ESFFTRE R F

2544 AL AEE T HRERPVLPRFBFLFE
¥ g/m?
A-1 A-2 CS
2016.12 2017.01 2017.03 Tia 2017.01 2017.03 L in 2016.12 2017.01 2017.03 T iz
% v [ % v [ % ¢ [ B ¢ [ % v [ % v [ % v [ % ¢ [
Ostreidae $:3g4
Saccostrea cucullata
i Py A 0.720 0.080 4.104 1.008 0.348 1.264 0.196
Saccostrea echinata
(L& 0.204 0.034 3.096 2.136 18.968 0.082 2.698
Saccostrea mordax
2 & i 11.742 29.460 4578 0.022 0.004 115.180 0.836 12.891
Turtoniidae 3# % s&4*
Turtonia minuta
BN 0.056 0.006 0.008 0.001 0.048 0.024 0.008
Carditidae ¥ &ibft
Cardita leana
R 5.540 0.616
Veneridae JRi&#t
Irus mitis
T e R 2.902 0.322
Gastrochaenidae B BLisft
Gastrochaenidae sp.
B b sp. 0.194 0.022
EX S Tk 77.0 149.7 9245 16.8 694.0 4589 38.6 505.9 2,435.,5 589.0 127 33.2 459 159 2174 1448 783 1270 3068 343 40.1 161.1 1063 64.6 6825 345 173.0
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IR Ay %%

x|
o

155 A ARIEEIRSVLARFT L FEQEATO)LFE

QF BFE R YR

¥ i~:ind./m?

A3 (% ¥ i)

B (% /)

2016.12  2017.01  2017.03

2016.12  2017.01 201

7.03

¥h
A-3 B

Annelida #% & &3
Amphinomidae & &
Amphinomidae sp.
iJ,ﬁL%sl sp.
Arthropoda & 33 P
Dotillidae = # {4+
Dotilla wichmanni
s F
Matutidae # P #f
Matuta victor
Y R
Mysidae g
Mysidae sp.
HHIE AL Sp.
Mollusca i # # 3~ F*
Donacidae # i&#t
Chion semigranosus
E - 7S
Veneridae R i&#t
Gomphina aequilatera
s
Meretrix lusoria
<
Turritellidae 4243 #*
Turritella sp.
4 0%

0.3

0.5 0.1

0.1

0.1

0.7 0.8 0.4

7.1 3.3 2.25

0.6

0.02

0.16 1.4

0.01

0.95

2.75

0.02

@2+ &

¥ = 9/m?

A-3 (% ¥ Ht)

2016.12 2017.01 2017.03

B (% /)

2016.12

2017.01 2017.03

Annelida #% & &3 ™
Amphinomidae &
Amphinomidae sp.
Mdfosp.
Arthropoda & 33 P
Dotillidae = ¥ {4+
Dotilla wichmanni
[ N
Matutidae % P &L
Matuta victor
Y R
Mysidae i
Mysidae sp.
HREE AL sp.
Mollusca i # # 4~ F*
Donacidae # i&#t
Chion semigranosus
E - 7S
Veneridae Ri&ft
Gomphina aequilatera
s
Meretrix lusoria
< s

0.05

0.10 0.03

0.57

0.00

0.12 0.10 0.04

14.24 5.45 8.09

0.01

0.33

0.03

0.13

0.07

(FHRXR: 273

L)
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Group average

Transform: Log(X+1)
Resemblance: 317 Bray Curtis similarity

0 Station
AA1H
A-1M
20 AATL
O A-2H
O A2M
.. 40 ® A2L
-*g | O CS-H
E ' CS-M
B g0l W CS-L
80—+
100 - (W
O oo O A A A A @) O o u ® H H 0 A A
¥ eI ccTTETEecoceed ooy
A B BN o oo > S 2 2 > T > T T o B2 B2 B A
< O 0 g @« <« <« <« <« O OO0 0O 0O g« < O 0 « < <«
Group 1 Group 2 Group 3 Group 4 Others
Samples

W53 - BEFRLFERAFE (AL AmBREBIE A2 %3k &3k~ CS: = ff3eRl5k - (1):2016 & 12 1 ~ (2)2017
217 v (32017 £33) (FHRXR: 2727
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Transform: Log(X+1)
Resemblance: S17 Bray Curtis similarity

A-2(2)
(o)
7 A2
_______________ ,//z: S ( 1) \\\\\
\\\\\\\\ CS(3)
SN/ \ AEEL
/x‘2(3) A-l(Z)\ AN II !:S(Z) \\\ 'I A\ )‘,
/ B CS(3) \/ 4 (A )
( 2) o A1) |\ ) 23 (1) \ Nt
\\ D I \\ \‘\
A 2(3)A A-2(2) | A-1(2) \
\\\ O \“I CS(Z) A-2(3) |||
\\\\\ // \ CS ( 1) Ii
~e 4 \\\ S, . ’,'
"""""""""" \\\ A-1(3) / 6‘1‘(2)
\, { A )
\\\ A' 1 (3) // \\ \\\\\\ 7/ /
\\\\\ A //

2D Stress: 0.1

Station
A A-1H
A-1 M
AA1L
O A-2H
A-2 M
® A2L
O CS-H
CS-M
B CS-L

Similarity
20
40

50

£19-(32017#37) (FRKAR: 47F)

4

i
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(a) 10512 A4 AL
5 HE tHE o [
W =-D.183 W=-028 W=0132
X
©
0
c
® .
.E 100
£
g BHE tHE BHE
e
2
T
E W=-0172 W=-0.118 W=-0122
>
Q
207 + 20 +
1 10 100 1 10 100
(c) 106.3 AT(AH
1007
i T #HE {& 4 &
95
90
W =-0033 W=-0.234 W =-0.076
85
-
80
1 2‘] - L "
[ e 00~ 1 10 100

Spec?gs rank
W 55~ Bz A1+ 3%EHEYR (2)2016 & 12 ¥ (b)2017 &# 1 ¥ 2 (c)3 # B$ 3 % B (ABC curve)
(TR %I : 277
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Cumulative Dominance%

100
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HHE
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P HE
# 00, AL
W=-0022
100
P HE
W= 0047 ! wW=10.108
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!
'
604
r
é’
: | 504, | ]
10 100 1 10 100

Species rank

B 5-6  Bl=k A-2 % 3w & % (@) 2017 & 17 % (b) 3 7 4 % 4% WI(ABC curve)

(FH LA 2FE)

4
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s
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EPRTLMFRBEE BOEA P FREN |

m(a) 10512 C3(H EHE
achb®
90
80 W=-0085
70
60 . 1
1 10 100
X (a) 106.1 CS{(2H
0
8]
&
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