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The impact of sand addition to an intertidal area for the
development of the Manila clam, Ruditapes philippinarum habitat
on benthic community structure (the case of Ojjeom tidal flat in
Gonam-myeon, Taean-gun)

Sang Pil Yoon, Jae Hee Song, Yoon Seok Choi, Kwang Jae Park and Sang Ok Chung,
Hyoung Kyun Han
Tidal Flat Research Institute, NFRDI, Kunsan 573-882, Korea

ABSTRACT

This study was conducted to investigate the impact of sand addition to an intertidal for the development of the
Manila clam habitat on benthic community structure. For this, we focused on the spatio-temporal changes in the
surface sediment condition and benthic community structure including Manila clam before and after the event.
Study site was the lower part of Ojjeom tidal flat in Gonam-myeon, Taean-gun where sand added to on July 2010.
We set three stations at each of sand adding area (experimental plot) and non sand-adding area (control plot) and
did sampling works ten times from June 2010 to October 2011. Directly after the event, surface sediments
changed to very coarse sand, but the state was not maintained over two months because of seasonal
sedimentation and finally got back to the original grain sizes in eight months. The number of species and density
were temporarily reduced right after the event and polychaetes such as Sternaspis scutata, Ampharete arctica
were most negatively affected by the event. However, the number of species and density quickly recovered from
the reduction in four to six weeks owing to the recolonization by the existing species and species in the vicinity of
the plot. However, despite the recovery of ecological indies, species composition was continuously changed from
one to another, thereby community structure stayed unstable condition, especially in some stations with finer
sediment in their original condition. After sand addition, density of Manila clam was prominently increased at only
one station with coarser sediment in its original condition.
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Fig. 1. Map of study area and 6 sampling stations in
Taean-gun. Rectangular box indicates the adding-sand
area. Station 1 to 3 within box are experimental stations
and 4 to 6 are control stations.
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Fig. 2. Temporal variation of sediment characteristics at each
of the stations. (a) mud content (%), (b) grain size (o),
(c) sorting (@), (d) ignition loss (%). Shadow symbol and
solid line indicate values at experimental stations and
open symbol and dot line indicate values at control
stations.
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Fig. 3. Temporal variation of the number of species (/0.05m?)
at each of the stations. Shadow symbol and solid line
indicate values at experimental stations and open
symbol and dot line indicate values at control stations.
Stations with similar tidal level were represented by
identical shapes of symbols.
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Fig. 4. Temporal variation of density (inds./m?) at each of the
stations. Shadow symbol and solid line indicate values
at experimental stations and open symbol and dot line
indicate values at control stations. Stations with similar
tidal level were represented by identical shapes of
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Fig. 5. Temporal variation of diversity (H') at each of the
stations. Shadow symbol and solid line indicate values
at experimental stations and open symbol and dot line
indicate values at control stations. Stations with similar
tidal level were represented by identical shapes of
symbols.
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goll 22%0] SR EYFGed, JuF 14T, WAF 4
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£o] AR F2AS S SRl F 1750
LANAL 7 59 77 2915 Deel Wb 7 o)
]

7o} 2T $ATEY ATl we
i) tﬂﬂ‘i /‘bﬂ»‘i’—“ﬂ, AnkA o7 AlFelA] ]
tﬂﬁ'ﬂ o] Zick RAE A AT AT LFT)AA
T AAHolF  Glycinde
gurjanovae, -2A5NX o] Ampharete arctica, 9
FRA|¥ o]  Nephtys polybranchia, ¥} Ruditapes
philippinarum 5-°]%t} (Table 1). ZAE AZ AU e
o] AHbA Zriof o]o] 20104 8L A A Macrophthalmus
japonicus, ¥WENX| o) Heteromastus filiformis, %=
A LdZF7AFo] Pseudopolydora paucibranchiata S-°)
°a]’\]74 o F5AFLE 57‘}3}&‘4 2010 104 o] %ol u}
Aghg v FE 27] $AFY] AUt oA 2] UEE 3E
A 201149 6471 Z]"“ﬂ o7 =2 A £HE 2ok
20119 10¥€olE= 7|E $AEE fol 9 Musculista
senhousia ¥ HEAAHo|F Mediomastus californiensis
7t 753 NAEEE Zo|HA HATeE A &
H, AT 27] HA5A4F 7kl & 7]7)37‘134013} Z-2Ab
FAA o= ZeAE F 2kad ASE AT S5 AR
A 3| EshA] Zehgict.

HxzT-o] AF, 2T A HeATe v, e AxE
o]t} (Table 1). 20104 7947} 8

o]  Sternaspis scutata,

il

o|F, FHlI AR o] 5
Lo viAE 5 7] $AE F dFoA AT FABH
e 7tazt Qgen] wASAnINS Grandidierella

[}

o
japonica, A o] AA A HeAFor FAsIGIh
20104 94 o|Foll= 27] PAFTES] HErt v Sk
AT TE ARV vng E3] e 2EE FAESI
20114 64 o|Fol= HEMAH|F M. californiensis, ¥
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Table 1. Lists of dominant species in the experimental plot (a) and control plot (b)

(a) Experimental plot

Rank Species name Jun10 Jutd Aug10-1 Augl10-2  Sepl0 Oct10 Nov10 Mar11 Junti Cct11 AV (inds/m) Per (%)
1 Musculista senhousia 0 0 0 1] 0 13 &7 73 20 2527 270 18.4
2 Ruditapes philippinarum &0 27 &0 27 20 153 140 187 307 B47 163 1.1
3 Mediomastus califormensis 0 0 0 0 0 0 ar 133 60 947 123 8.4
4 Ceratonereis erythraeensis 0 0 7 20 93 140 147 227 87 140 86 5.9
5 Grandidierella japonica 27 47 &7 3 &0 47 160 60 33 180 75 a1
6 Nephtys polybranchia 67 13 40 133 27 113 80 67 40 27 61 41
7 Heteromastus filiformis 27 20 &7 113 60 87 20 73 27 47 54 37
8 Glycinde gurjanavae 100 T 13 27 13 60 80 40 33 140 51 35
9 Hemigrapsus penicillatus 13 0 60 0 13 20 20 7 1] 307 44 3.0
10 Melita spp. 27 0 13 0 0 T 340 0 0 0 39 26
11 Macrophthalmus japonicus 0 33 227 13 7 1] 7 1] 7 13 3 2.1
12 Sigambra tentaculata 40 13 27 47 33 40 7 7 20 a3 29 20
13 Diopatra sugokai 7 13 20 33 20 47 73 33 7 20 27 1.9
14 Haploscoloplos elongatus 53 20 13 53 20 20 53 0 7 27 27 18
15 Sternaspis scutata 193 7 20 0 0 0 0 13 7 13 25 17
16 Lumbrineris longifolia 33 13 40 33 27 20 7 13 13 27 23 15
17 Aricidea pacifica 40 13 0 27 27 33 0 20 1] 1] 16 1.1
18 Yokoyamala omatissima 7 0 0 0 0 0 7 73 73 0 16 1.1
19 Pseudopolydora paucibranchiata 0 0 27 107 0 1] 7 7 1] 7 15 1.0

20 Polydora sp. 0 0 60 13 0 0 53 7 0 13 15 1.0

21 Ampharete arclica a7 7 20 a 0 a 0 7 20 a 14 1.0

22 Theora fragilis 27 0 0 a 0 a 7 7 93 7 14 1.0
(b) Control plot

Rank Species name Jun10 Jut0 Aug10-1 Augl10-2  Sepi0 Oct10 Nov10 Mar11 Junti Cct11 AV (inds/m) Per (%)
1 Ruditapes philippinarum 153 87 133 167 13 107 &7 87 200 100 111 11.4
2 Nephtys polybranchia 73 40 40 120 187 107 193 133 27 67 99 101
3 Heteromastus filiformis 53 53 47 113 120 93 27 53 87 133 78 8.0
4 Grandidierella japonica 33 280 233 40 7 a 7 27 7 33 87 6.8
5 Macrophthalmus japonicus 13 227 187 93 80 7 7 7 13 33 &7 6.8
G Haploscoloplos elongatus 7 33 27 67 60 207 53 0 13 93 56 57
7 Sigambra tentaculata 13 40 47 53 7 67 20 53 a3 107 50 51
8 Glycinde gurjanavae 73 33 7 27 47 60 47 13 13 73 38 40
9 Mediomastus californiensis 0 0 0 0 0 0 80 27 167 113 39 4.0

10 Ceratonereis erythraeensis 13 T 13 47 20 73 7 73 27 93 ar 38
11 Hemigrapsus penicillatus 27 40 73 73 7 40 0 1] 1] 40 30 3.1
12 Sternaspis scutata 27 T 7 &0 7 13 13 27 33 20 21 22
13 Minuspio multibranchiata 0 0 0 1] 0 1] 127 20 33 27 21 2.1
14 Melita spp. &7 53 13 20 0 20 0 7 0 13 19 20
15 Pseudopolydora paucibranchiata 0 T 13 27 20 7 7 7 &7 7 16 16
16 Diopatra sugokai 27 7 20 13 13 13 7 7 13 27 15 15
17 Macoma incongrua 13 27 7 20 13 0 13 13 7 27 14 14
18 Laternula anatina 0 0 0 0 0 0 0 20 100 0 12 12
19 Cyathura higoensis 0 ] 7 20 47 13 13 7 1] 7 11 12
20 Lumbrineris longifolia 33 13 13 7 0 20 0 0 13 0 10 1.0
21 Musculista senhousia 0 0 0 0 0 0 7 0 1] 87 9 1.0
EANGolF  H  filiformis, FT7AAH] Sigambra ol o 6.58171A] 2ko)7} Wit 2ot Ad el Ae] 2

tentaculata So] vlA|E £ 7]|& SAESI} A3 Wr £
Fol A3 $HEeR SHese)

4. MR & AA L] A] - FZHH A3

2HAE A AgTe AAE wix AL EE 0-160 N
Am?, FF 60 AA/m?e)gen, thxF= 0-280 NA/m?,
AF 153 MAMEE dx2TolA 2u) o)Ak &9t} mIAE
Fo= 20109 89 WA= AR viA = e}tz
of wlal &4 2w, Hd euj7bA] @ AeHE RISkl 1
2 20109 990l AutAQl Ux F4E 73 3 20104 10
Aol = AFFe] nix|t "xrt dizTel njs] 23] 1.5
ol Eolth. o] Fol® YTl A 5 HEE

A i AgTelAs F53 S7PF o] Fe1A4 20114 10

o

rlo
O ol WL ot g oy

7} A 2571 7P =2 AR 3olARE dAEgl o
17} 294 2A717E 5 Ao 80 NA/m? mlvke] w
=5 fAskld dxzTolA e Akt 29171 7 o
A oAM= vlA|Ee] &8 vlx W W) AEo 7 )
oteh 20114 109, AR % dix27-o] FHFAQ] vA|
T 4xE 747 647 + 1103 ZA/m?, 100 + 140 7|A)/m?
Atk (Fig. 6).
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5. 7% Tz 43}

AT W x| zabE 2 607 Alo|AS At
A ##A (Cluster analysis) ¥ thxH1H =% (MDS)
Bate] TR fAbEE wlasty 2 Avg wh

A 2R 183E A ws] Bopch (Fig. 7, 8). AATA
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Fig. 6. Temporal variation of Manila clam density (inds./m?) at
each of the stations. Shadow symbol and solid line
indicate values at experimental stations and open
symbol and dot line indicate values at control stations.
Stations with similar tidal level were represented by
identical shapes of symbols.

A% 31.98% FFoA F 47] (G1-G4) & 2Fo 7 FEF
Sk (Fig. 7). 1A, 2% G12 AA 3, 4, 5 IFE FA=Y
or, a5 el ebA] of 570 Axe] 2afo] EAEI 4
7o) 2352 20109 649 A4 33 4, 2010 79elA 8
A 27129 AA 3, 4, 5, 20104 89 Dol|A] 114717 ] A
A 3, 4, 5, 2011 64 o] 5] A4 49 5 223 YriA] A
719] AA 33 5 o7 FEEL 22 G2 20104 62
E 1097149 AA 13 28 FAHYen, 1F G3L
20104 11948 20119 10€7141¢] AA 13} 22 7459
o} I2F G4+ 20114 1098 A3 A4 69 A A7) =41
Ael2~E E33IY} (Fig. 7).

R R R Y P s P e 2 B i 4 S R S o |
Y OFEY] AdA HAE Advad, i*} A7) B Ao A
oldo] ATz FFgFE FAv= & & vt (Fig. 8). 4
A, Hm o] A} wja] ol A= Ao F5 2010% 114 o] %2
FAHAo] 2~Fe], BT B L o] AAle|AE] #
T3t TRATFEIL 224 A7)l wet g3 delde & 4
olek. Hwe] o= H5el AA 3, 4, 57F, T4l
AR 13 27} 23 $3o AA 60] A8t TAFE}
AR WA s GEA L QS o 5 vk o]EE F 7R
F3tel o8l 47ie] T1Fo] Hwe] A ]’5}“[‘01] w5 Helf s
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Fig. 7. Dendrogram resulted from cluster analysis. Doted
lines within the dendrogram represent the result of
SIMPROF test.
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Fig. 8. Two-dimensional MDS plot from squre-root
transformed data. The legend of Fig. 7 was shared.

Reli Sick ol A BAY FAAE 25

ARG D BAS SeoA e, $EFe 50w

255 Az HAEe] Adeln $71% Tkl ¥ ARE

o gAstn glow], 2% 7 4% Adow 29
e}

4 QAL ES} =& AAE] ASL St} (Table 2).
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Table 2. Biotic and abiotic characteristics of macrofaunal community groups decided by the cluster

analysis
G No. of species Density Diversity Mud Mean grain size 1L
roup .
(spec./m?) (inds./m? (H) (%) (0) (%)
G1 18 1,322 2.38 41.5 3.8 3.3
G2 15 562 2.41 26 1.9 1.7
G3 21 1,471 2.32 62.8 4.6 3.2
G4 10 516 1.95 69.1 4.9 3.1
94 SdEd ) UL Vo AT o] S 2 ] L 20 214 AR S5t 4 ol 2

7 (Butman et al., 1988; Snelgrove et al., 1998), &3}
9¥% (Devakie and Ali, 2000; Thiyagarajan et al.,
2003), E12=E A2 =7] (Pinedo et al., 2000; Snelgrove
and Butman, 1994; Thompson, 1995), 12|1 ujo| ¢ =
(Bao et al., 2007; Gribben et al., 2009) 5-°] +4 A
B T JoE HiFo ”‘:‘r ekt g 24 A

o4 olfoirl melEE HAZ IAel 2ol WS

2H A A ZHAE V‘Lﬁ}l A F AEES S
717] g AEEy & 4 9
R A AT 5z %4 = 3.6-6.0 0 = 29

7t A AH ez =2 AR AF }7} :lah F4)7} oA H
A AlgstEe] HaHrelA =HAETL E¥sE FEch
20104 649 17 =AM A¥F] wiAlEt dee AA
AR1A 160 MAm?, SAHA AAeAA 20 HA/m?, =3
AE AAAA 0 AAm 2 =9 37 2 HAE x| Al
she} ol Eo] Wur) dA3] Fhaske e Eloh vk, of
FTNAE 951 W EHAES] AHst AR 3
THEe] HelFo] 4.3-5.1 07 AhA oz Fokow, upxzt
o dex A 153 AAm? 2 AT w3l 3kl Cho
et al. (2001) & Fant vpx|et oFAAFe] B AE A digt
AT-ollA mhAle kAo H Y= 4-5 ¢ Ale]oln, o]R
o} 235k Aol A= wpR|gk gka]o] o] Fojx]2] ok glrka
Z1egith & 24 A GAAE 4-5 ¢ FIA v HE
7 Ao R 2 2 UASIIARE o] B} 253t 7| Ao]
ohd Al 7)Aol "7} HAF] FoElvhe HellA A
o7} %t

A

SANE) Fspr) meldrrdor AAE Zle @A
ofnlEe] s Al AUE £2 A4S AASkaL J)
A 843t o] FiAl Zolv, AA| zAbl A= e nie}
o] AR BelE e AdTe) 3/ A T 53] w=rt
S AA 13} 29] A5, A A FHeprel flstgle
, 7&%*17} 1217k Zd—r—'] iﬁ‘ﬂl HAalskgict. upA2 25

A AT 1T 317 64128 ARE 1w A

el ==
21T 1_

719] A} FA7E 37h whe} hashe A4S Ba
& uh glek. ols} RS A7 Azt 2AYL W)
A 13 2 A SAE 24l Wa 2o

o

2 ol o
T OoRT -

|3
Zolglorng st ggo
ogk= Sl it

A LA 2|fiyA-S A7) ) A== 2
A 271 o8 0 o olglen, AE AAL2 2010 7€ 14
sieh. FEAe] mefr)e] 2 Ash A4 f=
A olREs} BAATF BAAES] A9A S

L= 20 B IREUES S

= l:‘EH = 5

= o nH =

lo &

Hake

o

o]

a1

234 Zlo]

il

Auk AA AlglA oz gyl £9% v} 9lth. Yanagibashi
(1992) = vlA S-S 7|23 Q= Fx0 4 0FE -1 o7}
A Al 2718 RefiAE HEY t]4of Hol Y F &

) Qe AR A5EE AT 1 A3, o) &
A 2 0 ol Al HAsgor, 531 0 05 -1 9] 7]
Aol 7k M Stk AR, s A4e) A0
U ) A 42 A A2 AT sl
Aetol wjek cha: Aolol SIARE ¥4 AL 62004 9

o AfololH, = Akeb7|= TEellA 8% Abolel Ao By
o] ¢lt} (Chung et al., 2002; Kang et al., 2004; Won and
Hur, 1993). wehA A7]1H 2w wpx|gke] 3= Aghr]of we
7 AXEHYEE & ok

a2y Ao Ax g v Ak 2] A9 el A
A7) AAA s BTl AA vpAE W Srp) B
= e AR 30 F3=E Q) (Fig. 6). A4 304+ 20109
1090 ¥EH 440 NA/M?E AFe g HEAow 201149
104 1,920 AAm7H] WE=rt Srkegle ols A%
200 7HA/m?* ]3ke] el 2 Wbt §lolH el B
A= HAF] =2 Uik v, A 17} 2004+ ®Zefr}
AT o]Fox FH 60 AA/m?® o)AFe] WE FEE As

+ 99

oIR8 Bt 29loA Aol e AAENA A 2
5 237} o= vepd & sl Al Qi) 2 x4

WY A EEAN B2 Pa) 97

1TTE W

A
s aste] 24
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Ag g meax AF 2AE AR o3 AsgE wp glok
(Yoon et al., 2012). L Ad}ol|A ReAE F nix|gte] 24
Aol Wx Z7k= si7) vbg 20119 3€3E] TG on
AA 3914 & 5,220 AA/m?, AA 2004 Hd| 2,700 A
m?® A 104 Hd 1,640 NA/m*E D=7} F7F8Ich
59 oA RejaE A HAFafo] Ry Ale] gk
2907 Aoz =2 AAA R Fof HA3| H2
29| ZA o] WAF Gk vtk T Al A2 ato] AL 93
of |t £57 AL ol " A A A v He
o] 7} EIF EE Aol o|¥d A HoE FA
o] 2A 7} SE3] 2 Aol FAe 2AA el A
Aoz "olx& AA 1, 29 T2 FoA=E Ay =4
o] 7Fs¥E HF FEelth

2 79} Yoon et al. (2012) 2] AT ZFA Eeax
3L A 3004 HAF] =94 ol RHAE A-F HA
A wgkel #o] 9l& Ao Ak AdTe| Sy
w7t AxE F A FFHAEC] 0-1 ¢ F29 Y=
A 717k B2 2-3/09 A=SIth o]+ Yoon et al.
(2012) 9] AellA] A7t nfe} o] of ol B A }o] 293}
H Age] AFE3EE o] Ao AHA witoln, o]Hgt
o]+ I3l 20109 10€5-8 AHa AHIH FHHEL ol
3 2011 3 A} Aol AR A Ao w Foprt 9l
ek AA 39 7% 20119 64 o]F thA| 2 ¢ v]eke] HA
A Bo|Auk AA 137 2904 5 ¢ o] AEHE #AIEHS]
k. #F 22 I HAE dds $EZolHsle] el 7]
EAHA BE2AR) A% 20109 9L7IAE AdFe] 7
7eNA 5-10 em TS SE2HARES Fo] EA851A]
120109 1097E= S230AE] ZAto| 2 Al HA
JEEo] Ao)7] AlFglen, 2011 39 o]Fol= 53] AA
17} 204 2F 4 cm o 79 BEo] S2HAL AE d
e Aol WA= 3l

Tezuka et al. (2013) < Yanagibashi (1992) ¢ 22 6
A FHAE A 2700l g wiAE 7 AA AdE 53
A A BE 7)) HAE Al AT 5 dA)ut
A Al Zele] SolA, AA F 312 ol o) o]EEH A &
T e AR A Zole] R, a8 AAHEAL 7|49
P SolA 2 ¢ ol =HA 7|A o] A EjA Bt

17

i S

o

>

==

A 3L HAHE ARA Wdelx vl 7] AEet 2HA

S A5 AA £HE e
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AAOlA o] Fo]Al A ARE 2AbellA AFT BE AR

e 4 AL EE ARzAb vlE Zas ol S
, AEE Sxgake] mefel HAE 2404 Aolrt JPF
9 AR 104 WstEe] 7 ZloH, ERF5E 225004
8% o7, MAUEL 1,520 HA/m*NA 260 HA/m*E 7ra
Ik A 29} 3ellM = 47 5%, 459 E3FF a4
280 7H#l/m?, 700 ZHA/m>e] AL Fhask glglek ole gt
AT A A diAd sk a2t AAEY AR e
7 P dixE 2o AdFolA L W3} ool AAA #H
37} obd Q1A 34 wstel] o3t Zlsle AiHAlsgith
efakz el Ak Feje] 71A HskE Eshe sleAdoly
FAE F7] 59 AEdAME 2855 2 AEES dAF
e E37 #EEE dAbolw (Colosio et al., 2007;
Miller et al., 2002; Powilleit et al., 2006; Zajac and
Witlatch, 2001), Q%] A= A& =4, 7149 &
A, e 27 Sol w2 AolE Hol Aoz el
# 9t} (McLachlan, 1996; Powilleit et al, 2006;
Simonini et al., 2005; Smith and Rule, 2001; Yoon et
al., 2012).

Ag T A A zAL) EdEG o A AFEAL A 3
3] 42 FE2 W et AT Melita spp., B IATF
Ampelisca bocki, £7| Hemigrapsus penicillatus, ©}7]4t
=M x5 Theora fragilis 2% ZEAA)AY A4 o7t
&2 TEo] 2EFGT dibd oz HAES 3] B EA
So] AT o]Zo W AEH A0 g uigr B
2 Z Ao]E Roln (Jumars and Nowell, 1984; Hall,
1994), FA7} 231 MAZlo)17} 21 F5oll wlsl 244l 7}
7 FE0] RIAFeA wheshs Aew A glok (Tuck et
al., 2000). T30, Hx=77} obd AgFelAnt B iz
Hj3] AfFolA HAHA Hrrt 4P FEole 257
NX|Bo]  Sternaspis scutata, LE|AA|FHO|F Glycinde
gurjanovae, 22A5 MR8 Ampharete arctica, 9
FARA o] Nephtys polybranchia 52| thEF7} E3k=9]
o, X meRE A AR $AEZe|glk. B3], o 7}
-, A7 1] H$-AToldR 25714 Hele} AA 3] F
FATNRE AR F o= ATER ATMA 7] 2
55 3534 Xk o] 7 FL BF BSHAEAAEA
E7AAFolE "] w2 7|2 (Martins et al.,
2013) oll, 28z A2AEAAHel= AFEAF 7|2 (Parapar
et al., 2012) o 2 F¥H3h= FTolehs SHeA 27] wiE
I A AA71A Hste] R A|EH o7 WS TFeAdol
itk

A AF2ANN BT 2955 2L ANLEE e
Aol uls) 7Haelsix w30l 9

PE ob e e
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AAQl TSR S TP E ok, R F 25
737t AlZ el A M A SRl olw] A= 7])A el eigt AA
A5 AA7E AdE L Jlas gk HAzel o3
Wz 270l weAd FAS AT FES diEleE V)
& AAEE TR AR Aol FAE 93 Aol E0]
b T, 28 2w E A 2 FHY-ERY A 4
ol 23 o]Fo] 7l AAEY 7FsAle] =t Maurer et
al., 1978; Sandrini-Neto and Lana, 2014; Zajac et al.,
1998). A AFEzAlo Al AAE ART] 5o uigSAn
A A Macrophthalmus
Jjaponicus, ¥FAZF Ruditapes philippinarum, F5W0E74
Aol Nephtys SRR o]
Haploscoloplos elongatus, ¥[S0 3 ¢|5F Heteromastus
filiformis 513tk o] & 7|& EEFo] o A} =
AT = 035)8] AA 194 wWUEs} =8 S AmEd
A2l ZAsolle AT 5o olsdE eE o, FHis
¥ HUE9E Al 9t

Ao gk AR Aol ] z} Refjak e <l
agR 2855 8 AL S B2 335
4 25 BT BT F 4 T AL AR 43
AT 67 AT AR LA A2 5T 32e)
o olst bk 1A BelA wedel MAR T T
Aok s 284 9 AALE Fol A7) A4
FEIA = F el 3E53 AlEEL v £A18) (Grant,
1981; Negrello Filho et al., 2006; Savidge and Taghon,
1988; Yoon et al., 2012; Zajac et al., 1998). AA1x] gt

3 w2 AEe B AR g QR Fulo] AAlsls
Rt AT 9 4RSS maAeen A% 4
AZ 4 9 SsHA 200, A 28 240 ool
A= meke] T2, 59 2 A7) So] ANFE ARAG o
2o Feu eslew Aesks zlew A o
(Sandrini-Neto and Lana, 2014; Zajac et al., 1998;
Zajac and Witlatch, 2003). & el A&7} Ao
Hoho) RAekn 2zel Vel Q4 e 0 ol
ool 2reE A BEAES] 52 FAE BAE 2
ol feld el Aege Ao A
RALE F 27 A3t AR FAF ZE wold B
T 4 Hzﬂ‘ja]b:—% 20104 9%"1] A AANE AR F A
P

2|9 A Grandidierella japonica,

polybranchia,

o rkﬂ
E ot

¥
;& [usy Oi tl}‘.;

o'€
o 50l 85 % + oo
e WAL Al A L)

EHEE F 257}

737k AAE Mot AR Fleke] 20109 1149 o] A7)
A AL RS 925 5l Afolrh o= e PEdrA
AAEe]  Aricidea pacifica, BERAA]Ho]
sugokai, FMFNAF o] Nephtys polybranchia, Z+E71
2|&o] Haploscoloplos elongatus, SEE}I A7 Melita
spp. 5ol ¥ er, 20104 11Y o]F-oll= Hx7} thA
rastAY 7o) EdskA] otk

A S mEghEre] 22 VAE ASshe TE0] 7
Azle] wle} AEA 71 A4E ZAE F dAHe
Zdsilon, MAUE 7} SHAAM ] 7o
t}. olol= AR A Q AMRHo] Armandia lanceolata, # ]
WHARAFo] Owenia fusiformis, 2A Macrophthalmus
dilatatus S°] 3= gom o]52 w7l i3t A3 %

olu] P odFoA ®B1H u} v} (Hong and Seo,

2001; Noffke et al., 2009; Yi, 1975). XA AN 0]
T EHAE 3 43 A3 AN dAHC R Sdslglon,
771 20109 1090014 20119 397kA], 123 A AN
AYol= oA Fukel 20114 64 o]F o EHs|git) o]

%3] F—EH Ao gt Aswet A47)7E % ‘”"’ﬂ 74{ Abdk
1o] AdA Aol Eetr A2
o] A7t FHIHA] HolglE= °“]?1‘:}
o st gt o]l E TEE EH"LE
—%i‘ 5k el A dAIH o7 AL R} SoksE A
2 ol 7135 2EHSh A 27]ele EEA] o
1 S7MIMENRE ] Capitella capitata, sAAHLEA
2A|&o] Pseudopolydora paucibranchiata, 2=7AAF o]
Polydora sp. &3 Q7-%7|4¥ AR A7} wekdd )
AZEFAA o] Lumbrineris longifolia® 22 718%E
o] mefjAR & 45 73} A RYE A Ao Ux FL A
& Bgick Ak dx St RE F 100 AA/m? o)
Z o Fo} o]Fo] I k] ]S sHGeNA BT
9 Z2kA AALE 57} (Jung et al., 2007; Lim et al.,
1992; Yoon et al., 2009) 2= 2 x}fo]7} it} &, 7]3]

Diopatra

—

14

Hu

5 29k

o

Al
LR

T4 AR 2E OSSRl HEAAHCF
Heteromastus filiformis®} F77A2F]  Sigambra
tentaculata 52 WASEE ZAE Fo 23]8 W=7}
7Vt on, 7185y 2y A7 3R AEHeE £3
a3l

v WA #F38-2 20104 10°JH51 HAze AAHE 244

o] Zlsigle ‘q"ﬂ' A 2E 543 W= 7 AvE
20104 1149 o]Fo Ux Ai— BoloZm A¢7|7k Fut
o W FTtel| 7logh FEo] T3k Ve AAFLoE o]

o Tehxl 22 wASAn IS Grandidierella

japonica, ILE|ZAAHoH Glycinde gurjanovae, °}7|9HF
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Wz Theora fragilis 5°] ATk 71& AAFe] ohd F
o2 EUl Musculista senhousia, WERAHo|F
Mediomastus californiensis, w2 AN A o]
Ceratonereis erythraeensis 5°] E£3=glc} o]52 2010
9 1195 AFE A3 A8l A7 Fakiel U
S= B3on, A ARl Hr Ftel] 2A| 7]k
th o] Al Fo] AFAL] 7AA & U 2EE BT
= Fulee] dF A= (Jung et al., 2007; Kanou et al.,
2005; Lim and Park, 1998; Yoon et al., 2009) ©] $\+= =t
F HA4=9] AAA A3l o5 dx S 2sld
QA e 27} o]H Axe} Fdt Alo|E Bl &
ol AEAFAEA 29l dxd o)/t vl o 2 2
o7 ZAL4PE Aow A 53], FHlH wEAAH]
<] 20119 DH%kE“ < Yoon et al. (2012) °f 2Js|A= X
o

<
T
%
el
=
=
1A
27 AR 89 Ae] ohd g o

o o =
%moﬂ 345}7} AR zM TAL oA v 54 #A
o] Eglct. thsk A% 8l ol Haprt 7 24 ubed
= AR Lol A27)Ao] Al mee F o AolE Byl
9 A 17 290w, SA7A B x99 AA 5 9 621= A
3 e $AS Al R AR ke 2 7
Aol AR AA 39 75 dx=To] AR ARl 4
959 AR zE Aolrh QAR AAAQ] FrAAME
i Wk Aol E RolAE gtttk At w2 M 2
Habh R Ae 2o A2 A5ec 54z A
7} HAE 20104 114 o) Folet. = A ae] At 3t
NE=RA Ads A IAE i 5 glo AR
A AA A AEES] FE S 71E ARIA, V)
AAAEez e A JvIshA] Wsteh dEAer A
A 13 28 20109 11€5 7|E2® & A bE TAeR
shetglet. ol AA 60] AA A7 717 F2t kel A4
o2 QAP A3} £& xS ®3lch AAH 3% 2010
1149 oJA7kA = AR av} 59} T2 SRelA 2 A7t
Ao o] Fells A ATjole HEEs 549 TR
UetiE 2l A ArelA geld 4 9l

i

il

rix

at

o &

o

B o

AR oz v Ao g 24L 990 °F 2 haol &
& oo melh AEHIAY 1 AR 2915t HA4 5
o ek oA s o1 o} 5L AN Pl 49
o @A) Gk ANy B AR 19} 204 BT
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W3l 71 34 WAy
peh A A ST 295 K1 ) g
nj F3lo] ‘T"‘u‘i‘ﬂ"& HpA g e S7b7) gl wejake
o W ANFETAS T2 e e oz 24 ok
P49 72 W3k TAUS] 24 93 19l A W3t 5
o <ls) s, ol Aoz A deld 42l 7
HEo] BRI A5 Aol s AEgeE <l
gt} (Snelgrove, 1998). o]&gt W3le] Axj= 474 A5
4 R Frolth WA TeAES Fol Aalet ) 2
e 2R B A, AU sldtke HasbehEA A
Ay EAE Az 28 5 g AoE Ades A
@5 F98 249 5 ek vigo], ALy Hat 3 AN
Aol T S B AT A v} o] ok 2
277 Aol FAsP B & ik AIE Heleto]
2 2A g2k 9 AefA el o Add A Axe 2
3] 7|AjoF & Zloltt.
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