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We analyzed surface sediments to explain the substrate characteristics of sea cucumber Stichopus japonicus habitat. The analyses
included grain-size determination, water content (WC), loss on ignition (IL), chemical oxygen demand (COD), and acid volatile
sulfide (AVS) content. We obtained data on sea cucumber density, weight, and length at each station in a marine farming area in the
middle of Korea's Tacan coast on the West (Yellow) Sea in May, 2012. The apparent density of S. japonicus was high in coarse and
bimodal sediments, whereas it was low in fine and unimodal sediments. The mass of S. japonicus was greater in fine than in coarse
sediments, showing a different trend from sea cucumber density. The values for WC, IL, COD, and AVS in surface sediments were
higher in areas with high densities of S. japonicus than in areas with low sea cucumber densities. In particular, the concentration of
AVS was much higher than the value proposed in Japanese criteria for areas with high S. japonicus density.
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Stichopus japonicus<= -2 Uefoll Al 42 © 2 SHE-E =
darEo 2 =5 (Aspiodchirotida), = 7] 314K Stichopodi-
dae), 7|8l 1H5(Stichopus)©ll <5hH, $-2|uhet Hafjolof 2
A AA S 2 F7TE A4Sk ey SR H 7] A|Y,
= 1], g 232 A9 5 ket e ollA A4Sk (Uthicke,
1999), E|&Eol 2FHE ulA| 2 (micro-algae)et HHe|=]|of
(bacteria), &7 E(detritus) 5-& Ho| & F|o}= EAE4]
ZH(deposit feeder)= 4d4]of 2Jet A w 2H2-8-(bioturbation)=-
ol A A YA O Aot 7S Tt U= =8
7= Aeetd o2 2 a3t 953 Skt (Bakus, 1973; Yingst,

1976; Massin, 1982). IESF, 4| 2]l Ae] 7)oz &
S Qo) 2T A PARER QIA WA HAA AR
axH|gFo] HL23] F7hekal glo] AAgA vk wje- Fa %t F
ofch.

S-Eutete] silak AAFS 1990 of) 2,491 -8 7| &3t o]
B A&H o7 st} JF-FH AAte] ot i o] A
e FAlo] mRH 0] %2010 0f] 2,687 0.2 W=7 3] H &
3L QUARE, oA 7R = E 8.0 H] gl Aako] A FE3E
A7goleh A HE oAl Aol Hirto] AL gt o] g
S-gluete] Aa o] X g2 204 XA 9 st oFAl
S ARE AREOHA] &AM OJEF A HRle R =
A AbY 0 2 A 9] 73] gt w9 ek U A g7k -
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euete] 714 e FRA} o] Aed SAo] Bt
Q1% AL gL A mEY oFA|] T7lo] H 712 5 A4
g B/l tigt A= A5gE A o] th(Lee and Park, 1999;
Park etal., 2007). 72 E430] gt A7) 9] Qs w2 ]
=1} G, G T SHeE B s o] gk 17
U o] & A A9 -2 aliahe] A iekal-g(bioturbation)
ol ©J5t 57) 84K acration)3} oY 23, AT HAI2|9} Ay
B FRE Aolo] WAS TSI BUET Aol FaH9)
&8 ANHA 27 L 9% G BE vk QriMas-
sin, 1982; Uthicke, 1999; Yamada et al., 2009; Bellchambers
etal., 2011).

AT A AR Pl 27kl Bl 71 B4 T}
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e AR S ATl B RS B A

[}
Y A AL 18 7| AR E B8 S0 7|k,
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Sflak A4 %] 0] 718 B4 mhotslr] f1ste 20129 5o
okt st Aol e = S|7kF i s o] 1971 Aol Al st
= 2851l B A5 AR5 A FSFATHFig. 1). A 9] 4
A8 4.2 417 m W oI eh. SHE 17 6 me] 2 el 44
she BE shie 44 4estel Zeslglon, Hag Ans
2 KA A Y 7](La-bond type grab sampler)E Al-8-5}¢]
AT WAL olike] T HH=o] Basiol Y72
ol g3to] 77 BT QR RN A7 ALsto] A
=5 AFstR e, A3 472l $121= GPS (Garmin GPS V,
USA)Z ol §3te] 2ttt

B2 50 AERAL Ingram (1971)Q] EFEQJLEA] 1)
ofl oAt Al2A A st & g agsto] AA|sEAT FA
$BE A, B, UE, HE) BeplE V)20 BRale
Folk (1968)9] 4F2ttolol 1S ol gafe] s,
9] 27 F2]+= Folk and Ward (1957)2] AlAF4] o] oJaf 7
STk, Eat 10 01T AT o) e olalel ofet 3
5 BlALS o] g 3fo] TRAAIL, 2L 30 8 mm,
pebble) 7HA| E-A4 =] Q] ct,

)2} 0] 348 (WO), 2 AHIL), 318441 2.73H(COD)
ARSI AVS) Sl S AR 71 (=l S,
2010yl o] As}e] EA15HCE.
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Fig. 1. A map showing the study area and the sampling sites.
Bathymetry is related to approximate lowest low water level.

1). g} Wz} s ol A= 270 4/m? o[ F R E&
LS B3l whi, o] A9t AlFe], A FARE
Heff ol A= 17HA = EdskA] kgt siihe] Al (length)
2 8.8-21.5 cm H9J(HIF 15.2 cm) & thEE O] 2A} 59
A 15 cm o4fe] 715 Yo M e BA5T A S o
ool A= 10 cm v|yEe 8 AR o g 2o 97]5 Hel
o} o H o R =2 SAUEE Wl mio A= A 27
7 2k o]z ofRlEe] AR YR A7) o) Bt g
5}7] Wjo]ch Al &(width)S 3.2-10.5 cm H$I(F+# 6.3 cm)
2 W S A LRt TR s oA 7 em W Qle] A7 E B
Fout Ak g oo A= 10 cm oA o. 2 F H7]S Hich
Al F(weight)> 49.7-470.0 g - I(Ft 195.5 g)= A =0] &
ALof F U mE G A 93t o F7 ol ol 4] 200 g W2
S BP0 Ao A= 400 g oo 2 EAFE B

CH(Table 1) (Fig. 3).
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Table 1. Appearance aspect of sea cucumber Stichopus japonicus
at each station

Station Density Length Width Weight Water depth
(nd/m) (@Em)  @Em) @  (m)
1 0.39 17.8 58 146.4 55
2 0.00 - - - 8.9
3 0.00 - - - 9.3
4 0.07 13.5 6.5 175.0 7.4
5 3.39 9.5 32 497 6.3
6 0.46 15.3 8.3 294.2 11.3
7 0.00 - - - 6.2
8 0.00 - - - 6.5
9 0.85 15.9 5.6 164.8 4.0
10 0.39 14.7 55 173.6 4.7
11 0.1 8.8 5.0 95.0 1.5
12 212 13.6 5.8 149.6 9.4
13 0.49 19.4 6.4 170.0 14.2
14 0.39 15.6 6.1 180.0 6.4
15 1.06 10.0 4.0 70.7 7.6
16 0.1 13.6 4.1 85.0 5.1
17 0.21 17.3 7.4 239.2 4.0
18 0.04 215 10.5 470.0 42
19 0.04 215 10.5 470.0 10.9

* The sea cucumber Stichopus japonicus in station 5 (Mo Harbor)
has been frequently captured to be a certain size by fishermen.
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Fig. 2. The distribution of the mean grain size expressed uni or bi-
mode, and the density and weight of the sea cucumber Stichopus
Japonicus on each station.

A E(sandy silt)of]
A AF(gravel)oll o]=717 Rt e BYAeh A
mal, AE, HEo] geke 7#4 Bt 17.4%, 42.1%, 28.5%,
12.0%2 Ee]m 7V QA5 B S B YK Table 2). B4 E
O] FAYEE-1.6-6.5Q W (F 3.3 0)=2 W2} et
Aol A F=SsHA 2B, AlFe] o Bk HE, b A

Table 2. The textural parameters and types of the surface sediment
at each station

Gravel Sand Silt Clay Mean Sorting Sediment type

Slon o) %) (h) () (@) (@)  (Fok 1968)
1 00 831 122 47 3.2 1.2 zS
2 02 82 103 63 25 21 (g)mS
3 00 206 538 256 6.3 2.8 sZ
4 00 886 75 3.9 3.2 1.1 mS
5 577 226 118 79 0.2 4.0 msG
6 06 183 526 285 64 30 (gM
7 0.0 564 305 13.1 45 2.6 zS
8 0.0 138 763 99 51 1.7 sZ
9 0.0 100 0.0 0.0 3.0 0.3 S
10 00 864 91 45 3.1 11 mS
11 46.7 305 163 6.5 0.9 3.9 msG
12 80.7 118 48 2.7 -1.6 2.6 G
13 259 300 310 13.1 2.6 4.8 gM
14 11 139 570 280 65 29 (gM
15 204 356 277 163 29 51 gM
16 254 368 283 95 2.3 41 aM
17 704 172 9.2 3.2 -0.6 3.1 msG
18 11 308 473 208 57 27  (gM
19 08 201 558 233 61 29 (gM
2 A%bol A EeishA| AT AEES A B E-L 0351
0 HSI(HT 27 )2 1S F5 et Hlol A FHH O ujo B
2kat Zlof| o] 27| 71A] toFst B S W i th(Table 2).
E|1 o] 77k sl B s A ey 197 AA 2 97 &
A9 B4 E0] X = (bimode) H3EE Hol=HHH, 1070 A
o] B2 THLE (unimode) 2.8 RStk Ao 0 1

& =7} ahE e} e o] obd E AE Wl U
2 89l v, 7 dre] M|olo] HAEe grE BES B
%Ich(Fig. 2).
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EEXE s

ot St FAlol R B H B o] g (WO)S 15.6-42.1%
HRA(ET 30.3%)= ThFeE w22 9IS Hck(Table 3). 74
AZFEK(IL) E3F 1.4-7.1% $9)(H T 3.3%)2 Thokst B
_r]

=
£ B, o] Aol d3= Y] w2l g

o] & oM =& f71E RS UEtl Slek. SRk Aka
278H(COD) 3.3-18.0 mgO,/g-dry #¢](H+F 9.0 mgO,/g-
dry)= o] ¢rfxAeF AFe] T s ol Wokar mah
T} PHE FA] s ol A A A o8 Qo) BE AR
oA o] =4k E|HE 7155291 20 mgO,/g-dry ot &
2 =w BRI 2 HtH(Table 3). A4 SF5HE(AVS) 9] B &
= 0.007-0.369 mgS/g-dry H (Bt 0.110 mgS/g-dry)= o
HE Yo e R s HEE B L B Fo 5 d
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Fig. 3. The correlation of water content (WC), ignition loss (IL),
chemical oxygen demand (COD), and acid volatile sulfide (AVS)
with mean grain size on each station.

B - A AE O] 1Ak B2 E 71222 0.20 mgS/g-
dry2r} & &= ELE H 3 rhTable 3).
.

34K Stichopus japonicus) 3| A A 1| A 279} vl
glof, f7|HdE & At Bol2 HFsh= Aoz deA
Qlth(Bakus, 1973; Yingst, 1976' Massin 1982). EFEHA =
of st H2E o ZAfeke 718 FF 59 719 B4
o ae] 44 W RS Aot S0 Aelow 48Tt
(Conand and Chardy, 1985; Uthicke and Karez, 1999; Bell-
chambers et al., 2011).

B2 Sl Pl el A ke FRUEA e A ofat b
o XY BHHAE YRRE B vl 23, FUUE
THEe A0 HAEe 2 PR wrt 2Yshn 2ol
SR, SRR e K| AL AT O R B
QJwsh Aok ol Sfat 4 FE MerHFig 2). EEH S
AUES} e A0 H22 THE T2 2YTIre] e
=36} S| u 2T ATl A 22 Highe ks
AU 56 molt M, AT Aol 28
FRbolLt AF TN HUIZHS 2 BEE BES Mol |
i B/l siate] RS A4t 58

220] gl ul B

Table 3. The concentrations of water content (WC), ignition loss
(IL), chemical oxygen demand (COD), and acid volatile sulfide
(AVS) at each station in the surface sediments

Station we IL coD AVS
(%) (%) (mgO2/g-dry) (mgSig-dry)
1 37.9 3.2 5.0 0.022
2 316 1.7 3.9 0.007
3 412 3.3 33 0.033
4 24.1 1.4 3.4 0.013
5 42.1 4.2 155 0.342
6 323 7.1 18.0 0.369
7 28.3 2.9 9.3 0.139
8 26.9 2.9 12.0 0.055
9 25.1 1.7 5.1 0.013
10 31.9 2.1 7.0 0.220
1 23.9 2.9 8.4 0.013
12 21.6 26 10.6 0.101
13 32.4 33 8.4 0.022
14 29.8 6.5 16.0 0.028
15 35.3 4.1 16.5 0.246
16 22.1 25 76 0.064
17 15.6 25 3.9 0.012
18 35.9 36 7.9 0.154
19 38.2 3.7 95 0.239

gk 8.919)S 2Heleh = QUSITH(Fig. 2). shihe] Al &2t i et 4
WHAS A= AT BHme] nE S4e s Bt
w7F AR Bz ol A A vreb W, Bl sk
Bz oA A o2 W vEh S STt
PA+S B IThFig. 2).

R e %L—?%(WC)F% &AL
Azl B ATt AR Aol w3 2 fﬂxéﬂOﬂH =
of Bt Yot WA AHHAS
27 ZH(COD)I} A Fh=(AVS) %E% - % 7J°ﬂ
At wo} SRS Wolr] kY=t e A w2 =
Eg Bylou g, AT e e d et 2
g AEAE Hol] giStth(Fig. 3). 771E oo 2dE e
AFebA 2 AFeh-ZofAlA gotohzt] AnEs e e
U= Al shebartaa a2 slake] AU 7t w2 A9
oA H2 AR HLE 52 F S Hol= () FAAAE B
ROt B FHoIA At f71E 297159 20 mgO,/g-
dryS Z3poA] ehob e AAR7E A = 3L Olaa 2l
= ASATH(Fig. 4). B 2= W Abae] 2t 5l A
e HFIEARSEE(AVS)S] 1 3 o] £
Ao A e A Tt 2 BE S Holt H(+)] 4Tkt
1S 2oL}, 3letAAA QALEko] ey Bl oy i
oM o] 718 297122 02 mgS/g-diyE A %
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Fig. 4. Plots of density of the sea cucumber Stichopus japonicus
versus chemical oxygen demand (COD) and acid volatile sulfide
(AVY) in the surface sediments
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Woh= A HATHFig. 4). ofof Hhsf] 7j 12| 0.2 A3
£ AlROA SiA W & B A E] ARHIgshE SR
AE 9 W, SHekA AR Q1REO] e A AR RSE A
o Frtt FE A A =A Uetylth URtH o= sipke
A 8} <= mm o] el A 117 Z<=(buccal tentacles)E ©]-8-5+

Ho| & A FIsh= Bl &= AR R YA QlTH(Massin, 1982). ©]
=9 AN T8 T2 Hust 28-S Fol T8
SUA7I L &2 f7| 28-S A YR 358kl AA e
WA 7= AL Z A A Qlck(Massin, 1982; Uthicke, 1999;
Yamada et al., 2009; Bellchambers et al., 2011). o] gt FARS-
nefet off st EAUET =2 A oA AR sEY
FE7t S = Ut d4o] A e Y s
7h =2 A9 djato] AAA R ATl tiiElA] B At
of oJgt thFo] v & Soll &fsl w7t ot %l ARIA], 19
A gkow F 7-9-ef FastA A9 A Q1 £l &f gt AIA] o
ShallAl W TRk U 4 gLon, ofo] ol 2
o W 247} ol 2of Aok & 202 s,

Ab AL
AT FYUSAYIY YR FHE L B9 et
BhoRE SHAIFA A 2AL B Ao B FAEYE
o} o AT APRA R AR L F A1
A7 AFAZA GAE EYUe
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