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Comparison of Sedimentary Environmental Characteristic of Tidal
Flats on the West Coast of Korea Depending on the Habitation of Mud

Shrimp Upogebia major

Seung Ryul Jeon, SokJin Hong*, Yonghyeon Choi, Yoon Sik Cho' and, Jae-Hee Song

Tidal Flat Research Center, West Sea Fisheries Research Institute, National Institute of Fisheries Science, Gunsan 54001, Korea
"Marine Environmental Impact Assessment Center, National Institute of Fisheries Science, Busan 46083, Korea

Environmental monitoring was conducted to identify the characteristics and patterns of sedimentary environments
of tidal flats in 12 areas on the west coast of Korea. The habitat of the mud shrimp Upogebia major contained higher
organic and mud contents compared to the habitat of the manila clam Ruditapes philippinarum. In particular, the mud
content increased from 84.38% to 89.18% in the Seongam-4 area, where the mud shrimp and manila clam coexist,
and the mean grain size exhibited a finer particle size, from 5.48 @ to 5.80 ®. In the mud shrimp habitat, the sediment
mud content was > 60% and the mean grain size was > 5 ®. Additionally, the mud shrimp only inhabited open coast
tidal flat areas. The management of shellfish aquaculture farms by physical methods should be continued based on
comparison of the sedimentary environments in the Boryeong and Seongam areas in response to the damage to the

mud shrimp habitat.
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£(Upogebia major)S 12470 £551= %0 2 (Haan, 1841)
LR F=, LYl St Ao 27 AR Hel =2
AAleh, gAjote] S5 X Ho| A fiEsh= A o8 dejA
%AtH(Hong, 2013). AA|= & A A Ao HEshd A o
Agttrgo] Uels AAE Hof Sete g 44| gglo] 7Hs5t
o}, £:0] A4 Zlo]= Al d ol whet thE okl g A 9l o (Mi-
yake, 1982), A| A5 Hji= F Hof| =& Tl YA o] T3 U
o] 71 ¢to] chamber®} branchE TH=o] 1“?*‘3]'(Kmosh1ta
2002). A -2 Fejsha 2|7} thas HYshA] 2 Z o8
A Stk &9 A 7Fols Aol 2R =& Hol A
Aok 4.9 AAEA o wet sla/E A E HAHS 2HA S

Z7MA R o 24 AE L HFE(Rowden and Jones, 1993)3} Af
2 v A A A (Ricketts et al., 1985)5 A|-5-5ho] AYefalz] gt
WA= Thdd SH Tea AEkE Ao ofj 5t

7% 501 AH(Griffen et al., 2004). W o]l A3t ZHR O] oF
AN F 52 Bl AAShs HREQ A= A4 A
SARAE sk frefdt e Foleke F84

=7 o= oA gltHong, 2013).

Dl% A AQke] A9, 1960 dl] 2 A4 A]2fof Z(Upoge-
bia pugettensis)X; ﬁEO](Neouypaea californiensis) 5 2]
oA} ZAlo 7 olslo] = oFA] Aldof] ARH £AS F=
ol 2 99108 & A4 Fu H42e] Qs = ul4e ol
2 AABOR A7) HoR §u, A Bl Fajol

A ) ofahagel E9| Hol M3 Wt BEL Wastol o
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A

FH AL dojd Ao 2 H 1% ¢l th(Loosanoff and Tonmiers,
1948; Peterson, 1984; Dumbauld et al., 1996). 2-2|u2} A3l
QF AR A= 0] o)Ak FA o7 Qlal| HEA|El AAX] HA
o] ZHastH A vA| ko] AakeFo] =LA| ZaskiiTh Aot A
O] A vpR| 2t o ZH A 12,319 ha F & WAYH A 5,126
ha (41.6%)2 Yelgon, 11 & SHEE] 4 5,200 ha 5
3,986 ha (76.7%)7} 0] WAlsto] A7) 714k & AL A o
(2F 1089 )& UrEhd 2 o = A FTh(NIFS, 2016).

A of| X A5k= o T H 7| E A2 A EH 524,
AYeeha], | sfekA 9l 5o AlEE Yl 9] HEuyt
o= Qe FH AAE i 29| =4 s (Posey
etal., 1991; Wynberg and Branch, 1991; Simenstad and Fresh,
1995)7} Aeab gl Zro 2 e BotazA ] 2 of
o 9] A3t 75l tigt A5-50] th(Dworschak,
1981; Itoh and Nishida, 2002; Marin et al., 2011). 3+ &0
KA Z] o o3t 1 E|2E HE YR Edego] gt
A= Q1O (Suchanek et al., 1986; Ziebis et al., 1996), I
R REEERES R EE RS R
T-5°] %\tk(tani, 2001; Kinoshita et al., 2008). Z|Loll+= | ]
BRI TR % 5 o) A4} A4 Zo]o] ek 7 1t
ItHSong et al., 2019).

o] T W2 AEo] AP AN L2t Asfer &
FAHS SA R o] Fol Xl & XA 9} ] A 4| %] o] 33t 7Y
P H AR B4 A AR 5 B uEe A
A3 vhAjetate] Bx4e] f1Rlof thet A lujgt A
Holu}. 5 Abete| 2uto] A= vlx]2ke] ] & 2%(Ruditapes
philippinarum)©] ¥21<&(Ruditapes decussatus)®] A|4]Z]¢]
TUH =N H] BE2FFo] A} S5k /o] WAgste] A
BiA 71559 F7g 2R Fakol thiet -2 = EakE HEof gt
34 78k ke A EA 02 2k A 7F 9l )ItH(Bidegain
et al,, 2015). B&0] Z-& Fo] opd th& Fof| 23t AJ4]A]9]
ol B E vl=e) 2 b AlolA & 4 glo] 4]
2 0 & 4715 0]3llE £ 4= 312 H(Feldman et al., 2000), HFA|
QA obj 2t Alafibaolut Fashe 5 A
ot ahe w2l 4 lrk mheha] 0] FAl0 R o)
QRS i AJle 2 uixlet ojg} 2
71ek AR cigt vlmel Akl AEsl Was A

3 Qo A 2Lkt Afaieke] AolARe] & A Alx o} v
AAIAI 0] B8k B4 WS shotslard) sl 2] o4
Z400] gt €190 @ FgEle 2 447 WEe] dolg =
Aj5}7] Sfate] ZAA o] BT} kA Tke] B S Thots
51, 2 A4} 0] 44170 F0] F7FEAS olastan
Shit. L, E 18 B4 S upgo. = & Aalx|ofat uhx et
A ofo] BE B B E|o]gls A8t AMolA T

okS Q)3 7| 2R 72 & Al gstaat gk

ek A 2 A

19 E|4gd 54 657

AP A G2 Aslietell fxITE Q1719 Ak A, A,
SHEEY B, B, A, debeEe A, S22, 14, A
S0 ek, AlQE, S MR 7} e 37 A, A1 & 4
M A, T 484 H& Agstalth(Fig. 1). 2ARA o] whef vf
At Ao, &5 A AR o] 23R ol i ol A =
gH sl ol gt 2 U E 2 20179 280 A 2018
9 1089704 A=, A4(29), £41(449), SHAI(8 ), +
Al(10€)= 2187 F 8 ARSI

M

1| &
o x =T

Zy 2|9 SARF2AL A] YSI-556 Multiprobe System (YSI,
Yellow Springs, Ohio, USA)S ARE-310] ZAMA|Y standing
water?] 4=2(temperature), &+-(salinity), -84 (dissolved
oxygen), 40| 25 =(pH)E A% S7sH3ich @4 544}
A S5 2 LAl & oll Aeshal Ws Hatsho] Al5sHA A
A= &7 5 A s AR E AW A& oo
24AI7F A T 90% OPH BB 0 2 FEelT, 23 8o
£ 23454 7] (Cary 100, Varian, Burton, Michigan, USA)E
o]-&3}o] 750, 665, 645, 630 nm T}AO. 2 25ty 22T
3121 CHMOF, 2013).

e

o

(il
ox
of

=

7=k (ignition loss, IL), 2FF2 Ak
T+ (chemical oxygen demand, COD)E sl %27 54 A1 € 7]
Zof uhet 2A8FRCHMOF, 2013). 2 A8 B4 e =
AAe] e AA Adda 284z Yo Al Aae
B A& 2159 = 2442 (SediGraph IIT 5120, Micromeritics
Inc. Co., Norcross, Georgia, USA)E o]-&3}o] EA4511, =
A A Z= ARFA] 2| %15 7] (Analysette 3 Pro, Fritsch Co., Idar-
Oberstein, Germany)E ©]-8-5t0] A8 eh #4 & S4H
A3} gholl whet AP 242 shotstith(Folk, 1980). 4=
Fat Y =(Mean grain size, Mz)2} +71& (L)l et 4
TS pearson correlation coefficient® A AFSH I THPASW
statistics 18, SPSS Inc., Chicago, IL, USA).

BEXIRADE 0] MAIR R

HRA| 2 0] A Al EEE 2AEH] ffel 2 A9 o] 4 E
A& A =ZE AY7](can corer)E ARE-5EA] 0.2 m* AR 8L
o @Al A A7 1.0 mme| AP YR 2 SAAA & >
ZrEES 1 = E 2o AW (wide mouth HDPE bottle)ol| %
AL 10% ST oz SA| PAZh IFH A=
£ AREE A ST T, 2 B Aol iR whx| ekt 0] A
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Fig. 1. Study area and surveying sites in west coast of Korea.

AU %= (density) 2t A (biomass)e TFetoF itk A A =2
A Ao} A 2017E 497t 84, 2018 4€ = 5 33

2AL 8 B A}k

201743} 201809] A3k Aolgpe] 420 Waks AH
of w2 A< ek on], 53] 20184 28] 21 -747]9)
78, AR, A7) 79 -131~0.83°C2] WSIR 5-20] 1A
Urehgeh. ol 20184 57 24k @A ko] 93] 7]20] B
SH2 Weizl7] RO FZEh @RS 201740 17.81-
31.92,20189] 21.01-32.892] HYE RSt} E3] 73} A
20174 82| Gito] 17.812 WA hehh, Ak 4 3912k]
% 7% e0] 62.1 mm 79-9] G W A0 Helh §
Fakat QA0 B 7 B3 AR haste] s
b we gh2 g o] ] thal obAl s L2 ul2 3)

o R+ =

N

- Sag*

& 2 ¢ ch(Table 1).

it W X5 o] H9- AAk A, B A k5o Q1
ol BTt 75 o] o g FA o vl fe =]
£ @ ool =2 A o' UfA 9lom(Kim et al., 2005),
41X 9 79 ARk 2 A AlA o] QI 9le] B9
o] Eot. vt RA 93 o] % s o] =t o %
o2 98| el 9laL, o] &2 Q18| 9] Tt et &

oH

BN
23] Aol A 33 A A= 2 A Hij & o] =1 s ol m|X|=
FFol 2 A2 5L 3lth(Lee, 2006). o1t 4 21e]

ol(seston)E A2 YEll= S22 a gk FA0IA
Al =2 S 2L, S o= ot AATE EE A
od 5o} A LRtk S ABF 20179 7.16 pg/l, 2018
9 14.98 pe/L, AA= 20174 8.78 pg/L, 20189 12.77 g/l
O] XA TH(Table 1).

EXE W 772 2%

HHE Ul 71e9 de R Yol 11 2 9EE
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Table 1. Water and sediment quality in sampling sites
Site Year Temp. (°C) Salinity (psu) DO (mg/L) pH Chl. a (ug/L) Sediment COD (mg/L)
2017 3.45-36.98 17.81-29.05 7.91-12.82 7.75-8.46 0.05-7.13 0.85-2.50
GH (16.83) (25.86) (10.95) (8.02) (2.64) (1.47)
2018 -1.31-28.44 24.40-28.97 8.22-16.37 7.88-8.16 0.14-2.56 1.15-3.53
(16.11) (26.23) (10.82) (8.01) (0.93) (2.11)
2017 5.84-33.74 28.23-31.23 7.12-10.91 7.74-8.12 0.35-3.07 0.67-3.90
s (16.27) (30.04) (9.38) (7.92) (1.51) (2.06)
2018 -0.83-35.89 21.01-31.34 8.26-14.51 7.91-8.50 0.05-5.69 1.27-2.68
(16.99) (28.34) (10.40) (8.16) (1.98) (2.01)
2017 5.20-27.01 28.92-30.75 5.99-14.75 7.72-8.36 0.14-6.12 0.75-4.20
sG (15.83) (30.08) (10.82) (8.02) (2.76) (2.20)
2018 -1.30-33.10 29.68-30.50 5.72-12.25 7.92-8.32 0.53-28.82 1.76-5.35
(15.80) (30.09) (8.54) (8.06) (8.23) (2.77)
2017 6.08-28.76 29.15-30.64 6.30-12.06 7.75-8.20 1.92-11.49 1.23-4.96
HD (16.83) (29.96) (8.88) (7.97) (7.16) (3.07)
2018 2.17-30.30 27.29-30.60 6.84-14.07 8.00-8.25 1.93-25.94 2.69-6.17
(16.31) (29.57) (9.37) (8.08) (14.98) (4.90)
2017 8.03-27.43 29.66-31.58 5.23-15.60 7.90-8.25 0.05-2.50 0.62-1.56
BR (15.08) (30.62) (9.95) (8.03) (1.11) (1.14)
2018 0.86-29.64 29.61-31.17 7.48-12.00 8.01-8.26 0.55-12.46 1.18-2.16
(14.91) (30.50) (9.09) (8.13) (4.00) (1.69)
2017 3.15-31.35 28.90-31.92 5.74-13.27 8.01-8.51 0.50-7.47 0.77-6.23
sC (16.19) (30.63) (10.36) (8.18) (3.34) (2.74)
2018 5.84-29.63 28.48-31.09 6.09-11.83 7.78-8.22 1.53-4.41 1.98-2.72
(17.07) (30.06) (8.39) (8.00) (3.15) (2.30)
2017 8.81-28.43 26.48-30.86 7.01-11.99 7.64-8.29 0.79-22.30 1.61-5.16
ss (16.47) (29.35) (9.10) (7.88) (8.78) (3.35)
2018 4.47-29.51 26.83-31.63 7.09-11.07 7.90-8.11 0.73-24.68 1.05-2.88
(16.73) (30.08) (8.79) (8.02) (12.77) (2.03)
2017 3.40-29.36 21.40-30.12 6.38-13.01 7.46-8.09 1.11-9.76 1.05-2.88
P (14.90) (27.68) (8.79) (7.74) (3.75) (2.03)
2018 2.86-29.60 24.84-30.84 6.47-12.58 7.72-8.30 1.11-12.61 2.58-3.97
(15.62) (27.79) (8.75) (7.98) (8.96) (3.18)
2017 3.37-31.20 26.42-30.58 5.36-10.54 7.64-8.22 2.61-6.64 1.18-3.04
Go (16.68) (29.15) (8.04) (7.90) (5.32) (2.35)
2018 9.94-35.47 29.27-32.12 5.70-11.47 7.72-8.15 1.34-13.05 2.09-3.34
(20.20) (30.76) (8.33) (7.90) (5.71) (2.57)
2017 5.10-30.11 29.68-31.34 6.98-11.07 7.86-7.97 0.07-0.96 0.79-1.59
MA (16.34) (30.75) (8.52) (7.90) (0.50) (1.12)
2018 4.62-33.40 30.92-32.89 8.27-11.79 7.80-8.09 0.00-0.61 0.61-2.13
(16.88) (31.67) (9.37) (7.94) (0.31) (1.40)
2017 6.14-26.68 29.66-31.91 6.42-10.66 7.53-8.11 1.13-2.50 0.60-2.60
SA (15.41) (30.66) (8.47) (7.83) (1.67) (1.49)
2018 2.75-27.37 31.05-32.79 5.16-10.63 7.85-7.95 1.15-5.59 1.52-2.90
(14.83) (31.75) (8.26) (7.92) (3.24) (2.03)
2017 5.05-25.99 26.75-31.07 5.10-9.73 7.17-7.82 0.11-1.81 0.84-4.04
MP (14.87) (29.18) (7.77) (7.62) (1.03) (1.90)
2018 4.24-27.32 29.62-32.76 5.84-10.49 7.80-8.09 0.50-7.34 1.57-2.43
(15.49) (30.78) (8.18) (7.95) (3.15) (1.86)

DO, dissolved oxygen; COD, chemical oxygen demand; GH, Ganghwa; SJ, Seonjae; SG, Seongam; HD, Hwangdo; BR, Boryeong; SC,
Seocheon; SS, Shinsido; JP, Julpo; GC, Gochang; MA, Muan; SA, Shinan; MP, Mokpo.
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Fig. 2. Comparison of grain size composition and mean size in
surface sediments. (a) 2017, (b) 2018.

7FsE 4 = EAE CODE AlgollA Ag+t 20179 6.16
mg/g, 2018 7.36 mg/g= YR Ao Hlal obx o,
AL 3.65 mg/gol| Al 2.24 mg/g 2 ol H th(Table 1). ZA| 4
07 9JHol 9 ¢7]%2]¢] 20 mg/g ©|5HE UER} ST e Ao
2 Holth(Lee and Yu, 2000). Ath 2] 0.2 23} vjx| o] F&
St A7 Ao B Ao Hg|| f7]& et S AR
LFERSLTE B 45 IL 9 A] £} vEx|gho] F&ah= A7t x| 90|
AR 2017 2.82%, 2018 3.44%E ol 0.1, B}x| 2} o]
Zol B/ E o Q= A A o]l H|s(20174, 1.94%; 2018\,
1.99%) =2 7 © & eI THFig. 3a).
ENMZ o B

A=) B B d e (Mz)= ARk A9k, 52
I 6.58-7.43 OF 71 Al B HARS UER a1, 2 EHE,
we, H)o] Wit 3.49-4.56 DR 71 23} B HA —g; Urel
ek A7 PRFA719] RE-2 A 90] 2017 4.16 OO A]
201841 3.84 O 7} =gko ] HE(XA], Z2, 11 L) Z| o]
6.94 ®o|| ] 7.00 D BlF0] 713} Lrokrh(Fig. 2). H}A| 2} o2}
ol FHH AYS THL= v A sl 4 20179
of w8 YA(silt-clay) ol 2H2} 6.5%, 3.8% Z7Fstd.om,

)ol %8

Lk

Aot 2 23 A el A AR ol 247} 68. 0% 17 1%,
5.7% F7Fskoict. 58] Aol A A ghegel W
O 2 R on, ofof kel L R 18.8% 7“?401 e
A He} B A& 4] W Fol =3kt

23} vpx|2to] FEdh= HAH(A-4)2t vER|=ho] Al4)l=
ARAAA-1, -3, 5Eg-3, A4, 114-3), Zo] A Al5h= 4
(-2, B4, A3-3, Alx l )& E7oto] iS4t
W HH HER]E A A2 A 0] 79 AR gHFo] 2017 18.21-
70.33%, 2018 0l| 11.44-75.37%2] WS vepyon, A4
Bt 43.38%0) 4] 49.11%= ol AEFS BTt F4-¢
0] AL 433 DA 4.09 D= Wizlste] 2017 ) ]3] o
2R Y-S HATh vhA= A4l Fa gk 221¢l /e
ol A3 ¥ |7} 3.8-4.3 OE &4 A 9lo](Yoo et al., 2007) v}
A2k A Alo]| Aatsl 7l o & whotE ) e & A Al e o] A
20170 YA ko] 40.51-99.09%9] HelE Hlomn,
20181—1101]L 46.86-99.10%2] HLE Hof UHo] S-As)x]=
AES By}, E3F upA k) o] TE2EF= A4 HH o] A
©.2017d o] YA &eFo] 84.38%, 2018 0]| 89.18% = =o}4]
on, P U= 548 DA 5.80 PE YR T Alfs A=
73S HelrhFig. 2).

S 53‘14(2017@_, n=12, 1=o.901, P<0.01,
n=12; 2018\{1, n=12, =0.896, P<0.01). 7L & Zdx| o] E|
A= YA7E 29kl whet f71=8Ee] 20174 Hat 1.59%,
20189 1.39%= thE A| Ao} 2A| Uebgtth(Fig. 3a). &4
E BAYee] 02 {715 S HEE gAE AEEs
2 {713 o] =014 2017d o) 1=0.797 (n=48), 2018 ]|
=0.864 (n=48)= A3 o] A7} &S & 4= UchFig.
3b, 3c). o] = 0]119—] Kim and Ha (2001)0] 2113t Y57 =
At o] 3 Bl ZAto] gt Aol A B Y= A E S-S
f71& ol S7Fsto] A7 o A (=0.80)E K. 3lth=
W&} LAste] EjHE Hdd=et 4718 gl Aol

EOE AS 4 5 oUnh B9 A9 & A A7) upR|Et A
Alg7to] eks] 22lE o] Qe S4S 28 gl 20174
Bt 1.90%, 2018 1.39% L} o] dof) u]af gol 2= 7
F& vehdlon, &3 vpx|gho] FEsh= A4 R lA

715 ko] 2017'd HaF 2.82%, 2018 HF 3.44% = Lrebt
ok Mtk Bt

ATh HEX|ZE MAIZIE 31 AN

&3} v ko] A Al Eof YA Rke] Wshs A B 23t b}
A eho] LEFH= A7h-4 AA 0 AL 20179 422 vlx|g A
A7 10 ind/m22 UERF O 7 o] 52 23 5hR] &2
H, 280] A A w100 ind/m?2 LRz A 7Aaekel
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Fig. 3. Relationships between sediment mean size and organic content (ignition loss). Organic content versus mean size: (b) 2017, (c) 2018.
ris the correlation, n is the number of samples, and P is the statistical P value.

TH(Table 2). £:2] A4} AAZFS] H]+= 0.22, 0.49, 0.35
2 et olefat AMIE n)5e] 2 ) 20174 49 o] 4o 7h
U &9 ogI7fAIE0] Alto] Aol whet A g3t 7h
A7 ¥ Aow —r_,El‘_E} £~2-0](Nihonotrypaea japonica)7}

9% A3 R0 4% 20178 4920 AL Eo} AR

Table 2. Density and biomass of main species in sampling sites

o] Z¥z}F 300 ind./m?, 37.8 gWWt/m?, 2017 8¥ojl 190 ind./
m2, 55.9 gWWym?©.2 Ll oL} 20184 4Yo]= 243}
A] okt AA-1 Ao A 2017 of] &= vpR| ko] LrehtA] oF
Qro1} 20184 4ol AU} 20 ind./m?, AA|2Fo] 11.88
gWWtm’s vpx|gto] S3s9It}. 4207 Sd T A

) Density (ind./m?) Biomass (gWWt./m?) . .
Site Main species
2017.04 2017.08 2018.04 2017.04 2017.08 2018.04
5G4 10 0 0 5.12 0 0 Ruditapes philippinarum
100 70 20 22.2 343 7.01 Upogebia major
SJ-1 0 0 20 0 0 11.88
HD-3 550 40 780 2089.84 273.99 1576.1
BR-3 160 0 610 813.75 0 711.74 Ruditapes philippinarum
SS-4 80 100 600 460.12 659.22 1499.19
GC-3 680 0 30 2251.12 0 79.69
BR-4 0 30 - 0 12 - Upogebia major
SC-3 300 190 0 37.8 55.9 0 Nihonotrypaea japonica

SG-4, Seongam-4; SJ-1, Seonjae-1; HD-3, Hwangdo-3; BR-3, Boryeong-

Seocheon-3.

3; SS-4, Shinsido-4; GC-3, Gochang-3; BR-4, Boryeong-4; SC-3,
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Fig. 4. Annual distribution of silt-clay and sediment mean size in
the study area. Coexistence: Seongam-4 site where manila clam
Ruditapes philippinarum and mud shrimp Upogebia major coexist.
a,2017; b, 2018.
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Table 3. Major reclamation projects in the given areas

. List of the former Freshwater
Site Typeﬂgi tidal reclamation projects  lake area®
(<20 km) (km?)
Shihwa
Seongam Hwaong
Seonjae Open coast Daeho 61
Seokmun
Seosan
Hwangdo Embayment Hongseong 40
Boryeong
Boryeong Open coast Hongseong -
Nampo
Seocheon Open coast Gunjang -
Shinsido  Open coast Saemangeum 118
Gochang Embayment - -

*Reference, Koh and Khim, 2014.
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