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Comparison of the Seawater-Sediment Environment and Habitat
Properties with Variable Mud Shrimp Upogebia major Burrow Hole
Density and Its Influence on Recruitment and Settlement in the Cheonsu
Bay Tidal Flats

Seung Ryul Jeon, Giho Ong, Jun-Ho Koo*, Jong-Woo Park, Yu Cheol Kim, Hee-Do Jeung and
Jae-Kwon Cho

Tidal Flat Research Center, West Sea Fisheries Research Institute, National Institute of Fisheries Science, Gunsan 54001, Republic
of Korea

The habitat degradation caused by large-scale reclamation leads to devastating impacts, such as fine sediment and
mud shrimp Upogebia major settlement on Manila clam Ruditapes philippinarum aquaculture in the eastern Cheonsu
Bay tidal flats, Republic of Korea. Despite these impacts, there is a lack of studies on the influence of fine sediments
on tidal flats that constitute key mud shrimp habitats. This study provides information on the seawater-sediment envi-
ronment and the influence of dissolved inorganic nitrogen (DIN) fluctuations depending on mud shrimp burrow hole
density. Additionally, it discusses countermeasures for Manila clam habitat management. The results show that mean
DIN effluxes in areas with a high-density of burrow holes were up to 4 times (0.12 mmol m? d-!) higher than those in
sites of low-density (0.03 mmol m™ d!) within the Saho and Songhak-ri tidal flats. To manage interference within the
competition zone of Songhak-ri tidal flat, it is important to utilize the settlements of spawning season in all three di-
mensions. Consequently, additional studies in other tidal flats are essential and research in zones where mud shrimps
and juvenile clams coexist will help to determine the priorities in the efficient management of clam aquaculture.
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o opefet d-so] R E Sl e EtekaL, A YAt
uhe Al ofst Zule] T, 57k AWTE B4 alete] Al
A3} Aol ek s okey] FSch g, Qe of
2lo}A| 3l & (Ariake Sound)?] Al2}7}e} 7 (Shirakawa River)
sele] b Aol A AJ3H= (Upogebia majonah <]t
(Ruditapes philippinarum) 5-2] 44| £ 2}o| e} £ 37 H
Shof] Tt A= S A2 A4 Thefoll 2 o7t F
%107 (Tamaki et al., 2008), A2 T 9] o3l S &= 3ict
E5h, 2ot i Foll gk st 3 -85S A5t
31, 471490 B E S Fol Wil Qele] Sol el HAlS
= ZAE o8 7He Rt 37kt Al a1 7437 A (interference
competition)®| 28tk A& A BFGITE HEA 2t & B
A4 AH(suspension-feeder) 2 A afj4=-E| A& FAHS A
A Al Fa5 WA Hinfuna)ol7|= St Hol2S TE
.2 o] §31T, A ¥ L& B7HE FHATHE Mo nlgol
£ uf o] 59] H| A F5o| o/ E tH(Tamaki et al., 2008). 4]
A 80 wek ekAl s A Qe GelEe] BEs
53] YA EAEQ 7R Qg T8 st G WA
i}, wehd, o] g U sl me 54 AT 4 2
A2po] dha ANHAR) 7|2 A R0} S 43} vix|ete] A4
Zof w2 F4 oot F a3 A 0 & wehE

B ATOIAE 4 §9] 27] 9 FE Aol 43 A oe] A
2ol ek AREA| Q1 A/ whotstarat & A4 S/ wet
Sfj-E| A S Tk A= 3 Aol 27| thEA ez Al
A& ARt B3 HAE W 3= IFD 8= &

248 Bl % A14] 2ol 2 2229l W HeHS wets)

AL, A= A AR 9] EAdo] o m gt JFem HFsH=A]of thsf
orob 117 39ic. olo] e, 23 uxjeke] 7] 9% phHEA
Aol v, Bafslol F7k AP0 A2l vlgh et
TS Rt 71 2A R R Al FskaLAt gt
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TS okt QPHE oL AL AAT AARA],
Aol AA Eejute] glon, J-& 2o
= oF 10 kme] ¥t #ljf 4 vho 2 vk} ahred o] A4
| olch(Lee et al., 2019a). Tk HZo] &=
s el 7Hd el Fds vt $12]8te] sHA As 55- 7]
2ol vl Bl ©rh 18 A 0 2 i g 7| e gt
(Jung et al., 2015). ZAA|H-2 W41t 52 A3)| 2|41 wpe}
FAHE AR PAFI B A of| &8k 4512 (Songhak-ri,
SHa)$} A3 2] (Saho-ri, SHo), 18] 11 -4 2] AF8}e](Sang-
hwang-ri, SHw) & Al | olct. 2ARA| o] FHO & A4TA, B
WRAE 2ot 34, B WxA 5ol(Fig. 1) 1A 713 2
o] YFE A 1980 -8 2000 7H4] F7F= 255
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Fig. 1. Study areas in the eastern tidal flats of Cheonsu Bay. Sam-
pling sites are located along the west coast tidal flats in Sangh-
wang-ri (SHw), Hongseong-gun, Saho-ri (SHo) and Songhak-ri
(SHa), Boryeong city. The red dotted lines are the main tide em-
bankment around Cheonsu Bay.
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2 W} 7Jojo] me 4= H 5 ge] A3 748 D'Andrea
and DeWitt (2009)°] Yaquina BayollA FA1&(Upogebia
pugettensis)= AT O 2 F £ A4 & W (burrow hole-den-
sity) ¥ Zolof] wE EAE0] A A v o R Haet
TH AH W & A A EAJof BHA| AERGITE & A4 = 2
o= Y-FH| 9] =ollA U-Fe| it & sirot dde #2355
surface (0~10 cm)Z AA3} 1L, U-parte} [-part7} g+ F
H.9] 2= shallow (10-30 cm)&} 1 0]3}2] Z oS #Z deep
(30-50 cm)2.& AA} ) £ A4 2] YjH(inner burrow
wall)> 10 cm 7l o] U-part 129] £ E| 453} A 7o) tju]
&= 2F0.5 ecm £ 9] AZ4M B A5 R o g ALEsto] 2]
SF3HFig. 2).
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Fig. 2. The description on depth layers and surface sediment types
of the mud shrimp Upogebia major burrow-dwelling by research
setting. The thickness of the diffusion layer was assumed to be 15
cm.

S Ase| = (U major)o] 1UERE L4541, 7FA o|ub
(Austinogebia wuhsieneweni), 7} Al &°](Laomedia astacina)
® Z@sto] 2] UL EFE 4 44 B W7k 1
+=2(mean burrow hole density, 856.3+£282.4 holes m?; n=59)
=S Adrh, B sl slae sjek Ae Azto] vl
2} oo FA B E o] 1ot T Kol KofH Ao Hel
o} £ 59 27] A9 (mean burrow hole density, 162.7+116.3
holes m?2; n=36)Q] A& &= 7k A] 1= A19] o] 7} oF 100
150 m Y= o2 ZARA| A H T A o 2 B2 543 2=
ot 1o Tl 3l Q= S8t vkt iRt 2 A
A& 2 g A 9) o1t 2000 R E] & Ay © 2 Q18| vl
oo 27t F-shtol A SR HAF F4E $laL, 2009d ol
HpR| 2 AAREES. 1,784 M/To Lok 201 1 o] = 89 M/TC.2
28 W 9F95%7} 54 3] 47| = SHATHNIFS, 2012). 28
otz 4} uiajete] A4 F7k] B Ei et Ao
(mean burrow hole density, 269.8+140.9 holes m?; n=22)90.2

5 F749] B71 2 o] o] o] ol 3 gl 5L ZH=T}.
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2 A-E A 19 gfl4x(standing water)d] &=, @, 82
Abd, 40| 2% 5 = ok 42 =4 7] (YSI-556 Multiprobe
System; YSI Inc., Yellow Springs, OH, USA)E AR50 &
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Foll Al Z7g5aleh. ALl sl 2AF Al EJAE Aok 2
1< el ofet 1l iRk £ol7] sl ¢
FEfjoll A Ax5 W Z4=5}o] SHE s}, sj4= 2 LE Hat A
ol ghRgh & vlg] FAVE S4E ARl BA(GF/C,
Glass Microfiber Filter Papers, 1.2 um; Whatman, Clifton, NJ,
USA)E o]-gsto] delA A1 500 mL of2s}eiet. f-2]4d
SolTAE AR §70 7 02 A3 7o 1A A2 ol &
3to] FH =72 (total suspended solids, TSS)S AAFel% S
o, o]o] 7|20 205-7F 550°Col < & T AF= FHEAd
=2 (volatile suspended solids, VSS)2 4138} aL, XA F
=2 (fixed suspended solids, FSS)2 TSSof| A VSSE #l 7+
< FHsl3ic). E3, chlorophyll-at= Ao A HH g9l
(Membrane filter, 0.45 um; Advantec, Tokyo, Japan)= o3}
stol WA AFAR 24 Lukshel, 90% obHECR
247k QF Aol A &3 T B3 = A (Cary 100; Varian Inc.,
Palo Alto, CA, USA)E ©]-8-35}¢] 750 nm, 665 nm, 645 nm,
630 nm A0 2 245101 5 5 AlARFS THMOF, 2013).
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AR E 2R} }. Z o] H(3E-5-# % surface-shallow-deep)

o whe} Heksto] Z+2 AlmHof| $A B8 & Rhizon sampler
(Rhizosphere, Wageningen, Netherland)E ©]-83}o] &40
A SA B = W S5 (porewater) S+t 0% &
SE JUIAEEA 7] (QuAA039 AutoAnalyzer; Seal
Analytical Inc., Mequon, WI, USA)E o]-8-3}0] 8257|244
(dissolved inorganic nitrogen, DIN=NH,+NO,+NO,)E 5¢¥
&A), TEGHA), 94 (F Aol AA 5 33] 4153t

B4 &9 7 A7 (ignition loss, IL)} $H=&(water content,
WO AT El A2 AR AR §71 7 BAsiglon, 4]
HHg 23z (acid volatile sulfide)®] 74-¢- 7] 5 4k}l H&
Sl whEA| ARsE] 7| wf 2ol FA| TS &-8-5to] 4l&s] dA
oA S4BFATHMOF, 2013). Z1o]'8 B A&} £ A4 = W
HO| Q= A & F4 AFsto] AHACG4 0)2 =9
(<4 0)Z YL, A5 A =54 7](SediGraph 11T 5120; Mi-
cromeritics Inc. Co., Norcross, GA, USA)2} 2154 A71&7]
(Analysette 3 Pro; Fritsch, Idar-Oberstein, Germany)E <&
sho] Q)= A3 A2 A sHIth(Folk, 1968).
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gensen, 1993; Boudreau, 1997). E|4=9] EAM|(D )= 1L
Q1 ol 2o whet A SHHAE AFE-6FS A (Lerman,
1979), 4-E%=+= 5=5(9; Berer, 1980)2 7] 4133 4 A4
(McDuffand Ellis, 1979)F ©|-§-5}] Al4lsteitt. o714 3=
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£ 2 A 490] tieh 3-5-3(surface-shallow) % 3] ¢
T RL A BAO0, BHE WCE olgte] o1y

o} gAto] Yolip= E|FE9| Zolo wE Apol= F=EH ¥
=429 FE (00 EHES FA(Ox)E A&t B4E
9] T=A|%= U-parte] afdsl= #(0-10 cm)-Z(10-30 cm)=-2)
2y 7 gk -5 emo Al 20 em@] Abo] 7HARI 15 emEz 71}

of AFskgt

_ D€ .
sed__(oDs Ox (1)
zd Il_l.
515 ZARRIol] 43 £

Jé??— 29.2=2 YERFo 9

9 A3l Zl(SHw; no-density)ol| 4]
= 59 0353:01] 23] ‘?z”\]le ‘%% (6.1 Hlet

sha] 19.8-31.8°C, A5 ]
18.4—34.5°C, Areke] 18.8-34. 7 Ci L}E}”’O u, 74 0]'74] A}
2] FlolA] & WApegel 8] A A 0.2 7eEl 32l o
F=39.1CR %%*31 8 e Ui e e A E E}
TSSO A|odd Hwl A}5el 109.0-511.0 mgL (mean
value, 294.7 mg/L), Aeke] 132.0-467.0 mg/L (mean value,
258.3 mg/L), 45 49.3-360.5 mg/L (mean value, 132.5
mg/ll) 0% A5} 1 5L WED B S B
(Table 1). 551, 43k o] nlx)2 2| sfo} 2o] Fatol A48
+ A% (SHa; low-density)ol 4] TSS 5=+ 49.3-132.3 mg/L
(mean value, 89.9 mg/L) H 9|2 7P Wekon, Zo] e
2 Z3dsl= A% (SHa; middle-density)©] 97.3-360.5 mg/L
(mean value, 212.9 mg/L) HY 2 7MY 52 7H2 B3} 1
UFFSSITSSS] h2 vl A]2to] 22 A AJa}n] Zo] Sals}r] o
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Fig. 3. Ternary diagram by depth layers (surface-shallow-deep) de-
pending on the burrow hole-density in the Cheonsu Bay tidal flats.
The triangles, circles, and squares symbols represent each study
area, and the color of symbols represent the burrow hole densities
(no-low-middle-high), respectively. SHa, Songhak; SHo, Saho;
SHw, Sanghwang; N, No; L, Low; M, Middle; H, High.

202 W7 A= th(Table 1).

Table 1. The characteristics of ambient standing water and mud shrimp Upogebia major density plot in the study sites

Inhabitation properties (Mud shrimp)

Ambient standing water

Stud
(atL)jbrYe?/ir:t?on) Density plot Burrow hole density  Mud shrimp density Ch.,a TSS VSS FSS FSS/TSS
(range) (holes m?) (ind. m?) (ug/L) (mg/L) (mg/L) (mg/L) (%)
No (0-100) - - 7.8 946 134 811 86
Songhak Low (100-200 132.0£62.2 50.6+23.9 19 899 88 811 2
(SHa) ow (100-200) .0£62. .6£23. . . . .
Medium (200-500) 314.0+8.5 12043.3 81 2129 204 1926 90
Saho (SHo) Low (100-200) 112.1463.6 97.7+¢43.0 30 2047 219 2727 93
Sanghwang No (0-100) - - 1.0 2543 169 2374 92
(SHw) High (>500) 952.0475.4 365.6429.0 44 2622 177 2444 93

The mud shrimp density was determined according to the method calculated based on the number of burrow holes Upogebia pugettensis
applied from D’ Andrea and DeWitt (2009). Chl. a, Chlorophyll-a; TSS, Total suspended solids; VSS, Volatile suspended solids; FSS, fixed
suspended solids.
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2 MA = 20| [E EEE0 4y & U BX B A& A0 ME Fol 7P Agton], A FollA = HEol A

A7 0] % o] w2 Zo Y T4L A 2(gravel) (’jn eafil(f;g _(3))65;3:4:; el j*fﬂ e 7}-3 53};}31 i?
o] 5 28% olstE el o, A grevelly muddy A0 AE B o] REsha, HE 7S 317412
sand, gmS), Y& A muddy sand), & U(gravelly mud, gM), (mean value, 3.53)2 493 ;%(very leptokurtic) 3 7.0,
AFEUY (sandy mud), U(mud, M) & 57}4] AAFO & L glct 2 LR B)2at 9] 017420 ;)1—1:_ z—' 2o o3t oJFelo] = Ao
(Fig. 3). A}%.2|(SHo; low-density)ol| A= #35 § & &9 SZHE 8= 2=

(skewness) 7t B $)7} -0.56—0.29 (mean value, -0.08)%2 =

2 e Zold YA e B35, 35, AT B E8t

51 5|8 %A
st olabe} Alat QA mE Hmalm glo] MagEsL A o2/ 83.9%, 90.4%5 80% o]Ake] Al Et Bl A= 2 Ao,
on], A 05602 S R e Bol MY 1%

1% (mean grain size, Mz)= 5.8 ©,63 0,67 02 i

Zol| A A =07 71o] A2 A= AFFS UFERYCHEF
o ol ool den wai s el 22 S O s S it
Aare] UWshe gmS-gM-ME #Eo] A ‘ﬂOcq(Table 24 B 50, Sl FHsA &2 AHE(SHa, SHw; no-density)
Z(Sand; 47.1%-16.6%-4.17%) gFe o513, AE(SIl;

Are 550l ti Htol 4242 0,47 OE &Ko) &
ot -S| v|g] AjA oz 293l EHE AL HYo
25.5%-49.3%-79.7%) F#H& Loluhs 272 Bt HAE UL H# Sue 248 25
’ ua 505 7|E0R Zo] AT FHECS 0) FHHA &
S AR YAk =7t YAl Blsf A o] 7] wizefl
. . - = AHAE(<S 0)= FEEHAU. ARt S A A2
715 o] o] o] 2ol 4= 9l=t(Lee etal., 2016), ALZ ] i
2 ER 1LY U WS 246%299%346%E B §7] 1 oovie S WOl o 7335 0.2 £ los
== 0-2.99%-3.46% 43 7 } 3}25(4.89 0 235 0 ey B33
EO] S7kohs A% Byt , AU, 759 SERlan)Ret 27 £25%

s , . ) Atk A4k ]S of| 9] 2|3t 48] = Al 2] 0 & AF2(32.0%)
o] 3119 =3]5) A}B} - high- A
o] =R ESHSh= 4J%2|(SHw; high-density)oll A= o] ©nat ExL Balct ulx|et o&ko] A% 4oe|(SHa;

2 g

Table 2. The characteristics of sediment and inhabitation in the Cheonsu Bay tidal flats

Experimental setup Sediment composition Sediment type Sediment
SV penityplot  Pomnentspecies  seqimentayer Cravel Sand Mud - Monthly varation (5, Porosity
Surface 22 481 497 mS-sM-sM 133 042

No-density  Ruditapes philippinarum Shallow 79 422 499 mS-gM-sM 1.39 042
.................................................................................. Deep 14254 732 sMsMsM 150 037

R. philippinarum Surface 1.2 36.8 62.0 sM-sM-sM 1.74 049

(Ssogg;‘ak Low-density Upogebia major Shallow 17 280 703  sM-sM-sM 191 040
............................ (Competiion)  Deep 28 260 712 sMsMsM 164 039

Surface 09 266 725 sM-sM-sM 159 042

Mid.-density U. major Shallow 31 283 68.6 gM-sM-sM 1.70  0.41

Deep 0.7 269 724 sM-sM-sM 1.82 040

R. philippinarum Surface 9.7 226 67.7 gmS-gM-M 297 0.53

(SS"‘QS) Low-density U. major Shallow 16 234 750 sM-sM-sM 322 045
(Initial recruitment) Deep 30 198 77.2 gM-sM-M 354 046

Surface 137 95 7638 M-gM-gM 153 040

No-density No species Shallow 178 149 673 gM-gM-gM 148 0.39
SANGAWANG ..o Deep 73,146 781 gM-gM-M 1689042
(SHw) Surface 37 139 824 sM-sM-M 203 042
High-density U. major Shallow 20 122 858 sM-sM-M 190 043

Deep 0.7 89 904 M-sM-M 204 042

Porosity represents the May-July-September mean value of each sediment layers. Saho-ri is an initial region of mud shrimp Upogebia major
recruitment. The low-density site at Songhak-ri is a competition zone of mud shrimp and manila clam Ruditapes philippinarum. The sedi-
ment depth ranges of surface, shallow, and deep layers represent 0—10 cm, 10-30 cm, and 30-50 cm, respectively. IL, Ignition loss; mS,
Muddy sand; sM, Sandy mud; gM, Gravelly mud; gmS, Gravelly muddy sand; M, Mud.
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Fig. 4. The monthly variations of composition and mean grain size (Mz) in depths of sediments depending on burrow hole densities in the
study areas. The y-axis simultaneously represents the mud shrimp Upogebia major densities and depths of sediments. SHa, Songhak; SHo,

Saho; SHw, Sanghwang.

no-density) g 8ol = E3 54 =2 A d(mean value,
48.19%)3 BUE@.24 ©)7} Zo] FHSH= ol vlef 4
A o= 2stglet. FeteollA= 49 A4 & dEof uhat
(SHa; no<low<middle-density) 3-522] YA §l=Fo] 49.8%,
66.1%, 70.6%= 571513 2., Aste](SHw; no<high-densi-
ty) JA| Zo] EdsHA| b= A =R SH = A 5d0]
217+ 72.0%, 84.1%% 4 A A = W7t w2 Ao i b
T =2 EAS Bk AE el 9] Z9(SHo; low-density), -
2 YA skego] Hit 71.4%=2 £3589 FUE 44 (SHa;
middle-density) 2.t} 2F 0.8% =0} B2} O L}, £ A 4] =9
W} ohes e Ao Hel AR REe) Aol Hyr
240 AR Qlsl A7 Aom JIFe e Be AR Y
of Zo e U et el we] AA(=0.863,
P<0.01)= o) 0.2 41eta] ot 7] 29| Afshet Adol ol
K9] A+ Aatet FARE B R Kol A S 2 UEryith(Jeon
etal., 2019).
2 MA = g0 ME FUY Sk SHA0| He}
I St =52 Y¥H ol wet Fete] 9
U= % (SHa; no, low-
5¢of vsf 790] B w2
DIN & 825 H3low, o]F 9| = thA] Holx|= 74

A2l M3HE Hoith 53], Sate ol A= nhx|et o o] 14|
2+ %44 (SHa; no-density)ol A 5 &=7|o] DIN®| 8% &2
7}0.13 mmol m? d'= 7H w331, & A 4] Zo] = 4
71 (SHa; middle-density)ol| A+ 7€ 3FA 2] 0.15 mmol m? d!
2 §280| 714 27 YehthFig. Sa). Ank o2 vixet
of#}i} &o| FE3H= % %(SHa; no-density, low-density)<
Aestar 74 sHAlof §EEol %o, 53] Lo LUEE
A2kst A% (SHw; high-density)ol 41+ 0.27 mmol m? d'2
7V = 8 EES Btk oot A2 A S A4 2 He
of xjol = I8} Hog 1B U Ak Wk Aol 7} Ay A
O 2 At £ A4 2 dreef v sto] Ak (SHo; low-
density)2} 4%2](SHw; no-density) 5o A= et 3~
9] M7} 7+2F 0.002-0.04 mmol m? d”!, 0.03-0.08 mmol m?
d'= WA Uebget ofof Hlsf| &3te] FE=(SHa; middle-
density) 7 2] H9+=-0.05-0.15 mmol m? d'2 Ye}F o,
AF8ke] 3= (SHw; high-density) 37-2 0.01-0.27 mmol
m? d' 2 el & A4 Z U o mhet 522 2] Mg o] A
A= duE B 4 =0l ofet St A27]ekH]|s) 1
2l sf|4=2] chlorophyll-a &= %} E3E+= vFx] 2 o] %) %4 3 (SHa;
no-density )& A ]2+ L 2] A of| A] [-0] 7t 4 d (1=0.553,
P<0.05)= = th(Fig. 5b).
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Chlorophyll-a; DIN, Dissolved inorganic nitrogen; r, Correlation; P, Statistical P value.

=}
=

2 Uzo| o=y

3t

R

o

Al 1t ofah

Sl A E27) (bioirrigation) U A& EF2F2-(bioturba-
tion) B2 1] Ahie] QB FFE Bo JF AL
Haohs nldE 24 242 A7t Welsh, 2003; Kris-
tensen and Kostka, 2005). A]4] = A X](burrow-dwelling)
oF THtubeyer WHE+= o] 2|3t A2 EAE W 7= &6l 2
Aol oJ5}te] ok o] 5= 2} A 57| SHremineralization)©] %3
R ] 2|7 ==t (Kristensen and Kostka, 2005), & 91+ 2
ol A AF3Fe](SHw; high-density) ] Q%4 A 2 A= 8}
Al 7H 2 £-55(0.27 mmol m? d')S X cH(Fig. 5a).
Agkels 20| A4] Fo] 952.0+75.4 holes m22 ThE 2] %o
]5l B8] S£2L0.mi(Table 1), o212t BARE 414] 2 WE 7}
olo} s £ Aol w2 vAE B4 F7he) Aarom 1)
o, 45}2]9] vlx|2t o4 47(SHa; no-density) u}<|2}3}
0] FE3h= 4% (SHa; low-density)S A 2|5}z, DIN 8%
ol wE 2AGH)S FAO) Bt ATl & 2
= U Zlo] o] & S ell= Aifolth. A=k o Uehd

4] 2 U 0] 0)27]Q] AARL 2:0) A7 2K biomass) E A

a

2 MA
2
=

o

AFFHA
el

v B No)
'f)"—l‘l‘

Al = (density)of] H|3} T &
(D’Andrea and DeWitt, 2009)2}
(burrow hole-density)7} €4 &

Fo 2] Z1 07 STt E3) &
000 5 o 1 4419 DIN §.5 5 A4

23jolg

uzﬂ&4 u1 El xﬂtﬂ ; o]_Q_z‘s_]— 7‘__14. %}1-(23_14
mmol m? d')2 7P & Z}o|& YERHth(Table 3). “Leu, A3
= 59| 444 % (Dunn et al., 2009; Jordan et al., 2009)L} A§
Ao B A4l 2 U (D’'Andrea and DeWitt, 2009)7} =&
AN H & 552 Hole A=Y o4 B
& 2 Aot YRSk Ao HRlth 53], £o] AAeh= A4
%(SHa; low- middle-, SHo; low-, SHw; high-density)o]| i3]
A A4 = dEe DIN 582 w9 =2 A3 (1=0.997,
P<0.01)= 2t= 2oz ufefEof(Fig. 6) A4 = Wieof uhE
S Be H o 120l 83 ol5ol 9 o)A

Aoz shel Hoitt B, 24 A| £ o]2lo] o} §41 5
7}/\] o|ul( Austinogebia wuhsieneweni)¥} 7= ] (Laome-
dia astacina)7} 24> £ 5lo] A 4] 2 A 3} Do ekrko) o

Table 3. Comparison of DIN effluxes measurement methods and values in estuarine sediments by crustaceans

) DIN efflux

Study area Species Method Reference
(mmol m2d")

Cheonsu Bay Upogebia major Core 0.27 This study
Moreton Bay Victoriopisa australiensis Core 0.43 Dunn et al. (2009)
Geunso Bay Laomedia astacina Direct measurement 2.62 Koo (2018)
Gold Coast Trypaea australiensis Mesocosm incubation 5.90 Jordan et al. (2009)
Yaquina Bay Upogebia pugettensis Benthic chamber 23.14 D’Andrea and DeWitt (2009)

DIN, Dissolved inorganic nitrogen.



178

)
of>
i)
ofo
N
l'01|

Burrow hole density (m2)

Fig. 6. The correlation of mean DIN effluxes and burrow hole den-
sity in mud shrimp Upogebia major habitat sites. The ranges of
mud shrimp burrow hole density can be found in Table 1. DIN,
Dissolved inorganic nitrogen; r, Correlation; P, Statistical P value.

e A 7)50] w9 SAFSHE
SRt Aoz v|Fo] & o FA]
o= H el Ao = Ak o] MU= HR3tAee
ol A= BEx|eto] EE kA ghgter, 5 BA = A o
o] 4t 48.1% 4521 v}R| 2} o] ZH(SHa; no-density)2} H] 13
HOLS wf BRx|eto] AAls7|of RAgg 27l A o= A7t
ok, Aol A Ash= thE AESike 2] 7 27] 9 BlE]
WP Ao 2 AXeH o] E2] 4] HgkE Y27 =(Jonesetal,

1997) £:0] EAY of ol whe} A4 Fat 22 222 FHj=
5 50) A4S AT Ao welr,

QAP AAFRo] 99hS 1A DIN 8% Sel Ak uxet o
(SHa; no-density)= A ]t UH 2] A EA] chlorophyll-a
oFo] A/d ol r=0.553, P<0.05% {+2J51A YEK(Fig. 5b)
DIN £-& Z9 29| A& A2l M5 uket 1221 3<=2] chloro-
phyll-a ghi= We}sh= & HAth(Fig. Sa). “L2|L )2
o] mpx]et o 4% (SHa; no-density)} £50] &Esh= H4
(SHa; low-density)of| A+ &41(59)2} =A(92) chlorophyll-
agto] =2 Wh, Y 2] FH & B5F olA(7T9)0l =2 k=
50} 2 A]4] 20| QIR W= BT} WA Qb BTk &
24 W5 Ao| 5 BT, ol 2jgk Aol uxzt ol gl §4
olglis T 2] A4 Zo| AL W A ko) 447 5
A Afolol w2 Astet 2], 42 BRI 2] ThE e
2 Ueht g1ke] A8l dsfel djg welol Ha e o
#Isle Ao ek,

A4 A L] 715 29] Aol that 7] o] s A AlSHE A
Frie chaut AAEE 24 P tijAol vsks 2ol
3, 22129 S40] 2 RS 0| AL FEE o A A Bat
Z(ecosystem engineering species, EES) 2.2 22t (Jones
etal, 1997). Z&-2 A 8t TovA EAE &Kol 25 &
I B G2 0] TS WhE=d o]t - at A4 = 34
= A Sk B4 ghol] Pk vl w(Lohrer et al., 2004;
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Fig. 7. The comparison of organic content (IL) and composition
between burrow IW and DS (mean value of surface-shallow lay-
ers) in mud shrimp Upogebia major habitat sites. IL, Ignition loss;
IW, Inner wall; DS, Depth sediments.

Solan et al., 2004), 34|22 AW FHAL Z71A7)
CHDavey, 1994). E|2% U] Fa52] 27)o} £2149] Asfet
A2 =243l HIl= &40 EA) oo webA FaFe T
3H(Waldbusser and Marinelli, 2006), £3] = W92 At
F34d(Hannides et al., 2005), 371 =F(Papaspyrou et al.,
2005) 5 =] -3}ek2 EAdo] th=al, FH O o] &8 = QU= F
21 Eof w2} H3lsl 4> lut D’'Andrea and DeWitt (2009)<]]
2 = YE2 Lo| fulsk= HAy 4= Qlef Tk
25 A3l 1.0 m(Swinbanks and Murray, 1981), 0] 40|
o] = B[ ES o] 83 AAA sl W A 2 A
2t ol 45 AA = BRwsichT B E itk Teiu, 2
7 Axto] k= sl W TSSS] VSS H|&(Table 2)} -1 |
AE2Y f7]= T, A 24 5& TR oz B4 8 A,

o =2
TH B A5 o] & 7he o] Bt & A o= whehet 2
2ol Y& 2L #-F5 FAEY Y 2T Ao §
AFEAL, 53] ILE B & & #-539] Batoll Hlsf oF 3-11%
2 2 U o] dAeHA v =2 kS F- A5k ThFig. 7). &
o Z Bl Aol AR el FEj7F HA E= et f71Ew
o] o &rth= A AaK(Aller, 1982)2} G-AFE A 3RS LR
uhet BAE W 3599 AR 24 o5 & A4 2 W
e B3 B4 o] 52 Aol7h A AolH, A4 =9 EA=
Qe =B ARl Z4 o] 52 AFHA Y A o2 Y7t
Fgeo] & A4 29 HAE QA = 24 ATl w2
A7 2AL 717 7P R s S BYou TE E
25 A E 3RS 56.3%014 66.6%= 5715H3
P& 3k 15.7%00 A 8. 4% = 745 9 ch(Fig. 4). o] 2]
B2 520 Q& Hal= FR2AL A] 73-9+(8.5 mm day™)
m/s)2| Gl SJeli(KMA, 2022) A4 & F39]
22 g7k =uA | dA(Fig. 8)7 7€ 35 A

~



Fig. 8. The photographs of surface sediment by rainfall effects or

tide changes in high-density mud shrimp Upogebia major habitat
(SHw; Sanghwang-ri).
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WAL 7k QlRKsiltys 7)ol uket AL o) Fo] Al
Holch o] elg AR mlRol B uf %9 A4 2 WEF 37}
ol et =7} E718HE BARS 2 A AIKJo] BR obo] A=
7HRIEE AR §R|E ok e o] w2 B4 &
4 g skl Ao R AZHEC) uehAl, A4 28 ek
EjS} 4 2 U Beake £ AL E ol
Astn =9 RS A E 1 Ao AhETh A A A4y
B0 AA] 2 A 1l B2 AESERRRR O w3kl B A E 7
Hj 2] (sediment reworkmg) tﬂ o | HLE ALSlo)| A BHAY S}
o], B| 220 Az 3}8lA] Wslo] 3RS u] x| = 2 Q3 90l =
shutolth(Seo and Koo, 2019). &3} 22 A 4] 22 JAI8=
ST ETRE EE SRR L TR ETIENY
F517] wiZoll o] 23t d e o3t P s = 4= e A
otk E}, 2 A A] 2 e o] 1A o] FeFo] 68.9-81.2%, Bt
AE+=5.5-6.0 © 2 HS(Fig. 6)= LIEFL Jeon et al. (2019)0]
Xﬂ ]?* £9] EV—*.%P %(mud content, >60%; Mz, >5 @)Oﬂ
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2005; Song et al., 2011) o] 24 20| AF531= A7 o= OH
QHo] F-EJsto] B2 W= 7 ¥Fo] =27 thRyu and Chang,
2005). & 2AF A & AbS el TSSO gho] Bt 294.7 mg/
L& 713 =gton, E;] 7o) Aa] =2 7H(511.0 mg/L)S
Hol Ay} 1lsr Kooz o] of3ko A} 2] o] H= E| A
290 44 W 3} U BV 18 A0 2 BeEich ek
ol M4 U4 4o 2(gmS-gM-M) HPHH] ol whe} 325

0] E4go] 7, 39l di40] WA W} ot A
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2 oot nh AR e #3 HAEY 35501053 0 2 o}
Z AR o H] &) =90 (Table 2), 7Y 314l A} A] 2181

SE7F0F39.1C2 34 F 3L YEPdth S HA o 4
D e SR G P e
FEo] Bzl TS I 5 S Ao ® o FEH, ofof tf
3 AL w8} Q7 37140 2 Sl 8 02 woke
t}. E3} [Lo] A B0 A Zlo] Wt 3.24%2 4312)(1.63%)
oF AJ2}e](1.78%)ell 3l < 28K HE wohon, 3 EAE
ILE= dHsto] weh A3 solve FA1E 2o f7]& S0
gt A7 2es Ao g A Z}%E}(Table 2).

24 A7l e HAE B e we 45207} 525
O 2 7P 2Ystglon, £o] A7} zopof uhet U o
o] &olx]= kS Bt} D'Andrea and DeWitt, (2009)2]
K o] &b, F§FA1%0] A 5= Yaquina Bay 9] |4 &-2 A
Eof| 7}7k& u|Al|gt AP (silty fine sand)©] 2 LA E o] 310
U% 20| TUEFE £l JLo|A= A E 9] lgFo] Eol AT}
= YA TS Bl Zlor d#A glek AR gl o
2 2o H|g] AR 0.2 o nEl £5ha] o] A 2 A4l
= Wxof ueHno<low<middle-density) AE g0 M08
0] 37.3%<41.2%<45.5%%2 H7 5o)= Ao 2 ufotE Qi)
SIA9E, AFS 2] (SHo; low-density; 52.4%)2} AF%-2](SHw; no,
high-density; 57.8%, 57.1%)0ll H]8} W2 ALE 3eF 4982

o (Fig. 4), o] 218 E14 2 249] Aol A2 42l 54

o] 71¢lgtc}, 4=t 220} EL 0] 54| ZF(tidal current)@} B]Z
F(sub-tidal current)2] E4dof] 3t B 0] o5 H(Jung et al.,
2013; Jung etal., 2015), 5o A &0 2 BaFsl= A&
(residual current)= FUH-2] 5 | 2F AR tjokst &
4] Zato] wa} 47 7aslo] GAIZH AR Ao By
At o]t d2 w2 £ S50 A el = whA
U7HA] Sstal, AlFAlike S7H0E 7Hsde AlAsEder A
TS o] f1A%E A}iﬂ@r /&%e) = TSS7}F B+ 200 mg/L
ooz = YA $3te] o] Kol L4tk U= A
74 (SHa; middle-density; 212.9 mg/L)& A €5k v 2] A7 o)
A 2100 mg/L 0|32 UERL JA1A] B4 0] 6-9] oFAtoll X}
o} WYIrh(Table 1). m}ebAl, 2] 2fo] 2 ol3] Al
Q|50 dfl4= 5 Vel thE Al ez whE EAEo)
¥ opihe bl Ao dlaEr,

Zeat @) Sof| A|gt Feke] = LJsfiel 2|4 o & ghe= 7f
vl A (Jeon et al., 2019)2 B}R| 2 oj#fo| A E 71|
0] Zpoi 0] BALT} B U] 2 o]} ¢9]F0] o] &
o] ALE|AL AEHNIFS, 2016). L2 & Al=h7heh 2
(Shirakawa flat)ollAl+= £:3} vER|2Ee] 7Hd A A (interference
competition) FAto] 2 LAY F &5e|o] 27 AR
o} u)s=5HA A E A o2 el o] rste] o] &3} upx|2t
7o B Ak, 270 Sl el vet o)) 2
2} §1517] whizolek. Alebrlel A uhxlete 27k 5

=°.£ fu |o
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7} djef A28l Q) 42 B olth Tamaki et al., 2008).
2hA], S AR A2 MAE EEol| Y mIAH, A

o gt wheh ek 7t

Ao QI91A Q1 A F = Q1
SHA| El=d, o]t Bl F7toll Z-& HoldS o] gol=thEF
o] AMAIA] F7hE 2RI A2 71 AYE 713 H 02 5
Shth= oSk HalE|of(Reise et al., 1989; Dame, 2005), HEA|
e 23 9] Aot of e tigh ARt o7t 2ad Ao
=2 H3lth

2 AT S A & A4 Zo] SEER vERt B
= Aefgt U A AHEol sl 20 X20 em WS 0]-8-5F
of R|ufj WA=k 7heFs| ohelkgt Ay, 59, 7, 9ol AA vt
A&k oA 747k~ A7 (SHa; no-density)of| A+ 2 Ak(shell
length, SL) 25 mm ©]3}-9] B}A]2} 2|97} 1,575 ind. m?(SL,
9.942.0 mm), 5,175 ind. m? (SL, 14.842.5 mm), 4,525 ind.
m?(SL, 15.8+2.7 mm)= 2|3 WA=fo] F7F Em FAH=
A3k2 vehyck 22 23} uixete] T 4 (SHa
low-density)ol| A& 593 79 242+ 1,625 ind. m?(SL, 9.5+1.3
mm), 2,600 ind. m?(SL, 14.0£2.6 mm) 33} 01}, 9Y]
=300 ind. m?(SL, 15.0+3.7 mm)& # A 3] Foj= Ao g 3}
QUjo] vz} 2|3 o] 24l Tel7k a7 Ao TeErh %
o] e Agolu Al A2 A= A B
o] B s o] FHo| AAlste S ot F(Ostrea lu-
rida)@} 7|€f A2 ojmju FEol| A Aoy HARE FUgh
7207 H1% Q% S H(Feldman et al., 2000; Dumbauld et al.
2006), 53] 2=l 2k4] o] F-of B FAH Al FS A= AL
T A Qlof ofof thgt 227k Bad A og Helt) X
7h Sk EAI9E SHA| Abololl & A4 = 1Rl A1
O 7 S-§ 7kt A 71 AS A Asto] Ak wejzt o] g E of
of g Aol 2|5 F7H5Adol B agt F1t o] sl A
Qb A AR O] BALL T A 201 22| 7F QS A O 2 wekEt)
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