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SUMMARY

[. Title

Studies on bioturbation of mud shrimp Laomedia astacina
(Decapoda: Thalassinidea) with a big burrow system

II. Objective and Necessity of the study
O Objective of the study

Accumulation of information on ecological characteristics of L.
astacina and bioturbation through its burrow

O Necessity of the study

- Laomedia astacina is a mud shrimp (Decapoda: Thalassinidea),
which is distributed in the western and southern tidal flats in
Korea, but little information is known about its ecological
characteristics.

- The burrow of L. astacina is extended to the bottom of
sediments up to 2m, and the sediment-water interface caused by
that has been studied to increse by 1,044%.

- A big burrow system have a greater impact on biogeochemical
processes and material exchange of sediments than small burrow
system, but the studies on morphology and dimension of burrow of
L. astacina and bioturbation is still limited.



III. Contents and Scope of the study

O Analysis of morphology and dimension of . astacina burrow

- Identification on habitatas of L. astacina and analysis of
habitat characteristics in tidal flats on the west and south coasts
of Korea

- Analysis of morphology and dimension of L. astacina burrow by
habitat

- Classification of L. astacina

O Analysis of sediment reworking rate and organic matter cycle of
L. astacina(in situ)

- Estimation on sediment reworking rate of L. astacina by its
irrigation
- Analysis of organic matter cycle by irrigation of L. astacina

O Analysis of internal oxygen environment and nutrients cycle in
the burrow of L. astacina(mesocosm)

- Analysis of internal oxygen environment in the burrow of L.
astacina
- Analysis of internal nutrients cycle in the burrow of L.
astacina

IV. Results of the study

O L. astacina was evenly distributed in the upper tidal zone of
the west and south coasts of Korea, with a mean density of 1-10
ind./m?. Also, it is identified that it lives in Jeju Island, where
tidal flats are not wide and there is not much difference in tides.

O While the burrows of L. astacina in Ganghwa and Gomso tidal
flats have large and complex structures, that of Namhae island
and Changseon island have relatively small and simple structures.
These differences in morpholgy and dimensions are assumed to be



due to differences between species (feeding mode) and habitat
characteristics (sedimentary facies, duration of exposure).

O Laomdeia astacina is reported as a species of Laomedia
astacina in Korea, but the Laomedia sp. inhabiting in the
Ganghwa tidal flat differs morphologically and genetically from
Laomedia astacina and is presumed to be a new species that has
not been reported to date.

O The sediment reworking rate of L. astacina by its irrigation
increases with increasing submergence time and duration of
exposure. In the case of Gomso tidal flat, 71.2 kg m? year ! of
sediment was reworked by irrigation activities of L. astacina.

O In the Gomso tidal flat, carbon and nitrogen circulated from
inside the burrow to the surface 542gC m? year !, 65gN m?2 year !,
respectively, by sediment reworking of L. astacina.

O The internal oxygen environment of the L. astacina burrow is
controlled by the irrigation and breathing of L. astacina, and the
changes in the oxygen environment and the internal activities of L.
astacina affect the nutrient change in the burrow.

V. Application of the study

O The information of bioturbation of L. astacina through its
burrow can provide basic data in understanding the ecology, the
function, and the biochemical processes and material exchange in
intertidal sediments.

O The habitats and density data of L. astacina can provide
information on the macroinvertebrates resorces in the ecosystem
service, and bioturbation data of L. astacina can provide basic
data on the evaluation of purification functions through organic
matter and nutrient circulation in the ecosystem service.

O The information on bioturbation of macroinvertebrates in tidal



flats is used as an indicator in marine spatial planning due to the
importance of the effects of bioturbation on biogeochemical
processes and material exchange in foreign countries. However, in
Korea, marine spatial planning does not include such indicators,
thus, the information on bioturbation of L. astacina can be used as
new indicators.

O The Laomedia sp. inhabiting in the Ganghwa tidal flat is likely

to be a unique species of domestic species that has not been
reported internationally, and the burrow of L. astacina is
estimated to be the largest one known macroinvertebrates burrows
to date. This result indicated that L. astacina meet the conditions
necessary for the designation of marine conservation organisms.
The results of this study can be used as a basic data for the
designation of marine conservation organisms in L. astacina.

(KEYWORDS : & #& MAa=, 7HAEo], AEuH, 7|15, d4+d, big burrow system,
Laomedia astacina, bioturbation, organic matter, nutrients)
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A 2 A dFrd Py
L 7AARel ANE B2, 3D Bd A& L £4, TF, go 2

S Adeiel Fa A ThAEe] MAA T AstE, Sant dels, G A
A 7HAEe] MAE BES AFs A" 3-2-1).

28 3-2-1. 7bAlEo] A FE AF A

AAgel A4E RS AR AAZ 3% WEvAE R @0 A
el e mound el Flstel s ALed. £elol wa) gudes
FYT(umneD AN A Aol Felbeuta ALHow A1E FYata
A WAE R Aa FATol Fehae Was AAste] Aol 2
2 WASEHIY 3-2-2). Aol ANZ FRRE FRAA FYD & UEF A
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2. 7t Zol A&

G AL F8 AW el 440 T B, ARE BT W, JA
Aol Aol g AYstel FURF R B4 ABSHH 24L& FASFAHLY 3-2-4)

19 3-2-4. 7HAEe] F RE AT HA A

7Rl & EFE 98 20199 49 A3 =(Dla-02 A 4), HF-=(Dbla-02 A F),

AWHKla-01 A3), Fall=(Nla-01 A3), Fd%=(Cla-03 A7) ™A 242k 3, 3,9, 8,

12AAE APk Aol el A4FL whe Abs Br]E o g3te] FW HHYE

S sl A ANZE W] ANsE RS AWE F 99% wxe] FFL olF
A=

ato] Aol AP NAE LAGsATHLE 3-2-5).



a9 3-2-5. F s fd AfE A=l A

Zyzyo] AHolA AHE JhAEo] RAe] Total genomic DNAE Lol F9XA
TissueE AFE3+9 3, QIAamp® DNA Micro Kit (QIAGEN, Hilden)?] W74 ulzt
FZ3FA . Partial sequences(COI, 16S)+= HCO2198/LCO1490 =#o|HE AL-&3}1o]
PCRS @&ttt

7t o] A EELS AA AV A (Leica M205C, M125)°0. 2 e 3zho] o] Fof )
ARE MA= AL 2Fe Zolde S HUE AAg Fo] FFES st o=
o] zfA S #FEEH T Digital illustrations= microscope digital camera(Leica MC170),
Helicon focus software(Helicon focus 7.5.6, Ukraine)¥} drawing tablet(Wacom Intuos
Pro PTH - 660)2} Adobe Illustrator software(Adobe Systems)& AF83}%1 3, Coleman
(2006)¢] 71He FHuddrl. Fa v aEE(Comparative material)> S+ HAEAL T 2
TP G AL Ao 2FFQ L. astacina FEo] AFEE AT
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3. 7ZtAZol HAHEAMAE FE

ZhAREo]l N EE ol ot HAZAmAE AET A QR wE FHAEANAE
Hsls FAs 7] fa) 2020d 49 #4aT A™E(Kla-01 AR)oA AF2ALE Pt
7ol HAEAMA &S A5 THAEole] g soR Qe FYOoRE wiEH HA
o 4o F5%FS F45te AESAT HAF Al THAlEe] AMAEERH FYoE wE
H HAEL sediment traps ©]&3d AHIIFATHIZH 2-2-1). sediment trap A&
20cm, ¥°] 15cme] 975 FHE A st o trape] ofF W] F{E FAS T ThAE
o] mt2 =) trape AASIAL o] FHE HF2 F o] gl I olEFHA EEF
aAsA T A4 = sediment trap®] =E % AvkAF sediment trapoll E A ¥ B A E 2 @)
FE AUAE o] &3] Zg2H bottled] %A Ttk HAE AZH g Agd &
53of AA FPHJqH1H 3-2-6).

Emergence Submergence Emergence Sub. Emergence Sub, Emergence [Sub. Emergence [Sub. Emergence
H : g
400 1% 2+ 1] A Ty
(13:40) (13:40) (02:00) (14:15) (02:23)
300 v v A / A/
— o 9

200 \% \
100 /\

0 v - T T — v T T T r A T T T

10 = EH 3 B H o H 9 N EH - - 2 q 19 o 4 ) o H H ‘. S £ £, R 3 -, 9

‘Fidal height from MISL (cm)

Daytime Nighttime

29 3-2-6. 7HAlEe] w9l A HA= AEY AL

AARA(EATA T HARZANAE A2 B A8 nws 47 g
Aol AAE 58 Aea HAEANAE AolE AR 327
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o
4r
O{N

N HAAEE JAe AAFHAES A Y] Y3 9 FARS 279 gix

TZ W59 sediment traps T U3dHA A X893, sediment trape] EZH FHAHE 5
THE ol & AAIAES A=

ZhABo] MAFEe] M ks RTK-DGPSE o] &8 Z#aglon s dzA<d)

A 20199 197F 3EA=4 240 108 v A8 E AlFwol AAuxd A3

A& A
sediment trapol A A H 3 422 HAE A&
 FoE SAst AAAES ol & FeHS
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5. 7ZFA &0l AAZF UFE 873 4L 93 mesocosm YA 2 A F}

PRl AAES HAS 2 Ao 2m7hA FFEY 2 AR AgdT Ay
ZHAReI7E Al A FHE e SR F3to] FrREX gow AMAEE Y
o} A % S FAsATE AR, JHAEF AT F e S FEI
Frg BF 5 YW AF mesocosm HHe] ThAEo] AAzoel HI - de 7HEA
o] vtolx]7] wjite] A2Fo]l FaA| s AF B AT EXS GA4T & glvh we

A, B AT mesocosme ZFAEo]Y 3A TS HAESHA & REHEA mesocosm 9
ol xalzo] Ha & e HA AV F& A
mesocosm< WelFZ 1/} BEFZE 202 A" (2
A

g 3-2-9). "HAdFxz= 7HA
=o] MAE Fdst] AFE AT Fxoly Wb o F9 HEFxE AT f
TS dgeA st 985 stk dlge &l wE A wdgxe FdE HAHE
ol &) FolA Ho 1T FER7F W HBE REFXE FI AT F5& =
A F AdrE At wHAdFEEE 7R 60cm, =o] 80cm, % 10cm, HEFEFE MR
30cm, ¥=°] 80cm, ¥ 10cme] Z7]& Tl A}l = ).
100 / y %
r %
O e D
800 '
Sub tank Main tank Sub tank
Inlet
o~ 1 7 T O
' Qutlet
Y
200 600 300

a9 3-2-9. 7FAEe] AMAE R 84 A4S 918 mesocosm T AFS]

mesocosm HAFF WL ZhAZo] A A= Ul burrow water?] AEHE 213
UG A SR sampling portE AL, AW MA=E iR Aadd SAS 98

ol

sampling portE A X|3}A] e 3-2-10, 3-2-11). Sampling port= A gl & nS
gz & s Azt o, wlax & do RExaxe Asdlaie A"

Adstel A4S FEL & A= AsAL

ol
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Front Back

o0 00o0o000
0o00000O0O
e000o0000
omoooooo
0e0000000 |
Y ENNNY X I
e0000000

1% 3-2-11. A #¥ mesocosm® AW =1
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6. 7tA &l MAF WF AL &4 4

mesocosm 2&E 93] 20200 99 ZAwF AW (Kla-01 ZA)NA 7FAjEo] A 2

HAES Afsdnh. 7HAZol A= HAEe]l A Es we 9 H4e5S et

H 7hpEoe] MAIS AHsATHZH 3-2-12). mesocosm Ao ALE3 EAHEL 7
2ol MR HAHES doldz A ¢ AXGAA Imm sieves o] &3 UE AEES
A AG & =glo]ofo] e} ofo] Ml A E o] 85lo] W AEIE X5t AFAZ Hks)
S T}
2% 3-2-12. FA9 Ao A AH S 7pA o]

Aeag sl B A ES mesocosm MSIFZR Fdsta AEaafE A AES o]
S35t AT AW dA 2y T A4S Hoste] 33U A sIsI (|
3*2*13) HAE HAst & THAEe] JMAE FYetay a4 243 sdd A4S B9

Main tank (75 1)

Agitator
(0-300 rpm)

Heatmg b
o

Qutlet




ZyAEo] A £ 104 T ZFAEo]E mesocosm 3FE(80cm)7HA] A A F& 3HAFs)
gom EZFoFHE 10, 20, 40cm ZololA A2=o] w4z wHy Hi AL gl

SATHE 3-2-14).

Y 3-2-14. 7HAEol M A= A4

At 2ol 10, 20, 40cm %l 9] 01]/\1 Visisens TD(PresenS)E o] g3t Alal= = A
A-AQ s FA &1 Aahss ¥EE SASFATHE 3-2-15). o] F ZHAlEo] 7|
A& mesocosmol Al A AZ & ZhA|Eo] MAZE §l FElA U o R 2447
&< 10, 20, 40cm #HoloA AtiEE WstE FAsIATh ZHAlEe] MAE A=Y ©
g % & gle]l AAsH] A 25 T2 KAV SEkskE W A viE AA
st & fAE A ASATH
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o] % ZFAlZo] /MAE mesocosmoll A A AT F FEAZo] MATE Sl AEHIAIA 10¥
s AMTFE FESHA Fa TRAEe] AMATE Yl AEHE A f9 sde wHe
2 10, 20, 40cm Zolol Al 24A17F Et A A FA o2 F 153] burrow waterE Al

g oh 1™ 3-2-17).

burrow water= Q<& 3 FAMHIES Tt A 10mlY A TSR o, A
T Al = WE7F w@EA] FEE A AlEE 045um A EA|
LHE o] &3t burrow water AZo] Z3H YA 2 FHES AAL & HYPo] T8
2 w72 -30Ce] Ws RS

FIA(FEw, ZAibd, ofdAkd, A, Qb)) =T AE A 71(QuAAtro, Seal
Analytical GmbH)E o] &3}lo] EXsl o Z7te] &AL XFdFAa5E ATEE

ZERe i
Emergence Submergence Emergence Submergence Emergence

- 11th
];Oth v 12th

250
200

150
100
50

14:00 16:00 18:00

0
509

2 0 3 2 3 4:00 6:00 \g: 10:00 12:00

-100 | ' ; 14th
] j ! ; 15th
-200 - 7th \ 4

150

-250 -

ot
U>~
e

7Y 3-2-16. 7Pl AT A= A R BHL 9 & AR
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Emergence Submergence Emergence Submergence Emergence

250
. 11th ‘

200 10th v 12th

150 | |
v \4

100
50

00 22:00 0:00 10:00 12:00

500

-100

15th
-150

-200

-250 -

a9 3-2-17. 7=l AL gl Ae 99d 24e AT AE" AT
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A 3 A 72

L =9 A3t 2 A9 7 Eo] AHA R AHA 54

Fel= Ade F
3-3-2). Felli=ol MAsk= TpAlEelE AW o R FH(mound)®] A7|7F Agkon it
PN

AAEEE 3AA/MYS. B 2ot clay/t $AT HASS BATHE 3-3-1).
HyrafH(Mean Sea Level, MSL) 7] 0.55m

39NN ARl A4S Ao FANJHIY 331,

L=
AT+

FalE A8 Aol A4

At

_5']_



& 3-3-1. Hal=

Aol A4 54

Elevation Composition (%) Mean
from MSL . grain size
Gravel Sand Silt Clay
(m) (0)
NL-01 0.55 0 4317 19.31 37.53 6.158

# 3-3-2. A& 7HA o]

A7t A Ao
FAwe] A5 7haf o]
A’ s, HAge wat

AAA 54

2 glHE(2d 3-3-1,
=g ound)«] a7l A%

N lb A=

HAT(E

, CL-03) 7FA&o] M4~

Elevation Composition (%) Mean
from MSL . grain size
Gravel Sand Silt Clay
(m) (0)
CL-03 0.33 8.8 66.79 79 16.52 3.374
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Aol i

g

A

0.73m% o™, Sla-02

3-3-3). Sla-01

(14

E= 0.696mSi T

4

t- A THA =l A

S
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Aol ZY7k QA Fe Ao shalRelst A4

1=}

=
T ANDEE UIA/mE RATHLY 3-3-4). $8% &7
=

Aot silt7h AR HAYS BT 3-3-3).

% 334 FEG ST AW SRRl AAA

3-3-3. 457 87 ARl A4A 54

Elevation Composition (%) Mean
ifroun MG Gravel Sand Silt Clay grain size
(m) (D)
ND-01 0.454 0 4495 36.84 18.21 5.249
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(oh) A

JMEM AFE S AN BA4E SR u}

A Ao et BAbg

MAZA Aibs T FEE(AAEA] *3/}_}%, ]?a](/q;q;i_/\] ARG, 9 %7
(AFA THS) AHES FHoZ JHAEe] AAXE Erlglor} 7Aoo 7} A5
dgrow, AFE F2 AW Aol AAA gAbAT AFE A shAel st A4 e

R AFA TRE SEe AW T RoIUTHIY 3-3-5).

[e) =]
sHE o=

# ot ARt AT Qe EAH Feje] BesE 2L
S gdglom Fit ANWEE 2hA/mATHLY 3-3-6).
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99 336 el AW Aol AAASL ARl £

Aot AP F 2300 A QoM ZhAEol7F sk AS FAdse(y 3-3-7).
Dla-01 3o Hit A= 270A/m*°d2H, Dla-02 FH e Ht AAEEE 10714
/PR, A= TRl MAA = silt7h $AHE HAAAS eI T 3-3-4).

a9 3-3-7. 3= AR o] A A XA
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¥ 3-3-4. A3 JHAEe] AMAA EA

Elevation Composition (%) Mean
from MSL . grain size
Gravel Sand Silt Clay
(m) (0)
Dla-02 3.92 0 0.7 76.44 22.86 6.72
(Ah) dHF=
Qs AEE F 3329 AAoA ZHAZo|7F A2t AS Rl (1’ 3-3-8).
Dbla-01 A9 A AAUEE AAA/m, LEE 3566mASw, Dbla-02 A7 ¢ Hit
AR = 5704 /m?, 15 E 3489meth Dbla-03 A Wi AP EE 370A/m? 1L

L& 3242m% Tk

a7 3-3-8. giH-E 9 AFE AY TR Eo] A2 HA]
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(oh) AF-%

Aol A ZEAZol7E MA sk e FdstAti (2™ 3-3-8).
A= 34A/mM?, EE 3.692m )

st Ao AHAel AAE Selskelon, Gla-0l el Pt
al

a9 3-3-9. v

A oHL A 7}2]]‘:‘0] A 2] %)
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(=h) FHak

AT AHE F 3329 MR Eo] AARAE st o Kla-01 AHS Ha A2d
T 4ANA/m? KS-01 AAE 470 A/m? KDH-01 AAL 4714)/m?e] = =
Arhzd 3-3-10). Kla-01 AA¥ KS-01 AAL silt7b A3 H44S HAgthE
3-3-5).

8

a9 3-3-10. wAa A TR Ee] AAA

3 3-3-5. HAR 7HAjEo] AAA 54
Elevation Composition (%) Mean
fiFown BISL Gravel Sand Silt Clay grain size
(m) (0)
Kla-01 3.151 0 3.8 63.5 32.7 7.063
KS-01 2.511 0 16 64.0 34.4 7.281
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A
Ul Al Fa A shARe] AAA e Fi AP EE 1-10/A/m'E B e
W ZHAEolel MAA= &b ¥l osilté} clayZh FAIRE AlHIE HAGS 7HR] S84 4
545 YERAT(E 3-3-6).

T drelA FE ZhAEol MAA| olgle] tE AHolk ThAEel7 AT Ao
= AdEy oo IS A7 FrHAR A 28 Ao dAdd

T 3-3-6. B hARe] M4 54

Elevation Composition (%) Mean
Regi from grain | Density
e MSL Gravel | Sand Silt Clay size | (ind./m?)
(m) (0)
el = 0.55 0 43.17 19.31 37.53 6.16 3
FH = 0.33 8.8 66.79 7.90 16.52 3.37 3
A7} e+ 0.73 - - - - - 2
9G54 s 0.45 0 44.95 36.84 18.21 5.25 1
AT - - - - - - 2
AT 3.92 0 0.7 76.44 22.86 6.72 10
5= 3.48 - - - - - 4
A = 3.69 - - - - - 3
w7 ok 2.79 - - - - - 4
=40 3.15 0 3.8 63.5 32.7 7.063 5
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2. 7ZHAEol AMAAE A2 X, 72 2 FH

2018 7€ FHAT AH(Kla-01 AR)ANA 7FAEe] A= FE AZS s Th
F 449 A4 Bre AQRgon, of F 3ue gAY A4F Eroln 14 ofd
EEIREEEIES EEERE R DL

o W ¥R
THSEHT) - =58
e F==3aw
o
8=
50 cm
s5%

Depthi: [78.5 ¢
Leapth: 6774 cm
Volume ; 71171 cm®
Swiace area ; 94758 am’

a3 3-3-11. 4% Ad JhgEo] AaE &



ol
k>
2

A ThA el A= Aa B4 FEHE o, FRHeR A 3REeR
78:% BATHE 3-3-11, 3-3-12). 4T+ 485 =(horizontal gallery)ﬁl} A
AANE FABZ(shat)® P Qovl, F Pl i 2L ot
E‘r. 5-TH(B 671 AT =R T e A WA F %“’i Kot
= H(mound) ¥} AZEM, UvA= Zufr] Bke] o ( funnel)i dAHAT =Y
HAE 9ot Sy 2ol FATEE HAE 3 ATt FYEe 93-S @
thH1d 3-3-13).
ofg] Ao sHT=s ofdl %
At F T=E HAEeA v
| vh= Sl doez 9
Ao g stiE el A
Aok AAHA F= T

\

40
s

=
ol
;9, ]0 Jm

fo iy Hz n® &
it
2

-

]/\1 T % Z(main gallery)2 9245
2 o)W ol 7 s }_TE: stH, 2]

lo
2
o
of\i
e
i i

oX
) oi’i,
-
>
a
: -
o
D
2
o
0
?9
_ﬂ,
QL
ON
-|n:

o
ol

]

_QEOE,P,L

PN
T
T
T

AR

a9 3-3-12. waw A TR Ee] MAE R



Mound

Funnel —

Y 3313 JRAlRel A E 4T RS AW BE

FaT AW ARl NHZe ECu AdHE Dl #4525 FYTE A4
= i 67/le] A ETERE FAFJTHE 3-3-7). A= Zol= 677.4-802.3cmo] ™,
Aol 1655-190.1cm7tA H A5 stE2 A= ATk TEAL 8467.6-9,529.6cm?
gon ByE 6452.7-7,162.2cm> S th.

3-3-7. vt A JhAEe] MAE B A

Diamet | Height
Surface
No. of | er of of No. of | Length | Depth . Volume
area
mound | mound | mound | funnel | (cm) (cm) . (cm?)
(cm?)
(cm) (cm)

321 1 1.8 4.8 6 677.4 1785 94758 | 7117.1
xE 2 1 15 5.7 7 7335 165.5 84676 | 6,452.7
xE 3 1 25 35 5 802.3 190.1 95296 | 7,162.2

ot 1 1.9 4.7 6 737.7 178.0 9,157.7 | 6,910.7

ZhA ol A MAEHE EA A-—AMAY AAES B deEst F2E 7R A
AATHIH 3-3-14). F33E £93 a458E ] £4529 F972 45 1
Mol FAFzE THH] Utk #AY B2} glo] F BRI £H0% HAF 5y
% ol F3RAIA F Frel nelo] Ak A FANT 4o 76l nael
Fol v Rol Yov] FFrE wdst T4 flol £ FRE Faarh



a9 3-3-14. w ARt
A 7FA o]
ol e 7 A 2]

NAZ mE
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(W) Ast= 7 =e] o= A4, 73 2 I

20206 59 A3t= AUMDla-02 Fx)olM 7hAfEo]l M= F&d AFS Fdstilo
M, & 339 A4 e AFsler of T FEHZE 4% 271 xE e dFeR
=]

N Yt

19 3-3-15. gt AE THAEe] MAE EE
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oN

ot A 7hAlZo] AMAlEe F4aT THAlEo]l AAE ol An HFE FHE
o, FRAoR AA 3FEOE YFAgAE EAS BHIAH1H 3-3-15 3-3-16). FT
= 9% 2 (horizontal gallery)gr H gIoR dA¥E F4FZ(shaft)= T4 =
Ko, F FE7F v e R FEo] AUTh 6-7(FHA 65709 FAEE F 10
AW TR F Rgor Folo 2 FE(mound)¥ AZHH, YA = Zur] 2o
9 J?Q?(funnel)i AA= AT

>a=:L‘j

l‘lf 30z b

19 3-3-16. A3t A TR Ee] MAE EE
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o] 7o FHERZE ol ZoA F EZ(main gallery)® 450 F=RE2 14
stk F BRE nagel BAgeR moluA oldm geks TEE n, e
Wako]l viy = o= do 2 F4d A (chamber)o] AT

st A= F FE27F AY FHLoE SRR el ST dAF ZHo] HHoE S
Hom W FAN A = B9 v A7 AT FAaARE A Eo] A A=
3 vhzs) mQle) el wiHE ol Talo] AL o)FE A9 Afivh

ARE AW AR AAZe FHT AdHE e AERe §37E A4
= i 6579 FAEFEE FAAEHJTHE 3-3-8). A= Hol= 586.0-650.3cmo] M,
ZolE 161.8-184.1cm7HA HA = stE2 A= ATt THAL 4884.1-9,617.7cm’
How, By 10,571.1-11,587.1cm’ 2 LHERRETE
# 3-3-8 Ast= A TR Eo] AAE EE XA

Diamet | Height
Surface
No. of | er of of No. of | Length | Depth Volume
mound | mound | mound | funnel | (cm) (cm) are'gl (cm?®)
(cm?)
(cm) (cm)

xE 1 1 1.8 4.7 7 650.3 184.1 9617.7 | 11587.1

xE 2 1 1.4 7.0 6 586.0 161.8 48841 | 10571.1

3t 1 1.6 5.9 6.5 618.2 173.0 72509 | 11,079.1
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BN
S

(th dal= el A4E A, T2 2 Fe)
20181 893} 20194 49 WAl AANL-01 Aol A 7hal o] A% wE A%e

FRstgom, & 489 44T B2 A9
FelE AW Aol A4Ee gav AHE AW el A4 | @
& T2E AR gov =/ GFHIY 3-3-17, 3-3-18). FEF] 3 FYTe
2

NG7h ok, Z3hw Az e gudon Hom ¥ Sue F vur AF
i SERe 548 Btk dFe A9 FHoR R gt FERE HoAw
T ER7F et el Aol EAEkA St
FUFETH 4 ¢+
!
/ azg
o
FHBEEFT) _—
BT
15 cm
SEF

Depth: 78.3 cm
Length : 3082 cm
Vohune 1 1878.0 em?
Suirface area 1 31182 ct®

a9 3-3-17. "el = A TR Ee] A RE



% 3-3-18. Falle AW JpAEo] AMaE TE
Gl = ThAj o] AAwE BE F 7MAEe] AMAEe AFH Fx27F ofd Heoew I
dr= 2R 1H@E"E 3-3-18b)2 FAEA A ALstAn. AA=Ee] Aol
216.1-308.2cme]| ™, Zo]l= 50.1-97.8cm7}A] HZAZF slE-= AAEo JAAT. FHA
2,424.6-3,679.5cm* %l o™, 3] = 1,384.3-2,423.6cm* A THE 3-3-9).
& 3-3-9. = Ad T Eol AAE BE A
Diamet | Height Surf
urface
No. of | er of of No. of | Length | Depth Volume
area
mound | mound | mound | funnel | (cm) (cm) 2 (cm®)
(cm?)
(cm) (cm)
¥E 1 1 1.0 3.8 2 308.2 78.3 3,118.2 1,878.0
X2 2 1 1.0 3.8 6 216.1 50.1 2,424.6 1,384.3
¥E 3 1 1.0 3.0 3 2474 97.8 3,679.5 2,423.6
3t 1 1 35 3.7 257.2 75.4 3,074.1 1,895.3
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EN

(&) FAd= 7=l MAE A, 72 2 I

2018\ 8€ ¥} 2019 49 FH= AH(CL-03 Aol 7FAlEo] M= BE AFL
FRRer, F 68 AAE RS AFdoy et 2 AAE 1S F 4
Aol At

AT A ThRo] e AutH o I FAav dalE Ad 7hRjEo] A
A3 Hwate] =77 AFor Fow Fx wI wedt FHES BRYrHy
3-3-19, 3-3-20). AE B2 F T2V AFHol FITHE TS nde] Wafol
Hhy = 3ol FAo] EAEH SHARE FAe] AV|TF Al sk A 7 TRV ¢
Ao 2 R FatA Fa v aFEA SRR FekH mdle] gle ASF giFEQd A

o2 VERGtHd 3-3-19, 3-3-20a).

¥ 3-3-20bsk gol BFF, FFH, FFe TR Qb ulg wad Fuel A4
2 elEgon], 17 3-3-20c8 o] sHAe]l Az AFHA SAES0] 1}
NAZE FeE Q)

il =9 #ll
\ o :
uzs
5%
25cm

Depth : 509 ¢m

Length ; 1494 cma =u

Vohune : 1708.9 ¢m?

Surface area ; 2709.0 ¢m®

a9 3-3-19. A= A TRl A RE
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o] AAE

19 3-3-20. AAE AW s

FAE AH TR Eo] A= & A A Ze dHE #& FAE EHATH(E
3-3-10). AA=e] dol= 67.7-151.2cmeol, Zo]= 12.3-509cm7HA] HZA & 5= A
Axo] ATk ®¥AHL 276.7-2,709.0cm* S o, ¥-3]+= 637.4-1,944.2cm> % o}
£ 3-3-10. FA% AW AR ANF BE F

Diamet | Height Surf
urface
No. of | er of of No. of | Length | Depth e Volume
area
mound | mound | mound | funnel | (cm) (cm) . (cm®)
(cm?)
(cm) (cm)

¥2 1 1 0.8 1.8 2 1494 50.9 2,709.0 | 1,708.9

xE 2 1 15 2 9 151.2 35.7 1,1474 | 1.944.2

¥E 3 1 1.2 2.5 2 141.4 42.3 276.7 960.6

X2 4 1 1.0 3.0 3 69.7 12.3 289.3 637.4

3 1 1.1 2.3 4.0 127.9 35.3 1,105.6 | 1,102.3
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=
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2 2} (subsurface deposit—feeder) & F4& 4 Ju}. sk A 2= FJEH T
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A AT, FERE ABH

ol HARHE F4ste e ESEERE 55 ol g FrHd A
ojof 3 Ao T FFETh

ARl A TEFRAMNE EXE B2 F B2 dAddo %2 Fie o
HE Bt A $F2 Upogebia omissa®t Upogebia noronhensis® A2 Zo & o]
oF fAFSE T2V BaEA=d old gt xR AbEA 7] o] e AR Abeks 93|

SR AR A Az AL QAT F AT A ol Fol= thA 2zhe] A
AEz PeEE Ao deid AvH1920] B AT shARe]l AAF BRE F IR
o ZhAlRel AR A AAF TFEel U A3k dAor], AW AN A
ol AA APA kel ANl £AR de]l FA AAAE B Aok
A, el HA T B e EE g ol sl FA gAe qA el A9
f F mE PelEA gx shie A4TE A olud Fa/h WASE Ao F

o ﬂl

Ay ol gk F7FAQ A7 283 Ao R FAokE)

TEAEol MAEe SRR FxE AAREY e WAANToR F TR st
H slE 2 s FFolu. & Aol Axanassa australis®t Biffarius arenosus®] A2
= A olefgt I HFERIE HuEAded, dAA7A Agst of e wE A skt
[21,22]. ol g I ATEE FAste= B 7HA PRl AAIEA=H (1) FHAE =27]9
ztol&2 Q1gH 3, (2) HFd 22 =LA Agow s AV fFE =EHAS
A5 wEA | 91gk AE, 3) MAY A= 42 ols Fol
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(i) 7HA el AAAM A F A, P2 L Gelel el

bl

vt Asts, FellE, FAE A TRl A= FERAoR AA FAsHA R

4z
i)
o,
4
s
2
Sv
2
o
et
%
38R
o
N
o
O‘J
O‘J
[\
=

K

>.
=
i)
oy
oy
o
oY,
e
N
)
2
o
o,
>,
1>
i

AW A Aol vlE] -4 (chamber)®] 717 A3 AFE @k
AAH AL ThAEole] Ao dEol ofs] YHHER o]
o) sk A7) Aol ZhAlEel hAe] A dE W= Ao} shuel dld

¥ ¢ 0 2
-_E—Hmoﬁ

(<)

‘,g

25 ¢m

(d}

1% 3-3-21. 7FA|Eo] A MaAZF =7 @ 7Lz
(a) Zst= A™, (b) F4% A, (o F3llE A, (d) FHa= A4

Mam g2 B g Aol M Fad A9 T oshus
olty. o A A (filter-feeder)®] AA=& U H+= Y FH7”Z
(deposit-feeder) o] A4 =2 o] 32 2po] A4 ]
2 A vk FgH 2 A9 24 A wav, st

-
. .
Aol te Folmz te H4IHE Hd £ Atk WAE

i
=2
jus)
ol
l
R
:u:,_ll-E
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ek FE2E Holal FAY Tt 9 B2 AL T FY AAFEH UE F deS Al
Abghoh ol gk A AlE 2 9 FEjY XolZ HW FAWH stk JhAlEol= A =4
A, gElE, FAE Rl HABAA, R w2 HAFuE A
ole] wef MA=el Fx B FEo Ao|rf WA= Aom FAY & o o]
& 37149 AT LT QAo wawch
E 3-3-1L 7HAe] AN 442 37 54
Surface Volume
Region No. of | No. of | Length | Depth area Volume | No. of of
£ mound | funnel | (cm) (cm) 2 (cm®) | chamber | chamber
(cm®) 3
(cm?®)

g

(n=2) 1 6.5 618.2 173.0 7,250.9 | 11,079.1 14 245.6

n:

Ak

(n=3) 1 6 737.7 178.0 9,157.7 6,910.7 6 135.4

el =

(n=3) 1 3.7 257.2 74 3,074.1 1,895.3 2 40.9

n:

A%

1 4.0 1279 35.3 1,105.6 1,102.3 2 35.2

(n=4)

AAAe BABHE AAZe A7l 9L vAE FaF A Fol Huz o4
A Ak A AE] AT Fa3 Vs T stue dle A Zlseld Fely, AR
Ao s FAN AstE AEe JhAlEo] AAA] 11E7F o o] AW sk
Aol wEFAZbo] AtheE AS YERATHE 3-3-12). Falx, FAE Ao s 73}
T, wa Ade] HYPdAHZe=EA S oF 108 A% 7 Ao yeyton ol Ik,
Faw AW 2NBFo] daE, FHAE Aol ms) Aot vtk AHAY w
%}\ = (E [e)
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3. 7tAZol AEF

MEEF AHANA BAE = Laomedia 52 5% (1F9 34 F x3hHo=z FAHE
Frarolty: Laomedia astacina De Haan, 1841[24], Laomedia barronensis Ngoc-Ho &
Yaldwyn, 1997[25], Laomedia healyi Yaldwyn & Wear, 1970(26], Laomedia
paucispinosa Ngoc-Ho, 1997[27], Laomedia praeastacina Karasawa 1989[28]. ©]&
Laomedia %9 R2E< L. astacina(=78: 7FAE0])v Qo] RAAMARQ] EFao=
AA =, T, iR, HEY, ZEol Aot A BarEojgitt Fharol A= 1Y FF <l
Lol A S Bargk o] % A B odE] A A oA dE Hiawo gttt -t =
L. astacina 3+ S 9to] B X et= o2 Haus <t}

71E ATECA & A AT AAEY A4, 72 2 dHE AAA 5
O &Eo] F1katol (53] A2 & el U:}E]r depxiviar Hasol k. kAl ] Al
Z}A| o] M A =L A o] A¥= o]l xfolEo] lo] A2 A xRt
oy} Fkatolo] gk S YERAT ok, gulddl A A sk THAlEe] &

o) ARFA Bashd o2 98| Aaw, YR, BT, wEE, FHAE AU R

L Jm
+

olg A3t FEEF R A AEA EAS TS

A AlEE A A A AsE, diF s, FaN deals, AR AEAA e vt
Aol F /e AFoE2 FHA HolE HIUH(E 3-3-13). #4AE HE AHS A
53 Bagol EAE o] AAsta loew, s AHS BlE, = A= A
HOo AT1H9 A Eolqte] MAstal At A1EFY B1E 2 COI distant relationship
2 143%E YEFHTHZYE 3-3-22, 3-3-23). &, Adw3 BIw9 #3414 Aol=
14.3%9] ztol& KoM dutHom FY & T& FHHORE o 7T-10%E L}EME}
olg gt Ay AT BaFeo] thE Folgte AS UEUH AZEd BaEo] EAE
of A= thiF=et FAav AME ALsta Astest daie, A= Ao MA s 7f
AEole A E & FUS AL Atk

AstE A THAEo] A= HalkE, 3R AE THAEe] AAEe FRAoE
A7|A o2 FEE 2polE BHdow ol MA=e A7) 2 x4 Aol F Ad T}
AZole] FZbafolo] s WA AU F Jom A AT A AFfde FAbO
of 9% A= A7) E Fx zolE S EA JdSS & 7 U
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E 3-3-13. bl AWAY, AAGRL 2 BA ABLY 24 A3

Carapace
Site No. Sample No. | gDNA No. length Group
(cm)
1 Kla-01-1 Lal 7 A
2 Kla-01-2 La2 6 A
3 Kla-01-3 La3 35 -
4 Kla-01-4 La4 5 -
4N Ad 5 Kla-01-5 Lab 35 -
(Kla-01) 6-1 Kla-01-6-1 Lab 5 B
6-2 Kla-01-6-2 La7 45 -
7 Kla-01-7 La8 6.5 -
8 Kla-01-8 La9 4 A
9 Kla-01-9 Lal0 4.5 A
qEw 1 Dbla-01-1 Lall 45 B
2 Dbla-01-2 Lal2 4 A
(Dbla-01)
3 Dbla-01-3 Lal3 55 -
AEE A 1 Dla-02-1 Lal4 7 B
2 Dla-02-2 Lalb 6 B
(Dla-02)
3 Dla-02-3 Lal6 4 B
1 Nla-01-1 Lal7 4.5 A
2 Nla-01-2 Lal8 55 A
3 Nla-01-3 Lal9 55 A
HGal= A 4 Nla-01-4 LaZ20 55 A
(Nla-01) 5 Nla-01-5 LaZ21 5 A
6 Nla-01-6 La22 A
7 Nla-01-7 La23 A
8 Nla-01-8 La24 35 A
1 Cla-03-1 La25 4 A
2 Cla-03-2 La26 4 A
3 Cla-03-3 La27 3 A
Fx= A4 4 Cla-03-4 La28 4 A
(Cla—-03) 5 Cla-03-5 La29 2 A
6 Cla-03-6 La30 25 A
7 Cla-03-7 La31 4 A
8 Cla-03-8 La32 4 A
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JMZ6_L. : L. _tm L. o - e - ] il t. t. Ll
JH26_Laomedia_sp_dt... | . | ! S 1 : A% | BAEK BB BAIX  8B4%  BA. LI
JH27_Laomedia_sp_d g T 8 3 . - % BB.EN A%
Lal4_tm44_jglon65...
Labi_tm40_jgCol_re
Lall tma? joCOl 65...
Lalb_tm44_jgCOl 65... 3
Lal tm38_jgCOL65Ebp B
LaZ6_tm4 8 _joCol_65...
LaZ_tm38_joC0I_658bp
Lal?_tma?_jgCOI65...
Lal8_tmab_jgCOIL 65
La35 tmaB _jgCOl 65...
Lalo_tmd2_jgCOIL6S5..
Lad_tmd2_jgCol65Bbp
Lad2_tmdB JgColL6s.
Lal9_tmdb, jgColL6S...
La23_tmdB_jgCOLES...
La3l_tmas_jgCoL65. .
La27 _tm4k_jgCol 65,
La17_tm46_jgCOL_6S...
LaZ0_tmd6_jgCol_65...
La2d_tm4aB_jgCOi 65... |
La29_tm48_jgCOl65...
La30_tmdE_jgCOLES...
La33_tmaB_jgCOI65...
La36_tm48_jgCCH_65..
La22_tm48_jgCoLB5...
La25_tm48_jgLOL65...
LaZB_tm4B_jgCOlB5...
La3d_tm4B_|gCOl 65,
Lail_tm4B_jgCll 65,
Laomedia_heatyl

82.6%  83.0% X ; 83.6% B3.6% | 83.6% 836X 836N B3 83.4%  83.4% 83.4%

19 3-3-22. A A A JhAj o] A COl B4 AT

2 1a2_tm38_jgCOI_658bp

Lal2_tm42_jgCOI_658bp
1218 _tma6_jgCOI658bp
1235_tm48_jgCoI_658bp

La31_tm48_jgCo! 658bp A group
%129 _tm42_joCOI 658bp
32_1m48 j9CO1_658bp

A Lal9_tmd6_jgCOI_658bp
019 210_tm42_jgCOI_658bp

Q.0046 1227 tmd8_jgcOl_658bp
Lal_tm38_jgCOL658bp

. |a26_1ma8_jgCOI658bp
08049 328 tm48_jgCOI_658hp

015 234_tmd48_jgCOI_658bp

O3 255 1mas_jgcol_658bp

219220_tm46_jgCOL658bp
10

La22_tmd48_jgCol_658bp
4536 tm48_joCOI_658bp
1“0‘“ La21 tm48_jgCOl 658bp
L233_tmé8_jgCOL658bp
La30_tm48_jgCOI_658bp

1a20_tma8_jacoL_658bp B group

La24_un48_jgCOI 658bp
oo+ a11_ma2_jgcol 658bp
0.0ch 1 L00 |216 1ma4 jgcol 658bp
0.1157 Lal4_tm44_jgCOI_658bp

OBOIO 117 (m46_jgCOI658bp
992 | 36_tm40_jgcol_re

a9 3-3-23. A 253 B 1F9 COI Ao
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A zbo] A A ATLEREO] A A= el
Al=e] A7) 2 PH 1Ela JhAe] FE
L. astacina®] 7}s7do] =2 A2 FAHAY. kA, &
H 7Aool g2 Y bl =2 FoE duEo
astacina®l FE|A xolE T35

Zste AE 7hAEol ey L. astacinas Rostrum®] FE|, fAG S I, d=the] 9
& 2 P71 FErE wlg AR o R JER TR 3-3-24, 3-3-25). 3hA| W
T Y Aol & Av Fds] o JEHH 5AHS BT L astacina™ 37 olvt
8 S7EA Y A7) 7w & dgE o] oy AEE A TR Eole 37 olnpbE H
ZINZE AaE e d drgso] gl E3 A
astacinaw= "5 2 Y=o 9} il
gEjo] At

A AEEA A FEHEA A3 delE, FAE AE TR Eol(ATLE)e A e
A 7FA & o] (B1& )+ COI distant relationship< 14.3%2] #o]E HJ oW HejHgo g

L e 5A4S vUedln A4, dEd A4 A3 dels, AR AE TR Eol=
Yol MaletE Ao g BuwEoR L astacinad AR FAEW, FA3E AW JHAE
ol AAZMA HiwolA A e AFY Ao dAdHrt. g s, FAV AHE 99
T Fol EAE A= AR YERT

Zete Al Aasts THAIEol 9t FAAE, Gl Al AAstE sHAldolE F A
A, A Aolg BHAom AMA= A7) H FxE FEg Aolg Rt & AFZAY
v AstE A FAE FElE A TR EolY FkAlo] e A AR 5 xfold] w
gt Aalme] A7) @ FFo Zol7f A= AL QSRR FhAo)9f AR E
d T o' Fo] Fo% YJAAE ] ek wEpA, AR AAa A7) 4
TZ& Aol e M G =
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19 3-3-24. 73tE AW ThA|E o]
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1% 3-3-25. FAE AW 7 E o]
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4. ZtA &l BANZFA AT HHEAWA
(7h 7FAZol HA=AuwAlE B sl wE W3}

ARl AYF FE
7HE =e LM.19 A

T wZAE 45h, A A% wE2AS MU JERgon, 1wst 7 e LM5Y
A5 AzxE 29239 == b vhEELL Wi AFAEE 28h, Hi =F A 27h,
Ao A& w2AS 1092 159 ngp 24340 o2 Ao R YJeEYT 157 =
252 A%/ sk B AFAN] Fastn Pt mEANG Ao A% wHA
e FsE oz vtk F sblEel NHRE ¥255 24870 detdA
o olol met AhA RO BABES & F = Azl Fashe Ao ey
% 3-3-14. 7FAIEol AT Y =W 2 3A
M Maxi
. Submergence Mean e.an ax1.mum
Elevation . duration of | duration of
/Exposure duration of . .
from MSL continuous | continuous
frequency submergence
(cm) (yrD) h) exposure exposure
v (h) (day)
LM.1 273 184 2.3+1.4 45+73 14
LM.2 268 200 2.3+14 41+67 12
LM.3 265 213 22+14 38+63 12
LM.A4 260 229 25+14 26+58 12
LM5 243 292 28+15 27+44 10

ThAEo] BN F % HAYAEAMAE B A SfoA HFAZre] ZESE

¥ 2 &2 vl %] 7+ 3-3-27). 157} 7 =&

A elstal ARkd o=z HpA|Fto] FI7HEFE F A E A vl %
s

o] 9§ 3A MEY A7k A ZH

b F7betE IS BReloen, BRE AT T HAFAILY M 9% AAdS dE
HH?=0.56). LM.2&= BE AT FoA 71 e HAEAAE 2o A5
I oEe IS BHa, LM39 AS 4UA AEY AZH A 7HE =2 HAHE A6 A
S 2tk LMA4e] A 39 AEY AR AFAE B A EA X 7 v sk A
FAS HYAN 45 A MEZY Aol HFAIZEe] SME = B A ZE A X 7 74 s)
= Aoz yelyten oo wel AR spg 9o FaAds YeERIgP=0.17)
LM5+ LM.2E Al9lsta 7 w2 EAEAMAE HAAR JAFA7ty =& FAd S

Jer
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1st 2nd 3rd 4th 5th
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g
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1st 2nd 3rd 4th 5th
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& 3-3-16. A A-F 23 HAE, 7Y HAE, A= T 545 9 79 EHAE9
BRI =L = T | =
Depth Composition (%) 1\/.Iean.
(cm) Sand Silt Clay grati size
(D)
0
(Surface 45.1£38.9 51.4£36.3 3.3+3.2 2.8+2.8
sediment)
0 51.0+18.2 449£16.8 3.8+1.7 1.7+£2.2
(Mound)
10-20
(Gallery 20.9+5.7 71525 7.5+34 46+0.3
sediment)
Emergence 10-20
(Ambient 26.0+1.3 63.1+1.4 59+0.6 45+0.1
sediment)
20-30
(Gallery 22.4£6.5 70.7£6.9 7.0£0.8 44+0.4
sediment)
20-30
(Ambient 19.3£11.2 71.7+£3.8 9.0£74 4.8+0.7
sediment)
0
(Surface 34.4+5.6 60.8£5.4 4.8+0.3 4.2+0.1
sediment)
0 36.8+1.2 58.6+0.7 4.60.6 4.1+0.1
(Mound)
10-20
(Gallery 32.7x4.4 62.6£4.7 47+£0.3 41+0.2
sediment)
Submergence 10-20
(Ambient 26.3%£7.0 67.0£5.9 6.7+2.2 4.4+0.2
sediment)
20-30
(Gallery 35.3£5.7 60.2+5.1 44+1.1 4.1+0.2
sediment)
20-30
(Ambient 27.2%+35 66.2£5.1 6.5+1.6 4.4+0.1
sediment)
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