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Abstract

Located on the east coast of Jeju Island, Hadori Lagoon is a typical brackish
environment characterized by a mean depth of 1 m and a well-developed salt marsh populated
by the common reed Phragmites australis. The salt marsh associated with the common reed
in the lagoon serves as a habitat for various brachyuran species, and they are explored by
migratory birds, suggesting that Hadori Lagoon is a unique marine environment that needs to
be conserved and managed. Accordingly, this study surveyed the spatial distribution of crabs
in the lagoon, which is associated with the salinity gradient and different substrate types. The
salinity in the lagoon showed a strong spatial gradient, ranging from 1.5 g/L near several
freshwater springs to 32.5 g/L at the watergate connected to the shore. A total of 15 brachyuran
crabs were identified during the survey, including Orisarma intermedium (De Haan, 1835)
and Chasmaganthus convexus (De Haan, 1835) as the endangered wildlife species designated
by the Ministry of Environment, and Parasesarma bidens (De Haan, 1835) and Oxypoda
stimpsoni (Ortmann, 1897) as the marine protected species by the Ministry of Oceans and
Fisheries. The mangrove mud crab Scylla paramamosain (Estampador, 1950) was also
identified from the subtidal area of the lagoon, and it was the first record of the mud crab on
Jeju Island. The survey revealed that O. dehaani and Helice tridens are the two most common
crabs in the lagoon as they burrow into holes near the roots of the common reeds. It was
noticeable that the Japanese mitten crab Eriocheir japonica (De Haan, 1835) also inhabits
small freshwater pools associated with the lagoon, suggesting that the unique brackish
environment provides valuable habitats for the brachyuran species. Accordingly, Hadori
Lagoon should be conserved and managed to protect those unique crab habitats from
anthropogenic activities.

Keywords: Brachyuran crab, Brackish lagoon, Image analysis, Hadori, Jeju Island.
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Figure 1 The study site, Hadori Lagoon on Jeju Island off the south coast of Korea. © The
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@ the middle part of the lagoon characterized with reeds, ® the lower area of the
lagoon near the dike, ® the lower part of the lagoon near the water gate, @ sandy
shore outside of the dike.

Figure 2 The salinity gradient in the Hadori Lagoon. A, the arrows indicate the freshwater
springs B, the salinity gradient contour.

Figure 3 Orisarma. Dehaani (H. Milne Edwards, 1853) occurring in the Hadori Lagoon. A,
external characteristics. B, O. dehaani burrows in the mud around a reed bed, C, the
crabs hiding under the rock, D, E, crabs feeding on mud particles and reeds.

Figure 4 Orisarma intermedium (De Haan, 1835) in the Hadori Lagoon. A, external features
of O. intermedium, B, C, color variations in O. intermidium, D, crab hiding rock
crevice, E, O. intermidium and O. dehaani occurring in the same habitat.

Figure 5 Parasesarma bidens (De Haan, 1835) in the Hadori Lagoon. A, external features of
P. biden, B, two distinct teeth on the front corner of the carapace, C, the crabs
swarming on a rock, D, E, P. biden feeding on algae Ulva australis and reeds.

Figure 6 Parasesarma pictum (De Haan, 1835). A, the external features, B, P. pictum crawling
on arock, C, feeding food particles and grazing, D, P. pictum hiding in O. dehaani’s
burrow, E, P. pictum cannibalism.

Figure 7 Parasesarma tripectinis (Shen, 1940) occurring in the Hadori Lagoon. A, the
external characteristics, B, C, P. tripectinis crawling on rocks, D, the crab feeding
food particles, E, P. tripectinis hiding in a O. dehaani’s burrow.

Figure 8 Chiromantes haematocheir (De Haan, 1833) occurring on the Hadori Lagoon. A,

external features of C. haematocheir, B, C. haematocheir occurring in freshwater



areas, C, mating crabs, D, borrows of C. haematocheri found on land, E, the exuvium.

Figure 9 Helice tridens (De Haan, 1835). A, external features H. tridens, B, feeding behavior
of H. tridens in the mud, C, burrows of the crab found near the root of reed, D, the
crab feeding on algae U. australis and E, reed debris.

Figure 10 Hemigrapsus penicillatus (De Haan, 1835). A, D, E, external features of H.
penicillatus, B, the male crab's cheliped with hairs, C, the crab feeding on U. astralis.

Figure 11 Hemigrapsus sanguineus (De Haan, 1835). A, external features of H. sanguineus,
B, C, the crabs found in intertidal rock crevices, D, the crab hiding underneath a
submerged rock, and E, crawling on intertidal rock.

Figure 12 Eriocheir japonica (De Man, 1835). A, external features of E. japonica, B, C, the
crabs hiding under a rock in freshwater, D, E, E. japonica burrow found in a
freshwater stream in the upper area of the lagoon.

Figure 13 Acmaeopleura parvula (Stimpson, 1858). A, B, external features of A. parvula, C,
D, the crabs hiding in the crevice E, habitat of A. parvula.

Figure 14 Chasmagnathus convexus (De Haan, 1835). A, external features of C. convexus, B,
habitat of C. convexus. C, the burrow of the crab, D, E, the feeding behavior of the
crab.

Figure 15 Varuna yui (Hwang & Takeda, 1986). A, external features of V. yui, B, fur on the
ambulatory, C, the cheliped, D, teeth on the anterior-lateral margin, E, habitat of V.
yui.

Figure 16 Morphological features of Scylla paramamosain (Estampador, 1950). A, female, B,
male.

Figure 17 Ocypode stimpsoni (Ortmann, 1897). A, external features of O. stimpsoni, B,
the habitat, sandy shore outside a lagoon, C, O. stimpsoni feeding behavior, D the
male triming the perimeter of the burrow, E, O. stimpsoni crawling on the sand flat
in summer.

Figure 18 Maximum likelihood (ML) phylogeny of Varunidae species based on the COI



sequence. Sesamidae (P. bidens) was used as the outgroup. Numbers on the branches
indicate ML bootstrap percentages (1000 replicates). The Genbank accession
numbers for the published sequences are incorporated. The bolds indicate Varuna sp.

examined in this study.

Figure 19 A, traps used in crab collection, B, the trap installed at sampling site 1, C, the trap
deployed at sampling site 4, D, E. japonica and H. tridens caught in the trap at

sampling site 1.

Figure 20. Spatial distribution of salinity, tidal height, and crab species in the study area.

Figure 21 A, the upper lagoon area where a small freshwater stream runs into the lagoon. B,
cross-section view of the survey site and dominant crabs regarding the numbers.

Figure 22 A, the upper lagoon areas with several freshwater springs. B, cross-section view of
the survey site with crabs identified from this area.

Figure 23 A, the middle lagoon area with a bridge. B, cross-section view of the survey site
with crabs identified from this site.

Figure 24 A, the middle part of the lagoon characterized by the reed forest. B, cross-section
view of the survey site crabs identified from this site.

Figure 25 A, the lower area of the lagoon near the dike and a circle in the photo indicating a
freshwater spring. B, cross-section view of survey site showing crabs identified from
this area.

Figure 26 A, the lower part of the lagoon near the water gate. B, cross-section view of the
survey site with crabs identified from this site.

Figure 27 A, sandy shore outside of the dike. B, cross-section view of the survey site showing
crabs identified from this site.

Figure 28 Three-dimensional image of the sampling sites in the lagoon. A, Hadori Lagoon, B,
sampling site @, C, sampling site @, D, sampling site ®, E, sampling site @, F,

sampling site ®, G, sampling site ®, H, sampling site @.
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kg4 gEo] Eokch (Table 1).
N3 o Ade A2 PEsiAe Solu $o2 2L So] 2ug st2
glol 41T gao Wskrt 9w @

oAl =

Mz2 UsAY o2 JEiZ2 7
ZE A0t 10mE0] 2§02 471 G55 7] o

7103
o2 sHelEl gt

43 o= AL F2.9) £Ao] Lehto] AL PE s 2
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Table 1 Salinity, dissolved oxygen (DO), and water temperature at the sampling site. ®-1,
freshwater spring at sampling site ®, ®-2: other sampling site near

sampling site ®.

Site Salinity(g/L) DO(mg/L) Water Temperature(°C)
@ 1.5 7.4 21.2
@) 2.3 8.7 15.9
® 6.2 10.6 25.0
® 7.7 8.9 24.3

®-1 4.9 11.6 19.7

®-2 22.5 10.4 22.9
® 32.5 7.1 19.0
@ 35.7 7.3 23.2

12



3.2. A1 7|17t & stee] Ao &A" A9 &

o] A-ollM =Rld Ale 15F0lH ARAIL (Sesarmidae) 63, AAt
(Varunidae) 7%, 2|1} (Potunidae) 1%, 23417} (Ocypodidae) 1%-0] T}, AFZHA o}
A= 2 5 k2] A A} (Grapsoidea)of] £3HCH (WoRMS, 2023).

steg] Mgoa HAY APAIRe] A o= YEA (Orisarma dehaani H.
Milne Edwards, 1853)7} 71 WIEHsH] WAL H29arEA (Orisarma
intermedium De Haan, 1835), =o]®r A2t (Parasesarma bidens De Haan, 1835), A2}
Al (Parasesarma pictum De haan, 1835), &-22rAHZFA| (Parasesarma tripectinis Shen, 1940),
T %7 (Chiromantes haematocheir De haan, 1833)7} A it &A1} Fofl= €
(Helice tridens De haan, 1835)7} 71&F W1t }A] W=EE] 91 171 = A] (Hemigrapsus penicillatus
De haan, 1835), FL]¥A (Hemigrapsus sanguineus De haan, 1835), ='J%HA|
(Eriocheir japonica De haan, 1835), ofj 7|8]A| (Acmaeopleura parvula Stimpson, 1858),

7HA| (Chasmagnathus convexus De Haan, 1835), Varuna yui (Hwang & Takeda, 1986)7}

rg

Are] it 19 ZA|ue] 5<JZ-A (Scylla paramamosain Estampador, 1950)2 &=

|

}9] =ratA|(Ocypode stimpsoni Ortmann, 1897)7F AL it (Table 2). 7| 2% AlS &

ST EA L} A= BEH7IoPEE = 20|, FolBAAY SA= sl ES

tia

=2 A7 E et

13



14

pues [epnJaiul Jaddn ayl ul smoaing ,'GE /68T ‘uuewlQ luosdwns apodAdQO aepipodAo0

eale Jatem Yspjoelg ayl Jo pnw ayi u BuipiH l'l-€2 0S6T ‘Jopedwelsg uresowewesed e[jAoS aeplunuod

sealJe Jalemysal} ul puno4 ST 986T ‘epaxe % BuemH InA eunrep

sealJe Jalemifes Jo yspoelq ul 10s [epialul Jaddn ayy ur moing 27/ GE8T ‘ueey 8Q SNX8AU0 shyreubewsey)

191eM Ul 10 X201 ® Japun ag seale Jaremies gze 868T ‘uosdwns ejnAred einajdoaewoy

Jayemysal) ul pnw ui 1o sauols Japun Buimoling €Z-ST GegT ‘ueey aq eoluodel Jlayooug

181eM Ul 10 X201 € Japun ag seale Jaremies Gze Ge8T ‘ueey aQg snauinbues snsdelbiwaH

Jalem Ul Jo X201 © Japun ag seaJe Jalemifes 1o yspoelg Gze-1'1 Ge8T ‘ueey ag snie|oiuad snsdelbiwsH

Spaal ay} Jeau adeyns Jel e uo moling e Bulbbip GZE-G1T GEgT ‘ueey aQ suapi adi|aH aepiuniep

Jarem ay) wouy Aeme adojs uip e uo moling BuibBig GZE-ST £€8T ‘ueey 8 JIdydolewsry SauBWONIYD

991A210 X201 e Ul Buiwrems M) OV6T ‘Uays siundadu) ewresaseled

921A8J2 X201 e Ul Buiwrems Gze-1'1 GegT ‘ueey ag wnioid ewlesasered

921A8J2 X201 e Ul Buiwrems G2e-29 GE8T ‘ueey aQ Suapiq ewlesasered

seale Ja]emysal) punose SadiAaId 320l Ul BulpiH 1.-GT1 GE8T ‘Ueey 8 WNIPaWLISIUI BULIBSLIO

(siressne sanwbelyd) spaal ayl Jeau smoting Buibbig GZE-ST €G8T ‘splemp3 au[IN ‘H lueeyap ewiesuQ aeplwliesas
Sy lewoy (/6) Anuijes sol1%0adsg Alwe

*AlUles JusIquie ay) se1edlpul

3|qe1 SIy1 ul umoys abuel Alulpes ayl "£z0z 48qo100 pue 1idy Bulinp uoofe 1lopeH ayl ul seis Buijdures ay) WoJy pa1yiuapl sqeld 4o 11T Z a|gel



3.2.1. Family Sesarmidae®] FEjsHA £ 1} AHEY

1) ZEA) Orisarma dehaani (H. Milne Edwards, 1853)

47to] Fej Lu)st Lol uck ofzh W2 Azl 7p7En] ojupeo] ol

25t

19
4
19
i)

W] JAE LY AAK R SSREY LIS F AT}

-IFI
i

FEPEAE o= A =Y A2 oRE o SR s o gl Aerelo=
AL 1 2ol Bol W 13ltt (Figure 3A).
TEA= e ZAPIANNA WEEACH, Ho 7o detdolA e

TRl =S (Figure 20). 20 = 799 RS Yot =g AxT

AHOA = TEAY =o] EAE A e (Figure 3B), =757 1L 50| Al Xolld &

&0 &1 AA (Figure 3C).

J}olv
rlg
Mo
1
=2
)
l‘ll‘
o
Ho
H
)
)
|o
AW
L
o
e
rlo
Ho
o
2
X

2) H2ULEA Orisarma intermedium (De Haan, 1835)

247to] el WU} Lotk ok Je Azbo] 717k ojotelo] Fol

AT PP AP HAE B AN O SERET LA 5T
darbgatelol 27tee EHU H2 LEA uls) £ AL ol7b Uk,
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AR A5 550 717He o] 9irt (Figure 48, C).

stee] MoolA 2T TEAE 88 X9 9= U= 1.5- 7.7 g/Lo|dtt

(Table 2). B450] 171 2452 PAIE|A] Q9T 4olut Qo)A o] 55171t (Figure 4C),

845 W 450 § 50 9l 242 BAYoD YRR A ula o

E& Altfe] & Atolo]l Zo] QUQITH (Figure 4D). THA| 2 L&A Fajof] Aof QU g
ofa] 7t SAEH o] B ope|rh 712 Qlglon whant 29 Ay, 2AMAE @9

S B2 AL WolMq HUWEAL o 0.20t2]/m 2, oF 300t /miQl WEA] —

[}
o

A o] v]-g 2 WAE] 9t} (Figure 12E). steg] Ao AJEA|0] BRL5H= B outatEs| =

|t

2 7o) Zoluh 52 AAIAIC

3) Fo|uAZHA| Parasesarma bidens (De Haan, 1835)

7to] Qe QbAtet I Hl2 FobAl: Aztoln Azl

7}2-¢ o|7}F 5h} o QIQItt (Figure 5A, B). Sof= &2 Eo]

Mr
¥ il
L
4n
u
A
N
_O,L'
=
uC.

ZUSHA Y AU T (Figure 5A).
FO[HAAA = B FOoIR|TE 57 A|Fod ] B2 27F AT AAIgHY

(Figure 5C). A+A1Y QJofl &= Al rLe 55 slete] 844 F2 site2 2 vire}



v E FSR0lA YA wEEd

st=2] M2 oA Fol@ARAAIZE B X A& Hel= 6.2-2259/LZ (Table

2). 53] A9 @ the] B2olde 9k igion) o] FHelA 30utel/m

Aerk MAlsHs Zloe 2REt F2 gUoR of2ojal A7ithe] 7|4 |ejo)A

19

2% 13 (Figure 5C), A7 o] Holup R2Ql o A= WAEX] oigttt. shed] <

ABEAle] RS FolMAZ A TR A (U. australis) ) 42 0] A4S C)

(Figure 5D, E).

4) AZ+A| Parasesarma pictum (De Haan, 1835)

27ko] Fefi Ujlvt ol uck o7k e Az olct SH e v A

ol

=35hal

AU 2

HO.

Q7PAAtelE ofwolt Fol glo] A1410.2 U 23ICt (Figure 6A).

Mr

st=2] oA A7AlE 7.7-325 ¢/Lo] FEHT B FEAA M40

SHOIE] 91 (Table 2) A7hch Aol TuTt %o 0] upejif So] B Ao A 52

AU (Figure 6B). FOBAART = S04 | 7kA] 7hA|IRE A
ESAETE ol "7 ST A S84 =2 AR A%k HES

A TEAC =Zol S (Figure 6D). shee] Ao AJEfA Ol 22x5H= AR

rr

ulolo] 22 ABU 8712, S50] AHIS YAIS1C} (Figure 6C, E).



5) &29rAZLA| Parasesarma tripectinis (Shen, 1940)

02te] Fehe Aol otk S AZASH SASHA BeiAle AL

To] MYF BeMS wof At FREQN. ojubpelo] FRr AN}

TFsict (Figure 7A).

FRAATE 2 X2 2AMEE @2 G2 7.7 g/Lo| ATt (Table 2).

AV OIA TR

ri
rlo
i

SAE AR 27]7h At & o' 7]o] thmg ko

A x| ¢f9to o] ChE AS HYstd F shulzt Zeo] Uept: 9rt uaic 22

i

DA AARZE ZAIRIRE o] 5 M7 T SFH7I0A B SlojuA] efeton

(Figure 7B, C), A A IRI7HA| 2 Y1g2 =719 & o4 TE8AY == st

rulo[,

i
«Q
[
)
\l
Y
o]
ol
H1
)
%
o
2z
fu)
-
=
ol
o
r|r
Y
rlo
e
N
Ral
5
X,
rr
i
10

o 22 &Folkt =&/

i

AAsH T (Figure 7E).

6) =57 Chiromantes haematocheir (De Haan, 1833)

Z7to] gEle Apziaolgitt. iAol et A o7l rokx|g A

AAEE &2 S it d7PEAR 7 A AX Y @7 A A e ==0] §lo]

ujo

Aol &2 skl ==x0] A2 vl I TS e A=



A=t (Table 2).

__A_u

FRo) £2 230 AP @M = of2] 7o) 2

9}

8B),

oA B2

AN
==

=]
w

oF

AT (Figure 8C). 12juf ok

wol7Lt w27 £of Ho] ofeict. cher B 5A9] 3

2 x| Z0 g 2L} FAPR oA Wa] Hojzl

C} (Figure 8D, E). 7t=

RIZHof A = A = A
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Figure 3 Orisarma. Dehaani (H. Milne Edwards, 1853) occurring in the Hadori Lagoon. A,
external characteristics. B, O. dehaani burrows in the mud around a reed bed, C,
the crabs hiding under the rock, D, E, crabs feeding on mud particles and reeds.

20



Figure 4 O Orisarma intermedium (De Haan, 1835) in the Hadori Lagoon. A, external features
of O. intermedium, B, C, color variations in O. intermidium, D, crab hiding rock
crevice, E, O. intermidium and O. dehaani occurring in the same habitat.
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Figure 5 Parasesarma bidens (De Haan, 1835) in the Hadori Lagoon. A, external features of

P. biden, B, two distinct teeth on the front corner of the carapace, C, the crabs

swarming on a rock, D, E, P. biden feeding on algae Ulva australis and reeds.
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Figure 6 Parasesarma pictum (De Haan, 1835). A, the external features, B, P. pictum crawling
on arock, C, feeding food particles and grazing, D, P. pictum hiding in O. dehaani’s

burrow, E, P. pictum cannibalism.
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Figure 7 Parasesarma tripectinis (Shen, 1940) occurring in the Hadori Lagoon. A, the
external characteristics, B, C, P. tripectinis crawling on rocks, D, the crab feeding
food particles, E, P. tripectinis hiding in a O. dehaani’s burrow.
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Figure 8 Chiromantes haematocheir (De Haan, 1833) occurring on the Hadori Lagoon. A,

external features of C. haematocheir, B, C. haematocheir occurring in freshwater
areas, C, mating crabs, D, borrows of C. haematocheri found on land, E, the

exuvium.
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3.2.2. Family Varunidae #|2] FEjsHA E7d 1t AHER

1) A Helice tridens (De Haan, 1835)

F2 T4 ool we v 2ol WAL 15325 glL) §e AR WelolA AAlstn

ANOT (Table 2), ZAPIA @M= TEARL vl 271 AL ZAGA

©ollM & AFoldtt (Figure 20). st=g] Moo A YAZE Axet 5442 ol&dhs

Bae 7] Bl giRE2 20 4R A&y 250 /e 49U weH

rlo
b

GAC] =2 oA 2 Afo] Zefjet Ho] A Q1 T Al Fof| A WA AT (Figure 9B,

C). st} Az AJEjAlo Exst= F7l= Boldt +2 e, 52 2

i

SRULCl

(Figure 17D, E).

2) =7 Hemigrapsus penicillatus (De Haan, 1835)

A7t QrbgAtels §20 e Wi HE 24E Fopl: Fejolc

AR7VEA oll= = HUE 23h 3709] o]7t AATH (Figure 10A). A FZof A2

A7 AA(PA), &30l g2 Fol AU (Figure 10B).



ool WS QIC} (Figure 20). THY-#-2 B40] QT B dol Liet Q7% SRR

Solrf: B2 ¥I] PS900], vh2 2o th] SoiZ 4 Y 47 ke 2ol

H=3 T} (Figure 10C, D). A0 9Jsf H59] 287t HolH S miolls = 2ol s

0]
AN

g

AN O
o= s

r|r
r.l
s

4 Q19T} (Figure 10E).

3) F1 A Hemigrapsus sanguineus (De Haan, 1835)

o g 9] o] 9T ST} Arrielo] AT L 9t (Figure 11A).

stee] deoA FHEAE 29 vlshA AA-E7E 9 FoF B0l 325

gL ZAPEE ®° 22 B kgl A|tjo] AAstL len] (Figure 118) 1 9|

AN TAEA R oz s B2 W] deal & 2ol ol AU =5

= Eof 9Jict (Figure 11C, D). Zo] o] £ YA I = 9Jo] ate} gl BHS AL:

<

SRR = ol e dete wha| 7]of uAy ©e o] 5shAl = ekt (Figure

18E).
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4) =J&A Eriocheir japonica (De Man, 1835)

71—71—94

| =R

fulu
Hed
%
ol
=
4A
>
rok

olgitt. L ARl Y

o

B

52 A

rlr
ok

AI7He] ol et o9 EA o] shit o Sl AAT A= 2L F/3% 2M A7 et

(Figure 12A).

rd

g

A = AT

rlr

offl
ol

Dl

2
=
l‘l[‘
o)

5 o) 4 1523 g/Le T4 PeiolA
(Teble 2). 58] ZAPEE QA= 22 & o] 20]A91.00] (Figure 128, C), £AVYA
@A 249] T sltol A FRAAY Zo7 2w 2t 22 W EA0] 0.1

A 2 SFAE T} (Figure 12D, E).

5) off 7]18] A Acmaeopleura parvula (Stimpson, 1858)

7¥7ko olo] Wy g & Folx|o] AR 2 7HA] 3Lo] glo

ofn
ri
K
o2
S
32
%)

[e]l

Se nHm ot 2SIk w2 T7ieh Ak Polo wlsh A st 2
Ho| 93 A &7k Ato] o] A FB x| 7} 9191tk (Figure 13A). RIS Zato] Lt 24

S thdstA YERS T (Figure 13B, C, D).

I

Sted] Ao oA of 7Dl = B 325 gL ZAMIAR ®©9 2 AEA

(Figure 13D, E)
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6) 7H7A| Chasmagnathus convexus (De Haan, 1835) Varunidae

A
5
1o
og
2
r
i
=
N
)
L
=]
ofn
ri
S~
2
N
N
ol
O

Aol 9irt. 7re] ZpgRtel 7t Ea3istn

o|7} 91Q)t} (Figure 14A).
ste] Az oflA WAV BHE 32 dwol 7.7 /Ll ZAMYE @ (Table 1)9]
uhe] ok At (Figure 14B, C). = Y= ARYAI =0l A L2 ZiA ol = A &0] =0

AUt (Figure 14D). Aol Wot 25T I71H0] Qloje = £o= Flon

(e - AA

717to] e Alzbadol 1 S o5ty (Figure 15A), Z=c}a]o] tutc]e}
Srroty ol wAjejo] Hol FFsHA U LTt (Figure 15B). 47 2710 s

el

A= AL A PRl 42 o] 0] o2 7l AT (Figure 15C), =314 S 22l

FIR

7Rt o]7k 37) 9191t (Figure 15D).
AR @olA Eo] 27 DRI A 9dck (Table 3). ARE 2
upcto] St W2 gofglon] §40] Lejn o] 15 gL W Fo|gict (Figure

15E).
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Figure 9 Helice tridens (De Haan, 1835). A, external features H. tridens, B, feeding behavior
of H. tridens in the mud, C, burrows of the crab found near the root of reed, D, the

crab feeding on algae U. australis and E, reed debris.
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Figure 10 Hemigrapsus penicillatus (De Haan, 1835). A, D, E, external features of H.
penicillatus, B, the male crab's cheliped with hairs, C, the crab feeding on U. astralis.
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Figure 11 Hemigrapsus sanguineus (De Haan, 1835). A, external features of H. sanguineus,
B, C, the crabs found in intertidal rock crevices, D, the crab hiding underneath a

submerged rock, and E, crawling on intertidal rock.
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50mm

Figure 12 Eriocheir japonica (De Man, 1835). A, external features of E. japonica, B, C, the
crabs hiding under a rock in freshwater, D, E, E. japonica burrow found in a
freshwater stream in the upper area of the lagoon.
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Figure 13 Acmaeopleura parvula (Stimpson, 1858). A, B, external features of A. parvula, C,

D, the crabs hiding in the crevice E, habitat of A. parvula.
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Figure 14 Chasmagnathus convexus (De Haan, 1835). A, external features of C. convexus, B,
habitat of C. convexus. C, the burrow of the crab, D, E, the feeding behavior of the
crab.
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Figure 15 Varuna yui (Hwang & Takeda, 1986). A, external features of V. yui, B, fur on the

ambulatory, C, the cheliped, D, teeth on the anterior-lateral margin, E, habitat of V.

yui.
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3.2.3. Family Potunidae®] FEfsHA E7d 1t AHE]

=224 Scylla paramamosain (Estampador, 1950)

=] As S22

2

Fot M2 =

o

QAEQiTt @AY o] Ak AFE

oA ZARR oA RE TAE AT 29 FEl= uhsRo| 7oy A2

SA7IRRR) 7 &Z5HA SolZttt (Figure 16A). 4719 ZA 17 <70 H|s] Zich

(Figure 16B).

3.2.4 Family Ocypodidae?] JEsHA £ 1t A E]

2= A Ocypode stimpsoni (Ortmann, 1897)

=2 1

A7 23] woptoi)st 4w Grtesich wo] Bhe Ao] =1We o] Sojrts

Fadh AR 207t FE0l Wl Sllth A Rol o £EG

AASHA It (Figure 17A).

Sl st Ao oA = LA A] 4okaL st 2 Rajjs| el

A2 Aol MAstaL AT (Figure 17B). EAI7F Thxof Reff 2] F7o =<
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mpal Qe 2ol WA A a5 e W27t 2ol Al frlee 2e He Ree
WA (Figure 17C). o132 2712 a2M2 00 & AAE S 1= S0 &3 =

7

uu
4n
ol

colt o] A|BES 510 A0 £7]2 A8 A2]2 Wt (Figure 17D).
sl 0@ Qs AFRs BobA AAAZL WAl 2oren] 5-6-o] ol molchr}

ol 52N AA 2ozt AAR S FAal sfaE70] gotAl W E = JHAl 7t

Zo]E9lct (Figure 17E).
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Figure 16 Morphological features of Scylla paramamosain (Estampador, 1950). A, female, B,
male.
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Figure 17 Ocypode stimpsoni (Ortmann, 1897). A, external features of O. stimpsoni, B,
the habitat, sandy shore outside a lagoon, C, O. stimpsoni feeding behavior, D the
male triming the perimeter of the burrow, E, O. stimpsoni crawling on the sand flat

in summer.
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H2 FYEele,

%

AZZ o AAsHe AR Varuna o 188} €9t} (Figure 31). AlFEo] AAlsH:
1} efo Ao} T (o] Alobol] AAIsH= V. yui 9 7P WA

=

Varuna sp. = &3
o, =9 AtE]S, T2]a Q%=2] Vembanad Lakeo] AJAl5t= V

APd-S E 3Tt (Figure 18).

8,
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(Figure 19A, B, C).

ZAPEE OollM= -7 5ok, A 20t V. yui 10F2)7F A= /1

(Figure 27D), ZAMYE @M= S8 407t AAE A e, 2AMEE QoM

SF okl = AFSIA] AU RAMYE @0l M= YAl 120k, EA17F 40t AR E )l e,

ZAPEE @olM= BAZE 60k, EA7F 30t A = . 2AMEAE @A = 8l 2,

21 7, FELAZE 30k R = AT (Table 3).
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Table 3 Number of crabs captured using the trap in this study.

Site Species
Eriocheir japonica 5
©) Helice tridens 2
Varuna yui 1
@ Eriocheir japonica 4
® 0
@ Helice tridens 12
Hemigrapsus penicillatus 4
® Helice tridens 6
Hemigrapsus penicillatus 3
Helice tridens 2
® Hemigrapsus penicillatus 7
Hemigrapsus sanguineus 3
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Qo T

O. dehaani
E. japonica
H. tridens
V. litterata

Figure 21 A, the upper lagoon area where a small freshwater stream runs into the lagoon. B,

cross-section view of the survey site and dominant crabs regarding the numbers.



O. dehaani

E. japonica

O. intermedium
C. haematocheir

ao oo

Figure 22 A, the upper lagoon areas with several freshwater springs. B, cross-section view of

the survey site with crabs identified from this area.
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a. P bidens
b. H. tridens
c. O. dehaani

Figure 23 A, the middle lagoon area with a bridge. B, cross-section view of the survey site

with crabs identified from this site.
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O. dehaani
H. tridens
P. tripectinis
C. haematocheir
O. intermedium
C. convexus

O QODD

Figure 24 A, the middle part of the lagoon characterized by the reed forest. B, cross-section

view of the survey site crabs identified from this site.
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H. tridens

P. bidens

O. dehaani

H. penicillatus
C. haematocheir

moom>»

Figure 25 A, the lower area of the lagoon near the dike and a circle in the photo indicating a
freshwater spring. B, cross-section view of survey site showing crabs identified from

this area.
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B . H. penicillatus
H. sanguineus
H. tridens

P. bidens

A. parvula

P. pictum

O. dehaani

SQ 220w

Figure 26 A, the lower part of the lagoon near the water gate. B, cross-section view of the

survey site with crabs identified from this site.
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a. O. stimpsoni
b. P pictum

Figure 27 A, sandy shore outside of the dike. B, cross-section view of the survey site showing

crabs identified from this site.
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https://sketchfab.com/

Figure 28. Three-dimensional image of the sampling sites in the lagoon. A, Hadori Lagoon,

B, sampling site @, C, sampling site @, D, sampling site ®, E, sampling site @, F,

sampling site ®, G, sampling site ®, H, sampling site @.
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4. Discussion
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Appendix

CTD survey table. April 20, 2023. Do: Dissolved Oxygen, Sal: Salinity, °C: Temperature.

Meas_rui::;nent Coordinates DO sal °C
1 09:19 33.510532, 126.893844 12.6 13.3 18.6
2 09:30 33.510467, 126.895447 7.8 22.8 19.7
3 09:35 33.509810, 126.895304 10.5 27.3 213
4 09:42 33.509765, 126.895458 16.7 215 214
5 09:54 33.507518, 126.897985 16.2 19.3 217
6 10:02 33.507437, 126.898274 6.6 12.0 17.3
7 10:22 33.507093, 126.896000 5.9 17.2 21.6
8 10:30 33.508621, 126.898176 10 20.8 21.8
9 10:44 33.509537, 126.899271 7.1 325 19.0
10 10:48 33.510022, 126.899224 4.8 35.0 19.7
11 11:01 33.511200, 126.898747 7.3 23.9 22.1
12 11:07 33.511733, 126.898306 10.4 22,5 229
13 11:14 33.511764, 126.897828 6.9 22.3 23.0
14 11:21 33.512320, 126.897958 11.6 4.9 19.7
15 11:31 33.511840, 126.896483 6.8 209 223
16 11:41 33.511242, 126.894539 8.3 17.7 23.1
17 14:16 33.510336, 126.901230 10.4 235 23.1
18 14:40 33.512527, 126.899204 7.3 35.7 23.2
19 14:49 33.510792, 126.893699 9.8 0.5 18.2
20 15:05 33.508233, 126.893042 7.5 3.1 16.4
21 15:07 33.508184, 126.893241 8.5 4.0 21.1
22 15:18 33.505849, 126.891441 8.7 2.3 15.9
23 14:24 33.505981, 126.891750 8.5 3.4 19.1
24 15:27 33.505920, 126.891965 8.0 8.5 24.0
25 15:34 33.506045, 126.892444 9.8 16.3 27.0
26 15:41 33.504765, 126.893483 10.6 6.2 25.0
27 15:44 33.504567, 126.893708 7.3 6.1 24.4
28 15:50 33.505022, 126.894422 8.9 7.7 24.3
29 16:06 33.503327, 126.891401 9.8 1.5 21.6
30 16:09 33.503162, 126.891908 9.4 5.7 24.6
31 16:17 33.501905, 126.891527 9.8 1.5 25.0
32 16:25 33.501487, 126.891180 7.4 1.5 21.2
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3D map Web Link

Sampling Sites

Sketchfab link

All study areas
©)

@

https://skfb.ly/oLNoT
https://skfb.ly/oKMw8
https://skfb.ly/oKHOx
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https://skfb.ly/oLPRP
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