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Characteristics of brachyuran crab fauna in the river mouths of southern

Izu Peninsula
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Abstract: In recent years, many subtropical brachyuran crab species distributed mainly along the southern Japanese coast

have been recorded in the southern portion of the Izu, Miura, and Boso Peninsulas in eastern Japan near the warm Kuroshio

Current axis. In this study, we conducted multiple surveys of the crab fauna in the Aono and Ogamo Rivers in the southern

Izu Peninsula from 2014 to 2018, and assessed their population stability based on their occurrence frequency. We also

compared the composition of the crab fauna using cluster analysis based on the presence-absence data with those at Yukashi
Lagoon (Kii Peninsula), Ena Bay (Miura Peninsula), and Banzu tidal flat (Tokyo Bay). The results showed that the
subtropical crabs Parasesarma bidens and Ptychognathus ishii were highly abundant in the Aono and Ogamo Rivers, and
that the crab fauna in the Izu Peninsula was similar to that of the Kii Peninsula, but differed from those of the Miura
Peninsula and Tokyo Bay. Similarity in the community structure between Kii and Izu Peninsulas suggested that the southern
portion of the Izu Peninsula functions as a habitat for the subtropical crabs, and acts as “stepping stones” for expanding their
distribution toward northeastern regions. Further, the southern Izu Peninsula had various microhabitats, such as gravel and
cobble zones, mangroves, reed marshes, and soft bottoms in the estuaries, which could function as stable habitats preferred

by these subtropical crabs.
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LTHETH D 2 eh, Y 2rmotic v e
fili 3T & 72 (Ohgaki 2011). HAY|E TIIERFED
KRR ASEEE, WATY), W 02 OiFrEEYE
OoEIR Y LT v s Gk 1962). Bz,
R R T 2 RS 7 ~ ' A Nerita japonica, ~F
% ) Pirenella nipponica 7323 & 4 (57K 2001), $EMENE
Hzfhs FIRICAERT 2 A=TB3YELRY A =
Clistocoeloma sinense, 7 ¥ 7 7 = Parasesarma affine HIZE

Fond (BRE - FIH 2007 5 JbigE» & R 2 T o 157
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TR Il afmiRE). &7, FHXGR 15°C Y
ARSI — 3.5°C) O TIC A (BT o
RER s MBI 0 AR s b D, T OB ER I IR AEY)
N A E & Crinum asiaticum var. japonicum D536 (=
7+ bR) (Koshimizu 1938) ¥ LCHILN, FHEEE, =il
FEB L UEREE TIERRATIC < 4 € ML
fiE LT3,

W78 o€, ROPRBLIM A T 0 Mk d - 12/ /5
Ho+HEFEREE =8 1cowT, ENE, =il
BB L OREBEE O T o H BRSSO T v
5. B2, Xy A H=FRD T YT H = Clistocoeloma
nobile HREHE, ZitE, BEMAFET (Yuhara et al
2017, =8 « B9 2019, 925 2021, €2 XA =Fo I F
3 7 ¥ N T H = Pseudohelice subquadrata 75 F 51 & ¥
=R T (#2020, W25 2021), EXE S AVERF
Ptychognathus capillidigitatus 3 FHE 5, ZHTEE L&
s BT (B S 2015, #52019), 7TenrAhvH=
Ptychognathus altimanus, 't Z € 2 R 7 = Utica borneensis
B R Y EREETHESI N Tw 2 (25 2021). 1
ZTC, AFH=RDONZ*t v+ 2F dustruca lactea
(A« B 2013), ¥ 7 < % ¥ Tubuca arcuata (Rl i -
FHEE 2016) AR RO RBRMN TR TR S h T
3. FEGE, PULERMIGEOFE/ - KEK/IN B
T2014~2018 FF I PRI O~ > F 2 &2 A L, AP
24X ZUC R (O b, H=JHIF29H) LML,
RSN AP0 15 IS B LA I FE 2 /0
BMEROMAIRONY PR THo T e M L (Yuhara
etal. 2021). ZO & 512, FMIFRESICIL < HhEc L 72
SO, WHCER T 2MARO Y b R 0VRIE
WIS & o Tt 25K 9 2 BRIz, TH T stepping
stone| (Saura et al. 2014) ¥ 72 2 ERUGRFEMEL T2 ¢
#MsNn2.

—fiz, PRI ORI EBREE D ZEEIC & 5 T
TAAREOR ARLTHIANEE 2 D 29 <, AERBES BRI Z
E L CHERF S 4112 < W (Eckert et al. 2008, Gaston 2009).
Z0l:®, pdtEDEEHbNE XY b 2ROV TE—E
WMOE=2) > 7%k d 2 2 ic & D, fERRFORkE
P2 2 2 e BEBELHE L5, Yuhara et al.
(2021) &, PEEBREEHBOFE)I < KEL/INCB VT
HRUE - R OFIE L HM L TV 255, 0 TOMRHT
TRHEHERIC L 25l 217> TE Y, HBUHECME AR
ORBEEICBET 2T T > T p o fe. 22T, A
SCTIEHBN - KESN O H =H157 — 2 255 e Uit
ATV, mTMED A = B b o M A 2
BOTCORELZEMICAERL T0 20027 li§ 5 ¥
el 7, ZHERBOILRBICBN T, 13I1F
[FEIRE (2013~2022 4F) (CREM 72 TR~ > b RAHFE A
s T3 EBH D 2023, 8RS 2023, 2 5%
Hefr). AT, AERED R ATE S 2 RO B e b

g R - HAIES - BULRHE - &5
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HOW» Lo~y + 2 HillE (FIH 6 2022), B & R
IR MR ORI TR IR RIS T =42 ) v 2 A
k1000 IR FREGAE (THERE) »irbh a3zl ers
RS ARRERAEMZ R >~ £ —2019), K#5ET
BHRERE TR ONIF— &% 26 ORI T — & ¥ LEig
T2 T, FELERMIEIO N —FHORM AR 5
¥ #HMe L.

MRl &

AE M

AWEZE O F AN PR S R G O H )11 8 & OREK
JUFR T & 5 (Figs. 1, 2). Wi 1] o 3 25 #5771
BIEMZE (Yuhara et al. 2021) ¥ FABETH Y, 2 DRI
B RERBEOFRIBHEMIL L SRS Nl v, HE)ITIE
FOE & Y Emwcis - T3 Ao EHiA (AL A2,
A3: 34°38'04.99"N-34°38'51.76"N, 138°53'11.54"E—
138°52'37.19"E) #&&& L7z, Zh2hofitsg, Wikt
I, W, 7 EMEEC i, AlFE T
N R Hibiscus hamabo F{i4E & OF 1958 FI PRS2 HIE A
I N7z X v VX Kandelia obovata B (B « £k 1999, FitHH
1999) 76725, KEXINEEOFMF 3.5 km (A& L
2 fE AT oI A (01, 02: 34°39'19.53"N-34°39"27.25"N, 138°
55'07.04"E-138°55'05.46"E) * &AL, ZNZNOFHTEHI
W3, R, At SEEE, N RURHE» L.
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Fig. 1.

Locations of Aono and Ogamo Rivers on the southern por-
tion of Izu Peninsula, with locations of survey sites in the rivers, lo-
cations of Yukashi Lagoon (YKS), Ena Bay (Ea or Eb), and Banzu
tidal flat (BZ) where the composition of brachyuran species were
compared with Izu Peninsula are also shown.
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Fig. 2.

Three study sites in the Aono River. Al was located at 0.8 km upstream from the river mouth, where the habitat consisted of mudflats,

gravel and cobble zones, oyster beds, semi-mangrove Hibiscus hamabo and mangrove Kandelia obovata forests. A2 was located at 1.4 km
upstream from the river mouth where the habitat consisted of sandy mudflats, common reed Phragmites australis marsh, and cobble zone. A3 was
located at 2.7 km upstream from the river mouth where the habitat consisted of sandy flats, gravel, and cobble zones. Two study sites in the Ogamo
River: O1 and O2 were located at 0.3 km and 0.55 km upstream from the river mouth, respectively. Intertidal zone at O1 consisted of sandy
mudflats and the semi-mangrove forest, while that at O2 consisted of sandy mudflats and the common reed marsh.

H = ERORMAE

FHEE 2014~2018 FFEA T THE S N, Z O, W)l
FHIREH T 4 B OFE T o7 FHANL, PR R
HIZB W UERERACH =FIEE L T 2 HE~FORNIC
it L 7o (Table ES1, ES2). 5 %Il ® A1 T 2014 48 A,
2017 8 H, 9 AE LT 2018 4F 10 A, A2 Tid 2014 45 A,
2017 4E 8 H, 9 HEB LT 20184 10 H, A3 T 201445 H,
8H, 20178 A B L U9 H, KE XK DO T2014 4
11 H, 201543 H, 201748 HE L U9 H, 02 Tid2014 4
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Thoracotremata (Ng et al. 2008, Davie et al. 2015, Tsang et al. 2022,
Kobayashi et al. 2023) (ZfRHTR 2 FRAE L7z,

AE R TZRZNARFAELHEL T2 2825,
B 70% DL L% 8 2 o2 TEEE Bl ¢ L.
Bz, gL ~ov (] AD Tl 4 B3 ED R
WEIL 720 =301, Wilv-~ov () HEID Tk 3 e
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RY RREELY RF—=2T7 v 2 (HEXRY F 2222 2012)
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H Z$EE DL LR
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s, BUREER FIROERREEICIE T 2 HEGENE
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Table 2. Presence data (@) of thoracotrematan crabs at six sites from the Kii Peninsula to Tokyo Bay. The southern portion of the Izu Peninsula
(Aono River: AON, Ogamo River: OGM) was surveyed from 2014 to 2018. For Ena Bay (Ea, Eb) and Banzu tidal flat (Bz), data sets from 2014
to 2018 were used (Data for BZ were extracted from the Ministry of the Environment Monitoring Sites 1000 Project website). Data for Yukashi
Lagoon (YKS) at the southern portion of the Kii Peninsula were acquired from 2020 to 2021 (Wada et al. 2022).

Yukashi Aono Ogamo Ena Bay Banzu  poq Benthos

Subsection Superfamily Family Species name VKS  AON  OGM ‘a . 87 List*I RDB*2
Thoracotremata Grapsoidea Grapsidae Metopograpsus thukuhar o [ ) o
Pachygrapsus crassipes ([ J
Sesarmidae Chiromantes haematocheir o o ([ o ([
Clistocoeloma nobile [ ] ([ NT NT
Clistocoeloma sinense [ ) [ J vu EN
Nanosesarma minutum o o
Orisarma dehaani o o o ([ J [
Orisarma intermedium @ o o o o NT VU
Parasesarma affine o o NT vu
Parasesarma bidens ([ ([ J o o o
Parasesarma pictum o o [ J ([ ([ J o
Parasesarma tripectinis o (] () (] NT NT
Varunidae Acmaeopleura parvula ([ o
Chasmagnathus convexus [ ) o o ([ J o NT NT
Cyclograpsus intermedius o o
Eriocheir japonica ([ ([ J [
Gaetice depressus o o
Helicana japonica o o NT NT
Helice tridens o o [ J ([ [ J
Hemigrapsus penicillatus o o o o [ J
Hemigrapsus longitarsis [ ) NT
Hemigrapsus sanguineus o ([ o [
Hemigrapsus takanoi (] o o o o [ J
Parapyxidognathus deianira o o o NT NT
Pseudohelice subquadrata o o (] NT NT
Ptychognathus capillidigitatus @ o [ NT NT
Ptychognathus ishii o o o NT NT
Sestrostoma sp. [ ]
Sestrostoma depressum (]
Sestrostoma toriumii o NT NT
Varuna litterata [ J
Varuna yui [ ) DD
Ocypodoidea ~ Camptandriidae Camptandrium sexdentatum [ ) NT NT
Deiratonotus japonicus o o o NT NT
Dotillidae Ilyoplax pusilla @ [ ] [ ) o o
Ilyograpsus nodulosus o NT NT
Scopimera globosa [ ] o [ J
Macrophthalmidae Macrophthalmus abbreviatus [ ] ([ NT NT
Macrophthalmus banzai o o o NT NT
Macrophthalmus japonicus o [ ] o o [ J
Tritodynamia rathbunae [ J o VU

Ocypodidae Austruca lactea o ([ J VU VU

Tubuca arcuata o o VU VU
Pinnotheroidea Pinnotheridae Arcotheres sinensis [ J
Indopinnixa haematosticta o NT VU
Pinnixa balanoglossana o VU EN
Total species 33 26 23 25 14 20 21 24
Endangered species 13 13 10 7 3 6
No. of endangered species / Total species 0.39 0.50 0.43 0.28 0.21 0.30

*1: Red List indicates endangered species in “the Red List 2020 in the Ministry of the Environment” and “Red List of threatened marine species in the
Ministry of the Environment” (Ministry of the Environment 2017, 2020)..
*2: Benthos RDB indicates endangered species in the Japanese Association of Benthology (2012). VU: Vulnerable, NT: Near Threatened.
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L7zZ s 6 (Yuhara et al. 2021), [AlHART <o HBLRA 2 L
W9 2728, 1A (Ea, Eb) b 2014~2018 40 5 4[] 0
F—2 L (BB 20232). BINTE BZ) bIEKE
WERIBEE T =2 v 794 k1000 inEEERT (FEHFT
D Web H Ak (https://www.biodic.go.jp/monil000/findings/data/
index_file_tidalflatshtml) &9 ¥ — % & X v um—F L,
2014~2018 FOFER L HIH L7z, w2 L (YKS) &[H
IR o B s D D o To DT, FEIEE FITEEIE A
OWS 252020 4 ¥ 2021 FICEHE L 72 & TR b /e -
NMEF— 2 2fiA LI (HEG 2022). @2 L, (L5
B, BNTEOFEIIZFLESDIZCACHSEL T3 Z
e h, HEREO EESHEL Y 2 rEZ LR,

BEHCRCEERR

T = SO BRI, /KRS oI BE
L TAFLTIRICOD B YT 3 e b b, 2 2 THHIE
ORI Y XFKURERE DT — 2 =2 L h AT
L, 20OR2EIL 7 (Table ES3). {FMI/KIRIZKRRIT
Web A4 b N O THARIE R 0 i ifi KR 15 (https://
www.data.jma.go.jp/gmd/kaiyou/data/db/kaikyo/series/engan/
enganhtml) ] & VHE L 72, 2 2 TIXHEL DM ZE 5 R
(2018~2022 ) O H O P lgHIKIR LIS TS 5. &
AR oMK Y LT, wa L (YKS) & TFIEkb
RN (GREFEHID ), PEEEmimEE (FE)I AON,
KEK)IIOGM) & MPAEFEEILEIR R, L& (Ea,
Eb) & THHERE oF—& L. ZhoD7—%
&0 TSEMESEIKR] 2BIE L. 2cZ2oh»h
7,8 Ho s AR AKER 2 TEZRm/KiE], 1,2 HO
SAERE KR Y Tk ¥ Lie. BN
(BZ) &, g ORI EE =58 K HARZEAER D Web 4 A
FNO TSRS R S BRIR R A (https://
www l.kaiho.mlit.go.jp/KAN3/kaisyo/tokyo_kankyo/tokyo
menuwhtm) | & 9 2016 2 5 2020 FFED 7 — 2 R HUF L
fz. 2016 FFREEHEH, 2017 fEE1E 3 HEBRSMBH, 2018 4
J£1%4,6,7,8,10, 11, 12, 1,2 H, 2019 FJF 1% 5,8, 11,2 A,
2020 413 5, 8, 10, 1 H OB TFEEEE DM (St.5) T
\/oniaEmkKET -2 2 ALZ. AR 61, S8T
¥ 7 — ZBUHAM % —B T RS TH 205, WEISEREHRE
AL 2021 FEECTHIAAHE T L, 2021 FEIF 7,8 A
OEZFORIMIHE S THZRER/KR] 56172007,
2020 FEE & TOSHFEMEMMAL 72, KBIT 7 — & ¥ Rk
W2, SRR m KL, 7, 8 HOMYAME, 7HH 2 v
138 A oigim/kin Y [EEFFEEEmKR], 1,2 A0
fH, 1 H® 2\ 2 HoWgmkiRz [0 m kiR )
¥ U7 2 ATFKIREMRIEKST Web 4~ [#HED
55— % (https://www.data.jma.go.jp/stats/etrn/index.php) |
I, AW CE L 2014~2018 ED 5 /D 1,2 HO
SiEEMAL, T4 P50 e Lic, (AL 2R
FhFhnSEEoERET, 2 LEER THE), FE
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%

B TER ), VL4803 T=0), MNTiEe TARHE
H OF—x2HH L.

e
PAERSROLE « NMEF—XIZOWTHRN - v v Ty v

F8E Nomura—Simpson’ coefficient: NSC (EfA} 1940, Simpson

1943) Z VT, TadozUc & O IEELE T 2R 7.

NSC=c/b : a B L U b MK OFER (2 2T a>b),
c 3z niEis

AL, FAESHEIZE T AR SN, KiRd
sl CIIEBEAA S 235 E L v 2 e H AL g

LblE—7T7zwv. Ajo- KM (1989) 12 & % ¥, Jaccard
FRE% Serensen iU ¥ 0 FERBECRIEEUIFREL ¢ £
WAL & D HELERFIE T 272018, RO HEE
ENTEET 2 LBKFHIIY Sha. 720K T 2
RS DS —C 7% { FEEDSHE § 2 1585013, BLUED KL 72
AMEH B, R - v T UEERIE, ST 2 i
DD F— TR VG, WS ORI % 5k
¥ 3R coT, LEMimEHSH, BhTwdy
sz, DLk h, AugEcoHn = o )R iR
W3 bRl ofsge R L 7.

3o NIIEFLUEITH L VEE 2 9 22 ) v 7R L
. BEEs 922 v PR3BRRNTIETH Y GEE - A
2006), WL 2 AR Y ZEFIVEREL 2w, 500
2522 7T R s (HEESE, ek
UPGMA 1%, WPGMA i, WardiE) O 22N e HITL
2. ZRNFhO7 DY) XL TRENIETY Fn s s 4N
TOEY > 7w CREFTIC BTt Bohs o —
7= ViR L, ZOEETYITH L a—7 = VTHIE AR
KOIFACUZITHI O (2 —7 = VHBD, B & Ak
OIFFLUETH ¢ 2 — 7 = VIO AR (Gower HHEHE)
ZRo1: (Table ES4). a2 —7 = YD R b EV0iZ e,
¥ 72 Gower R L IKVIZY, @R IRARY 7
EF)E &3 (Borcard et al. 2018). UPGMA %% v 7z
2522y r0a—7 = HHBEPRDL EL (.=09411),
Gower FHEEIZEH L T3l E» o722 ¥ 225 (Gower
distance=0.0391), ZD 7TV XL ZFHAL .

fRATIC BT, Rl 2 7 22— nEsne&s 5
22 —DEZYNEPIHMET 37291, Yvy MEZKRD
(Rousseeuw 1987). I, HB 27 532X =BT 2 H >
T (KRN BVl xY e s 5 22 —Ho0
flrr > 7 v e OO PR Y 2B L. Rz
DY 2Z2=ICRLEVHIDZ 522 =% T 29> 7
e xVe oo rEIEELE b 2 EH Lz, aY2 bP0
5%, KEwHOETY—a% 2L, v TuxPoy
vy biESP R B L 7.

S(i) _ [b(i)_ a(i)]/max [a@, b(i)]
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YovTy MiEE—1~1 O Z /R L, 1ISEWIE Y REA
25 Ax2) TIN5,

iz, Y Inoiovzy MErs, 1) F252%—
WO vy Mg (352522 —DFYMNERT) ¢
Q) 2y y IRy vy MERZEHIL. 2T,
EY Y TVOFEETY vy MEIFER SN 72 X —H
WEoTEILTBDT, &2 5 2&2— CRI%ETIZ 2~6)
WKOWTEg vy MEZHIRL, &b NSV EEY R
Lico o 22— ripin s 5250 v 7 flkiLik.
iz, FEtfE AT (IndVal 7% 5 Dufréne & Legendre 1997)
2T, %2 7 22— O E#E L. RSO
IndVal i ij 13, FrEMEY RIEMORTHEBIS NS, FEEME
i, WReKBE 25 2%2— i NOF OFHERERE,
fliod 27 5 2 & —FET OB L k3 2 2 ¥ TRS
Nz, BEWHZ, 22522 —NTHIBEET 294
FORIGTRINDG. Z OHEMNNRAENML 9999 [\ O f
NEFZE R AT VA L 72, IndVal {613 0~1 O HFiPH % ¥
D, 0CRHEIFEILNRE 72225 22— IHFEET,
1 CRZDFDPZDI 5 AR—DAIHFEIET S I ¥ BN
T, TRTOMEFRNTIIEATY 7 b R ver.3.6.3 (R Core
Team 2019) ZfEH L, 2 9 2 % —fi##H71213 vegan, cluster,
proxy, TEEEARE/IHTIZIE labdsy D 8y 77—V 2 L 7z,

xR

EHI - KER)IICETZ2HBOEERR

PR B iR EROM I GEE)I - KEKD T 2014~
2018 T T2 S /e H = HUHH DT IS BV T, WIS
BRI E T a bk re—XMHO D =SHIE 26 MER S 1,
205 LRI 148 TdH o7z (Table 1, Table ES2).
BRI L 72881, 7 %3 h 2 = Parasesarma bidens,
7 ¥ NT H = Helice tridens, 7 7 % 4 ) 77 = Hemigrapsus
penicillatus, F 277 = Ilyoplax pusilla D AFETH - 7z. LA
o 4 FESEE) - KEK) O] O EutR, HEEE
WDt o TLHEMCHBLL T,

HE)ITE, Al~A3 O 3HiIfTRF 25 D 7 = FHH5h
a3, HOMIZ13FTH -7 (Table 1. HE/I I
S coOEBEHBIRIE, 22N R =, TINTH=,
FIYA V=, AU I LAY E R F Pychognathus
ishii, FIH=DSFTH Tz, WIIFICIRS LR v
FeNTRUBE LAY AL T 18RSI L, &
S EREE 7 S 7 7 = Chiromantes haematocheir, 7 3
FTH=, TRNNADIT=, XA H= Parasesarma
pictum, Y 7 51XV - A I = Parasesarma tripectinis,
N JI = Chasmagnathus convexus, 7 /N7 7=, 7 7%
AVHT=D T, WIFNbERAENETEIMEOE A v
=ERTtH o7z MOE» D UEENT:, avEEES
et A2 mcid 17 SR L, @S MBI, £
ERETBEEOE T 2N s =, TINT =, Wl

=]
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TCERT 27794y FH=, 24U YLIA4VEFFD
A= ER 4T, BIOTFRENICEREZIERT 2534
=, A XY F I = Scopimera globosa, N7t F <2 F
Austruca lactea D 2 > =FRH 3L F &0, FH7HET
Hotz. MAHEH» LR bR, 3 VIRE2ES DEEO
A3HUS T 17 SRR S N, SR 2 Y
4 7= Orisarma dehaani, 7 XN71 27 =, N =,
TINGH=, TIYAV =, ZHA 77574V =
Hemigrapsus takanoi, ¢ Xt 54V ERFF, X4k 7
A4V EF*, 51U RFH= Deiratonotus japonicus, F I I
—DI0FETH -7,

KREGLIITWE, 01+ 02?2 i Tl 22 KD =HiHs
RS, mAMIE 10FETH o7 (Table . KB
Fs ek comBEEEBIRIE, 7hT =, TINIH=,
FAHN=OIFETH o 7. FHFICIE <R T REZIC
Fhic Ol M T3 19 MR S, S R L
TATH=, 2aXy T AT=, TFRNAIHT=, hD
RV A=, €2 XH= Eriocheir japonica, T ¥ ’N7
HN=, FI7¥AIV =, FTT7TIA4AVYFT=FFFF
Parapyxidognathus deianira, I H =D 9FTHH, FI
H=PHETRTA U= ERThH 7o, WD b EEN
7o, MR 2 S TR TH 2 02 Mg T3 13 flins
WiRsh, aEELEEE 7T =, 7y I H=,
FaH =, Y= bF Y I = Macrophthalmus japonicus O
AfTH o1,

IR 73 LB R AR

IR 72 LERERAT OFS R, 0 =S IR0 2 LB
(YKS) T 32f, HE)I (AON) T3 251, K%
(OGM) Tid 22 f#, {LZ=¥50D Ea T3 24 fH, Eb Ti3 13 1,
T (BZ) T 19 TH -7 (Table 2). FEME MK
B3w2> LB (YKS) T224C, FEEEM T (AON,
OGM) T 221°C, 7L%% (Ea, Eb) T208°C, MM THET
193°CTHh-tc. HEMH/KRC LTk, 2nzeh
WA LiE (YKS) T273CHE & 0183°C, i B
(AON, OGM) T 268°CH & ' 17.7°C, {LAE (Ea, Eb) T
259°CE LT 162°C, WM TIHT269CE LU 108CTH-
fo. AFLKIRIZO» LE (YKS) T8I1C, P B
(AON,O0GM) T 83°C, {I#x1% (Ea,Eb) T 6.8°C, MM
T59°CTH-7: (Table ES3).

UPGMA EIC & %2 27 5 2 2 —fRATIC & » TH =S DL
Ba2frotz. [AHTICBCT, %253 2x2—8 (2~6) I
BV, 2RENET Y Iy vy FMEEPEEL
o, ZOMR, 77223 TOFE vy MiEH
067 ¢, oz 5 2% —HDIFg vy MEL D &b -
12DT, RETIEZ 92X —H3 iz o 9 22—
YL TERMAL (Fig ESD. ¥ RFu2'oa LT, WA
7Y UEBOIEHELE 20% T3 ODY T L5 A K —
(Cluster 1~3) 23 347z (Fig. 3). Cluster 1 (302> L&
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Fig. 3. Cluster tree and silhouette plot. Average agglomerative (UPGMA) hierarchical cluster analysis was conducted using Nomura-Simpson
index based on presence/absence data of brachyuran crabs recorded from six sites (Yukashi Lagoon (YKS), Aono River (AON), Ogamo River
(OGM), Ena Bay (Ea or Eb), and Banzu tidal flat (BZ)). Silhouette information was computed for cluster interpretation and validation. The
highest average silhouette classification score (0.67) was achieved by a three-groups solution.

Table 3. List of indicator species in the indicator species analysis
with their IndVal percentage and p-value. Only crab species with
»<0.05 are shown.

Species name Cluster IndVal p value
Parapyxidognathus deianira 1 1 0.0482*
Pseudohelice subquadrata 1 1 0.0487*
Ptychognathus capillidigitatus 1 1 0.0471*
Ptychognathus ishii 1 1 0.0471%
Deiratonotus japonicus 1 1 0.0477*

* p<0.05.

(YKS), FH)Il (AON), KE Xl (OGM) @ 3 il T
Y ovy FIEAS0.68 iR L, RS 25 2% Y
78N Tz, Cluster 2 (3{LRVE O 2 HifS (Ea, Eb) T,
EbiEBalcdZINTEH, BN - v v 7y V8 oFE
K& VIEHLIE O e b, [FAl—ORHEMS © 3L S N,
P vovzy MED 2RV 1.00 ¥R T2 XY

VZENTV B i S 7z, Cluster 3 (38 G0E OB T
H (B2 O&AT, YvTy MEZIDZ I ZARX—NOY >
T 1 DD TO ¥ L7z (Rousseeuw 1987).

FEREFE M (IndVal i) T, Cluster 1 TS5 2 5
22 —2RET2EEM L sh (p<0.05), ZDONRIZE
IRAT=ZRDO T SAVFT=FERF, IFITIN
IH=, EXeI4VEFF, X4 TVLIAVEFFE
FUVLINTIVTTHT=RONTRFHT=TdHo 1
(Table 3). FREEFEDHTICINZ T, 2 5 22 —NOFHEHT
NTCTHEL, »oMtior s 2x2—1c 3L Tz
ffi 2 # 8 L 72 ¥ & A (Table ES5), Cluster 1 Tix v Y
A O =% F ¥ Metopograpsus thukuhar, LY 7 71X 75 A4
=, P TV IAVH=ERF, IFITINTH
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=, EXEIAVEFF, XATVLIAVEFRF, BT
AFH=DTHET, BEMSHTCIZEFRCETH - 7.
Cluster 2 TI& 7 714V 7= Cyclograpsus intermedius, t 7
A ) I = Gaetice depressus, Z 7 323 F >/ Tritodynamia
rathbunae ® 3 f, Cluster 3 TIXVEL YT A H=, 7T F
A=, XTI INTH= Helicana japonica, A>T 4V
FUDIT7TAAYVEFRF
Sestrostoma toriumii, 7 Y 77 = Macrophthalmus abbreviatus,

FRI X

#' = Hemigrapsus longitarsis,

7 R = X H = Indopinnixa haematosticta,
77 = Pinnixa balanoglossana ® 8 T &H - 7z.

Z =

PEEE RO A =FEH 2 D 72 D HE L7k
B, FHITI, 722N AT H=, TINTH=, 774
AVH=, RATYLI4VERF, FaH=, KRESI
TRTHTH=, TINIH=, FaIH=pEMEE (KK
270%) THEL W, Eilor =72 \h 27
ZBIURZA T EIAVERFERE, HHA»SHH
AFCLBICHET 2 Z@EdE e stz (RS - fim
2007 5 JbigE D & ML 2 T 157 TR Tirb i o4
). B2, T 7IA v A= dEED & R, 7
SH=, THTFH=BAN»LIUN, FIH=1MEE,
SIMHIC AR LT B (22008, JE#H52014). — 4,
TRNHIH=ERZA T I4VERFIZ, Thanf
W EH S GEORER) oMy ShTa ey
(8RS - I 2007), S REIOHEIC & > CHESHERE
MEIC B CESEECHBIL, SREIRTcE Ltk
BL T LIk -z,
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PHEEE RSO A = OR e LT, mYiE»rZ v
ZenZFohng, HF)ITIE 25 M 13 (52%), KiE
RINTIE 22 iR 10 fl (45%) TP TH 7203, WL
We P 13/ 41%), TLAE AT 24
7R (29%), JLAREBHI L TUF 13 3FE (23%),
MM TETIE 19 P 6fE (32%) Td - 7z (Table 2).
TR HTIC B OO B RS 2 RS O 7o s R
=, TRUCHEDETHY, ZhsomdiEe
LT, 797H0=, a7 ARV ITAH=, "Hh=,
N YA FENEGHEICHEL v, EEO
H=FHEINT T =2 RCTHEAE e Sh, 2 oRliRsin
FEETAIRD Ly B Y R b 73 2 CHATR G IHE S He i i IR
YR ESh TV REE»EZ - (HEBR 2013, BERE
WL 2015, ®AIIR 2017, HIRIR 2020, FIAKLGR 2022). %
7o, 240 eI4YVEFFIIEBCT, FEEER S
OEMNIIAILE, EAIR S & OCREARR ¥ B EIINGE S L
LTV WL 2o T3 (IR - FIH 2015).
NGO eid, GHEEEREEEEo )TA 03 S
T oL & G S h 3 FADRE L &0 = JHOTHIYE
DEEL Y L THEEL TV 2 ¥ Z2RBL T3,

PO B ORMERE Y SNl XS4 VEFF,
ZATYEIAVERF, ATRAFHZRZOTARLIRKD
SRR I L1 EFRE o i, a2 e S TR
AL (Fukui & Wada 1986), b7 7354 Y H=FF
F IR B DR O [T O H A5 L e F RN
(=1 2008, HA X b 2422012, Koyama & Onikura
2018, EMH S 2019), I I 7y g =3P <
vra—7HEFEOEA MRS 2 (52008, AA
Ny R RS 2012, BES 2019). 7 Y5 H = 3k
W OHE{ 147 (Yuhara & Yokooka 2019), &7 h X4 A
=< 3EEREM B (HAXY F 225
2012), N2V IFIRFIEPLHEL Y OB CIEH
TEICERL T3 (HARY b 2422 2012). HH/I -
KECN I /D75 h = LR e 72 0 5 211
T, WROh, R, MR, N R URHE, e
FHE R COLRBMIRESHEAEL TV, —H, Z0&
5 WA R 2 S OE G, A - SRE B & OTRA
WILITR DN « BEiisisic 3\ v, LB R
Pci3misd Tz (P 2014). BEIFREL BRI AIE $
2 HE R, Ry B e TR =8
DUHAIZ & » THRT 2 B/C TIROG ) ¢ LTiRES 228
BHeziftL s eEZ6N 5.

B BRGSO h = FAEE AN 72 LR % 17 o 724
R, 5300 km PEHNCEEN AL OPE SRR O W 2 LI ¢
FLIL Cwicds, ZlrEOIEEC3ELZ-> Tk,
AFBTRE N 7Y EIAVHZERF, 3IFIT7INT
=, EXbI4YVEFF, 24T I714YVEFF,
HORFH=DHB L otz b0 h=FE, IH
ITIUNTH=RERE, Jol L7 & 5 ICHIKDFEED R
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I RS oy, a2 ERE e LTwd. II4&
BT, LR 5 OVBROHEKFADH 2 DD, ik
IR D HERE LRt/ NS © b 2 Z e s, Ladh =M
DARIEOHHD 1 >TH 2 A[HEMELH 3.

NEXy PHEDOEVEEDE T, RERKOECD
PERE CIILRBYRTH=FHOE b o5 LicHE
Ko 12rEz b5, FE BRSO KR IE
221CTH Y, HEIFE IR0 » LIBD 224°C e g L T
0.3°Ck\> (Table ES3). —/5, Al Mol 4L
VT KIR A3 20.8°CTH b, FEEE LT ¢ L L
TS5 13T, XFEEEHKIERTIE, @2 LiEs
183°C, E X B 17.7CTH Y, LEBETIZ
16.2°C ¥ P S mashih ¥ i L T 1.5°CIR . FEEE
AR CE A MBI CH 2 M AFED 7 23T 2 =1,
BT AERBARIHERT S 2 o0 HBIEE D IEF I
B Gl 2015, &4 5 2023a). P B g As JLBR
TholtMFEN=FHO 7Y TH=, 3 FITINIH
=, NTRVIVFRZFICOWTUL, LRSI kY S 25
e, HEPEEHE 0 S iy, BRORIEE TR Y OMER
BEITABICOIFEL TS, NI ey V=3 FIFTLE
5T 1999 EIC—EhER ST 325 (L « (LI 2000),
DItk ORI <, B EUC & 2 RO FTREME S F .
LB TIRAF ISR D 6.8 CTH - 125, O» L
HTIIE8.1°C, e LEHIHTIE83°CY A -7z (Table
ES3). =B OVLEE R TREAF RIS i
MR OHEREBLIE I L TR 2 e n, 2o s’
WEDEFRRICEBEL TR EILNS. iz, fKURE
BREL O™ SRR >4 =T, BEREoZEhicEv
7o v s vkt Es IR L, EREREISEE Y K
e biEfishtwaicd (BT 2020), #i5HE
7 DT U URIRERA LA BRI AN 2 02
BhHAI.

AN T8 13 R R R RS O R pUBNIBICNIE T 2
3, 2 OH =FHIZO» UiE - FIEEEREE S & =0
LB OILAEO TR bEZ - Twre, BINTE
D27 5 A% — (Cluster 3) ZH.OICHBIL 727 =13
(Table ES5), PASHMY 2 NIEHEC MR %2 £ 5 B T8 %
ARG TAYELRYAA A=, 2 FH=, bR
TINTH=, BEUOTFEREfERY b2 HETZ MY
TITHAVERF, THARYIAN=, FRIYAN
=Thotc (HARRY b 24222012). HEELHEAE R
YOWER T, ARcE L TR ARz E o~y
FZABEEDSRNIL T3 e BHL RT3 (Ba5
2023a). MEMTENEPHBEN R NIBICHIEL Tk H, nE
&y b LIRS BRSSP TFRSHLTH Y, B
BEEANZIZ Y ACTEEL 20128, ATEPRICTH L 72 a B
B, (IRB 3 =HlrE e sceEZoh 5.

AWHZRIC &, PEEERMEGE O 2 =0 S
B LIl B A IS - T TR



M R - R - 2R g B - AR BILEHE - 2 0%

AR LTHREL T3 e RN, $0HW
JII = KRB, oKL 32T 2 A0 TR kR
2 S AT O AHEL TE Y, 20 L5 2ERE
PHORADV Y EISAVERIOL D RN = Hp
LENNER LT3 ey otz JIEETE,
B A o E MG I TE,
2021 FICRA UV B IAVERF, 3 FITINTH=,
2022 FITWZ 7 VT AR S e (BiRG 2023, 2

SRR, HIEO Y 2 AT EdEuz bz <,
Z OHMBUIERINT & 2 AIREMED S Vs, TR A
B =BG 7 C OMIREIDSFEEL, THEDORURE
e S W LR 5 FH S 2020, KHRIT 2023),
SHBIEEMCALNZ L HY S 31555,

B R CRIREILAR) 2330 dbRC &b - 7o =HHic >
W, XNUH A H = Orisarma intermedium 73 & Y IL D
JE BRI i S 2021), B2 XY A H=hEEE
B (@R 2019), EWIREAI EAR2019) T, v/
X = Ocypode ceratophthalmus 3 & N > 30 2 F H =
Ocypode sinensis 3 B YRR E CHER IN 2 LY (G
2019, Yuhara et al. 2023), HALHIG ACSFEEMARR R~ O 7>
fdbEOREN SN TV 3. Frs (20200 (EEHIRTIT
bhHEES (2008) O FF=SHORMERER,» S, i
RIS BT 3V 0 X = OIS RSB O F
A OMRAREE D & ONEMIKIC L > TR F =L DK 1 »
HAREERCHIIL, R, RICKELLLY 2 2 =27
B =HHAE BRI T 2 HBHE Y L OBV EY 52 %
ATREME R FRHE L T 2. R 2O IR ik & —
DOEFNZO VTS, FERNZZZUREZENC & 2508 LR S
NTEH, BREoEEEY O ERYE, 3513
JEt5 & oMK THHK D H =FHIC OV THERRES =
ZYV Y7L T ZEBRECEZLNG. E=X) v
WESL T3, EHED O 2 0HE, 37D bR OR
2L, BIHOARL CEEROZEE OB b & FHl
THRIUDERETHAS.

- -
- -

BB AU, U a—HBEHRY 5 7 - FreeWill I
L3Rz T o, & BRSNS, SR N A
HBICIE, HEOMH 2 - TIHW. &7z, 2% 0OEXRTF
Fe HEHEESOPRITRLIC I AT GRS CERZTHC 2.
Dh#zadl Tz &L 9.
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