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: The hydrothermal vent crab Xenograpsus testudinatus

(Xenograpsidae) was first discovered in Kueishan Island,
Taiwan, in which they evolve a range of morphological and
physiological adaptations to cope with extreme conditions.
Recently, X. testudinatus populations were also found at
the hydrothermal vents in Showa Iwo-Jima Island and and
Shikine-jima Island in Japan. However, the mechanisms that
result X. testudinatus distribution pattern and clumped
those crabs to the vent areas are still unclear. This study
aimed to test two hypotheses: (1) The dispersal pattern of
X. testudinatus was dominated by Kuroshio Current, and (2)
The larvae settle down or juvenile clumping were attracted
by the environmental factors of the hydrothermal vents. In
this study, the cues that attract juvenile vent crabs to
the vent area will be test by behavior experiment. To this
end, we will compare the soundscape and the chemical
compositions of the vents in Kueishan Island and Showa Iwo-
Jima island by principal component analysis. As well as,
the population genetic compositions of the individuals from
Kueishan Island Showa Iwo-Jima Island or were analyzed
using molecular identification technique to understand the
possible population differentiation between the two sites.
Moreover, behavioral taxis test was conducted to know
whether the crabs from different populations showed
different taxis behavior to sulfide. Our results showed
that the underwater spring in Showa Iwo-Jim had higher CO2
levels than what was found in Keuishan island, but where
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the sulfide level was not detectable. The genetic results
indicated that the genetic divergence between the
populations in Kueishan Island and Showa Iwo-Jima i1sland
were low, which suggested that gene flow between the two
sties was possible. Ocean currents have been known that
play an important role in the planktonic larval dispersal
as well as maintaining the gene flow among the populations.
Furthermore, behavioral test evidenced that the individuals
from Keuishan island may move toward sulfide; however, it
1s not the case in the individuals from Showa Iwo-Jim. This
results suggested that the levels of sulfide may be one of
the cues that attract vent crabs in Keuishan island, but
may not the main factor that formed their clumped
distribution pattern among the west pacific fire ring.

. The results of this study may not only explain how the
geographic distribution of the X. testudinatus occurred,
but also provide possible hypotheses for the development
and evolution of the deep water hydrothermal biome. This
information will be helpful in sustainable management in
the future.

Xenograpsus testudinatus, Population differentiation,
soundscape, chemical taxis
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B TS ol 5 20Hz 3] 60KHz vk BB - % 3 £ 1058 ™ o0 e ATk 5 -175
dBre 1V/uPa > ¥ * v &8 B FIFIAL 5 ARk ™ g o

KT OB Bk R A o SoundTrap 300 455 S E-F R AR K 0 RN
# 20-30 & 48 0 PR R R F R o 0RO Bt § e s kT B b iR
Bt bh TR LB R FEY 0 BT RFEA PRSI By o APl i
Chen et al.,(2021)#7if e R A BEer BE Y 2 2 o MIREEA R T DT T 5
Fed Fieg oL o ;‘gr} soundscape IR #% :t L #P1 2 45 (Sun et al., 2022)
TR T B P o T A P eniEARY 0 E 4 002 R AT R REFE
BEEREL AT MBEIE SRR S A68HZ R TR o 5 IR A
Frac g p AR ERB OB RN A 2 R P ARFE S gk FHE AP Y

E3f R PR BT SR ALY il (TR o 1995
WA G P ENAF ORI RAEA L Y R EA R B IR
Fhatt o o iy 0 Bgdp &5 (Linetal, 2021) &iF/4% £ 5 cfuR
B3 B4 (Chenetal.,2021) - % 7 4F3 £ A v AT A Er OB I FH LR

AP 444 50-500 Hz ~ 0.5-2 kHz r2 2 2-4kHz = BHAEF ol > #-m SRR EF
Ao E & S el R B9 R 0 X 2 Wilcoxon rank sum test & {7 su3t i 2

POGEREERERT > AP HEERAZER pH & 3/3F (D.O.) -k
B~friit itz 2fcmipis B (HCOs ) 7 28177 RIE - 24 * feif IDSpH 7
1% (SenTix® 940, WTW) 1 % % #c7 # ;% & B (Multiline® Multi 3620 IDS, WTW,
Weilheim, Germany ) - &7 (245 F > P2 7 HFHRERRaE R ~pH E ~ e
A fRE o KRk B F 9952 % F 4 o0 % (Saradinetal.,1999) 5 i ¥ A sk kA 2
AR E KRt 7 £ 0 A445 12 22 p (Cline, 1969) %% % 2_ & & & & ;2
o * 7 F NN-2 7 A5 - e B{r 50% R ALY hz & L Bhan it S -fn
PRI G 2 REA o kY iz aE et (DIC) & 0 &g DIC & 47ik
(AS-C3, Apollo SciTech, Newark, DE, USA) » &% F 4 i1t 7 fenig it =
BE I EAZ PR RS E2EA 472 (NDIR) Li-7000 CO2/HCO3 4
#7 & (LI-COR, Lincoln, NE, USA) & {77 2 & o *7{F #icdpdfs & * CO2SYS #
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AAHE AL A AP 2L e A2 (NMF) » 38— F8% 2
e R ERRFACOBEF YRR 2 o NME 4 F 240 94 > i
B3 P b Fllicfr B RS Bt B R e TP 0 R R T T A )
FoRvipB it S A s > TERGELEFBETER &K o
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%%‘E; RADseq( 4] chy s = BLR R ) » N PS5 3 e 32 fF chl f*-‘ﬁ“ﬁ;.;‘;
G AL(SNPS) » 1B iR 8F 5 - B A STERL AR BN R P ind 25 R K *"“ﬁ
SR BTG AR AR 2 e KTl AT g % MR G &
S RB TEA G £ 4R ok B s B o R T R s

12 100%:Fp oK F R P ARSI B ST A EERES B 11121585
7L o %‘gﬂ QIAGEN DNA Micro Kit (56304)4# B~ {#443~¢ ¢ 7 DNA o 3 B~ i
DNA % 4 5 d Qubitizi7# ~ DNA § £ 2 5 sk £ o8 d A3 287
AP EF RAD-Seq E B8 2 B 1iF o 2 B 2 % 44 (Andolfatto et al
2011) - #-2 DNA & A& 11 Msel T4 e & {72 2 g2 18 - 4L & + & 3 <1 barcode &
Flo g i PR S B BT 1<§tﬁ_(P|pp|n Prep)#+:% 1 & & & 300-450 bp e %
T ie {7 14 1 PCRcycle 3t o &tk A2 & = = {5 % B~ 41 50ng DNA/Hk » & {7
M & o 12 NovaSeq X Plus system i& {7 g=4 150 bp & & = A &2~ B 7| #cdy - & H
7R 7| #ep 14 ipyrad v 0.9.61 (Eaton and Overcast 2020) #5 %8 2 35 3% $-#ciE 7 e
2 7y 85%4p B 5 B iE {7 denovo K o & fs ATIEE 0 reads iE F] 92%
completeness 12 } e#-iE A1 ig {7 18 4 2 STRUCTURE v2.3.4 (Pritchard et al. 2000)
A
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WAk TR R R 0 Y B 6em G RE P SRS RA
Fehd R o F AR REFRBAET M E RS o e (Ble) o FRERY
BiTEEERILA £ X IDS 2t FEP o e BT i o4
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FHRB LT R E RGO RILAF BT %Y RS £ R AP RAES) M
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ez @ plE > 16L e ko> I 4@ BF(A)ehi ¥ & > 0.8L /% -k > deo R {5 f_
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d 3 RFE A FoR A Shapiro-Wilk % it #6772 BE&F¥ AT » TR
A 4741 * SPSSv. 20 i i one-wau Kruskal-Wallis & * ficie Sk 8 (714 > T ¥
g * Dunn 2% i& 7 ¥ {0t #&(Olsvik et al., 2005) -
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444 Kk *F.‘rf.;;g £
Fo— o~ HLE(SE)ERARE (P MR BEA BB IORTIER
Site season Date pH Temp (°C) DO (mg/L)
HEIE Summer 20220802 6.657+0.079 29.233+0.058 5.683%0.988

Winter 20230109 7.300+0.434 23.033+0.115 8.633+0.258
IEFIRREE,  Spring 20230411 6.917+0.085 22.800+0.100 7.090+0.122

Site Season Date Sulfide (M) TCO, (umol/kg5W) Alk (mmol fkg.g,)
I Summer 20220802 225 B6549.648 2160.053+52.556 2657.58594106.234
Winter 20230109 45.969+22.945 2137 607+£35.096 1800.171+237.338

FITHEEE  sSpring 20230411 0.000+0.000 3124.083+257.895 2126.349+77 455

%%:%ﬁ»%i%&%@g%kmgyé»éﬁmp H4Eo § F P aEnn
BHE > P RTRF P LA NDRE L5 R pH 1 Tt 4
FRESF LR AR w%’%%ﬁﬁ5m¢mm@z¢ﬂ%@wﬂmn
ol EfrE 3RS L {BPRF PRER - BEET RIoRR § DR
AR S LA T L A o

2. kT ER

BB a1t ET(BI) RAchm b g i v B AR 5 Mg ~ B4
i TARR > B B AR LT A 2kqu’me:F ﬁz@ T A k0
BB jApmawpd ot 485 > LB F 818 A% 4 100 Hz 27 22 1 kHz
GEE N g IRE FE %w%#ﬁh%—ﬁ w 2KHz 14 b P TR i o it
- HVREBIRFFDERERR ARACfoRERE ZFHLE T G E
SPELRT] 0 LRLfoRiA § aE e z%f@f; v R B & 50-500 Hz 14 2 0.5-2 kHz
ARG e B (p<0.001) > ¥ % 2-4KHz B P AF R 2 43 14 (p<0.001) -
oL e oY s S AEREN G & 052 kHz Bqﬁ«gﬁuiyg%l«“‘
(p<0.001) - & & 50-500 Hz 12 % 2-4 KHz 4% P & it # 5 4 (p<0.001)
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iz 92% completeness & & % % » £ £ 33910ci/2007 » STRUCTURE % 47 ¢ K i&
r2 Evanno method (Evanno etal. 2005)i& 75 iz i* 247 F B 5 2> B % 4B~ - &
T oo B AEFET REF A

Population Structure Analysis

Bl» 3832 p 2011 &2 28(T)15 & = &4+ RAD-Seq 25 #7i ¥ 92% completeness
e loci i 7 STUCTRUE 4 5% % - i3k i genetic cluster (K) & 2 2 p¥ ¢ admixture if @ FHR e
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wLE o B PR A F N E X T L L ¢ osheh X, novaeinsularis g
M A 2 e Xongatama & 3 4p 07 607 i # fc(Takeda & Kurata,1977) - # @ > s 48
16S rRNA % 45 ‘*%&E—‘r g & e X.ngatama B3 B2 e kg T LR
(Ngetal., 2007) o pt ¢ » {245 &0k 48 AL F](COI, 12S rRNA {r 16S rRNA) 7 5 & 1+
foigiv i F oo A mlﬁ]r; B3t g & 2 e X ngatama 2. B ens PRV AL B
250 3 % 641 § &+ (F #78 )2 B (unpublished data, B~ ) - Zkm » d 3t3 7 X
novaeinsularis 4 Fofd > AU B A 7 WA P R L AR T o L T f o A
PEd g &> FRFEE gL g o IA,L? dopt o 23 LR F Y Rk ik
RPMATACEF AL PP UBRVE VPEVERET LT ENRLAFA
(Vrijenhoek, 2009) -

Bl ~ ~ Xenograpsus ¥% @F<ns
oo 3= BARAA
¥ ¥ E F H & COL

Xenograpsus testudinatus

255284 ~ 6.4066)

2.33%; 16S tRNA: 2.33%
(Pfenninger et al., 2011)2? 128
RNA: 2% éh T $aig i i &
(Klaus et al., 2013) & 2*
(published data) °

9.4913 - 24.4082] Xenograpsus ngatama
; <

[10.4168 ~ 25.9893)] llyoplax

Eriocheir japonica

30 25 20 15 10 5 0 (MYA)

AP e dreng & %Y 5 % Ngetal (2014)17 COl £ %)% A # ihid
GAATEE T  RraA b frd L 2 s EATIRAT A 3 P B L B
e o] o omirdp i€ * Ak 8 COl -~ 16SrRNA 4 D-loop 2 F1enR 7| k7 1 3 p
b f s RfeRiE b A B EEE 2 FiRG P A aEEA L (Yang et al., 2022) «
gt b s Odaetal. (2022)%t % p &6 L & E@.frmh NN -2 3 N b i R RN )
% (Omuro-dashi)=h g & == & COl Bojie 7@ s BF > B3 315 fox 4
RZBahEEFEE @l a H U I{l?’ﬁ";g&‘:‘;ﬁ&?l{; F A ¥4 %3 (0da
etal, 2022) - i WA~ A7 3 ¢ o fURL R il A 3 E"’TV COlI - cytochrome
b ff 128 rRNA iz = i MIDNA fhie > 2 P n BT o & L § folefofing § o

S R WG P RGEETRE o RA R iw\é?éaﬁlr* IR X Al
*E%Imxj DI HRMT R BENELE %R (£2)



oov BAEC EASLEfeRdorma b (R S2E ) 9= B mDNA 3z > ¥ cytochrome b (495
bp) ~ COI (435 bp){= 125 rRNA (308 bp) 3 % B 2754 > 112 A0 i5= B MDNA {350
cytochrome b *%# 04 3+ £ B £ 35 (AMOVA) - (SE) (unpublished data)

No. of pol; hi Nucleotide diversit
Group Sample size No. of haplotypes o0 p(? ymorphe Haplotype diversity ueleott E) ey
sites (%)
Kueishan Island 18 12 22 0.922 (0.051) 0.396 (0.055)
Kagoshima 18 16 30 0.980 (0.028) 0.495 (0.049)
Total 36 25 41 0.968 (0.016) 0.446 (0.037)
Source of variation Variance components % Variation P value D-statistics
Among populations -0.00218 -0.07 0.4133 -0.00071
Within populations 3.06699 100.07

Jort s hER G S Y o RADseq ik L A kL § B Aomi b ks (B
B BE PR IIA N o I AP A K B A AT LR B BB

— F F; ,g%; °

Oda et al. (2022) ch#= 7 & 77 #* & 8 e iE i 058 7 i B A TR F
Xenograpsus B ERE S TR - o B BERE Y - B FF T G
AR EHEZ A TR R T PRI e T e ie T i @ FE R A
e '23‘-'}5'_)%. RIESNF ZREERR R FRT URERS L G A TR -

ERBBERDEEM TR FTRE- KTy 7\5%%;%_ e v 5 Xenograpsus &% {#Fi%
ﬁ%ﬁ%ﬁﬂﬁ%?—?

AT - B AR R AR A A P PEETenE & T2 (review in Swearer et al., 2019) -
AP AL T e % enE R B A IR e Rl B B ST S
TEGBAROT QB AT AP F SR i HRB AR B
(review in Gibson 2003) » & 2 B 585 B 5 52 B R e fm s
(review in Mukai 1993; Sassa 2019; Chiba 2013) -

SR e RERL R FRP RS FF 0 RpT AL
Bk T Echyicio s Foahi & BRds 74 (Odaetal., 2022) » ﬁ% g\:ti W RA R
# (Watanabe et al. 2005; Lin etal., 2020) - # @ » fiz B & L § P Fa g
S PE S $o3) ML A< e g W ;1: B o B E F o 20 RR g R irr,\! e B F AL AT
FEI P AL RA > At AP frv‘ RigaEFEmpd A S TERS AR
Biod ko kp ot ahiE Mﬁ’ eg % 2 0 35w (review in Chuang et al., 1993,;
Qui2005) » i id in 2 FF BT o0 @2 EE KM DT SRS Vg



AR AP Ard KA PR LR B PRl A SR
L ek ® F %R ehdp B 12 (Tsengetal., 2003) - i’%*ﬂ. RSk R e s L P
B b dop W AN B R R T 0 N R i § S

M‘?J:(Chiu&Chen 1998; Suetal., 2011; Hsieh etal., 2011; Rabbanihaetal., 2013) -
EREELFRESRLTREABEE R A R nBHA kg Eind
?‘ﬁ%?ﬁ‘;g;ﬁ‘**ﬁ‘:%ﬁgﬁ’l;ﬁ@i‘gﬂ ;E-EF'T‘ K »'/#'5?;;1,_% f" i@.m/\/ ﬂf‘-"ﬁ

(Oda etal., 2022) o

Bipa X2 P ES D EEREIITATRLY BORBRS A KL Famn
(settledown) ¥+t 4+ fEerihic e ERH I M L& o FHHEFDF L OpFT v
BRE TR R BT LA T RSt aE 4 (rewemeackson 1986;
Morse 1991; Montgomery et al., 2001) - 43>t - . p & m 5 » < ML T B F 4
BAPS A o Ra o B &R B s ,E,\;fé’rﬁg‘B?rF'&r‘LZ,Fk 12 %
Grapsoidea #= #8773 ¥ #-3] » Yang et al., (2022) 3K § & == {Fn% 4 7 7 &
ZEI15F25% cRA B AT &P > k2 B ek T P Baitigs ”b&ﬁ‘@f
PRV i 844 % (Xanthidae) 3] 60 = (Majldae)‘,t % (Reyns & Sponaugle, 1999) -
BLECEHERED EORATE LT F MY UEETD L‘”H“?iiﬁ’*f"’”\m ’
B FE5A e T Pledr o6l Fonsd Az 2w %‘M}t% o

AP %A TR R 4 t+_4 - % (Dahmsetal., 2014) - aJ Ko Baw R s
BT e B eh% 4 £ B Ak A ENE N A H B AT R g
% % (Qiu & Chen, 2005) » ¥ &; ﬂ&% S Fed AR A g, Ak H
EF SRR D o

b:)

P e SRR RS e (7R LG E R e fek s R ER
BpHE T IS S A TR o 3T PR B A E i L (reviewin
Arvedlund & Kavanagh2009) o 5 — = 6 > igfd4R {217 5 4 7 a0 4% & B
PRI ke ARRACRE T AR SRR BT Rl T FH 5L 1‘%“/

(Pond et al., 1997; Herring & Dixon, 1998) - E‘ SOERGE IR ER TP
¢ 4 i iF(Sarradinetal., 1999; Le Bris etal., 2006) o BiFAT o BAE T %{’5’} e
Bt P~ R bk ss ok AR L 5 AU % 31 4% < (van Dover et al., 1989;
Renninger et al., 1995; Gaten etal., 1998) o o ** 3 I & & x> (P4 1§ # A T
PRBARE FIMBREPOMAT R EMEIRAF Y 0T R AipE RS
i 7 22 (Dahms et al,, 2014) » & & i (B 44 208 TRk F]5 w5145 8 B # K of
T % & (Hwang et al., 2008) -

RAFr T Bb g 2 4 iR F R e Fl 5 ek i F]5 73 4 (Kingsford et al.,
2002) o = arsF S LR P RPH [ AN B AERBEL P OERE L PN RR
¢ ehg vk 8 (Jeffs et al,, 2005) o gt ¢h o dod BAEIZ G MR DB R0 Bk



B fe= > Gebauer etal.(2005)z P 7 ‘= ki & {H(Sesarma curacaoense)m4 4
Ty ut B E KRBT A LTS IR BTy arang b B
Fhd HRBEPMAFRE L5 P37 K 2 W R AR AT T o GE et 2 B Bl
FHMw s 2k bldeo BRAcsA § - F RG> R AF PP R AT E L
Goerfas o gt b B BAPT AT BT S BT AT S L | Bk
B E G ARy o ARY o R A AR § OrEEITE M - 7 ook
THAL P AR T G R S L REFEE R L A g A H B R

o R N FARP R E AL R R A F DR W F L RED -

L X i‘?“f TRt g - W A PANHRERL N T oL e 2 o digF S L

P - ko 0 & s b B BB RE X F(Anger 2001) - L R X E
BT AR ERE RN A o0 R EL LR BPT N ALt A
TR RS BRSPS it RS R
A gy T MACBLR AT 0 5 B BY - IR L R S A
Fg % F(Rl 1) (unpublished data) > i 42 /7% /4 £ 5 ¥f T #8 4F > 4 Rimicaris exoculate
{r Chorocaris chacei ® #r4; it «hg i % F 48 02(Zbinden et al., 2017) - i&fa % -7
fe AT B B o B AR ‘Epﬁ\m—'- Ep-HoEFREf NS o
Ao wﬁw CEB LR (PSR PR RER T A4
HHER AR 2EEFF O ERBRDEFIERZP - P A7 SR RP A
5 t(Forwardetal., 2001;2003) © I 4% > 37 ew= 3 & P > KT B3 i 3E vV a0 £
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Montgomery et al., 2006) -
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