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BEA RN 5222 AL T 5, B TENLD AWM DN E B3 HEUK - 5 KO FHLRR
DWTA RGO &L THFEZ 2729,

FRIZ, AVREE, VI RKETE, BEOKETEOBOKEMREEDI D ZO (T READ) FERK
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BEIFRAROEE, AL AR OV P A, AV REEERF TR L, SRk, B BR
FHIZRRE AT,

YRk 7R

2004 9 A 23 H~11 A 10 HE K EHET VIR BIONT WA TILAD 6500 1 12851
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—
Neolepas rapanui (EPR)
MNJ tree of 165-125 rRNA gene, 1700bp Neolepas zevinae (EPR)

— MNeolepas (Indian Ocean)

—\/ilcanolepas sp. (Lau)

Capitulum mitella

4 3

A H N T H

PERPED~U 7 g2 (fé 187127, BUfR 144742, /K€ 3600m) KV, 1987417 L e 5 )
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Too Flo, % (22 I8 DS/ AR Z D ZE DN RAR IR D — -2 T, BIfF T2 hadiH D
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[ ) —F V5 12&~T 1990 4E P65 A LER A n%%(tlwr?/ﬁﬁz; HIEAA Tmm O RE/NS7ERT
DB ST, EAULIFHE B 25 ST DA KPR T, 20— %t median latus &
IXNDBARE . ZJa DR/ NS A > Tz, BIRME— D BT D0 FRETHY . b JRaa7e
HifFfEL 72D (Newman & Yamaguchi 1995),

UL EDISNC7 YR (B IE - SEME B) 09 b 0R4# B (AR HAE T HTHE, 7
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YR H, TIXLARET 7 #H) DS REEUK S KE LI R L T, LBEND
VI B O Che AR 7R R RE 2 Rf > Tz,

TV RIAD RAHE R Z D KO 7R R R R BR BT AR AR S FARED EAF L TWVD 2 &I L T
WD IO HE G702 EZ 307~ (Newman 1979, Newman & Hessler 1989, Yamaguchi & Newman 1990,
Newman & Yamaguchi 1995) . SEfid B 1ZiEH AR (L2 LEAERT) 2255 = A 9111 (5000 )7
RN ATHNT T, KBRS BRI DAL, T N O A R o T2 AR H) /e R T AT A il B 2B
WO & e s T T WS HEBED T 5% L SREL T 7Hli B NI H , 7R T B AN
L. SESERBREEAEISL TITZE1T725 (K 4) o ZERMED @O TIEZ L OB AE X v b
O HBPFORE R, 7OV RHEITIVE LU T2 R~ E A 5D 8275, VLT
SRR Lo CHAIE ) DPEBR S VI KO R AR 72 7 2 ARSI RO EIK - 155 7K e HH AL A
\ZHEST-kE EE P CAEZ RS To, TNDEUK - AK 7 OV RO HBLOREEEL TE X TN\,
TV ARBITITIBTERN KR R Wl HE0 IR EE /e L DBREE B RN 6T D IR IS, 2K
Tl WA O Rk, R KRBT E DT T U N EN~DOHEH 2 ]
REIZL TWD, ZOWTERIZRRE ) 36 L ORI EVK - i /K I DA 2l A o 7V /r — e g il 1
G DIEED, FEHEOEK « 1B KNE H FL T i 227 3> 7o &8 2 53D (Newman 1979,
Newman & Hessler 1989, Yamaguchi & Newman 1990, Newman & Yamaguchi 1995) .

SRS BT R

RN T 7 O R4 H ORI H R AR R T 5, 7OV REO RS WV FE
TR T VT HREDDEIDILDHDN, BUK - IE/KIER D7 Y R D RRED B OV BRI HLRF
RV a7 (K 2 BARRT) OHUE) D3 RSN AZ R 2, LLENOO R
(Neolepas augurata Buckeridge and Grant—-Mackie 1985) 23E1E &[RRI HEEOK (F72 1318 K)
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M FLEWDO B R R AR BE SR ITAE B L QU= O TR AW Z &1, HpE4 A kA OFERE BT
D, P> TV 2T LARE , RUFDEIK « 1B /K E HH FLEVWD Rk AR RE R 7o 70 2R B 2 2R 8
TRAELEZEIT D, B EICHIERR oA &2 W72 RE, X 2 [ORSNDEDIT, 24d B N7V %
2. 7 IR ANRELT 7 B A BRS3HE H N LT 0 — =4 ~ XAUR B DM S5 A D,
F7b B S P A EEEICE DDA DO LNE HZ LT85, T h 2 O Ml A RHE K
< E K FLE A O7 Y REORIREE 2 5,

Y FERE DR EZ DA BT IR

Me—D7 FF L R E/L T 7l H OB FFRILET P AR EET VMR 5172 (Newman &
Yamaguchi 1995) , 7R B XA REE, BV - P K EHERB IOV EPR DA —AX— Bz L,
ZNOIXFE FERICIRE SIS, T I BITACEERICH IR0 503, M RIS b, <
T HAT B IO ANV E R b ZARMEICE 4D D DB D5, EDOWNEREMICHRD
AR RN LTz Ashinkailepas VX FE VE AR SEPE BT AEEE, ALVE R FEPEIZIAL A T 5,

PLEDSZERMESCTERE - D AT DR BEBIET DL, ZNODO G FEREORIREL T P K L2 S 2
HZENHKD,

® Neolepas spp. (zevina, rapanuil) @ Vulcanolepas osheai @ Leucolepas longa  © Ashinkailepas seepiophila

60°Nk tiau]’ ¥ , K\(_\ 5 /\'_./)%I' I _,':"',/.-;--/": i i
£ . € ;31

3 z ? Hatsushima (cold seep) N .
30°NpF 4 . Myojin (hot spring) e -
1 % D 21°N/EPR @, - -
- - 9-13"N/EPR b 3
0 o 4 f )
.." Sunda treuch“ } b \'
o akuho o .\ . L . [ I
30°S L/"r . : Ne_‘yv discovery 23-26°8/ I
}‘ é"_.___‘,. / E?Ba f Plenty
60°SH ‘
PV N s LS Y a0
i 1 e T | 1 1 1
60°W 0" 60°E 120°E 180° 1200W 60°W
Cold seap & Hot spring
5
F&
R 7 Y WD SRR, D BREORHRE T D00 3V T HAFD 4 JED 53 T RO BEL

TR S BRI IR D IO IHEBLE D,

A VG ATV EDSEIR L, AL P A0V A (— AL ZHEI A CAL H M ~) ~/r iR
oo FATE AR VFEN DA > RS0 B SR~ L 7=,

Oy SRR OMFIEIL, RO IO 3 DU AN I NGRYE D LR COAEY D4y BuE L%
FHRD ETEHETHD, BEICHEEUK - 78 KWE H LB A REEE RSBEM O/ BERED 1T
JFARHI T DD NGO 3 FEREDOWFFE A BEFN O 53 FARED B BAMR A 5 2395 L CHR B/ FERE
ThHHIELLNITe> TWDEERE TlE, IROBLEE DX G137 HOl R DI IE T 5,
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Eirsa

ZDO—EDOWFIEIT . L DFAEDHFZERAEINC L AL AR KRE, JEBE KIS H A AHED
T R FHIFIENCDOWTIEL, S TFEERFR PP - FEWVLIE R | Rt 487461, k3
WL, T HEBEICLDFIEN RN E OO RO B IRD DL LT oT-,

FREEEOK TR KIE HHFLO 7 R ERIZOW T, 2O D AZx > T a2 52 Tz
HRURSHBEERZE AT - K FHEEZ . KE A7V 7 AMBHEM AT - L s = a—~  #i%, 5 [F -
TV ZMGLEFGET - 752 « I AT — R g% 75 A IFREMER-3v Y /L« ar Wy a7
S  H X AELENSITY LT L OFRAERE BASHA T T,

TR ORI ZEIXGEAI ZE B R A (IR ERL 2 Hr 2 —) O K MR R WA R s
TIHEW-E-FENIEICSIIL . 7OV RN ITEEL T < ORI & TEW -,

DL EOSA B I OWIZEE D JF 2 (22 THD THIALHE L T3,

FEZOMFEIE, LSRRI e B A Bh A D S D3 72 TRV N T2 7o 7e, 222 LT
JEHT 5,
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WFFEo A RA 17 (RIRR)
P VU KSYEE T 0 M 22 S I T s D VR B K AE I REAR D LU B 20T 78
1. Rk 16 A2 BE RIS e L7 0 R NSE IR O 1L KC b sk 0 e CERgE S 7ot
BEA T AT KA OB RGR S B AR RFE (Venus) THRELIZ(EEH),
2. KR NT T 2a—F =T O~ AWM AOBUKIEEIR CERE SN U AT A8 AL
HOJERRS R ERIRES R RA I £ | MR JERR JERRAE S 25 22 AL A7 o
RUTLTRRLZ(EE EE2),

REH BA AL HHEAT
FAMV  ~ AR R PO ENRI AR RS 50 v A U T AFAD SRR

FEFEEL (BT 155 22 [BILADN RO A (N 7 sk L 2 —)
FHH R 1842 H 23 H
3. Rk 16 45 |2 E i S AU T= /v K EET i T KR AR [ L ADNN6500 ) IEHTIC KD EREES
iz 2 EIR DT o A ST AFHDOERE OFEMEL R ZI TV, b7 — U — 14 TRESN
TR LT BE M LB A AT o 7228, TR REM 2 B TRRD D o7z, FRtssE R, i E
PEZ ¥ JE M A B DIRIE B K EMREE D — T N —T THHA AR K B¥ED
EIRICHOWTERTA-ODOT —ZL L TEEHS,
4, REAFABRLBI O AU TALEOY 7 VAL BB B 7o T e

AL,
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WEFE A3 FRE /N B e (RO K SRR 42T
T LT 4 U O TR EOK S H I CEE SN TN AV AV EEB LY Provannidae
BE& HEAD A o0 F8 - Ao B S AR 58

1. NAYLSAD RS FE I

2004 FEFKIC IS 7T L2200 /TLAD 6500 SWEEPVENTS #T#EIZ IV T, =a—Y—T
RALFALE D7~ T 47 FHND Brothers ¥ L AL TG R A /LT FRETH RS 7= Bk ik
(K% 1600m) CELEE ST Lamellibrachia J& ¥ O Oasisia J& D/ AV L FEIZHOWT, JTEREB LY
o Al 1e - SR iy % I e SNy el

TEREBZE, BRER 10%H L~ U TEEL, T0% =T /LT /a3 — L CERAFS AL T TAZEA ([F
NERVF ARG G A1) & e, Lamellibrachia J& D/~ 3%, AR @ CTHE— VRS 2 F
5. lamellar sheaths 73 3 %fLL T D AL, vestimentum & trunk (2[R U RKEEZD cuticular plaque %
Fro el ZNFETICEEHEH SN2 TOREALINIZ R DREAE R L U2, £72 Oasisia J&D
INAVALBMe—DOFEFE THD O. alvinae 7> 20 %I £F-D branchial lamellae 73 8 Xf DA THDH KT
BIRE L ZEk B STz, BL EOHEN G| Brothers Wi [ CEREESNIZ 2D AV AL, Wb ARFLHEL
HTHHEHIW LT,

D 2 FEONFY LA 3ERICOVT, Iha RU7 DNA-Fhm—24 ¢ A% o4 — 1
(COD) FEBL DI ELALH (630 HEHXT) AR E L, BEERIDOANAY L FAL D RHE AR AT LT,
Brothers Vi [ Lamellibrachia 1%, ~ XAUG4E T AT AN A N CTERESNT- AR iCHE (Kojima et al.
(2003) @ Lamellibrachia sp. 1.7) L ¥ RAMEEZ T A% L7~ Brothers ##1LID Oasisia 1%, B A FLEEHRIE
WZAERTD O. alvinae L HSRFERETER LT, WT U DWW TH[RBOFREFEE O RIZBIFEE S 2
DHIZRDBIHIZER OB HEN/RENTZ, A BID Oasisia BAFLHALDFE RIZLKY | Oasisia @& b
Tk CHDHEN T TR IZ IV R ENTWND Ridgeia Jg EAR B % 77 T HIERETE B LN TET-
obturacular appendage & chaetal denticles DFIEN , ZILH 2B A ST AIEEEL TR ThHhHE
DNHIBAL, A OSEERRO RIEL RSN E L oT,

PLE D R A F L 72 JFU3Fm L% Species Diversity el fefm L7z,

2. Lamellibrachia n. sp. DE(L L E M E

Brothers V111 20 fE{A, ~XAUFA T AT AP AR (TLADN 2000 55 621 [EIIEHT) 4 EIA B LY
B~ U7 FE45E TOTO YA N CTEESIZ (TL AN 6500 25 773 [B1EHL) 10 8K D Lamellibrachia
(22 TIha L RU 7 DNA - COI Ik O FLEL S (1017 HEJek) 23 E LTz, 3 » AT OE AR R H i@
T HESNT7eL TS 3, 2, 1 FEEDOES NG H 72, Zin 6 FEEOBLFI DO O N T FE
NZE B OFH N ORAT O &I FEEE T 0.002-0.014) Téh-7-, TOTO HArD 10 AN TREL
Bl E+R S 7 A AP A OEENSELTZ 2 FEE ORI 2S E MR ITZ THHDITH LT,
Brothers ¥ ILIOERIX TOTO HA MOERIZUTRER 5 E AR LT ATAY A OEIKIZITRZ e 15 {#
RIDIERESI T, T AEATARE TOTO VA RDH L T /NN LRSI TEY, RAED
WD ETEFEARDFE LN, 3 B OERR] T REZ 31 L T DN CTE o723, Bl
EETOLEZARERIFHE FOZER T RHEN T (FIFRF =las 2% FAME) ., 2hbHo
RS 3 AT D BRI DR DIV LamellibrachiaZ 2L LT, AW L BIAE R o fE L
THONZYE THHEEZHND,

3 T DOBOKIEE DO EREAMDETD Lamellibrachia J&g/ ~A V) L F81L. TN F N HE R
L. ARFED Lamellibrachia &/~ L FEOEAL B FE TR AN DI LT=7 NV —T"THAEIREN
72, Brothers {1, T AFAYFARBILN TOTO YA MDOBEKEL TIX, ZHETHAR BN TWD
HCRO IR (pH2 LA T) OEUKZIE L CTEY, D Lamellibrachia J&/~A) N FRITAEEL T
WU, — T DT Do~ XA « /N T~ XA A ML, BIFED Lamellibrachia J&/>
FU LRI AR L TS (Southward 1991; Kojima et al. 2003) , AR L\ VEE 2 EDH 7L | TR
PEBR BTG Lo T HEE BN, — 7 TEIUTERERM: T BUK IR Tl A L O3 4
WCEVHESREN DD LIV, Brothers Y ILIZIFIMIZ . & 13 R.ENT- Oasisia | AR ilafE, &
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AF AW A ML Arcovestia ivanovi & Alaysia B ARFLHEFENILTFEL TODN, ZBIXW T Ivb i s
FCEVUKIE A LS, hydrothermal vent—endemic vestimentiferans EFFIXAIV TN =T L—7 (A
U LA R)S Lamellibrachiidea £} & Escarpiidae B RN =8 DIZ U 7-5) IZE T 5, A VLY
FADASKEF > T BRERME T VO T E S\ FEAE D Lamellibrachia J&/~F) 53 Tl AFD
D% Kbt DLE BN,

AKIED 3 E DB SR % L35 & Brothers ¥ I LUAER 23 b 23 i< D 2> DEEF 2%t
LCERMERDDT, T AEAYARE TOTO HA DL Brothers ¥ 1L OB HIM NI IRAE
L7=ATREME DN B EE 2 HLAD, Kojima et al. (2003) 1%, BAKSEPED Hh i 48 | 2 [E A DO ~NA U Ly
AN AR BUOREEDNEIZ /31, b L= F 2 RIR L CUD, A EIENT L 7S LR ofk7s
JES ) B A # - T 58 ZORGEFE SR Th D, Hurtado et al. (2002) 1&, FK PR
FATZ 34T 5 Oasisia N O. alvinae LITFEL ~ )L THH{EL CWAFEAHREL TEBY, 2
Brothers #f§ 10D Oasisia LiT#53> D\ MLIRIFE TH D AT HEMED D, 4 8] Brothers ¥ [ CT¥ RE 7=
2 FEDAFY LNT K% RO P ~ BRI E A T2 3 S S 7 B R O R A R THO
UAAYIN Ny g WA

LUt SR £ &8 T U T 3L RinR O FLHGm S5 BESFLIRE | Journal of marine Biology
Association of United Kingdom E8I2#FE 45 T E T, BEICHEH 2352 T LTV,

3. IO TEREESIZ Provannidae £l B¥A 2 D4y 1R FHIAFZE

TGO Vai Lili Y-k (KR 1700m) TELEE X7~ Provannidae B8 B ¥H Alviniconcha sp. 1B &L
N Ifremeria nautilei 4 T{ERIZDOWT, Sha RU 7 DNA - COI fElk O #E FEEAF) (696, 792 Ya o)
ZRITE LTz, BEAID Provannidae £ HAHOHE ELALS (Koijma et al., 2000, 2001, 2004) & bz L7-
LA Alviniconcha sp. V3D Alviniconcha |88 B RO W T et KEE A AYEZ R LT, —
J5 | Ifremeria nautilei DEFNE, A7 4P — A OE I BB @A E I H BT 2bDE—E LT,

Alviniconcha J& D& B HOWTUIINETIZ, BERFETHLHT VY U H A Alviniconcha hessleri
N~UT FRT 750 T DDA, B K EEO~ XA A B L Ot 7 o — L4527
B AV REER RIFEED 1 RAR DRI H T2 HA> DA (Koijma et al., 2001, 2004) DIFFEN
HEINTWD, SEIOWZEICED, FE5DZHDIFLENHGNI 7257, Denis et al. (1993) 1. 7
Y A LTI IS &AL T 4 — W i b~ XAME D Alviniconcha JE& B O 3L ~ LT,
BARINZ RS> TODHZRE L TBY, S RIORERE—ET %,

Provannidae £ BT U AREZ2E L RERIZ, RO 5 Chil S ER (AR B SRR PSR4 L
TNBERHISBI TS, Urakawa et al. (2005) & Suzuki et al, (2005) (XISTIZ . Alviniconcha J&®
BHBIC e — ST A rTVTEIAETILONNDEEZHLINI Uz, TR LA AW
FEEEDENMM DS vy — 70T A 77U T LA OHE EA N AL TOD 2 L7080 TOFp
ThbH, IHIZ Suzuki et al. (2006a, 2006b) 23 Provannidae £+ H ¥H D 1A= {l B 28 HEAO 2 R B fig
MrUT=hE 5 fremeria nautilei DA N 2Ty — 7 a7 A0 TV T ThHDHEH ., Alviniconcha &
BHETIE, BREFED2ODREED T DOEDEA L REEDRREN ¢ — T 0T HNRITYT L
WAL MO3ODRGHEL y — 70T AT TIT EIAEL TODLERHALNIR o7, FIL
Provannidae FHZJE T 5 Provanna J& CTiX, flE E O ILA T R D> Ty,

Provannidae 434 HFEIZ 3517 D ILA B O @ H AR OHELIRFE D E D BEFE TR 72025
T DT80, Alviniconcha JE4 A BRI L O~ XA LT 42— WD lfremeria
nautiler % HEARIZOUW T, COI D S S _EFLM O IEALSN AR E L | 1213 K Bt ORI A
SERRINTE B 2T, TDRER Alviniconcha J& 1Ly — 7 a7 A\ 77 LA TH3RME
e =77 A NITIT LA T DH2RHED2 OO AMBENOKRDEN RSN, I277L, ¢ — 71
THANTTVT T B RMBEDO R 2 R 57 — NAN T iERITE I E @< G
Bifs Gk 88%, B REIRITE 60%) , B2 5 1 O FE SIS L0 EITHGE T 2 LB B D,

— 5. lfremeria nautilei TIXZAVETIZ, b= KU DNA - COI fEIS D3 LA FI IS AT
B~ XA LT 4 — MR OLRNT, FTERITBIBANI ML TODA, ZOEWTEZFENL
ANYUIZE F o TCOAEDRNHREIN TV (Koijma et al., 2000) , Alviniconcha J@2& B R CTIIA B
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LD RSN NS 20D DN Iffemeria nautilei TIIA B0 {b RONAHEE|T
DUNT, Koijma et al. (2000) 1. /ffemeria nautilei DS EHE TSI DN Alviniconcha J&72& HFAIZ L
RTHLFERTHL R EZ RIEL TS, LN LA RIOWMERE RITIb 7 o —i e T g2 D
R CI3 2 Alviniconcha J&25% BEAD AL L TWADIZKI L. fremeria nautilei \ 2385 LML
TWRNWEEZRL TS, WD JBIZ OV THI RS/ BHE B 3 2B R 2w & 137
V\, Provannidae £}25 HEE DM B OMREES 701k %A KB T H MO B[R 235 5 FIHEME DB 2 D,
LA O AE e 5255 )Y Marine Ecology Progress Series &% (/fremeria nautilel) 3 X O
Applied and Environmental Microbiology &t (A/viniconcha sp.) ({25 FRZHLCUND,

4. 5] 3CHk
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s iE e IR B NCIW PN )
BURKOHER L 536 LOA B HIER L 22T

# E K R AL SRR ) D R

20044E9 H 22 H ~11 H 10 B iAT =70 B IOV v ~T o7 Bila it Gl Uiz
YKOA-09fTHEIZ SN, [LADNN6500] DIEMIFAA I L > THUKGEBHZER I T, 2O b HhEk
(LI 21T 5T,

TR TIECVER (F 7 7 L7 pifsat 7 A 8) 128U T, Vai LilirA b L UMariner 1 ~MZ
THAGAEI ORI E T -T2, TORERTHOIMeZ AT 7T LDO— 8% K112~ Vai LWMM
1%, 19894ED T T A LA DERE T, BUKIEEI N ELSEIRL TWAZEDVHERS
720 BUKOME HIRFE 1T 19894 121E340° C LM E SN TWVDMN, BLE CTldfk s THes C@%kﬂ,am)
MERINDIEE Fo TS, ZOBEKDLFAL AR (K O 121X, #8478 O AR BT 5
Ca, Sr, somﬁ?zﬁiﬁzm KR AL TEIMEKDOIRE DEIE T TERIS>TWDHIELH LM

(2727, ZHUTKRIL T, B 360°C D EiREVKIE A3 B 7= Mariner A b CERERE AL 7= 2K
BFCIE, Cl e bxmu@mk(IEPAEﬂ)&cu%r“ IMELIBAF LR & TeBOK (W) Dl A3 AL
HEHL, MBI T CORIE AR BENEZ > QOB Z ENER STz, T2l EHpH2.58 W) TR
et 2~ TR0, 300°CLL EDOEIREVK CINE T IREETEZ R T HNIEZ AL E TIZHIS VTR,

640 T T T T T 60 T T T T T 16 T
p g O  VailLili
“ T i 1 A A Mariner (brine)
800 A 2 ¥ Mariner (va
— = ol = por)
g oo g 1 2%, g v
=] A °
E 560 I:E . E E Bla
= eV v ’ - O ¥ -
3 4 & =f o A 41 ¢ v .
520 — q 4 = ﬁ
w I ¥ .
480 1 | o L | L | L 0 Lo b o Loyt |
o 20 40 60 0 20 40 60 0 20 40 &0
Mg (mmol/kg) Mg (mmol/kg) Mg (mmol/kg)

M1 FUiEaOBUKTEBHE RIS RUBI DL 5 AR

TV T w7 BN BrothersifE LIZ IV T, LT VT F R E O ZK YA e gk 1 D EL
KYPART, BUKRBIOREEIT -7, ALPERNE AN T (X @ H)) | H iR N302°CIlzizELCl
N E<pH=3.0DBUK NI AL, Bl O @R VKGN @ U7 FFsE R Uiz, Zhuest
L CHS K O 2B T DEUKIE, TG0 CREE R TRk b K EH T E D2 )

OB BRI IE TS ApHBE L IEWEWV IO E 2R LT (X @F)) . Z DK By 70 5
UL, ~7 DO AUT MR 5 2 B IA A CERE LT KD iR KA A O E 771
HEHL CWAEL TR TE 2,
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L T T T T T T
| ¢
*
700 f~ ) =
— * 2 o
g }* 1 T
o E g
E — 4 -
5 B00 8 5
— © - w
© o &z P4 T e
500 L . *
€ NWSlope :
® Cone .
R | 1 L r |
0 20 40 60 0 20 40 20
Mg (mmol/kg) Mg (mmol/kg) Mg (mmol/kg)

2 TN=T vl BiINT 7Y — X L OBUKIE B CERIS BB O (L 2E/ LK

# BRI H LRI HERE W\ & E D A ) O A BE U BR (L 2 O AT 4T

BRI FLJE P21, A 0N 4 72 BRI H FLOD 72 WIS & BB B LS, 2 ZIZ [ A DA s
B ECHERL, R N\AA~ADRFIET D, THUT, BUKEEBITH LK T CAZ Lo T8
TCHULFREPNEHL . OB =X — 2 A B IR AT LA R AEM NS BO )%
HFEL, FO—REFEMIZI T, ERBANATVAPRHEFFSILTWATZO EE 2 HILTWD, S,
B 2 7B AE M DS EROK M LR AR B L CWOB ZEDNBUAE Y R R EN TVD A, E9V o7k
HEINEINST=EIE TE DR D /S A A~ 2% BOKME HFLIEIZ R L TOD0s, HERDIRAY
HIFETIIL T UL EERZZRFHIIZE > TRV, F2C, Bukng HFLE D OHEREY th o3 A
F~—d—. TRbLEILEM O HEIRA Y OHEE B N2 E DAY % VT, Bk
FLEDIZ B T B A A RE R DR BH &5 A T,

WFFEIC NN R RS0 AT 5, B REROD /T T = o —F =7 v XAV 4, (N7 7|
L/ NEFEND 32> DR DR OB IS NI MR & V-, TV I 7E 8700
BHEREMIC R & | FREHRBUZE - TR, T LT A A~ — I — X B AW O R D %
I ChLIENEE T GL LT,

IIRTORER, e ED L OHEREM MR S, BUKISEE S ZOW - SR CIESE bt T
Lk RN 7) Tk, YR P OBAEMRIE O A4~ — I —DNHEBEEF ISR LR
DD, F DM OUREE LI A RLIF S A~ — I — T8 Tr, FEDNTEOKME HFLE I3 E 2 &
BH—RAEPENIER THAHZENEAT T B, Lovs, AEMIEIR A~ — 51— DS\ Tl
HEREW) T O R FEIR R B 5 O DR BRI FE A3 D T L AT UNRE R 20 IS RSB HEW)
DA% 15 6D HEVKIE HFLO 72w Wik E AR 22 03 e iR STz, A 1k1d. S A4~ —7
— DRI THDH NI TITINZE DA T~ — T —INE DFLE DR E TE ENL) AR HE
B/ 8 CTHEET 5L T, MO SN T AT~ — I — B2 T A F~ 2D RIEL D
HEMFREILD,

# o ~7 v BIMEEICALE T % Brothers VBJE K IIBVKRICAE RS DAY L a0 T A
DTV X—RIZ BT A B ER L HIF 28

KWL TIX, 7v~T 7 BINALEIIALE 9 D Brothersi JES K L O EOKTE B HE LS v
BOKKAF W) (F1Zmacro benthos) DHIERAL T /54T A 10U T, EMDRLE & X2 TWA{E 7o
NX—RLERBRIZEAT OB RGO EEFRBERIELT,

SINTIR, ZEWHGRRR D R 8 36 L OVE B L E RIS Z DUV COn R oW st A Rl LB & b L7
e 7 v — A E RN RS & Et 2 AW T T o7,

SN N AR I BrothersHEIE K LT L A D 6500 DT A (Dive #851, #852, #854)
DORBEIESNT-7 VRO THAHIav B A (Vulcanolepas osheai) & 2FED /A s
(Lamellibrachia spp.) \Z2UWNTITo7=,

T OFERZLL T DOFNR T, LEROT=8 W7 7 B X O E~ U 7 s OBV R THEREL
STV L LTV R O HThEReA 7R~ T,
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ANV LT, ALY E O LA E SO ET-2WE T, ZORE DO DRELZIRNIC
% B\ I ES T HIEO DR QD ZOIHAME I KB 2RI T DB A LA EF o X
— & FIHLC—RAEEZITOMERBICME O —FTH D, ZOME O R EERKIIZ2MEEOL
DOPNHHILTEY, IAE Y A2 HWDE O LR TE TCARI B Z WAL DN HEE 2
SN TND, WE & G2 WD S O AN FE TR ITMBZEN DN, HERL
FINTH R BIRINAR L ZRIETHZETRBITED, T7bbh, e X mlia VLM
VIR ERFNLARGN R AR, AR D R E RN HE S WD R BR O 1 35 RN 6 E 20 30%0 LA B85 <
725, — 75 BILITCARIEEZ W =5-51%, RIARS BN/ NEL, 72037203 15%0 L FCTh D,

— 05 @ AT E DT ARIIFIIRERL ORI A LT R e E 2 B CED TEREL
TNDEZE DI TNDD, FEETZ R XTWD0, BARIZeiF3EiT b 7ev, -, IRl %
W HIER L O SE D B T h D,

BrothersifJE& K [ CEREES T2 NA Y A U1E, § BC = -7.5£-12.9% L EL, ZIUH N EITCHITCA
[l 82 2 2 LB S U CRF O ZE DSBS, — 5 RaU B WA Z D IR FE RN}
FEIEFE L, —13% L E TH D, ZNOHNFV L EIaT B H AT AN R WFH LS+ D
FREEZ E DN TONDZEND, ATV LA OB 2 E 2020 T HAMMELES TEAEL TWDHEIX
Z 2N EDD, BASLa0 A D JE FHIZ A Lo DI AERE [RIRE, 38 5T TCARIEE & F)
L C—WRAEPERATORAEMINETL L, T EEEEL QD EEZHND,

AL DR ARFL R DS 2 KR TR CADE, § PC =26 ~ -16%C, BlE&Ebinsd
M, TV 2= FENDHREEINTHDED T § °C = 47 ~ -29%0. KELETH-27% L0
U\, Brothers K [LICHE REN 7oAV AU RERICEV R FE RN LA RSO, BN B2 503 50K
SEFEDIE JLESIT Riftia pachyptila TéH5, IAERIE O R BB E IR CZORIN AL AE S 25
ZET ATV LV AR OBAfR EZ O AR BR A X 2 AR IR 2R 9556 1 &2
LH0 WSS,

TR TUERNAR T — 2 DV D720 s | A OHHE CIELNT=7 2 RO RN A He & Hrii
THE, WHRNT 7 DEIK R TRNZENDIaY T A (Ashinkailepas seepiophilia) Ti, 6 C =
—22.8%0. FEEN~ VT FHEE D/ ~F B HE (Neoverruca brachylepadoformis) Tt . [AIkRIZ § °C =
—21.9%0 T D, N7 7 TlI. NAV L EIaU T AL TAEELTEBY, ZONFVLT N
K1Y § BC = -22.3% VST ABEZ AT 5, § °C = —22% WIS, ERE IR A 7T
IR MN—IRAEFEEATT- AR D IRFBIRNLAALL (§ B°C = 25 ~ —18%0) L—E 9 57-8, #i#h
F7 DT I TTADBANFY L DT T IHRAFL TODDBIEIT R, UL, R [FNL kT
I ANFY LT § PN = +3% T H WA DT FEE THHI LN, fE—i A CHIF SIS
ZE R FNLRT EE D 75 (+3~+5%0) DFELFANIC A D, 7235 I E SHUI- 8GR Ot 38 FIAL R EE I 6 'S
= —11%o& . 1@ OUFLEAEW (6 S = +15 ~ +20%0) [ZEE~FEFNTAEL . ZOREZR il 1307 S ERA LAl
HIZDO L WS NAE CHAZENE, HHBNT 7 DI H A D FT- 55PN AAY L O
PEM) CoHDAIREMEIX SV, — 7, FE~ YT RO/ N AT T, BB X F I ORE
ENRHDLDI T, FDRFEZEZRNEL (6 PC = =17.7%0, § "N = +9.7%0) &b BRI /2D | Al
W77 TN AR U R T RNAR FE S EER JE D O IERE L CAE R I Z VLT A O &
FRNLREE (6 *C = —22%0, 6 N = +10.5%0) 75, DT IR RNLUFLER EHLILREL TOH Y
KA IR FEL TEBL QDD ATREMEN E W EWZ D,

PLEDFERID AF VLY 22T T HALBIZFNAR LS DS T Bk L7 — 20D R G 6 %
AVE U R | AR DS D &S AR ORGSR O R T AR OIS RIC R0 | UK A
REE DA 5040 - AR T DO L2 B 2.5 b TR BB (L B HZEDVRIBS T,

#* rv~7 v 7 Bl Brothers KILEBLOVHRENT 7 B~ 7 FHEsE CEEIRE N =7 YR, ~A VLYV
., VXTI ORINLARHLAR

Species Group Area BC BN eS8
Vulcanolepas osheai Barnacle Brothers volcano -13.0 7.8 n.d.
Lamellibrachia sp.1 Pogonophora =-7.5 1.9 n.d.
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Lamellibrachia sp.2 Pogonophora -12.9 3.7 n.d.

Ashinkailepas seepiophilia Barnacle . -22.8 7.2 -11.0
Okinawa Trough

Vestimentiferan tube—worm Pogonophora -22.3 2.9 n.d.

Neoverruca brachylepadoformis Barnacle South Mariana Ridge -21.9 10.8 n.d.

Marianactis sp. Anemone -17.7 9.7 n.d.

n.d.: not determined.
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WFFE A T — (LA
KRBV O 53 1 Ffe

AU TANIAT AR T AV T AHEL Bathymodiolus J&I\Z oSS —F HFA
T, ST 18 Fl, H AE IR CIE 6 FEA TS AL, KR 500~4,000m D EKME H FLo 7 KB
HHHZAE R L CWND, ZO X MBI ITR LK FERAZ N B E THY, ZEFI L T AEFE
AT EE O AR A7 T DAL A UAEREENTE RSV TND, o DAY T AL
EBRRAEYREEOE SO OESTHY ., il bR RN A 375 A% BRI <Om sE ER LA
BN TR —2 557 ETRIERRERBE FIZB W CTEMEHERIL T D,

LAY TAFAOEALE IR A B SN T 5720 Shar R T s OB S % bk 35
ZEZEo T, MBI OMENEM B O RN 21T > CEIz, ZOFER, B ARB DRI AR
HLFA AU B A B, septendierum, FA RKELED B. brevior, A REEDAL RTI4TN
VA B. marisindicus |ZJEREFRIMFICIZ L - TRRAFEL L CRRai S0, BARIIZITIER 12T
FTHY, BETHOBRLEHIRTNDH D AREMEN T TET-, ZNHOAE BMiL, BRI B L%
10,000km HEENLTI, HHIZ B AT DR E AL REEOA BHIORITIE, K< Bl X B FEAE
L. ZIUHMREREL 22> CHE BB AR IT R AT REIC 2 2D, LTE- T, o AU AFE
DOBREVAZNE, AR FEEOA B Z N LU CHENIITOI Wb EE Db, ZOZEX, v oh
AT AFEOHEALBFRICIB N TH, BIATEEZEIRE L T AV REEH DI K EEEICY b
NUB AN BT AT REME 2 7 RIR L CUND,

U AARSY T AFEAD IR K FEECHY , BUECTH R R EEZ I L C H AR E L A
RYEIZ DT DBAABH R AR TR D HZ LGN T D7D, T IV AU TABIRA R
U HA TN ITA DIBARHIR RN T 24T > CTETz, LU, K EEDOY T IVB AT TE -7
720 ZLL ORI EITHIZEN TEIR D T, AFFEO K EPET VA OREIZ LT, v
TIACSNYTTAFAN 10 EUREREES L, BT ZATOZ LD AT HEE o7,

W

AHFFE T, IhaRU7 NADH 7 eR a5 -84 7 2= hAND4A) DI LB 2R E L, S
P KO B PRI 21T o7, TOFER, T AA VT ASEIL 3 DDI N—T1T50ND
ZEDRHABNE ST (K1), 7 V—7 LIZ B AR AE RT3 0 AU A, ~ AR
HACNUH A, ras < HARNIHA BIOTA /L DAV ALFEKELED B, tangaroa
ERVEFED B. childressi 33X B. mauritanicus % &1, ZNHOFEIIHIAME L T, AZ AL
EaEL D, ZV—"7 2 13 H ARB DM AE R T DX AT A L K~ XA PE
REHFREZ S I, ZNOOFEIIAA T BRLMEZS D, 7 /V—7 313 B ARSI AER 50 F
A AT A B KETED B. brevior, A RTEDA LR ALV A L BKELED B,
thermophilus B X ONRFCHFE . KFELED B, brooksi, B. heckerae, B. puteoserpentis 385N B.
azoricus & 5%, ZAVODOFRITEICAAVBLHIE 2 D03, A4 TR AR &A% BR AT O ]
FaELOLOEND, TN—T 3D F AL AT A | B. brevior, AR T1AT /NI HT A
X, BEMICIEIERISER THY, ZO3FETZ N TN P72 T A — % BT 527, 3
IR TLODITIAZ —ERTHIENHBN 2T, ZORERITIINT RUT U a—2A o7
X H—BY T 2=k (CONBAR T & F T BT DfE B bh RSz,
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1 2 k3xRUFNDSEGFOEEETIIC

B hA By A BORMRER
|TOFHSHIMA RS

Benthomodiolus lignizola(DB) (8%, L4
805-1~5 TORISHIMAZ g g (e

B spain-2004
64 100

35 ue.wﬁ DBPS(DB UTUSFZATIA KA (B8, LK)
A A4 b724 54 G

#rag macgon DB 599?)
i %

APNS Adipicola pacifica 5/ 75 5k
aPNZ3zE2s (&

b E SRR TS
[B 5. kj v, Lau)

B.5p. (Za=¥=32F Ne

NeSdSLaJ.HS

(HE)

L8Eu133
BE4S Bsp. (RRAHE) &
—‘_-9-9—['&’?'\112 Idasoajapnomca FH3AT4 4 (R)

> T@mé 1fsheﬁ'(D S

2 af B, thermophilis{ DB and Qur data) &
Rt B
Bl 19PUST 2

Spu30E) B. puteosempentisk ¥
ki 8. heckerae(DB)
21
2
Bzt (DE) . azonclsk s
B SpAF 128534(08) _

| 8 frooksi FloridaiDB) 8. brooks{DB)
T Shescaon 40k vasen0 4
RiLE) 100} Mkda
BhrevEdm (D E) *(MK)
(B putecserpentise %mg 2
BiaecitLef? gggﬁomﬂusz(o gy Bspl5 o4, Lau)
fiE+AF 2 | ShiG yFIvyyhLeRUsA
F(SMSS)

8, brewviorDB)

o Adpicalacryptasiy b3 /39 5k
ACHE : k]
T a0k

; £ 5p.
-1 ° S
) s 2 Gigantidas hortkoshii
2

L1100, Hrd
68[| [} R AT
9t :}lkag} Bsp. (®RE)
1248 g on (Lew4 /) Group Al
53 33_4 Bsp (FyED)
9B 3= :123 g B {rut ) Group BYdr
=) favgaroa(DEl)

§ Thp Bsp. (v GroupCier

3
IN—71-1 Leioa  TH/¥uB4LSUIA%
(223) <3

JH2 YuhAbRUtif %
Jh2

JH

el SO B SO R
£HZEN 24212351

§ %En'tamtuiDB)

S

WAS ELEE hRAREMEE = chiGt rest

— 0.05 substitutions/site

TOMER CEREESINT= 2 U I A NUHAHE 10 RO S TR LV — 7 2128 D K
< XA FEAR LR TR THY, SEIRIZ TPARLI-EBY I V—T 3D Faus AL/ UH
A, B. brevior, XAV R AATRNVITADBIRD Y FAZ =8 FNT, ZILODOFEDOTERES:
FIREHIB RSN TWALEZTHAHDY, 7L — 73BT HREFED 3 KL WV CHEMEEF
FRAT 24T 72 (R 1), > F IV A YT A VTG /NG S 8D 245 [ (B b7k
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WYL 2 A= 03, IV D OB 72 AR E (F4) 13 0.009 EFEF /IS, THRH 7204 53 {#
K (Nm) S HEBK O R THRENT 5, 370b b RELBBIIRIRDHLZEN DI -T, IRy
FAT AN T AEA LR TIATNVITA T F AT AACVTALTTWRPES > T1A
ENUBAE, AR AT INITA LT IMGRPEL A NUHAFEO M T, BARHI 72 E A
K& TR BTV BTG D IihoTz, UL, TUMBRIES A VT AR Fay
UHACNIBTAFETNIAL R AT N HADOF T, LIRS0 8T A 1L ETH
V. BB RN DD EE R TWA, S F AT AN T AEA LR TIAT ASUHADRIT
IZ, 1B ETEZ 20 IR THY, BRI BHLLHST2EL THHO TR O THhHILE/RLT
Wb, ZOFERIT TV IIF I —b D THhAHLITNZ ., M AEPEER N LT HARER RS A REED
M CEIGHIASTR D HDHE | FT-IRIB Y THAHITH DO LT R EREE T 10,000km & D 2y 84
1THZLZRIBL TR, FEHIZHREN,

F1 U AR BT AFED BRI AL T

Fy Fay AR a4
Nm B 4 IKIE
vFEy B (N=10) 0.009 | 0.385% 0.050
KR IL(N=11) 53.065 0.327% —0.146
AR IANYTTA(N=10) 0.798 | 1.029 0.275%
T B AFLHEFENN=3) 9.559 | inf 1. 317
* P<0.05
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Jeoy A EET IR SRS e el
77{1%%{*{5:?117}(“5&%&?@5% AT s

L7V B L O NV~ T 4y 7 EOKIE HALAEMIREEE D434 LA AR OffAT

=a—U = R D v~ T o Z UG 74“/*—?43@77@@&:&;6%@?&7}0&&%&
WMIBEEEZAE R T D AT R BNAD G54 LA E B SN T 572012, TLADN 6500 (2D
BWEIZSIN LT, 7V~ T (> 7V Tl Brothers Seamount (238 CEUKIE H FLAEYREESY 7
DFHZENTET, LU, I T, BREOT=D TV & CIXEMRE L TOZen
TERPoTz, LIRS TRME Tt 7~ T 4o 7RO BOKE HFLAMRHEICB T~ 2
H AR NADG3AR EAEFRIZ DUV T 5,

IV T 4 TUR O TS 1XNorth-West Caldera Wall site (34-51.7°S, 179-03.5'E) £ Cone
site (34-52.7’S, 179-04.3’E) D211 p5 T 1404177, North—-West Caldera Wall site (7Ki%
1470-1851m) T, #5851 (20044E10 H 26 H ) 331108852 (20044E10 H 27 H ) B0 & 2[R D s & 52
JiL7-, Cone site (/KiE1224-1434m) TlE. 5853 (20044E10 H 28 H) 3511854 (20044E11 H 1 H)
RO 2R DM A L T—o XU PADH TV 71, TLADNNG500 | IZH kSN T- AT —F T
ROV =2 —FTITW, BIEIXTV I AT | AT 4V AAT B I ONEMMEE ORIR Ti T, K
WA CTHOWAE RO FEREA T, A ECREMNICEZ 20 0LEEH 5,

(1) 7 7% —A4 V77 North-West Caldera Wall site

ZOHLRBIE 20 RO~ 7101« AT R RADEAE < RES I, 7203 Th, 28 2 DL EHT =L
AR, NVETRIE R SE, N =58, RO AV e AU AU FADNEOKIE H LB
mUNIZAE B LW, 2FD =¥ (Alvinocaris niwa & A. longirostris) b3 AL TERY, —R L7~
DAY A, niwa DIEOD A. longirostris KO >7-, 2L, 2FEO A ITME H LD 725
TRENT MR OE A, HEFEY EICHbRBOLN, 2OV AMIBWTE FRICA R L TWZ0R3,
WOEWZAT DEEE Vulcanolepas osheai Toh-o7T-o IIDEXIT 40cm (ZH LT,
(2) 7 7% —A4/LT7 Cone site

ZOHSIE . North-West Caldera Wall site D SO LWEUKIE HIEENTI R.OT ., IEKAD-
<W%Hjﬁ“>:>ot5écf“’f*f&>oto ZL T, 1T FDO~ I AR NAREAE - [FE ST, 15 gD

WAL TEY, 22ROV aa AN EEL Tz, North-West Caldera Wall site &

H% A. niwa & A. /0ng1r05t1’15 DAL TEY, — AU E X A. longirostris DIEHDY A.
niwa XV @D o712, EH1Z1E Hippolytidae B Lebbeus sp. bR BTz, MLIZE 2 Fl oD 55U L ¥H
AT H =HH Paralomis sp.. 77 BB, TLTIHOEWZA T OEEE V. osheai D> E 2 H
BLUTe, BRIZ V. osheai 1%, @i E DEMEZE KL Tz (Fig. 1),

Fig. 1. Close up of a cluster of stalks barnacle Vu/cano/epas 05/79&1 Shinkai 6500 #854.

V=T o 7D North-West Caldera Wall site & Cone site D~ 2712« AH R 2L FA T
BELTHEBIL T e, L L7Ze D, A ERETIE A2 bR b, Hlx X, 2FEDo = E
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(Alvinocaris niwa & A. longirostris) 1. MHLEIZH AL THAOBEDHDHT B RLZZE L. NW
Caldera Wall site TlZ A. niwa 3. Cone site TlX A. longirostris DIFHIN @L< 78> TN, Fi=, 7V
FRHMEFAIZOUWTY, Cone site TIXEBAE IZBIZ2 X253, NW Caldera Wall site Tl CTH -
7o TNHEE D AMFED A /Z—2 DIEWPMITER T D00, 5% E T ARRER 17 —
BN IRNTSND THAD, Flo, TN~ T 4 VRO~ 71« AU RAD G5 1RO HEL T
L. VI REHESS RO A AR E DO Fr i LI T2 H/ 27 — 2R HTLATH
9,

2 R b B I AE MR IS BT DR B M SE
HAT L OUMHZ DDA AR BUKE HFLAEWREE, mkis HAEMREE ., g 4k
WIRESE) 2 Gl HESRAR AR, ZAERBRORRIE A LIRFR A BB HT D DR F2 LT,

(1) BEEEAA R

REN) A F 0T, 2RO R AT o7, o, BV E REF IR bc~vyay s
CIDHOIT, FEMOIR O IO /et iEE2b D N el F IS CE R T A H A BRI
¥ (Osedax J@&LIBOILD) DBRHOMY | 5145 IO DM 5EICE FLT,

(2) A REM R
RURZDBE MRS AN OWTIRT LT, S TN AD R EA SR E T 5 R 1EO R
REHITo77,

(3) e
TAZHKAREN ) - BRI B - Fi R B A EH T T
B A HIER I B 3 D SE A T o T,

NS

BRI BAL 7y T AEM P FiEZ D 7 SRR

INHORRIE, BB OB PSS TARL, AR PR FEEFECRE S E
. ZNETOMEDLE 2 —RE 2R LTz,
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ey e EHE
VAR IS 1T D BRME RUBFA D S Ak & A M h BR A0 o3 AT

EUKMEEL A

2 NF A =RPERIAIE. ZRVETHREEND 3 & 8 fll, IR EE~AVREND 1B 4 Fli, K
FEEEDND 18 1 FEOE 13 AR EIN TS, WSRO ZKIIZOAZAERL KIXHE A,
I AZEON IR L CIRE S A T A E AR EH SO R R E R Th
Do ZIVET, 2/ NT H=OBAEHERICEATHERITIZLEA L7 O bR BRI
BHCHD, KEIL, 2004 4E 11 AT o727V~ T 407 BINBKIRIZ 81T DA L0 H7-12. B
FED Austinograea Jg— /) /~F 1 = BPEAESNT-, ABFZETIE, ZOFREL D B~ K~
URE~KEFEIC DA TD 3 8 7T RO T =R REDOBIEHAE RO THEEHIT,
Rt D REIE LS R F L7,

HAWT=3BHX, Austinograea yunohana ({Ft &« /N R B ifgiak) 5 i, A, williamsi(=V 7 FfFk
W) | A. alayseae(T V4R, ~ AAWRA) | Austinograea sp. (r/v~T 4> 7 Bil) | A
rodriguezensis(A > REEH JE58) 45 1 #, Segonzacia mesatlantica( R P8 I-3fF58) 4 A
Bythograe thermydron (KN RAGNE) 7BAFTAE R D COIEIRT-#) 660bp F5J TN 16SrRNA
A5 F#9 450bp Z43HT LT,

FEOREF, /T =S TR Z AL A R LR o =L T B IR EL
HIp 5Tz, £7-. Austinograea J& . Segonzacia J& . Bythograea J&&EHHERMEEAZTEKL . Zi1E
NOFEL FIARIZE R ThH 7203, N TOMIRZE BIZA L) TIZAR o7, FE ThRHE A.
alayseae & A. williamsi 1%, T FEOH TIIH - LTk Th o7, IRUNT, HIERRYEREES EHR T
7000km LA _EBBEILTUND A. rodriguezensis 3T % TohoTz, Fi=, #ELAYIZ 6000km LA EHEEILT
W5 A. yunohana £V~ T 427 EINEED Austinograea sp. 03Tk Cého7-. A. yunohana % A.
williamsi D53 Al E 400km F2E LI TWORWIZH B 597, Austinograea J& D 1 ClINR0iE
EHNZBEIN TNz, S W), P ARSEFED 2 /T =13k D ~ S b ARTE LT AT REME DS R
SIS, T DFE R BLIZEAR ) TRV EDRIB ST,

KM

FANTEERHNE T A EIIHAE TR 19 MO TRY., D2 COFENUFIEIZIFIET HEUK
M SOV TR IR B W TR R MIZA R L, F-2 oA BTt R o =B LA TS, 0D
HCH AT N D=2 —— 7 RETO KRR O BRI ZIX Alvinocaris J&. Chorocaris J& .
Opaepele J& . Nautirocaris J& . Shinkaicaris JE® 5 J&DAEBNHERIN TS, ZOHHHIE 3 BIL
HOROEEOTE AR B WD TH A BRI ILTUND, 2004~2005 DT HER ., 7V~ T 47
BB L OEEE <Y 7ol BT AFREMNEIC LY . Alvinocaris g E Opaepele J@ 2B\ NClIX[E—Ff
NETHIAWHEIFH THEL TOBENRHONNI 2 o7, Alvinocaris longirostris ClXiTfl, ~ X AYF
W T T 4o 7 BINOBOKIRIZH A L. Opaepele 1oihi \IZDOUNTIIANT A, 8, ALE~U 77
IMDEIKIBAZH 7340 LTz, A4 BI0 T T km BENL TRV, [Fl—FEZ MR T D7D ITiT R E e
THRE ) LT D133 ThD, ARWFFE CIIHEE IR B R O KA S AT MLV EREES
NI=Y 7 VAT Alvinocaris longirostris & Opaepele loihi \Z 3 NT4+ 2R AT (COI HR45 B
¥) #1772, A. longirostris %5k, FEVE ik Bk O Y L 550U 590 = e o, GRS
M e~ XA R DY T IAZ B W TEIRIIRZR D RO T, LInL, T A~ T 49 5
MDY T ATHITE DY T T UBIRIRZ R DB RO, DF) T~ T 17 Bilob o
1%, IERERIITIZ A. longirostris \Z3FASILD DY BT RIS HUVITRIFRIC /e D Z LRI S
Iz, Opaepele loihi T, AL~V T File T A L% g UG B, fE LR HIC -T2, 20T
LMD, ZNBITEERFINCH R THY | AW AIRE S D ZENH LN oTo, A%, ShED
FlE 72 E BB BN UM O 7 B RO 0 (bIic DWW TB 975,

BUKPER I
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BUK, mBEAEORBIEEL T, o hAav AV e EHRAUZUIEHE T 5, o hfav Aoy
13, 18T 190 fiLL &g 2 R oI AR T2, Buk, miBEKIZEA2LOLINETI
FEHIDIVTNND, 2004 D7 N~T 47 BIMOFHE TIE, FCHENLY o A3 A Y=e 78 3
FEERESIL, TDOHIHLO—FEITH M CTH o7, o, TUETRIPFTHNC S FEAE B L T fili37<
TN T 07 BINDOBIKIRIEI o A AV 2D SERMEN EWE S 25, 2005 FEDJLE~D
7 HINOFHETIE, FEEILIVZE DT o hAas AV e B REINTZ, ZbIE, e -/ NEJR
WO B A B AR HFE L R Th o7, 5 %1T. TNETITESN TWAY U (2
AV O BIRF IR ET AT O, BRI S ERMESC A PR G 217D T E Th D,
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WFIE o3 A e 2 ARME - ) | Fni
VAR IS 1T DA FR D AR M LMW ER S5 AT

VAR T XLy = (A e

UM OB N TSR B O B8P SR 2T o TS 3. TREIC P FES L, ENBIE e T
HEThHD, TDHHATEIL, Acmaeidae D Bathyacmaea J&DFE T D, N ERENITITHIHEHY |
R ITHE R DM T, LR D32 51T, Neolepetopsidae DFEE XX BIEFI1LD,

AFFEDHG | sp. 1IIF A TEITEL, RIEICITAE B IROBAI DR H D, 1FIFELE TOEK TR
NELIRBINRNEZEZAELD, BRI O ED BN TODERN S, AL
Bathyacmaea tertia Sasaki, Okutani & Fujikura, 2003 (25 b AL T 503, # ORI OIEMNTITEL
KIRDRETEI S TND, sp. 2 13k #iRIREH T TR, BRTAITE TORIKRTIEEA LR
BEZITTEBOT, EIAIMEBZEW D2, KFEIX Bathyacmaea jonassoni Beck, 1996 (ZiT{El 3%
D3, DL B E MK BRI AT IR O R D3 o B TR D, sp. 3 IXBAZE 72 S HER
DEIZHY, PhoOFmITTRLIR TH D, RITEMRINTIEL HEF DO AN HEGEZ B> TR.ZD, sp.
40 sp. 3ITHALIL TOBDS, B A3 K< B EOFERISEAZE C . BB IR eI 72 5 58
BI2%, RENFERWEIZL>TEDA TV,

FEOOIFRIT R A ZFD | IR RIS % G IAEL TRY, HIERBICE T 5, sp. 1 D
PILATZICELS IKEAT, dTHITE FICE LURY. B LEMZ <, A OBGFIXIFIFEFEATT
BD, XFNNI 2 S 385, sp. 2 DRI ZIZEL, REITVEE THD, ROMmIE%
o B IREIZE > TEmPNTHIOIL TS, sp. 31X Puncturella \ZFBNUT- 3B 2R OD3, %
TEER AL 20 BRI TR 2 S 6 | fRIC 22 3%, STRELHTBR BT CThoH B 2
O, B~V DO 538 EONEIFSHIZHRE DB E TH D,

Bathyacmaea J& D45y

Bathyamaea J&D/3AG 1, ALVE K ELERB X O K EHEOLFEA A EIZIRESINTD, &
HEERMEO @RI, B ARSI EOELTh D, STk D72 EH6FEDNCFEERS 1L TH Y (Sasaki
et al., 2005), SHIZKRFLHFEDSEIAFAET D, Al AL, HRNT 7| BN 7 | FBAE | G
i S DAL F A AL MO TS, — | FRFEENDIIT T 4 AL B IO~ XA
& Bathyacmaea jonassoni Beck, 1996 23 HIGILTWAD I ThoT=, LU, AWFITIZED ., TR
ZIXAFTRED AT T HZENRILNI20 | AP R PEL T AR O MR Tk L TD 2 &M
BAL 72, A7 2 S2AbPE R R 2 D7 U B IX . AR OFRIT IS TR, =
DHBLEY 5347 D735 — 3D BFHIIT AL N20E D TH D,

Bathyacmaea J& D 3%k L O E

Bathyacmaea secunda % 5| UTofE 5. Bl DIROBAGR, 0 EREE A A OBIfR, th & DIZRE,
SRR OALE I Z > T DT T AFHE X BISNDZ EMIALINNT R > T(Sasaki et al. B5efm ), 5
2 IPRE DI RER LI UT- G R % /A LR B L O Neolepetopsidae S13 A I3 HIRAETEE
DR B HAFHDO P TILIE W BRICHDZED 3 h o7, — 7. Acmaeoidea D7 /L—7 L1301 <
ORI E A LA L TRY, ik THHEE 25D, Acmaeoidea O CORIFRIL, fiEH]
SILTWRWENHY | FLI AR 2 OB S DI+ 0 I 352 N TE o Te, HkORH
FEEDE T, semi—foliated fE1ENG/R 5558 2 FF > TR, Z0D KB Acmaeidea D—EfED
$efa M X FFE U D(Fuchigami & Sasaki, 2005),

Shinkailepas J&D /5 _FOALE & P53 Af

Shinkailepas JED1FE, a7V AT R T v HA BTG R . AAESE . LS. JEH
B EIEARE . MR ORIEND, T~ AT X3 HA B DIRETHDHIENELFT BT (Sasaki et
al., in press), ¥70, A BLRE . BRAE . INEVENO PHERICIZFF RO E N R o0z, 7
AT XA B Ok R REIEE A i LT R RNEE T ~ A7 1A LR O 2% A AR
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Phenacolepadidae (ZESBIAED /3N RS, 2FAZARO P TIIRIEICAE LT D8
(Shinkailepas J&& Olgasolaris J&) . 38 X ONVKIFIZ A BT 28 (Phenacolepas J&& Cinnalepeta J&) 75
FNENHRZFR THLHEEZBND,

Shinkailepas J&DFE P FNTCREIZE Tld, P RE, IRIN, 288, 22X, . ZHOWEIZE-T
X BI&I TV A(Sasaki et al., in press), ASJEI%, GHERACETE L, Wb E, gL, ~U7
T T4, XA, TUMBRNORESIL, TN ENOHE TR TH L ATREMED |V, K7
Ve duygaa NS Shinkailepas briandi Warén & Bouchet, 2001 23FRERSIVTCNAN , KIEFEEOTED
BEERIZBAGTIER W,

e D AT H FH o B Sy AT

PEREPEICA BT 5 i E R38R o8 B ClE, Lepetodrilus J& D32 BET %5, LoL,
Lepetodrilus JEIXT7WEAIHITRES N2 T, KRBT, RN T 7 OBUKME IR 12 %<
GG/ N R EE R SO U 7 ISR > T2 2K HIB D IR RLER D e | = XADL1IFEEI DA
TWADHTHD,

RPN O I R R O R BFRIE, PE R CIE— IS AR MEDME N, Puncturella,
Pseudolimula %5 H3FRERS IV TWOD N, FlEE PEHIS FRO ATV D(Warén & Bouchet, 2001), LU,
W R E OB AR IS DWW T, S EAMIE TR SN BB LB 2 DNAFED R /38
oL EEHEL _ECiEmLRT IR b0,
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BEEMmLT-.
2. AL BRI A A T A D RLNRZ R DT DA H AR N O BT 72 5 ONT - B s 8]
A IR LT-.

w .

iy
o}

1. BE AT YT s AN—ARGROFRAE

fi B D EUKME I Sl BT B EM D AT o 7 e A= LU TR RE 300 E DB IRGE
T H7DIZ, 2002 41 H, FEVE R IR R I SRR A SN~ yay 7 O F B E)E L O M A
Z 3N L 7= (2003~2005 4F) . B EEOSHEICR ASILTOH0T 0 1AL IS R A0 7 5k
ZLDEAAEMNPHE L. B 5RIIA AR K EDvT /) ~27F Adpicola pacifica, 587 )~
77 A. crypta, ¥ XZVHAR KB DT 7 7% XXV A Solemya pervernicosa, Osedax J&2% %A
OFFE (GE# ), Protodrilus J&26EFD 1 Fi7p Ll ThHoT-. TNHOUTRFRE I I Bk E H
ik, /KR IR HHBLL T AR —FE Tl . JefTiFse ChE a8 E SRS THIEL5
DI E B AT CHY, BUKME R - G /KBEHIRICHER T2/ I3b 3 Chs. F7- 2 M ph g
WD, IR~V TCINE TR A R AERE RO LOHRE D72 NI N —T NZEHBIL
7o U EOFEEZ Z D08 DEUK GAKERFEORAT e 7« Ah— U THEREL 720
FREME B, ZNBEY O 3 EIZITRIOBER %ZE 2 DV ERHDH.

2. LB I AEA T AFEO B T DA%

U IACNRY AR TR PE DAL A AL A B THY, 8 AR PN IS S, A%
AL 218 3. o AU AEORFITERIEICHY, LRI E L CTHEIET XA T DAT
AFATEAR & IR IR IR A, ZIVINY AN T AFAINZEE RN ST T DN 2SI TNd
AR R CTHD. EZTARMIE CIIIEARM E AT AFIERESI TODIE I 535 2
HDATATE (T I~ 0T, IRIET )= 0T) IS AN AL E DL EURICH LD %, Ik
AR BIOHAME OB ANORHILTZ. mYeT ) ~7T70A L 27 NI A ) H A%
LIEFITIALILTIY, f RGNS o AU B A SE AR TR S B S B — R OBk
EMEAZE L Q. )y, BT/~ 77132 ETOM B LT RESELRY, EEFEO M E 28 R
R OIMANZIE L Tz, EI OO E XA E TARELRER DT EIToTNDIEEH
Y in situ ~NATVEAB—aNZIOHER LTZ. 18 EATAFO RTINS eT )~ 0T 13 H
A NUBAFHDELE DIEENLE T DZEND, €7/~ 77D IR A R IIA T AFHOMIE
WIEE CHHEHETE LT,
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Study on the Origin of Deep—sea Hydrothermal Vent
Communities at the Lau Back—Arc Basin, Southwest Pacific

Toshiyuki Yamaguchi

Marine Biosystems Research Center, Chiba University

Summary of Research Results

This is report on the morphological, ecological, biogeographic and molecular biological
studies for vent communities collected at our expedition to the deep—sea hydrothermal
vents at the Lau and Havre Back—arc Basins, Southwest Pacific from September 23 to
November 10, 2004 using Japanese submersible “Shinkai 6500° and her mother ship
“Yokosuka.” The main target of this research project is to clarify origin and evolution of
the deep—sea hydrothermal vent and cold seep communities of the Southwest Pacific.

The Lau and Havre Back-arc Basins, Southwest Pacific hold communities of high
biological diversity in comparison with other such vent and seep communities in the world
based on our research of principal component in the deep—sea hydrothermal vent and seep
communities such as bivalves, gastropods, crustaceans (including crabs, shrimps and
barnacles), worms, tube—worms, etc. Particularly, barnacles in crustacean shown the
highest diversity in the known deep—sea vent and seep of the world. We could found all
four suborders, Scalpellomorpha, Brachylepadomorpha, Verrucomorpha, and Balanomorpha
from the Lau Basin. And the peripheral areas of the Lau Basin such as North Fiji and
Manus Basins show the second high biological diversity hold three suborders except
Brachylepadomorpha.

The morphological examination of barnacles collected from the Lau and Havre basins
shows that scalpellomrphan barnacle Ashikailepas has the most primitive morphological
characteristics and also the widest distribution at the West Pacific.

The molecular biology of some principal vent animals collected from the Lau and Havre
basins shown primitive phylogenetic position in comparison with the group of the East
Pacific, West Pacific (Northwest to Southwest) and Indian Oceans. Ashinkailepas in
comparison with two Japanese and one Havre populations population shows the most
primitive Scalpellomorph in the molecular phylogeny. Therefore, the origin of the known

vent and seep communities seems to be Southwest Pacific.

Keywords: deep—sea hydrothermal vent; endemic species; taxonomy; phylogenetic evolution;
dispersal; origin; primitiveness, Southwest Pacific
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A cold seep barnacle (Cirripedia: Neolepadinae) from Japan
and the age of the vent/seep fauna

Toshiyuki Yamaguchi*, William A. Newman and Jun Hashimoto

*Marine Biosystems Research Center, Chiba University, 1-33, Yayoi-cho, Inage, Chiba 263-85322, Japan
(e-mail: tyamaguc@ earth s.chiba-u.ac jp). "Marine Biological Research Division, Scripps Institution of Oceanography,
La Jolla, CA 92093-0202, USA (e-mail: wnewman@ucsd.edu). * Faculty of Fisheries, Nagasaki University, 1-14 Bunkyo-machi,
Nagasaki 852-8521, Japan (e-mail: junh@net.nagasaki-u.ac.jp}

A new pedunculate barnacle, dstinkalepas seeprophila gen. and sp. nov. has been recovered from a hydro-
thermal cold seep at 1175 metres of depth off Hatsushima Island, Sagami Bay, central Japan. It is the second
record of a Neolepadinae, otherwise known from vents, from a seep, but the two are not closely related. Its
coarsely ornamented capitular plates, and primary peduncular armament being in whorls of six plates,
distinguish it from all previously known neolepadines, not only as a new genus and species, but also as a
distinet c.larlr\, and therefore a new tribe is |)I'0|j!<}81‘.:'| to accommodate it. There is a sl ig]’)l. bilateral ASYIT-

metry in the proportions of the capitular plates as well as a marked hilateral asymmetry in the
arrangement of the peduncular scales related to bending over to one side. This apomorphic characteristic
distinguishes the new species from all other Scalpellomorpha. While leaning over to one side is suggestive of
verrucomorphs, it 1s not judged a sign of affinity. Ashinkailepas 1s apparently the most primitive of the vent|
seep barnacles, which are considered relics largely of the Mesozoic age.

INTRODUCTION

The first barnacle, Neolepas zevinae Newman, 1979, was
deserihed  from  hydrothermal vents at a depth of
approximately 2100m on the East Pacific Rise (EPR)
[2I°N). Since then three other neolepadine species have
been described; Nealepas rapanuii Jones, 1993 from near
Easter Island (23°S) on the EPR, Vueanolepas osheat
(Buckeridge, 2000) from Brothers Caldera on the
Kermadec Ridge, north of New Zealand, and Leucolepas
longa Southward & Jones, 2003 from off Lihir Island,
Papua New Guinea. Four other apparcnt]y distinct neole-
padine species have also been reported, one from the
south-east Indian Ridge (Southward et al., 1997), two
from the Lau Basin (Southward & Newman, 1998) and
one from the Rodriguez Triple Junction, Indian Ridge
(Hashimoto et al., 2001). In addition to these, several
other likely new neolepadine species have been collected
from hyclrolhermal vents of the North F‘{ji Basiu, Manus,
and Okinawa Back-Arc Basin (Fujikura et al, 2001),
Myojin Knoll on the Izu-Marina Ridge, and the south-
east EPR (37°5) (Stecher et al, 2002; TY., personal
communication). These neclepadines are variously allied,
all are from vents except L. longa from a seep, and they
represent a substantial diversity ranging across the entire
Pacific and into the Indian Ocean.

The present report describes a new Neolepadinae from
a volcanic cold seep. It is represented by three individuals
collected at a depth of 1175 m off Japan {Fujikura et al.,
2002), and it constitutes the second record of a neclepa-
dine from a cold seep. The new form is distinguished
from the previously deseribed neolepadine from a seep,
L. lomga, as well as all other neclepadines, by numerous
characters including coarsely sculptured and somewhat
differently shaped capitular plates, whorls of peduncular
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plau-s smaller in |1nrr1b1‘.r', and |j:y its distinet L‘.a|j:'ll.n|(r—
peduncular ratio. There is also a bilateral asymmetry to
the capitulum and peduncular plates or scales, something
seen in no other scalpellomerph. This apomeorphy, related
to bending over to one side and presumably for defence
andfor feeding, is not included in the generic diagnosis
because the modifications associated with it are super-
imposed on the basic plan. It is the basic morphological
din‘(‘['l‘.”‘.‘.(‘s h"‘.\‘\"l"l‘.” |hl‘. new E:H'Ill al'lrl a" pl'l‘\-'ir}l]sl)’
reported vent neolepadines that set it aside not only as a
distinet new genus and species, but also as representing
a distinct clade. It will therefore be proposed that the
Neolepadinae be split into two tribes, the Ashinkailepadini
to accommodate the new form and the Neolepadini to
accommedate the remainder of the Neolepadinae.

SYSTEMATICS
Order PEDUNCULATA Lamarck, 1818

Suborder SCALPELLOMORPHA Newmnan, 1987
Tamily EOLEPADIDAE Buckeridge, 1983

The diagnoses, given in the landmark paper of
Southward & Jones (2003), for the Eolepadidae and its
subfamilies, the extinct Eolepadinae Buckeridge, 1985 and
the extant Neolepadinae Newman, 1996, were based on
the capitular plates, six for the former and eight for the
latter. These are the unpaired rostrum and carina and the
paired scuta and terga (R-S-T-C) in the Eolepadinae,
with the addition of a pair of latera (R-S-L-T-C) in the
Neolepadinae. It should also be noted that where pedun-
cular platcs are knawn, the basic number per whorl is
E:ighl. for the former and six for the |am‘.r', the reverse of
that for the capitulum. The plates include the unpaired
subrestrum and subecarina and pain‘:d rostrolatus, latus
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and carinolatus -:S['—l'l—l—t‘.l—SC] in the ﬁ)rmr:r, but with the
pair of latera absent (sr-rl-cl-sc) in the latter {Newman,
1997). Thus the formulae for the two subfamilies are R-S-
T-CJsr-rl-l-cl-g¢ and R-8-L-T-C/sr-rl-cl-sc respectively. It
is variations of the peduncular plan of drehaselepas as well
as capitular plans that led to the neclepadines as well as
higher Scalpellomorpha (Newman & Ross, 1998; Young,
2001). Of the two tribes proposed below, the Neolepadini
and Ashinkailepadini, the latter typifies the basic Neole-
padinae plan.

Neolepadini tribe nov.

Diagnasis

Neolepadinae having relatively smooth, unornamented
capitular plates, an adult peduncular to capitular length
ratio of 3:1 or greater, and an adult peduncle with whorls
of 12 or more scales which are about as wide as high.
Nevlepas Newman, 1979, Videanolepas (Buckeridge, 2000)
and Leucolepas Southward & Jones, 2003.

Ashinkailepadini tribe nov.

Diagnasis

Neolepadinae having capitular plates ornamented by
longitudinal ribs or ridges, a peduncular to capitular
ratio of 1:1 or less, and a peduncle (if unaltered hy
bending to one side) with whorls of six scales which are
considerably wider than high.

Ashinkailepas gen. nov.

Diagnosis
As for the tribe.

The new species is not only distinguished from
Nt‘.:jrl{‘.parliui by the majm' d iagm::sl.ic. characteristics giw:n
for the tribe but also by less important differences noted in
the description. These include a slight but discernible bilat-
eral asymimetry of its Capitulm' |jrl:1|.{:s and a marked asyImn-
metry of the peduncular scales in number as well as
pr:jr[)forli:jms, related to individuals hf‘m'l‘mg over sir]t-ways
towards the substratum. However, early in ontogeny the
peduncle of Ashinkailepas seeproplula undoubtedly consisted
of 6-plated whorls (sr-rl-cl-sc), as in the juvenile peduncle

of Melegpas (Newman, 1997). Since the asymmetry is an
apomorphy related to predation and [or feeding, it has not
been included in the generic diagnosis. This allows
-‘i)’lllllll‘.[["l&‘.al fossil and extant forms to be included in the
genus, should they be discovered. Tipe, Ashinkaiepas
seeptophila sp. nov.

Ashinkailepas seepiophila sp. nov.

Diagnosis
Monotypic and hence as for the trihe.

Materials examined

Three adult f-p(‘.(‘.imr‘ns from a bydrotbr:rmal cold seep
on a seamount at a depth of 1159m off Hatsushima
Island (35°00.11'N 139°15.45'E), near Sagami Bay; Dive
no. 585, 19 November, 1991, Japan Marine Science and
Technology Center (JAMSTEC) submersible ‘Shinkai-
20007 {J. Hashimoto, ohserver).

Deposition of types

Holotype, National Science Museum, Tokyo (NSMT)
Cr 15638; frst paratype, National Museum of Natural
History, Washington, DC (USNM) USNM 113131
second paratype, Scripps Institution of Oceanography,
Benthic Invertebrate Collection (SIO[BIC) C-10608.

Eiymology

We would like to name the new genus in honour of the
Japanese submersible ‘Shinkai 2000°. Barnacle names
frequently include lgpas, Greek for shellfish, but the name
Shinkadlepas Okutanmi et al, 1989, has already been
proposed for a gastropod molluse. Therefore we propose
Ashinkailepas for the new form. Since it is a seep barnacle,
‘seep’ is combined with the Greek philos meaning loving or
liking and thus Ashinkailepas seeprophila.

Habitat

There was no evidence of hot |1yr| rothermal acl.ivit)f in
the vicinity of the type locality. To the contrary, the
temperature at the seep of 2.84°C was essentially
ambient (Fyikura et al., 2002). The sediment surface
was white from growths of bacteria. The barnacles were
collected from a boulder of breccia measuring 1.5 %2 m

Table 1. Gross measurements of Ashinkailepas seepiophila gen. and sp. nov.

Type designation TL CL
Second paratype Inside 29.1 16.6
Outside /.7 17.8
Holotype Inside 281 17.5
: Outside 8.4 19.2
First paratype Inside 5¢.1 19.7
o Outside 35.8 21.1
Mean inside 30.4 17.9
Mean outside 3.3 19.4

R inside 29.1-34.1 la.o-19.7

R outside 28.4-35.8 17.8-21.1

No. of whorls

PL Wmax ‘Whase in peduncle
12.5 224 L5 .
11.9 2.9 11.2 o
10.6 21.1 12.8 .
9.2 211 131 b+
14.4 24.2 14.7 8
14.7 244 14.2
12.5 22? 13.0 6.7+
11.9 225 12.8
10.6-14.4 21.1-24.2 11.5-14.7 684
9.2-14.7 21.1-24.4 11.2-14.2

TL, height of capitulum and peduncle; CL, capitular height; PL, peduncular height; Wmax, maximum rostrum—carina capitular
width; Whase, width at capitulo-peduncular junction. inside, left side; outside, right side, in all three specimens; R, range, measure-

ments inmm.
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Tahle 2. Measurements of the capitular plates of Ashinkailepas seepiophila gen. and sp. nov.
R S L T C

w L WL W L WL W L WL W L WL W L WL
Second paratype 8.2 148 056 47 47 1 10.3 184 056
Inside 5.2 10.4 0.5 5.6 149 0.38
Outside 7.8 162 048 43 a 0.72 1048 224 047
Holotype 8.2 L5 0.55 4.7 38 124 9.7 8.7 0.52
Inside 5.9 .70 077 5.6 11.3 0.5
Outside a5 185 052 52 53 088 99 203 044
First paratype 9.6 16.3 059 4 4.9 082 11.5 2046 0.56
Inside 7.9 9.1 .87 7.1 14 .51
Qutside 9.9 203 049 46 7.1 065 113 227 0.5
Mean inside 8.7 153 0.57 4.5 4.5 L0215 192 055
Mean outside 6.3 9.1 0.71 8.7 17.7 049 4.7 f.1 0.78 106 21.8 049 6.1 13.4 045
Range inside - - 8.2- 14.6- 0.55- 4.0- 3.8 0.82- 9.7- 184 0.52- _

S T 0% 96 163 050 47 49 124 103 206 056 o0 3 038
Range outside : ) : 78— 16.2- 0.48- 43— 5.5 0465 99 203 047- : )

99 203 052 52 7.1 0988 11.3 227 0.50

outside, right side; inside, left side; R, rostrum; 8, scutum; L, median latus; T, tergum; G, carina; W, width; L, height, measurements

inmm.

Table 3. Differences in the capilulum and peduncle of Ashinkailepas seepiophila gen. and sp. nov. and Neolepas in general.

Neotations as in Tables 1 and 2.

Nealepas spp. Asfinkatlepas sesprophila
Capitulum Wmax | CL <1 (approximately 0.9) =1 [approximately 1.21)
Wmax narrow wide
CL/PL <1 =15
(=1 injuveniles of N. zevinae,
figure 3, Newman, 1979)
Rostrum lateral view curved internally straight
WL relatively small { <0.6) relatively large (0.7)
growth lines distinct more or less distinct
longitudinal ridges indistinet or none distinct
Carina lateral view curved internally straight
W/L relatively small { <0.3) relatively large {=0.5)
growth lines distinet more or less distinet
longitudinal ridges indistinet or none distinct
Pedunele Form straight and long curved and short
Scales bilaterally symmetrical and number  bilaterally asymmetrical inside, and

small and in more than three rows

and lying on a gentle slope at the base of a steep slope
where other similar |argt‘. boulders were accum ulal.iug. A
seep clam, Calyptogena sp., and the shrimps, Alvinacars sp.
and Lebbeus sp., were found on the bottom where the
barnacles were COHR{:IJ‘.(L and spr.cimcns of an Or:’linary
deep-sea crab, Paralomis multisping, were found in crevices
between the boulders.

JFournal of the Mavine Bislagical Agociation of the United Kingdom (2004)

number laterals small and in more than
three rows in inside, but large and two
rows outside

Comparative description

In general, Ashinkailepas  secpiophila  resembles all
previously reported neolepadines in having eight capitular
plates [R-5-L-T-C). The new form can readily be distin-
guished from them by its coarsely sculptured capitular
plates and the notable difference between the peduncular
scales of each side due to the bending of the animal to one
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Figure 1. Ashinkailepas seepiophila gen. and sp. nov.: upper,
holotype; lower, first paratype; left and right sides respectively.

side, On the outside of the bend the peduncular scales are
arranged normally; e.g. subrostra, rostrolatera, carinola-
tera and subcarinal plates (sr-rl-cl-sc), as in juveniles of
Neolepas (Newman, 1997) and extinct Archaeolepas except
for the presence of a median lateral (1) tier in the latter.
Furthermore, judging from the ontogeny of Meolepas as
well as of scalpellomorphs in general, it can be inferred
that the early juveniles of Ashinkailepas seepiophila have a
symmetrical peduncle with whorls of six plates or scales.

The three specimens of A. seepiophila ranged from 27 to
36 mm in total height {Tables I & 2). The height of the
capitulum is greater than the length of the peduncle, as it
is in juveniles of N zevinge {Newman, 1979; figure 3),
whereas it is less in adult Neolepadini {Table 3). The
width of capitulum is approximately L5 times wider than
the width of peduncle.

All capitular plates are ornamented by fine longitudinal
ridges overshadowing the growth lines. The scutum and
tergum each have a strong median apico-basal ridge, and
the upper margin of the rostrum and carina have a welting
at least on the right or outside (Figures 1 & 2], On the
other hand, Neolepadini have no ornamentation other
than the growth lines, and there is no distinct ridge
associated with the change in their direction along the
apico-basal axis of the scutum and tergum. The plates off
the left or inside of A. seepiophila are slightly smaller than
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10 mm

Figure 2. Ashinkatlepas seepiophila gen. and sp. nov.: la-h,
second paratype; 2a—h, holotype; Sa-b, first paratype; left
(inside) and right (outside) respectively,

those of the outside. However, the difference is by no
means as pronounced as that between the plates of the
right and left sides of peduncle (Tables 1 & 2.

A comparison of sizes and ratios of heights and widths of
some capitular plates of A, seepiophila and the Neolepadini

Figure 3. (Opposite] Ashinkailepas seepiophila gen. and sp. nov.:
holotype; disarticulated capitular valves and a peduncular
scale of right side. (A-D) Frontal, right lateral, left lateral, and
cross-sectional views of rostrum; (E&F) external and internal
views of the right seutum; (G&H), external and internal views
of the right tergum; (1-L), frontal, left lateral, right lateral,
and eross-sectional views of carina; (M&N) external and
internal views of right median latus; and (O&P), external and
internal views of subcarina,
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Figure 4. Ashinkailepas seepiophila gen. and sp. nov. Holotype: (A) right cirrus I; (B) right cirrus IT; (C) right cirrus VI and caudal
appendage; (D) 35th article from outer ramus and bases of setae of right cirrus VI; (E) labrum and rvight palp (setac omitted); (F)
right mandible; (G right second maxilla.
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Table 4. Number of articles of cirre 1=V 1 in Ashinkailepas seepiophila gen. and sp. nov.

Specimen I 11 11 v A% VI c.a

Second paratype (right) a 24 26 44 53 b 62 7
p 24 34 14 54 57 55

Holotype (right] a 26 30 48 43+ 59 ol 1
p 20 33 45 il 36 il

(left) a 29 33+ 42 37+ 55 60 1
2] 27 29 al 56 a0 63

First paratype (right) a 31 37 48+ 54 54+ 55+ 1
2] 234 26+ 54 51+ 62 55

(left) a 51 29 28+ 36+ 50+ 59 1
2] 234 26 51 58 62 59

a, anterior ramus, p, posterior ramus, +, articles broken off; c.a., caudal appendage.

are given in Table 3. It will be observed, for example, the
R-C width of the capitulum (Wmax), between the
rostrum (R} and carina (C) in A. seepiophila, is greater
than the height hetween the apex of tergum and the
capitulo-peduncular  junction (CL) (Wmax/CL=>1).
Furthermore, the ratio of the width (W) to the length (L)
of the rostrum in 4. seepiophile is somewhat greater, while
that of the carina is considerably greater (Table 3), and
these differences further disringnish the new spccics from
|hf: kl'l‘:l‘Wl'l Nf:r}lf:l:!adilli.

The inner margins of the rostrum and carina of
A. seepiophile are nearly straight, meet basally with the
median ridge of the scutum and tergum  respectively
{Figures | & 2), and their v-shaped cross sections form an
angle of approximately 120° (Figure 3D & L) In
Neolepadini their inner margins are concave, there is no
proncunced median ridge on the scutum or tergum to
meet with basally, and at least in ﬁ?m‘«{m zevinae the
v-shaped cross section of the carina, being approxi-
mately 90° (Newman, 1979; figure 4C), is substantially
less than in Ashinkadepas.

The peduncular scales on the right or outside of
A .Eaﬂﬁéﬂp.lrm’a, between the subrostral and subearinal tiers,
are large, approximately twice as wide as high, and
arranged in two tiers (rl and ¢l). However, those on the
left or illsir]f-, between the subrostral and subcarinal tiers,
are relatively small, approximately equal in height and
width and deployed in more than two tiers; (~three in
the holotype and second paratype, and six the first para-
type). In mature N zevinae, N rapanuii, Vulcanolepas oshear
and fﬂtf.‘afﬂpm longa, the number of |)f'dn[lf_’.u|:1r scales in
each whorl is greater; 12, 30, and 24 respectively
(Southward & Jones, 2003). The width of the peduncular
scales is approximately the same as their length in
N. zevinae and N rapanuri, while 1t is approximately hall’
their length in V. asheai. Scales on the inside of the bend in
A. seepiophila, between the subrostra and subcarinae, more
C.l:jr:w-]y resemble the |ju‘.:'lum‘.u]ar scales in J\"m}f&;{)&i‘ zevinae
and N mjmnuif than Lhcy de the finer and more numerous
scales seen in the apparently more advanced species of
Neolepas spp., V. esheat, L. longa and Lau A. While the three
specimens of 4. seeprophile all bend to the left, it is likely
that bending to one side or the other may not be fixed,
since it 15 not fixed in the verrucomorph MNesverruca
{Newman & Hessler, 1989).
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The trophi (labrum, palps, mandibles, and first and
second maxillae), cirri and caudal appendages of the new
species (Figure 4) are much like those of vent barnacles in
general. The mandible has a large superior incisiform
tooth followed by two lower teeth with their upper edges
supporting a comb of strong short teeth, and an inferior
angle supporting a comb of similar short teeth above a
shorter comb of somewhat larger terminal teeth. This is
rt‘]atiw‘]y gcnr‘raﬁzfﬂ comparcd to the situation in Lau A
where the combs have been increased at the EXPENse of the
major teeth (Southward & Newman, 1998). The cirri are
long, with the distal portions of the rami of first and
second |jr:111' antenniform while the third to sixth pails are
ctenopod throughout. Cirral counts are given in Table 4,
and setal lengths (s) to article widths (a) were 135/0.19,
1.440.22, and 1.5/0.25, or 7.1, 6.5 and 6.0 (holotype, first
and second paratypes, respectively).

Southward & Newman {1998) reported on the extra-
ordinary long setae associated with the farming of bacteria
in an undescribed neolepadine, ‘Lau sp. A’ from the Lau
Basin, T()uga. In order to compare different :‘.pf:cir:: in this
regard, the ratio of the longest seta (s) to the width of
article {:1:1 Si1|)|)1}rting il, from the intermediate r't‘.giijm of
the sixth cirrus, was chosen as an index. For Lau A,
which was sfa 14.1, Southward & Jones (2003, table 9)
provided an up-to-date list of ratios for 11 vent taxa and
their sfa range is 2.8-14, the mean of which is sfa 6.06.
As noted above, dshinkailepas seepiophila has a sfa range of
6.0-7.] and thus ranks right in ameong these barnacles,
which includes the seep barnacle, Leucolepas longa having a
mean s/a ratio of 5.2,

Astinkatlepas seepiophila has a well-developed penis and is
therefore, like vent barnacles in general, a cross-fertilizing
hermaphrodite. The second largest specimen (second
paratype] contained approximately 120 ovoid eggs
measuring ~ 300 by 500 pum, the same magnitude in
number and size as in MNeolepas zevinae (Newman, 1979).

DISCUSSION
Evolutionary significance of the new form

The secondary bilateral asymmetry of Ashinkailepas
seeprophila, unique among the Scalpellomorpha, is super-
imposed on the peduncular as well as to some extent the
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Capii.ulm- armament. This api}m(u'phy i& the result of indi-
viduals bending over to one side, perhaps bringing their
cirral nets closer to the substratum to collect food andfor
to lower their |j:r'0ﬁ|(‘. as a defence ag-ainst prf\rial.‘l(m, as
suggested for verrucomorphs by Anderson (1980) and
Newman & Yamaguchi (1995) respectively. Bending over
isnot limited to scalpellomorphs (cf. Peecilasma inaequilaterale
Pilshry, 1907:85 living on the backs of crabs for example).
Predatory pressures leading to development of such defences
were increasing in the Mesozoic, largely in the form of shell-
crushing fish and crabs (Vermeij, 1977) and such pressures
may well explain the appearance of the asymmetrical
sessile barnacles, theVerrucomorpha, inthe Late Cretaceous
(Newman & Yamaguchi, 1995).

It is noteworthy that the new seep form, Ashinkailepas,
with its l'(:lalivf:ly formidable armour and Sculpturing,
is more reminiscent of the heavily armoured scalpello-
morphs of the Mesozoic than of the Neolepadini. One
might expect a form from seeps, such as dshinkailepas, to
more closely resemble the ancestral stock of the Neolepa-
dinae than would members of the Neolepadini, just as
Lamellibrachia from seeps has proven to be genetically
closer to the stem vestimentiferans than say to Ryt
(Williams et al., 1993; Hurtado, 2002). The arrangement
of peduncular scales in the ontogeny of Neslepas (and
presumably all Neolepadini) is the same as the basic adult
ashinkailepadine plan. While it is possible the peduncular
armament in "13‘!’1:'::;{(3;:.\'8;147& s a reversion to the more
primitive type (atavism), an explanation for primitiveness
in vent forms offered by Hickman (1983), it is judged
'Ill'llikl'fl)'.

It was once hypothesized that bending over in a scalpel-
lomorph gave rise to the verrucomorphs (Newman et al.,
1969, figure 113), but that was before our improved under-

standing of the brachylepadomorphs and the discovery of

Neowerruca. 1t is nonetheless l'(‘rmjrl.r:ly |jr(r$:‘.ib|f: a scal pt‘:HO-
morph rather than a brachylepadomeorph gave rise to the
verrucomorphs, and if so would the scalpellomorph have
been a neolepadine? Not according to the early ontogeny
of Neolepas (Newman, 1997), and now apparently in
Astankatlepas, since the (1) tier of peduncular plates is
missing in both. However, the peduncle of the geologically
older eolepadine, Arechaeolepas (Upper Jurassic—Lower
Cretaceous) includes this tier whereby the whorls consist
of eight plates, srerl-l-cl-sc (Newman & Ross, 1998;
Young, 2001), and all eight are seen in brachylepado-
morphs and on the normal (movable) side of neoverrucids
(Newman & Yamaguchi, 1995; Newman, 1989, respect-
ively). It is for this reason we now look to some inter-
mediate (R-RL-L-CL-C/sr-rl-l-cl-sc) between drchacolepas
(R-RL-CL-C/sr-rl-l-cl-s¢) and Ashinkailepas (R-RL-L-CL-
C/fsr-rl-cl-sc) as the ancestor of the verrucomorphs. Such an
ancestral stock would suflice for the verrucomorphs as well,
in the unlikely event it turns out they did not evalve from or
share a common ancestor with brachylepadomorphs.

Age of the vent fauna
Hydrothermal activity has apparently existed since the
earth cooled sufficiently for the oceans to form, but it
has been observed that mid-ocean ridges and basins

are ephemeral to varying degrees, and locations shift
unpredictably in space and time (Corliss et al, 1979;
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Hessler & Lonsdale, 1991; Tamaki & Honza, 1991
Hurtade, 2002). New forms may compensate for extinc-
tions by immigration into hydrothermal habitats, and
then most |1kf:|y from cognate habitats such as SCEPS
(Newman, 1985). Such habitats are generally refugial; e.g.
once adapted to them, taxa can persist for extended
periods of time and then sometimes long enough for their
non-vent[seep ancestors Lo go extinet.

Faunas of refugial habitats are expected to include taxa
of different ages. When it comes to vents and cognate
habitats, it was long ago suggested that despite various
extinction events some inhabitants may be Mesozoic or
even Paleozoic in age (McLean, 1985 Newman, 1985). In
addition extinctions due to shifting of vents and/or the
Permo-Triassic and Cretaceous—lertiary calamities, there
have been periods of anoxia in the deep sea as recently as
40 million years age (MYA) (Benson, 1990), or more
likely no more recently than 90 MYA (Horne, 1999).
Jacobs & Lindberg (1998) suggest . . the possibility that
modern deep-sea faunas, both at vents and in the oxy-
genated realm, did not evolve @ situ for long periods of
time, but colonized the deep-sea habitat after the last
major disruptious ol these habitats hy anoxic events. ..,
the last being ~55 MYA or Paleocene. If so, deep-sea
faunas would be no older than Eocene in establishment.
In light of all this, what presently can be said regarding
the antiquity of the vent[seep fauna?

One might expect the best estimates of age for any
group inhabiting vents and seeps would be available for
meolluses, since among the higher invertebrates they have
one of the best fossil records. But Curi:jms|y this is not the
case for vent gastropods [McLean, 198% Warén &
Bouchet, 2001). McLean (1985) argued that since many
of the family-group taxa among the vent gastropods he
was dealing with could not be derived from Cenozoic
E}I'Ill:‘u, Ih{:y must be at least Mesozoic or |jn':rha.ps oven
Paleozoic in age. On the other hand, Newman’s (1985)
argument for possible antiquity of the vent fauna,
iuf:]uding molluses, was based on the earliest occurrences
of the taxa involved. While Warén & Bouchet (2001) take
these authors to task for their Sugg(‘stiﬂns (}F'ﬂ[![i[]u‘ll.)’, I.hf-y
provide a table of 24 vent gastropods, including two
genera, many familial- and a couple of ordinal-group
taxa. Age estimates for 22 of the 24 include two possibly
Late Paleozoic {Permian) and 1l Mesozoic (several from
cach of the Triassic, Jurassic and Cretaceous), while six
are estimated to be no older than Oligocene and for
two no estimate is given. This appears to be largely a
Mesozoic-based gastropod fauna.

There is evidence from fossil vent and/or seep deposits
of both monoplacopheran molluses and vestimentiferan
worms, ranging in age from the Silurian to the Recent
(Little, 2002). The first, the most primitive living
molluses, have ne seep rrpr(‘scnfafiur‘s, fossil or extant,
and they are rarely encountered in the deep sea much less
in shallow water. The Paleozoic ones apparently gave way
to those of the Mesozoic which then range to the Recent,
but that th(:)f have Continnously inhabited rlcrp—sr-a vents
from the Mesozoic to the Recent 15 doubted since
conceivably they could have reinvaded vents from shallow
water. The vestimentiferans are known from SECPS as well
as vents since the Cretaceous, but it can be argued they too
re-entered this deep-sea habitat from shallow water since
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then. And so on with the gast 1'0|j::ju'ls; trochids have lived
at vents since the Jurassic and at seeps since the Tertiary,
and cerithioids have occurred at the vents since the
Cretaceous. So it is argued that while fossil evidence from
vents and seeps favours at least Mesozolc ages for a
number of taxa, that th(:}f have been there C()ntinnous]y
can be doubted (Little, 2002; Little & Vrijenhoek, 2003).
What other lines of evidence are available? While some
genetic studies indicate some taxa of vent/seep fauna are
voung (cf. Shank et al., 1999), other taxa are old. For
example, while McArthur & Koop's (1999) study of vent
gastropods found that partial 285 rRNA sequences lacked
the resolution necessary to resolve Paleozoic radiations,
Mesozoie radiations were resolved. Furthermore, the
vesicomyid clams, previously considered to stem back
<50 MYA (Peek et al., 1997), have recently been pushed
back to between 100-50 MYA (Gofiredi et al, 2003), a
period largely falling (70%) within the Cretaceous. Like-
wise, the vent rliv(:rg(‘.nccs of the vestimentiferan worms,
previously pegged at <100 MYA by Halanych et al
(2001) but recently pushed back to 140-40 MYA
{Hurtado, 2002), is again a period largely falling (77%)
within the Cretaceous. So unless these revised estimates
were somehow biased towards the older end of the
spectrum, the odds do not favour an extensive deep-sea
anoxia extinction event in the Paleocene. To the contrary,
the forgoing molecular phylogenetic as well as some of the
fossil evidence supports the notion that some seep/vent
forms are at least Mesozoic 1

in age. But what about forms
having a reasonable fossil record outside of vent/seep
situations and have yet to be looked at genetically ?

No fossil evidence for barnacles has been recognized at
vents or seeps (Little, 2002), but there are fossil records
for closely allied taxa elsewhere (Newman et al., 1969;
Buckeridge & Grant-Mackie, 1985 Newman, 1996). Four
suborders are :'t‘:|jr['l:81‘.uh‘.:'| al vents, and their anl.ir_[uity in
hierarchical order, general habitat preference, next of kin,
and relationships to their respective suborders are as
follows: (1) the neolepadines, seeps and vents, Indo-
Pacific, closest relative is Archaeolepas (Upper Jurassic
Upper Cretaceous), most primitive morphology of the
living Scalpellomorpha (Lower Jurassic); (2) a neobrachy-
lepadid, Neobrachplepas, vents, Lan Basin, Tonga, only living
I'l':|:r['l':$l‘.l]|31.‘l\r’(‘ of the Br«’ichy|f~pa<'|1}|n(u'|jrha, more similar
to Brachylepas {Upper Cretaceous) than to more general-
ized Pyenolepas (Upper Jurassic—Miocene); (3) the neover-
rucids, vents, West Pacific, most primitive of the living
Verrucomorpha, more generalized than eoverrucids
{Upper Cretaceous); and (4) Eschionelasmus, vents, Indo-
West Pacific, most generalized of the living Balanomorpha
{Eocene).

From the foregoing it is evident that vent/seep barnacles
represent either the most primiliv& or Ouly liviug members
of their r(‘eprcﬁvr‘ suborders. All are r(‘li(‘s, and all except
the eochionelasmatids stem from the Mesozoic. This does
not |jr['f:c||1:'h‘. their h:wing entered vents from shallow water
habitats where they subsequently became extinet. But
there is presently no evidence suggesting such a sequence
of events. Even if there were, the fact remains that vents
and seeps afford a refuge for a diversity of barnacles
having no comparable counterparts in other habitats that
we know of. The deep-sea vents and seeps of the south-
west Pacific provide a glimpse of barnacle antiquity seen
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nowhere else on earth (Newman, 2000), and it would be
curious indeed if there were no other such relic taxa found
there. Yet, as noted above, some palacontologists and more
r(‘ct:m.]y molecular gmt-1.icisl..‘s have been pushiug the
notion that, in general, vents and seeps have acquired
their faunas rclatiw‘]y r(‘.(‘.r‘nﬂy. This may b(‘.‘ at least in
part, but from the barnacles we know it can only held in
large part when the vent field itsell is intermittent and for
relatively isolated.

We thank the following for providing published and for unpub-
lished data and/or for samples for comparative research; S, Ohta,
K. lizasa, K. Igikura, 5. Tsuchida and Y. Horii; and AJ
Southward and R. Vrijenhoek for fruitful discussions and some
pdf files including Southward & Jones (2003) and Hurtade
(2002) respectively. This study was supported in part by a
Grant-in-Ald for Scientific Research {rom the Japanese Ministry
of Education, Sdence, Sports and Culture (project no, 06404001)
from 1996 to 1998, a grant from the Japan Society for the Promo-
tion of Science (JSPS: project no. 14340154) from 2002 1o 2005,
supplemented by an overseas grant from the Governmem of
Japan for a month of research at the Scripps Institution of
Oceanography.

REFERENCES

Anderson, DT, 1980. Cirral activity and feeding in the verruco-
morph barnacles Verruca recta Aurivillius and V. stoenda (O.F
Miiller) {Cirripedia). Fournal of the Marine Biological Assoctation
of the United Kingdom, 60, 348-366.

Buckeridge, ].8., 1983, Fossil barnacles {Cirripedia: Thoracica) of
New Zealand and Australia. Neaw Jealand Geological Survey
Faleontological Bulletin, 50, 1-151 + pls. 1-13.

Buckeridge, J.8. & Grant-Mackie, J.A., 1985 A new scalpellid
barnacle {Cirripedia; Thoracica) from the Lower Jurassic of
New Caledonia. Géologte de la France, 1, T7-80.

Corliss, J.B., Dymond, J., Gordon, L.1., Edmond, .M., Herzen,
R.P von, Ballard, R.D., Crane, K. & Andel, TH. van, 1979,
Submarine thermal springs on the Galapagos Rift. Scence, New
York, 203, 10741083,

Fujikura, K. et al | 2001 Report an an investigation of hydro-
thermal vent ecosystermns by the crewed submersible ‘Shinkai
20000 on the Dai-yon (No. 4] Yonaguni Knoll and the
Hatoma Knoll, the Okinawa Trough. JAMSTEC ¥ Deep-Sea
Research, 19, 141-154.

Fujikura, K., Hashimoto, J. & Okutani, T, 2002, Estimated
population densities of megafauna in two chemosynthesis-
based communities: a cold seep in Sagami Bay and a
hydrothermal vent in the Okinawa Trough. Benthos Rescarch,
57, 21-30.

Goffredi, S.K., Hurtade, LA, Hallam, 5. & Vrjjenhoek, R.C.,
2003. Evolutionary relationships of deep-sea vent and cold
seep clams  (Mollusca: Vesicomyidae) of the pacfie/lepte
species complex, Marine Bialogy, 142, 311-320,

Halanych, K.M., Feldman, R.A. & WVrjenhoek, R.C., 2001,
Molecular evidence that Selerolinum bratidromi is closely related
to vestimentiferans, not frenulate pogonophorans (Sibogli-
nidae, Annelida). Biofogical Bulletin. Martne Biological Labaratory,
Woads Hole, 201, 65-75.

Hashimoto, J., et al., 2001, First hydrothermal vent communities
from the Indian Ocean discovered. Jpological Setence, 18, 717-721.

Hessler, R.R. & Lonsdale, P., 1991. Biogeography of Mariana
Trough hydrothermal vent communities. Deep-Sea Research, 35,
185-199.

Hickman, C.8, 1983. A new archaeogastropod (Rhipidoglossa,
Trochacea) from hydrothermal vents on the East Pacific Rise.
Zoologica Seripta, 13, 1925,




120 T Yamaguchi et al. A cold seep barnadle from Fapan

Horne, D], 1999, Ocean circulation modes of the Phanerozoic:
implication for the antiquity of deep-sea benthic invertebrates.
Crustareame, 72, 999-1018.

Hurtade, L.A., 2002, Evelution and brageography of hydrothermal vent
organisms in the eastern Pacific Ocean. PhD thesis, Department of
Eeology and Evelution, New Brunswick, NJ, USA.

Jacobs, DK, & Lindberg, DR, 1998, Oxygen and evolutionary
patterns in the sea: onshore/offshore trends and recent recruit-
ment of deep-sea faunas. Proceedings of the National Academy of
Sciences, 95, 9396-0401.

Little, GT.S., 2002, The fossil record of hydrothermal vent
communities. Cafiiers de Biologie Marine, 43, 313-316.

Little, C.T.5. & Vrijenhoek, R.C., 2003. Are hydrothermal vent
animals living fossils? Trends in Evology and Evolution, 18, 582
5a8.

MecArthur, AG. & Koop, BFE, 1999 Partial 288 rDNA
sequences and the antiquity of hydrothermal vent endemic
gastropods. Molecular Phylogenetics and Evolution, 13, 255-274.

MecLean, J., 1985, Preliminary report on the limpets at hydro-
thermal vents. In The hvdrothermal vents of the eastern Pacific: an
overvtewr (ed. M.L. Jones). Bulletin of the Biological Assoctation of
Washington, 6, 159-166.

Mewman, WAL, 1979 A new scalpellid (Cirripedia); a Mesczoic
relic living near an abyssal hydrothermal spring. Transactions of
the San Diego Soctety of Natural History, 19, 1535-167.

Newman, WA, 1985. The abyssal hydrothermal vent inverte-
brate fauna: a glimpse of antiquity? In The fodrothermal vents of
the eastern Pactfic; an overview (ed. MLL. Jones). Bulletin of the
Bivlogical Saciety of Washington, 6, 231242,

Newman, W.A., 1989, Juvenile ontogeny and metamorphosis in
the most primitive living sessile barnacle, Neoverruea, from
an abyssal hydrothermal spring. Bulletin of Marine Seience, 45,
467477,

Newman, W.A., 1996, Corpedu;  Suborders  Thoracica  and
Acrothoraciea. Masson: Paris. [Traite de Zoologie, Tome VII,
Crustaces, Fascicule 2, 453540

Newman, W.A., 1997. The juvenile ontogeny of a vent barnacle,
MNeolepas, and its relevance to the adaptive radiation of Late
Mesozoic  Scalpellomorpha,  Brachylepadomorpha  and

Verrucomorpha (Cirripedia, Thoracica). Fist  fndernational
Symposium on Deep-Sea Hydrothermal Vent Brology, 20-24 October
1997, Funchal, Madeira, 118 pp. InterRidge: Paris. [Abstract,
p.102]

Newman, W.A., 2000. A new genus and species of bamacle
(Cirripedia, Verrucomorpha) associated with vents of the Lau
Back-Arc Basin; its gross morphology, inferred first juvenile
stage and affinities. Joosystema, 22, 71-84.

Newman, WA, & Hessler, R.R., 1989, A new abyssal hydro-
thermal wverrucomorphan (Cirripedia; Sessilia): the most
primitive living sessile barnacle, Transactions of the San Diego
Saciety of Natural History, 21, 259-273.

Newman, WA, & Ross, A, 1998, Peduncular armament in the
Scalpellomorpha (Cirripedia) and a new abyssal species from
the East Pacific Rise. Journal of Crustacean Biology, 18, 572-580.

Mewman, WA, & Yamaguchi, T, 1995, A new sessile barnacle
(Cirripedia; Brachylepadomorpha) from the Lau Back-Arc
Basin, longa; first record of a living representative since the
Miocene. Bulletin, National Museum of Natural History, Pans.
Serte 4, 1TA (3-4), 211-245.

Newman, WA, Zullo, VA, & Withers, TH., 1969, Cirripedia.
Treatrse on Invertebrate Paleontology, Fart R, Arthropeda 4, vel. 1 (ed.
R.C. Moore), pp. R206-295, Boulder, Colorado: University of
Kansas and the Geological Society of America.

Journal of the Mavine Biological Asseciation of the United Kingdom [2004)

Olkutani, T., Saiwe, H. & Hashimoto, J., 1989, A new neritacean
limpet from a hydrothermal vent site near Ogasawara [slands,
Japan. Fenus, 48, 223-230, [ Japanese Journal of Malacology]

Peek, A.S., Gustafson, R.G., Lutz, RA. & Vrijenhoek, R.C.,
1997, Evolutionary relationships of deep-sea hydrothermal
vent and cold-water seep clams (Bivalvia: Vesicomyidae):
results from mitochondrial cytochrome oxidase subunit L
Marine Biology, 130, 151161

Pilsbiry, H.A., 1907, The barnacles {Cirripedia) contained in the
collections of the 118, National Museum. Bulletin of the United
States Nattonal Museum, 60, 1-122 + pls. 1-11.

Shank, .M., Black, M.B, Halanych, K.M., Lutz, R.A. &
Vrijenhoek, R.C., 1999. Miocene radiation of deep-sea hydro-
thermal vent shrimp (Caridea: Bresiliidae): evidence from
mitochondrial cytochrome oxidase subunit 1. Maleeular
Phylogenetics and Evolution, 13, 244-254

Southward, A.J. & Jones, D, 2003, A revision of stalked barna-
cles {Cirripedia: Thoracica: Scalpellomorpha: Eolepadidae:
Neolepadinae) asseciated with hydrothermalism, incuding a
description of a new genus and species from a volcanic
seamount off Papua New Guinea. Senchenbergiona Maritima,
32, 77-93.

Southward, A.J. & Newman, W.A., 1998. Ectosymbiosis between
filamentous  sulphur bacteria and a stalked barnacle
{Scalpellomorpha, Neolepadinae) from the Lau Back Arc
Basin, Tonga. Cafuers de Biologie Marne, 39, 259-262.

Southward, A.J., Newman, WA, Tunnicliffe, V., Scheirer, D. &
Johinson, K., 1997, Biological indicators confirm hydrothermal
venting on the Southeast Indian Ridge. BRIDGE Newsletter, 12,
3539,

Stecher, ], Tarkay, M. & Borowski, C., 2002, Faunal assemblages
on the Pacific— Antarctic Ridge near the I'oundation Seamount
chain (37°30'S, 110°30"W). Cahters de Brologte Marine, 43, 271
274

Tamaki, K. & Honza, E., 1991. Global tectonics and formation of
marginal basing: role of the western Pacific. Efsodes, 14(3),
224-230.

Vermetj, G., 1977. The Mesozoic marine revolution; evidence
from snails, predators and grazers. Palesbiology, 3, 245-258.

Waren, A. & Bouchet, B, 2001. Gastropoda and Monoplaco-
phora from hydrothermal vents and seeps; new taxa and
records. The Veliger, 44, 116-231.

Williams, N.A,, Dixon, DR, Southward, E.C. & Hoelland,
PW.HL, 1993, Molecular evolution and diversification of the
vestimentiferan tube worms Fowrnal of the Marine Biological
Association of the United Kingdom, 73, 437—452.

Yamaguchi, T. & Newman, WA, 1990. A new and primitive
barnacle (Cirripedia; Balanomorpha) from the North Fii
Basin abyssal hydrothermal field, and its evolutionary implica-
tions. Fecyfic Serence, 44, 135-155.

Yamaguchi, T. & Newman, WA, 1997 The hydrothermal vent
barnacles Eochronelasmus (Chrripedia; Balanomorpha) from
the North Fiji, Lau and Manus Basins, Southwest Pacific,
Bulfetin, Nattonal Museum of Natural History, Parts, 19, 623-6449,

Young, P8, 2001, Redescription of Stalpellopss striatoctdata Broch,
1922, with a discussion on its phylogenetic position and the
peduncular plate pattern in scalpellids. Jowrnal of Crustacesn
Biplogy, 21, 456468,

Submitted 29 May 2003, Accpted 5 November 2003

-50-



Marine Biology {2004) 144: 527 3535
DOI 10.1007/s00227-003-1208-3

J.-1. Miyazaki - M. Shintakun - A. Kyuno - Y. Fujiwara
J. Hashimoto - H. Iwasaki

Phylogenetic relationships of deep-sea mussels of the genus

Bathymodiolus (Bivalvia: Mytilidae)

Received: 27 January 2003 [ Accepted: 27 August 2003 / Published online: | October 2003

© Springer-Verlag 2003

Abstract We  examined phylogenetic relationships
among three Bathymodiolus species in Japanese waters
and Bathymaodiolus spp. from the Manus Basin by two
different approaches. Two-dimensional gel electropho-
resis allowed us to compare 263 407 (average=1318)
proteins, giving comprehensive information on genetic
distances among the species. The neighbor-joining tree
presented two clusters: (1) B, japonicus and B, platifrons
and (2) B. septemdierwm and B. sp. Members of the first
cluster contain methanotrophic endosymbiotic bacteria
and members of the second cluster contain thioauto-
trophic endosyvmbionts. DNA sequencing of a fragment
(415 bp) of mitochondrial cytochrome ¢ oxidase sub-
unit I (COI) provided a neighbor-joining tree with the
same topology as that derived from protein analysis,
Inspection of intraspecilic variation in COI in B. japo-
nicus and B. platifrons revealed no genetic differentiation
between mussel populations of either species {rom cold-
water seeps versus hydrothermal vents, suggesting high
adaptability of these Bathvmodiolus species to deep-sea
chemosynthetic environments. Our results indicated ge-
netic exchanges between mussels from distant localities,
suggesting that a limited dispersal capability of the lar-
vae 1s not the likely factor leading to speciation events in
these Bathymodiolus species.
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Introduction

Unique biclogical communities are formed in deep-sea
hydrothermal vents and cold-water seeps throughout
the world, and mussels of the genus Bathymodiolus
(Kenk and Wilson 1985) are one of the dominant
macroorganisms in these communitics. Living in a
reductive environment, these mussels depend primarily
on energy supplied by the chemosynthesis of bacterial
endosymbionts. As other dominant vent and seep
macroorganisms such as Calyptogena spp. clams and
vestimentiferan tubeworms also depend on the energy
supplicd by symbiotic bacteria, these animal assem-
blages are called chemosynthesis-based communities.
Deep-sea hydrothermal vents on spreading ridges and
back-ark basins and cold-water seeps along plate-tec-
tonic subduction zones are separated from one an-
other by various distances. Therefore, it is tempting to
study processes like colomzation, dispersal, and spe-
ciation of these animals, Studies of their adaptation to
the reductive environment and estabhshment of com-
munities are also fascinating. Several hypotheses about
the evolution of deep-sea mussels have been proposed.
Craddock et al. (1995a) hypothesized, based on multi-
locus allozyme data and morphological traits of the
Pacific and Atlantic mussels, that the vent mussels
arose from seep ancestors and settled by historical
progression from shallow-water to deep-water habi-
tats. Distel et al. (2000) suggested, based on phyloge-
netic analysis of nuclectide sequences of the nuclear
188 rRNA gene, that Bathymodiolus spp. mussels
made the transition to vent and seep habitats [rom
ancestors that exploited sunken wood and whale
bones. Nevertheless, the evolutionary processes of
deep-sea animals (their origin, colonization, speciation,
and adaptation) are still mysterious and remain to be
studied.

Four species of Bathymodiolus mussels, B, japonicus,
B. platifrons, B. septemdierum, and B. aduloides occur
in the western Pacific Ocean around Japan (Hashimoto
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and Okutani 1994). The habitats of the Bathymodiolus
species around Japan are unigque (Kojima 2002}, be-
cause B. japonicus, B. platifrons, and B. adiloides are
found in both hydrothermal vents (Okinawa Trough)
and cold-water seeps (Sagami Bay), although B. sep-
temdierum 1s reported only [rom hydrothermal vents
(Izn-Ogasawara Island-arc). In other regions of the
world, most chemosynthesis-based species occupy only
one type of habitat, either vents or seeps. B. japonicus
and B. platifrons depend on methanotrophic endos-
vmbionts, and B. aduloides and B. septemdierum, on
thioautotrophic endosymbionts for energy (Fujiwara
et al. 2000; and unpublished preliminary data of
Fujiwara). Therefore, phylogenetic and ecological
studies on deep-sea mussels from Japanese waters could
make substantial contributions to our understanding of
the deep-sea animals in chemosynthesis-based commu-
nities.

Six  Bathymodiolus species, including the four
species mentioned above, from the western Pacific
Ocean and six species from the Atlantic Ocean and
one species each from the eastern Pacific and Indian
Oceans have been described so far (Kenk and
Wilson 1983; Cosel et al. 1994, 1999; Cosel and Olu
1998; Gustafson et al. 1998; Hashimoto 2001).
Endosymbionts of Bathymodiolus mussels have been
investigated by 165 rRNA sequencing and electron-
microscopy; the Bathymodiolus species examined so far
contain either methanotrophic or thioautotrophic
endosymbiotic bacteria. Only one species [rom the
Atlantic Ocean, B. puteoserpentis, has both kinds of
bacteria (Distel et al. 1995). Phylogenetic congruence
has been shown between host hivalves and endos-
ymbionts (Distel et al. 1994).

Interspecific and intraspecific phylogenetic relation-
ships of deep-sea animals have been investigated in
vestimentiferan tubeworms (Black et al. 1997, Kojima
et al. 200la), in Calyptogena clams (Kojima et al.
1995, Peek et al. 1997, 2000), in provannid gastropods
(Kojima et al. 2000, 2001b), in bresilid shrimps
(Shank et al. 1999), in alvinellid polychaetes (Jollivet
et al. 1995), and in amphipods (France and Kocher
1996). However, the phylogeny of Bathymodiolus is
poorly understood. In the present study, we used two
different molecular methods to analyze phylogenetic
relationships among Bathymodiolus species and popu-
lations in the Pacific Ocean around Japan, and we
mferred processes that may have affected speciation of
these mussels. First, protein constituents of the foot
muscle were compared by two-dimensional polyacryl-
amide gel electrophoresis (2D-PAGE). This method is
useful for comparing comprehensive genetic differences
among organisms for systematic study (Miyazaki et al.
1987, 1988, 1998; Tsubokawa and Mivazaki 1993;
Tokita et al. 2002). Second. we determined partial
nucleotide sequences of the mitochondrial cyto-
chrome ¢ oxidase subunit I (COI) gene to analyze
precisely phylogenetic relationships within and among
Bathymodiolus species.

Materials and methods
Materials

Specimens used n this study are listed in Table 1 and collection
sites are mappad in Fig. 1. All the desp-sea mussels of the genus
Bathymodiolus (Myulidae: Bathymodiohnae) were collected during
the dives of the manned submersible “Shinkai 2000 of the Japan
Marine Science and Technology Center (JAMSTEC). The other
Bathymodiolus species reported from Japanese waters, B. adwloides,
was not examined in this study because no sample was available for
2D-PAGE and DNA sequencing. Bathymodiolus sp. from the
PACMANUS site of Manus Basin differs in conchological traits
from B. brevior and will be described elsewhere. Seprifer virgatus
(Mytilidae: Mytilinac) was collected at the intertidal zone in
Nakaminate, Ibaraki, and used as an outgroup for protein analy
sis. Mussels were frozen at —40°C or —80°C and preserved at —20°C
or —80rC.

2D-PAGE of foot muscle proteins

2D-PAGE was carried out according to the procedure of Hira-
bayashi et al. (1981} and Oh-ishi and Hirabayashi (1988). In brief,
the frozen foot muscle from each mussel was homogenized thor-
oughly in 20 vol of an extraction medium containing § M guani-
dine-HCL The homogenate was dialyzed against 5 M urea and 1 M
thiourea and centrifuged at 60,000 g for 30 min at 4°C. The
supernatant (40 or 50 pl) was subjected to first dimension isoelec-
tric focusing with aparose gals for 13,500 V h. Second dimension
SDS-PAGE was performed using a runmng gel of 12% acrylamide
and a stacking gel of 3% acrylamide. Proteins were stained with
silver and Coomassie brilliant blue R (CBBR).

Comparison of 2D-PAGE patterns was performed by the triplet
method, m which three patterns of two different samples (40 ul,
each from one individual) and the mixed sample (25+ 25 pl, pooled
together from two different samples) were compared by visual
inspection (Miyazaki et al. 1987). Pairwise comparisons were made
on 15 triplet patterns, Genetie distances were caleulated according
to the formula of Aquadro and Avise {1981} D=1 2Nun/
(Na+ Ng), where D is the genetic distance between specimens A
and B, Nz is the number of protein spots shared by A and B, and
Ny and Ny are the numbers of protein spots scored for A and B.
We used the genetic distances and the program PHYLIP (Felsen
stein 1994) to construet dendrograms by the neighbor-joining (M)
method (Saitou and Nei 1987) and the unweighted pair-group
clustering method with arithmetic averages (UPGMA, Sneath and
Sokal 1973).

Sequencing of the mitochondrial COT gene

Total DNA was prepared from the frozen foot muscle tissue. A
small piece of foot muscle was homogenized in 400 ul of the
TI0E100 buffer (10 mM Tris-HCl pH 7.2 and 100 mM EDTA).
The cellular membrane was dissolved by addiion of 20% SDS
{20 pl) to the homogenate. DNA was purified by phenol/chloro
form and chloroform treatments, The supernatant was mixed with
1/10 vol of 5 M NaCl and 2 vol of 95% ethanol, left on ice for
10 min, and centrifuged at 16,000 g for 15 min at 4°C with a TMA-
30 rotor (Tomy Seiko, Tokyo). After washing with 70% ethanol,
the pellet was dissolved in 500 pl of the TIOEL00 buffer and mixed
well with 5 pl of RNase A (10 pg pl™"), 106 ul of 5 M NaCl, and
151.5ul of 5% CTAB (cetyltrimethylammonium bromide) in
0.7 M NaCl After incubation for 30 min at 65°C, DNA was
purified by chloroform, phenol/chloroform, and chloroform
treatments and precipitated as described above.

To amplify the approximately 710 bp partal fragment of COL,
PCR (polymerase chain reaction) was performed m a reaction
solution comtaining template DNA and KOD dash (Toyobo,
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Bathymadiolus spp. Sample list. The samples were used for analysis by two-dimensional gel electrophoresis of foot proteins (P) and DNA analysis by sequencing the

Table 1

mitochondrial cytochrome ¢ oxidase subunit 1 gene (N). Notations for distinguishing individuals used in DNA analysis are presented in parentheses
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Date
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Habitat type

Location

Depth (m)
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Fig. 1 Collection sites of deep-sea mussels used in this study.
Mussels ( Bathymodiolus spp.) were collected at six localities during
the dives of the submersible “Shinkai 2000” [/ off Hatsushima,
Sagami Bay (seep, 1,170 and 1,180 m deep); 2 Minami-ensei Knoll,
mid-Okinawa Trough (vent, 718 m deep); 3 North Iheya Ridge,
mid-Okinawa Trough (vent, 1,028 m deep); 4 Myojin Knoll, Izu-
Ogasawara Island-arc (vent, 1.288, 1.290. and 1.346 m deep): §
Suiyo Seamount, lzu-Ogasawara Island-arc (vent, 1.373 and
1.375 m deep): 6 PACMANUS field E, Manus Basin (vent, 1,627
and 1,629 m deep)]. Both B. juponicus and B. platifrons were
obtained from Sagami Bay and the Okinawa Trough. B. sepremudie-
run and Bathymodiolus sp. were obtained from the Izu-Ogasawara
Island-arc and the Manus Basin, respectively

Osaka), with 30 cycles of 30 s denaturation at 94°C, 5 s annealing
at 42°C or 49°C (for B. septemdiernm by universal primers) or 55°C
(for the others), and 30 s extension at 74°C. Earlier we used uni-
versal primers for COT of metazoan invertebrates (Folmer et al.
1994);  sense  LCOI490  (5-GGTCAACAAATCATAAAGA-
TATTGG-3") and antisense HCO2198 (- TAAACTTCAGGGT-
GACCAAAAAATCA-Y). However, DNA from B. sepremdierim
could not be amplified well, and thus we designed internal primers
based on the COI sequence of Barfivmodiolus sp. from the Manus
Basin: sense SMANU (5-GGTTTGTGATCGGGAATAATT-
GGGAC-3) and antisense ASMANU (3-CTATTCGCTCCC-
CTCGCATACTTTC-3"). The amplified fragment was purified by
chloroform and diethyl ether treatments and precipitated as de-
scribed above. Direct sequencing of the purified double-strand
PCR product was performed wsing an ABI PRISM BigDye
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terminator cycle sequencing ready reaction kit {Applied Biosys-
temns) and the primers for PCR on a model 377 DNA sequencer
(Applied Biosysterms) according to the manufacturer’s directions.

DNA sequences were edited and aligned with DNASIS (Hitachi
Software Engineering) and corrected by visnal inspection for phy-
logenetic analyses. Dendrograms were constructed by the NJ
method and the maximum-parsimony (MP) and maximum-likeli-
hood (ML) methods based on genetic distance and character-state
matrices, respectively. Genetic distances were computed by Kim-
ura’s two-parameter method (Kimura 1980), and the NJ and ML
trees were depicted using “Neighbor™ in PHYLIP. The MP tree
was depicted with PAUP (Swofford 1993), and a majority-rule
consensus tree based on 1,000 bootstrap replicates was produced.
Sequence data of Modiofus modiotus (Mytilidae: Modiolinag) was
used for rooting dendrograms (Hoeh et al. 1998, DDBY accession
number US6848).

Results

Phylogenetic relationships among Bathymodiolus
mussels inferred by 2D-PAGE

Representative 2D-PAGE patterns are shown for com-
parison of foot muscle protein constituents between
B. japomicus and B. platifrons (Fig. 2). Protein spots
(263407, average =318) were compared on the basis of
15 sets of triplet patterns (Table 2). Genetic distances
among Bathymodiolss species (Table 2) ranged from
0.120 to 0.287 (average=0.206) and were well within the
range of genetic distances among congeneric species in
various organisms (Miyazaki et al. 1987, 1988, 1698;
Tsubokawa and Miyazaki 1993). Genetic distances be-
tween Bathymodiolus species (Bathymodiolinae) and
Septifer virgatus (Mytilinag) were 0.239-0.426 (aver-
age=0.350), while that between two specimens of
B. platifrons from hydrothermal vents of the Iheya
Ridge and cold-water seeps off Hatsushima was 0.023.

Based on the genetic distances, two dendrograms
were constructed using the outgroup species S. virgatus.
The NJ tree presented two clusters comprising B. plati-
frons and B. japonicus on the one hand and B. septem-
dierum and Bathymodiolus sp. on the other (Fig. 3). The
UPGMA tree revealed the same topology (data not
shown).

Phylogenetic relationships among Bathymeodiolus
mussels inferred by sequencing mtDNA

Partial DNA fragments (415 bp) of mitochondrial COI
were sequenced for more than five specimens of each
Bathpmadiolus species. Representative sequences of the
four Bathymodielus species and Modiolus mediolus were
aligned (Fig. 4). Sequence data were deposited in DDBJ,
EMBL, and GenBank databases under accession num-
bers AB101419-101434. No deletions or insertions were
found, and 132 out of 415 sites (20 at the first position
and 5 at the second position in the codon) were variabla.
Amino acid substitutions were found at 8 of 138 resi-
dues, with | fixed replacement in B. septemdierum (Ser

Fig. 2a— Bathymodiolus spp. Representative 2D-PAGE patterns.
Mussel foot protein constituents were compared by 2D-PAGE
among four Bathymodiolus species and Seprifer virgatus as an
outgroup. The 2D-PAGE pattern of B. japoricus (a) was compared
to that of B. plafifrons {¢), with the mixture pattern from both
species (b) by the triplet method

Table 2 Bathymodiolis spp. Genetic distances among five mussel
spedies. Genetie distances (above diagonal) calenlated according to
Aquadro and Avise (1981) and the number of spots (below diago-
nal) used for comparisons are shown (B.j., B. japomicus; B.p.,
B. platifrons, B.s., B. septemdierum; B.sp., Bathymodiolus sp. from
the Manus Basin; S.v., Septifer virgatus, b, off Hatushima, Sagami
Bay; [, north Thaya Ridge, mid-Okinawa Trough)

Bj, Bp () Bp () Bs  Bsp. 8w
Bj. 0.128 0.120 0.265 0172 0.306
Bp.(n) 33 0.023 0.248 0287 0426
Bp.{I) 270 407 0263 0.222 0422
Bas. 269 277 317 0151 0.386
B.sp. 402 403 296 326 0.239
8.7, 263 286 288 ™8 327
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Fig. 3 Bathymodiolus spp.

B.

Phylogenetic relationships
inferred by protein analysis.
Based on genetic distances
{Table 2), the neighbor-joining
dendrogram was constructed
using the outgroup species

[ [ B. platifrons (off Hatsusima)
B. platifrens (Nerth Iheya)
B. fferum

against Ala in the other three species at the nucleotide
position 275-277). The genetic distances obtained by
Kimura’s two-parameter method (1980) were 0.087-
0.211 (average=0.172) among Bathymodiolus species
and 0.247-0.288 (average = 0.261) between Bathymodio-
lus species (Bathymodiolinae) and Modiolus modiolus
(Modiolinae). In order to clarify whether nucleotide
substitutions were saturated or not, the genetic distances
were plotted against the numbers of variable sites at the
first, second, and third positions in the codon on the
basis of pairwise comparisons (Fig. 5). Slight saturation
was detected at the third position only for intergeneric
comparisons. Therefore, all substitutions were used for
subsequent phylogenetic analyses.

Dendrograms were constructed by the NJ, MP, and
ML methods. The NJ (Fig. 6) tree presented the same
topology as that inferred by 2D-PAGE, confirming
bifurcation into the clade of B. japonicus and B. plati-
frons and the clade of B. septemdierum and Bathymodi-
olus sp. Monophyly of each Bathymodiolus species and

. R A B. sp.
Septifer virgatus. Bar indicates a i
genetic distance of 0L030 Septifer virgatus
0,030
Fig. 4 Bathymodiolus spp. 74
DNA sequences of the COI BIA T ACA AGT TTG AGT ATG TTG ATT CGT ATT GY TTG GCT CGT CCT GOG AGT TTT TTA GGT GAT GAT CAG CTT TAT AT GTT ATT
gene. The 415-bp fragments of [ B e e e e e 26 A e e e e e e e e e e e
COI were sequenced for more BE Ao o CT. A A LG AL
€ specimens ot eac B G iAo AL ALAC.L.G.
Bathymodiolus species, and the
sequence of the outgroup WD ATTG A LA e Ao oA G A G A e A LA
Maodiolus modiolus was
obtained from a database. Of BI G ACT GCT CAT GCA TTG GTT ATA ATT TTT TTC ATG GTT ATG CCT TTG ATG GTG GGT GGT TTT GGA A4T TG CTA CTT (T TG
the sequences, one for each - T U O s Y ST PO
species is presented. Dots BE  ..G.. c.T. 6o e e T B A A A LG C o € TETG o A
‘\:“ﬂ]'fI‘;‘;:‘;‘;‘:"‘l’éé‘jﬁ;ﬁr:’;g‘:' - N SRR S it G A GG Goe e
sequence. Underlining denotes MO TLGAC . T L A G A G AT A A
where intraspecific amino acid =
substitutions were discernible, BIA ATA ATA GGT TCA ATT GAC ATA ATC TTT CCT 5T TTA AAT AT TTA AGG TIT TG TTC TTA CCA GCT TCT CTC TTT ACT CTT TG
and double underfining denotes a B UL (U NL S JJ6.0ALL T
fixed amino acid replacement in BE ........C... I T LLALTG .. o L
B. septemdierun (BIA, B. B 6.6 o T T LG o Ch T GLA L TA L LTG
Japonicus; BPL, B. plarifrons; MD T nTGA T o T o6 ACT oC o oG B e TCCCTes ATA e TALG o
BSE. B. septemdierun: BSP,
h E
Bathymodiolus sp. from Manus
Basin: MOD. Modiolus BIA TG TCT ACT TIT ATT GG AGA GGT GCT GGA ACT GGT TGA ACT TG TAC COA G TG TCT TEC TAC ACT GA CAC A GAC COA
modiols) B e Al e TLTTALL LT, LTLTL
BE o AAL e T 6T e A G .Am WL TT ..T..T. T W TLALT
B AL A T T LALG GLALA L LT LT L LT T
MD G ... T DALCLGTC LT o A LG A L T T AT LA L LT T
415
B3 (G0 GTG GAT ATA TCT TTA TTT TCT TTA CAT TTA GCA GGT GCT TOT TOT ATT GGT GGT TOA ATT AAT TTT TTA ACT AGG ATG
B .C...C.G. e G LA
BE .A.T...G6.. LG LAL LOTLCLC.
B LC.T. C... G.T.. G GG LT LT
MD .T.T.C.. LALT L TA

that of each clade were well supported, with high
bootstrap values. The relationships of Bathymodiolus
species were also supported by the MP and ML trees,
with the same topology as the NJ tree (data not shown).

Intraspecific variation of Bathymodiolus mussels
in mtDNA

Intraspecific genetic distances were 0.001 for B. japoni-
cus, 0.005 for B. platifrons, 0.025 for B. septemdierum,
and 0.004 for Bathymodiolus sp. Only two haplotypes
(haplotypes A and B), distinguished by a single syn-
onymous substitution at position 268, were found
among five specimens of B. japonicus (Fig. 7). Haplo-
type A was shared by two specimens from hydrothermal
vents of the Minami-ensei Knoll and two specimens
from cold-water seeps ofl Hatsushima. One specimen
from the Minami-ensei Knoll possessed haplotype B.
Three haplotypes (haplotypes A-C) were found in six
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distances, The numbers of variable sites at the first, second, and
third positions in the codon were plotted against genetic distances
on the basis of pairwise comparisons to examine whether
nucleotide substitutions were saturated or not. Only slight
saturation was detected at the third position for intergeneric
comparisons
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Fig. 6 Bathymodiolus spp. Phylogenetic relationships of Bathymod-
fofus species inferred by DNA analysis. The dendrogram was
constructed by the neighbor-joining method based on genetic
distances caleulated by Kimura’s two-parameter method. Modiolus
maodiofis was used for rooting, Bootstrap probabilities of 1,000
replicates are presented above branches when they exceed 50%.
Bootstrap probabilities of 1,000 replicates for the maximum-
parsimony tree (/gfi) and 100 replicates for the maximum-
likelihood tree (right) are also presented (helow branches). Bar
indicates a genetic distance of 0.030

specimens of B. platifrons (Fig. 7). Again, haplotype A
was shared by two specimens from hydrothermal vents
of the ITheya Ridge and two specimens from cold-
water sceps ofl Hatsushima. Two specimens from off

Site
111111112223333334444
111334455599122357994460146790001

Species Haplotype 1079042602978414982397887691310692
B. japenicus A
B seesessserasarasasnnnns Becvevnnens
B. platifrons A eeses Reseans Colecssaisssn V. Gh.
B e L P =P T Clecvnnnnns
c P - TR [ T Acveans GA.
B. septemdierum A A.CT.ATACC.T...AGT...C..AT.TGA.TCC
B A.CT.A.A...T..CAGT...C...T.T.A.TCC
c AACA.A.A...T..CAG..C.C....CT.A...C
D GA.T...C...T...AG.GCCG..AT.T.G.T.T
E A.CT.A.A...T <T.T.A.TCC
F G.CT.A.A... -T.T.A.TCC
G GACC.A.A... -TCT.A.TCC
B. sp. (Manus) A GA.A...C...G....0.GCCG. .ATC..G.T.T
B GA.R...T...G....G.6GCCG..ATC..G.T.T
c GA.A...C...G....0.GCCG. .ATCT.GCT.T
1] GA.R...C..AG....G.GCCG. .ATC..G.T.T

Fig. 7 Bathymodiolus spp. Nucleotides at variable positions in the
COI sequence. Nucleotides where intraspecific substitutions were
found are shown. Nuwmbers refer to nucleotide positions in the
sequences of Fig. 4. B. japonicus and B. platifrons had two and
three haplotypes, respectively. B. sepremdierim and Batlymodiolus
sp. had seven and four haplotypes, respectively

Hatsushima each possessed one of the remaining hapl-
otypes. The substitutions in haplotype C (position 30)
led to one amino acid replacement. It seems surprising
that the same haplotypes were held in common by
specimens obtained from distant localities and highly
differentiated environments (hydrothermal vents of the
Okinawa Trough and cold-water seeps of Sagami Bay).

On the other hand, all the specimens of B. septem-
dierum possessed distinct haplotypes (haplotypes A-G
in Fig. 7). Seven haplotypes were unique to four speci-
mens from the Myojin Knoll and three specimens from
the Suiyo Seamount in B. septemdierim. Substitutions at
positions 17, 42, 50, 114, and 124 resulted in five amino
acid replacements, and the other substitutions were
synonymous. Four haplotypes (haplotypes A-D) were
found in five specimens of Bathymodiolus sp. (Fig. 7).
Haplotype A was shared by two specimens, and three
haplotypes (haplotypes B-D) were unique to three
specimens. Substitutions at position 59 resulted in one
amino acid replacement, and the other substitutions
Were Ssynonymous.

Interspecific phylogenetic relationships
of Bathymodiolus mussels

The present results showed that three Bathymodiolus
species from Japanese waters and Bathvimodiolus sp.
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from the Manus Basin were grouped into two lineages,
one comprising B. japonicus and B. platifrons that live in
both hydrothermal vents and cold-water seeps and the
other comprising B. septemdierum and Bathymodiolus
sp. that inhabit hydrothermal vents solely. This is the
first report on the phylogeny of Bathvmodiolus mussels
from the western Pacific. B. japonicus and B. platifrons
are found in Sagami Bay and the Okinawa Trough, and
B. septemdierum is reported from the Izu-Ogasawara
Island-arc. B. septemdierum was more closely related to
Bathymodiolus sp. than to B. japonicus and B. platifrons,
although the straight-line distance from the Myojin
Knoll to the Manus Basin is about 12 times longer than
that from the Myojin Knoll to Sagami Bay. It is worth
mentioning that all the dendrograms obtained by two
different approaches, 2D-PAGE (NJ and UPGMA) and
DNA sequencing (NJ, MP, and ML). gave the same
topology. 2D-PAGE allows comprehensive comparisons
of a large number of proteins encoded mainly by nuclear
genes and DNA sequencing enables one to compare
precisely mitochondrial DNA.

The phylogenetic relationships among Bathymodiolus
species were supported by the grouping of endosymbi-
otic bacteria. Fujiwara et al. (2000) showed that endos-
ymbionts of B. japonicus and B. platifrons from the
Theya Ridge were closely related to methane-oxidizing
bacteria (methanotrophs) and those of B. septemdierum
from the Myojin Knoll to sulfur-oxidizing bacteria
(thicautotrophs). The undescribed Barhymodiolus spe-
cies from the Manus Basin contains thioautotrophic
endosymbionts (data will be described elsewhere). The
congruency of the phylogeny in Bathymodiolus species
with that of their endosymbionts is quite reasonable,
because the endosymbionts are believed to be transmit-
ted into offsprings through eggs in Bathymodiolus mus-
sels (Distel et al. 1994; Cary and Giovannoni 1993).
However, evidence of horizontal transmission has been
presented by Won et al. (2003b). They suggest that en-
dosymbionts of Atlantic Bathymodiolus species are ac-
quired from the environment.

Large differences in depth (approximately 1,000 m)
separate two Bathymodiolus species living in hydrother-
mal vents of the Mid-Atlantic Ridge (3.080-3.480 m for
B. puteoserpentis vs. 869-2,303 m for Bathvmodiolus
sp.), leading Maas et al. (1999) to propose that depth
might provide a fundamental barrier to the dispersal of
the two Atlantic species. Different vertical stratification
is also reported in vesicomyid clams (Fujikura et al.
2000; GofTredi et al. 2003). It is suggested that extrinsic
restrictive factors for their distributions are related to
bathymetrical zonation rather than to environmental
types (vents vs. seeps), and the primary intrinsic factor is
probably ascribed to the different physiological toler-
ance of the clams to pressure (Olu et al. 1996: Fujikura
et al. 2000). However, such differences in the depth of
habitats were not found among the three Bathymodiolus
from Japanese waters. When the bathymetrical distri-
bution patterns were examined for each species, the
vertical distribution ranges overlapped broadly (Fig. 8).

i)

depth (m)

000

Fig. 8 Bathymodiolus spp. Vertical distribution patterns of Bathy-
madiolus species. Bathymetrical distributions of  Bathymodiolus
species were compiled, to the best of our knowledge, and the
vertical distribution ranges are presented. The patterns show no
vertical habitat segregation

Therefore, bathymetrical zonation and physiological
tolerance to pressure are not likely to be responsible for
habitat segregation among them.

Intraspecific relationships in Bathymodiolus mussels

The intraspecific genetic distance between two specimens
of B. platifrons from the Theya Ridge (Okinawa Trough)
and ofl Hatsushima (Sagami Bay) obtained by 2D-
PAGE was only 0.023, nearly one order of magnitude
lower than the average of interspecific distances (aver-
age=0.206) among Bathymodiolus species. Genelic
distances among Bathymodiolus species obtained by
DNA sequencing of the mitochondrial COI gene were
0.087-0.211 (average=0.172), The intraspecific genetic
distances were 0.001 and 0.005 for the methanotroph-
containing species and 0.004 and 0.025 for thioauto-
troph-containing species. These results are suggestive of
intraspecific genetic exchanges between hydrothermal
vents of the Okinawa Trough and cold-water seeps of
Sagami Bay (over 1,500 km apart from each other) in
B. japonicus and B. platifrons, but the gene flow between
conspecific populations should be evaluated by statisti-
cal methods using more specimens and sample locations
(e.g. Won et al. 2003a).

As for B. japonicus and B. platifrons, specimens from
the Okinawa Trough and Sagami Bay shared the same
haplotypes of COI, while one haplotype was specific to
the specimen from the Okinawa Trough in B. japonicus
and two haplotypes were specific to the specimens from
Sagami Bay in B. platifrons. Although the vesicomyid
clam in the chemosynthesis-based communities, Caly-
progena okutanii, is distributed from the Okinawa
Trough to Sagami Bay via the Nankai Trough, one
fixed difference (synonymous substitution) in the COI
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sequence was detected between specimens from the
Okinawa Trough and these from Sagami Bay (Kojima
et al. 1995). On the other hand, no fixed difference was
found between specimens from the Okinawa Trough and
from Sagami Bay in Bathymodiolus species. The present
results suggest that the capability for larval dispersal is
relatively high, and environmental types (vents vs, seeps)
are not the primary factor responsible for habitat seg-
regation and speciation in these Bathymodiolus species.

Ambient conditions are not, however, entirely iden-
tical between hydrothermal vents at the Theya Ridge and
the Minami-ensei Knoll (Okinawa Trough) and those at
the Myojin Knoll and the Suiyo Seamount (Izu-Oga-
sawara Island-arc). Tt has been shown that the methane
concentration was significantly higher in the former than
in the latter, and cold-water seeps in Sagami Bay also
revealed a significantly higher methane concentration
than hydrothermal vents in the Tzu-Ogasawara Island-
arc (Fujiwara et al. 2000). Fujiwara et al. (2000)
suggested that deep-sea mussels harboring methano-
trophs were restricted to areas with the high methane
concentration. It is likely that the colonization and spe-
ciation of deep-sea mussels depend on their preference to
one or some specific ambient condition(s). However,
this scenario does not explain why B. septemdierum
harboring thicautotrophs are localized only in the
Izu-Ogasawara Island-arc, although thicautotroph-
containing B. adwloides can live in both the Okinawa
Trough and Sagami Bay, or why B. adiloides could not
colonize the Tzu-Ogasawara Island-arc. Further studies
on direction and drift of ocean currents and differences in
dispersal abilities among species could provide an answer
to the question. It is also conceivable that the hadal zone,
e.g. the Ryukyu Trench, may serve as a barrer to
dispersal between the Okinawa Trough and the Izu-
QOgasawara Island-arc, because Bathymodiolus mussels
only seem capable of surviving at depths of up to 3,600 m
and, thus, may be incapable of settling in transit habitats
in the hadal zone during colonization.

In an earlier work (Grassle 1985), substantial genetic
differences were revealed between populations of the
eastern Pacilic mussel, B. thermophilus. However, latter
studies of allozymes and mitochondrial genes (Craddock
et al. 1995b; Won et al. 2003a) identified no comparable
geographical subdivision across the region sampled by
Grassle (1985), although topographical features such as
the Easter Microplate do appear to coincide with dis-
persal barriers (Won et al. 2003a). The genetic variability
of western Pacific Bathymodiolus species from the North
Fiji and the Manus Basins was seemingly lower than
that of their shallow-water counterparts and other deep-
sea organisms (Moraga et al. 1994), Lutz et al. (1986)
examined larval shell morphologies of mollusks from
hydrothermal vents in the eastern Pacific and showed
that one mytilid (B. thermophilus in Vrijenhoek 1997)
had morphology indicative of planktotrophic (actively
feeding planktonic larval) development, suggesting that
Bathymediolus mussels are highly dispersible. Therefore.

the speciation of Barhymediolus species cannot be as-
cribed to the poor larval dispersal ability. Nevertheless,
examination of more specimens from different localities
with faster-evolving genes is needed to assess intraspe-
cific genetic variation.

As pointed out by Vrijenhoek (1997), one has to
consider many factors that may contribute to coloniza-
tion and speciation, such as topography, geological
histories, the stability of vents and seeps, oceanic cur-
rents at various depths, larval positions in the water
column, and settlement cues, as well as the dispersal
ability and physiology of mussels, in order to elucidate
the evolutionary process for Bathymodiolus mussels and
other deep-sea organisms.
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Abstract: There are unique biological communities around deep-sea hydrothermal vents and cold-water seeps through-
out the world. Mussels of the genus Bathymodiolus (Bivalvia, Mytilidae) are one of the dominant macroorganisms in
these communities. Bathymodiolus mussels live in a reductive environment, depending on energy supplied by bacterial
endosymbionts employing chemosynthesis. Although Bathymeodiolus mussels are taxonomically classified by concholo-
gical traits, their evolution is poorly understood. In this study, phylogenetic relationships of nine Bathymodiolus species
obtained from the Western Pacific and Indian Oceans were investigated by comparing partial nucleotide sequences of
the mitochondrial cytochrome ¢ oxidase subunit I gene (COI). These species were divided into two clusters comprising
Bath diolus japonicus, B. platifrons, B. sp. (short-type, Kuroshima Knoll), and B. sp. (long-type, Kuroshima Knoll)
on the one hand (group 1) and B. dierum, B. aduloides, B. marisindicus, B. sp. (Mariana Back-Arc Basin), and
B. sp. (Manus Basin) on the other (group 2). The former is a lineage containing methanotrophic endosymbionts and
the latter is a lineage containing thioautotrophic endosymbionts (no data for B. sp. from the Mariana Back-Arc Basin).
Bath liol p dierum, B. marisindicus, and B. sp. (Mariana Back-Arc Basin) are closely related with small
genetic distances among them (cluster A). Divergence time calculated based on the estimated evolutionary rate of COI
(0.014 of sequence divergence/million years) was 12 to 14 million years ago between the two groups and 0.3 to 2.9
million years ago among the three species in cluster A.

Key Words: mtDNA, COI, hydrothermal vent, cold-water seep, bacterial endosymbiont.
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FEipIc R A HWHETH A AR v ALY
# A [& (Mytilidae, Bathymodiolus) i$, ¥ 29 Y #4 [Br
* 0 & v ERRRICEFES AR FEL A v -0
—o2THY, hETI 4 MEHIEHEN TS (Kenk &
Wilson 1985; Cosel et al. 1994; Hashimoto & Okutani 1994,
Cosel & Olu 1998; Gustafson er al. 1998; Cosel et al. 1999;
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Hashimoto 2001). ¥ ¥ #H 4 £s50 # 4 I3 GHEE LR
Dy RAEEE (H2VIdE0lA) RHafic it x
#, ThohfFoHTz a2y —2FELT, KkoEh,na
WIEBII BV TEMEER LTV, {L¥ESEDHED
H B4 2 #okis i@k R iEm e RtEc B LTE
FELTWA RS, BizMRREFEC TV EELSNE
M, YA eSS HABTREEEIPENF7EVS
BLET 1600 km bR BGATICEH LEHERLTVS
(Hashimoto & Okutani 1994). —77, # &% 500 km g 7c
S S P DEEBNTREAFANEO Y v A4 E
2 A A [BAEE L TH O (Hashimoto & Okutani 1994),
IOoTE>y AL e H A BOBSED, HEhic R
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FEESt ML TEC -TvwaoTREVWC EETLTL
B, YrhA ) HABOYEICE T2 9HEEN A
FVEFZ LN A (Lutzet al. 1986), +OFEMASTH -
TLWHWLWIEEED, YrAM e HABHEDL SIS
LTHfmEEY, itz LT cohRiZiclHEME
BaTWRG, Yy hd ey 4B, BOBECHE-W
WOMBEL V- BHERICHHEW TV AN, Z0RE
BficovTomR3EShTLaL,

ARETHR, vvh1 e 4 BOFEMEOT o€ 2
ZRRHT B iowic, KEEMEE - 4 v Ficdgd 3> v
HA YA BORBMOREREREE I b FIT Y
Jo—hekdr¥—H47a=, b 1T (COIH D
BRENERET L Lok - THRITL, SEEREEE
0%

M LTiE

¥

BHRTE, HARELICERT 540, o h e ) g
(Bathymodiolus japonicus), ~4 b9 v »h 4 4044 (B pla-
tifrons), ¥ F 3D H A k) H A (B septemdierum) £ LU H
UF vy h A NS (B aduloides) & AICHEHI 2 /i, <) T+
Tl oREEH, <2 ABEOKRICIRE, 1> Fiforyy
A MDA Fv oA b3 Y #H A (B marisindicus) ©it 9 i
D rhA ) H A MEMH LA (Table 1, Fig. 1). Bz
#4 OFi% 5 BEEL LR L2z (ORI LEh-1), ch

L#. CODNA%ZF Y7 L—F&L, COLOWK# 710 bp %
PCRTHIE L%, 734 v — ko2 =—s41v354
7=, # ¥ 2 LCOL490 (5'-ggtcaacaaatcataaagatatigg-3') & 7 » F
¥ 7 HCO2198 (5'-taaacticagggtgaccaaanaatca-3') Z{diffi L 7=
(Folmer et al. 1994), ¥ F 39 v »h 4 e 40 COLEH 12
A== HLT L2 —TIRHES Wb, <2 26GR
ERICIHEO col M HiMA T £ i Bit L7 51 2—, €
A SMANU (5'-ggtttgigatcgggaataattgggac-3") & 7 > F + » 2
ASMANU (5'-ctattegetecectegeatacttte-3') iV 7z (COI M)y

Fig. 1. The ten collection sites of deep-sea Bathymodiolus mussels
used in this study. 1, OFf H hima (seep), Sagami Bay; 2,
Minami-Ensei Knoll (vent), Mid-Okinawa Trough; 3, Theya Ridge
(vent), Mid-Okinawa Trough; 4, Hatoma Knoll (vent), Southern
Okinawa Trough; 5, Kuroshima Knoll (seep), South of Ishigaki-

12 C S ED) : Wt

-
-
-

gt

jima Island: 6, Myojin Knoll (vent), lzu-Ogasawara Island-arc; 7,
Suiyo Seamount (vent), Izu-Ogasawara Island-arc; 8, Mariana
Back-Arc Basin (vent); 9, PACMANUS Field E (vent), Manus
Basin; 10, Kairei Field (vent), Southern Central Indian Ridge.
Open circles denote hydrothermal vent communities. Closed circles
denote cold seep communities.

SOEARRAHERERR € ¥ ¥ —OFHEH OB RBRS ht.

¢

SRHE
YehA e HABORORERNN S, SDSERWT Y v
1%, CTAB & RNaseA %\ T RNA £l 0 ik %, DNA £

Table 1. Sample list. Each specimen was numbered with a prefix incorporating an abbreviation of its scientific name.

T oC 70

Species Sampling site (locality number in Fig. 1) l.':c“;:;h I'lgl:etal Dive® Date Abbreviation
Bathymodiolus japonicus  Off Hatsushima, Sagami Bay (1) 1,170 seep 2KTI5  1993.11.16 BIJHI,2
Minami-Ensei Knoll, Mid-Okinawa Trough (2) 718 wvemt 2K618 1992, 6. 6 BIMI-3
B. platifrons Off Hatsushima, Sagami Bay (1) 1170 seep 2K831  1995.11.25 BPHI-3
Off Hatsushima, Sagami Bay (1) 1LIB0  seep 2KT715  1993.11.16 BPH4
North Theya Ridge, Mid-Okinawa Trough (3) 1,028 vent 2K863 1996. 5. 7 BPIL,2 A d.i
B. septemdierum Myojin Knoll, lzu-Ogasawara Island-arc (6) 1,288 went 2K1009 1998. 5. 7 BSMI1 L
Myojin Knoll, lzu-Ogasawara Island-arc (6) 1,290  wvemt 2KI115 1999. 7. 3 BSM2
Myojin Knoll, Izu-Ogasawara Island-arc (6) 1,346 wvent  2KI1112 1999, 6.29 BSM3, 4
Suiyo Seamount, [zu-Ogasawara Island-arc (7) 1,375 vent 2K627 1992, 7.12 BSS1
Suiyo Seamount, [zu-Ogasawara Island-arc (7) 1,373 vent 2KB889  1996. 8.18 BSS2-4
Hatoma Knoll, southern Okinawa Trough (4) 1,523 wvent 2K1270 2001. 520 BSTI
B. aduloides Iheya Ridge, Mid-Okinawa Trough (3) 1,339 wvemt 3K375 1998, 6.20 BAIl

B. marisindicus Kairei Field, Southern Central Indian Ridge (10) 2454 wvent 6K659 2002, 2.15 BMKI-5

B. sp. (short-type) Kuroshima Knoll, South of Ishigakijima Island (5) 637 seep  2KI1370 2002. 6.30 BSP(A)1-5

B. sp. (long-type) Kuroshima Knoll, South of Ishigakijima Island (5) 637  seep 2KI1370 2002. 6.30 BSP(D)1-5

B. sp. Mariana Back-Arc Basin (8) 3,600  wvent 6K357  1996.12.10 BSP(Mari)l
B. sp. PACMANUS Field E, Manus Basin (9) 1,629 wvent 2K1075 1998.11.22 BSP(Manu)l

PACMANUS Field E, Manus Basin (9) 1,627 vent 2K913  1996.11. 3 BSP(Manu)2-5

35
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481bp). PCR 1%, BT 4C 08, 7=—Ur7r4Ccho
SS°CSHh, METIFLCIOMEVIFMETION A 7 M- 1o,

%L PCR %+ » 71—+ & L, ABI PRISM Big
Dye™ Terminator Cycle Sequencing Ready Reaction Kit (Applied
Biosystems) & PCRIHD Y 5 4 = — %ML Tv—2 = v 2G4
iT =721, 377 DNA Sequencer (Applied Biosystems) Z il L T,
R R B T

DNASIS (Hitachi Software Engineering) £HV T, ffohizlg
BT DT 54 4 v b &iT-f, BEFERBEAANO 2.7 2 -
# —ik: (Kimura 1980) 2 X 0 LA, Sh S OBMEE) 7 — 2
%31z, PHYLIP (Felsenstein 1994) % f LTI MRS & (NI) i &
L EE 8 (UPGMA) i & 0 L (ML) ihic & - THIBRIZ R
SR 7z, &7z, PAUP (Swofford 1993) % H LTl KI#) (MP) i
12k - THHERE M L 2o BHEOEME £ 8~ 5 1281 1,000
ElOREH GEAHTE 100BORE) KE37— A5 TH
WAt TORTA—TELTHOEA A ABE ) H 4B
Modiolus modiolus OERET|E 57— 5 ~—2 L 05l L 2 (Hoeh
et al. 1998; DDBIJ accession number U56848).

BRBEIUER

F#EpAGR

mtDNA @ COI {3 HALT 431 bp 2 HIEMEGE

Ik - THEE L TR (Fig. 2) & 5, ABFRTERLL
vy hA e HABR2ODI SRS —2FFSNAT
EMEAS M EM ot YA A ks H A B japonicus
(BJH1, 2/BIM1-3), ~A b9 ¥ ¥ A4 L3y # 4 B plati-
frons (BPH1-4/BPI1, 2), BEf oADK 2# (BSP
(A)1-5 £ BSP(D)I-5) T12D7 52— (Fu—=71)
%, vFawvsh4kes) A B. septemdierum (BSMI1-
4/BSS1-4/BST1), # V& ¥ ¥ h A £s5Y #4 B. aduloides
(BAIl), 1 v ¥ ¥ A4 sy # 1 B marisindicus (BMK
1-5), =Y 7+ HFiliE o KEEMR (BSP(Mari)l), ¥ X A
& o ATl (BSP(Manu)1-5) THID 2 5 2 % — (7
w=72) B BKETRE, UPGMA & & U
THEEAVTLREROBEABONE I EMS, JITR
Lizvvhq4es)#4BoOBESHEJEFEEEEV &5
Aond, BEOOBMRNLS, FA-F1O4FEA Y~
Bib#Es, Y V-7 20 4 RIEIFHSELEE (=) 7+
Wil oRDWA IR 2EEHEL LTH-TED
(Fujiwara et al. 2000), ¥ ¥ # 4 k3 41 |8 & LB ME
DI N=Taidh—H L, Col&id, A4y
HAIBOEEMBEIAR» SMbAENOTIEREL, B
o FABEBETIFENNE I LHRENTVEDT (Cary
and Giovannoni 1993), EELIEFOIELEREL T
Wi EEbha,

Fu—F1icBvTid, FFREHERLOKICETE short-
type (BSP(A)1-5) pif bR S L, RICv ¥ H4 E
N HABREE LI, ~A by hS ey HAL ERE
# O FIDEF long-type (BSP(D)1-5) Aifk b iz sl
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BSP(A)1-5
[BIMI
BIM2 3/BIHI 2
—BPHIL
BPH2
o BPH3 4/BP11 2
8162 BSP(D)4
- l{[BSP(Dn

57

99
87193

group 1

BSP(D)1
BSP(D)2,5

-

icluster A

group 2

p—

93

BAIl
BSP(Manu)2
BSP(Manu)1
BSP(Manu)3 4
BSP(Manu)5

Moddinl .
7Y diolus

genetic distance=0.1

Fig. 2. Phylogenetic relationships of Bathymodiolus species inferred
by mtDNA analysis. Partial nucleotide sequences (431 bp) of COI
were determined for more than five specimens of each Bathy-
modiolus species (for B. aduloides and B. sp. from the Mariana
Back-Arc Basin, only one speci was available). The

of the outgroup Modiol was obtained from a d

The dendrogram was constructed by the NJ method based on
genetic distances calculated by Kimura's two-parameter method.
UPGMA, MP, and ML trees presented fundamentally the same
topology as the NJ tree. Italic numbers (upper) denote the
bootstrap p ges of 1,000 repli for NI. Italic numbers
(lower) denote those of percentages of 1,000 replicates for MP
(left) and 100 replicates for ML (right). Bootstrap probabilities
are denoted when they exceed 50%. The bar indicates a genetic
distance of 0.1. See Table 1 for abbreviations of Bathymodiolus
mussels.

il

Lt vvhdbesYHLlad by vvwhd b )4
3, Bk OB & #okigorh@ s 5 7 ickEBT A
5, KR S MoK IcE R T A EETEERRBE O
Blems 52y —2FMLIEL-1, Fh, BL0flics
WTiliig ot s T s FhHALRE, Ok
Mo, AL ENYHLEAL PO YA LY H A
TIRAHEE & hdl 5 7 O TRIZMNZERAS D, EER
Wick aBEMMEBEC TRV EEZI SN B,
FW=T2TW, A/ F o4y 4L e3 2l
FoFICHEIEBTHD, ¥F39vrhie A
A VYA ey HABLUT Y T HFIEZOR
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FIEEHRELTI>Os 52y —2ERLE (752 mAEERL TRV, YAl e U NI BRohET
¥=A) 77A5— AOHMOBEZENESZSHHTN I23,600m LIErSRBEshTE S, FL{b3Eank
V0T, ChoOMIRFEFIGEVAZICEMEL 2, EMBRCET 3 AT vo v U 1 Bick~,
BRES HFARBEE,» o< ) 7HMEETA v Fiich: FE~O@EICENRBEVEEIChLDT, Bl 7 &
DBENRERET-TVWAOTHEVWAEELON S, B« NERBM ORI IR+ 2 Wkl il A O i
COES v A ey A RIEERCETEECD BTV aaiEMsH 2, Billo & 5 LREEHEE
foo THIEANIZER LTV AR H 5. Hicy 5 2 THEDBMARRTEY, YA ey H1ABOSE
Y- ARBRTIHOMTREL NS & I REORIEHZE BHFoha LBbha, oL, HESLHEE TR
fihibdetrs, vovhqe b1 BohERshw BUoMc 3BEBIGEELLVOT, BREPELOFEO
TRELDERENE > &icin s, —4, LE#LIcE HEBOFHEEN OEBRESL v v H 4 ) 1 BO SR
B skifHERchzciofhoiiclRBZashts s KicPELTWwWa EBbh 2,
¥, SEosfgiEEh ¥ IERIchE T Licia, vy
A e Y HABOMEOHHIT>VTLOFEVRIREE  SEER
LHizhicid, SEREBMBTORE SHFLWESOER COl DAL EE G THERFEOHMESL S, 0014 of
LE-T, YrhA4 ) HABROSRORITEERIZ-S sequence divergence/million years & Riffb o hTwn 2
DULENS B, (Knowlton et al. 1998). Z O#E{LEREE RV, Akt 2 ¢
PUYAA RSN HAEAL LSOV AL LAY AT 5 4 — # — i (Kimura 1980) i2 & b 8 U 78 (209 EEE
2, HEEBELME G 5 7 Ol TRIENEHSEET AL E ESWT, vy ohde~N) A BOSEERERTEL -
bhad, FE-/PNEREN (AR A& 13 (Table 2, Fig. 3). Chickdd, Fu—71E50—72

Table 2. Genetic distances among deep-sea mussels of the genus Bathymodiolus, Genetic d1slzmces (%) were calculated by Kimura's
two-parameter method. Their averages (above) and ranges (below) are shown. BJ, Bath i japoni BP, B. platifrons; BS, B.

septemdierum; BAI, B. aduloides; BSP(A), B. sp. (short-type, Kuroshima Knoll); BSP(D), B. sp. (long-type, K.uroshma Knoll], BSP
(Mari), B. sp. (Mariana Back-Arc Basin); BMK, B. marisindicus; BSP(Manu), B. sp. (Manus Basin).

BJ BP BS BAI BSP(A) BSP(D)  BSP(Mari) BMK BSP(Manu)
B 0.1 89 20 17.6 13.1 9.6 20 19 18.6
(0~0.23) (8.33~ (18.43~ (17.52~ (12.90~ (9.38~ (19.61~ (18.43~ (18.36~
9.45) 20.85) 17.81) 13.17) 9.91) 19.91) 19.32) 19.28)
BP 0.5 19 174 12.7 6.8 19 19 17.8
(0~1.66) (17.81~ (16.79~ (1238~ (6.58~ (18.40~ (18.10~ (17.46~
20.06) 17.84) 12.73) 7.07) 18.92) 19.22) 18.56)
BS 2 17.5 154 18 1.4 2 16.5
(0~4.05) (1521~ (14.80~ (16.68~ (047~ (0.7~ (13.00~
18.72) 16.51) 19.17) 4.04) 4.04) 18.17)
BAI 0 14.8 16 18 18 11
0 (14.78) (16.02~ (17.53) (17.53~ (10.68~
16.62) 18.11) 11.19)
BSP(A) 0 13 15 15 17.8
0 (12.94~ (15.37) (14.80~ (17.66~
13.51) 15.65) 17.98)
BSP(D) 0.7 18 18 17.5
(0~093) (1726~ (16.68~ (16.91~
17.87) 18.46) 18.14)
BSP(Mari) 1] 1 16.8
0 (0.70~ (16.68~
1.17) 16.99)
BMK 0.7 17.3
(0~0.93) (16.96~
17.85)
BSP(Manu) 0.4
(0.23~0.70)
7
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?Divergemc times (million years)

group 1
BPH3 4/BPI1,2

! [BSPDM
—TBSP(D)3
+ kBSP(D)I
 LBSPD)2.5

1

BSM4 |
BSM3
BSM1
BSS3
BSS4
BMKI1.5
BMEK4
BMK2
BMEK3
BS52
BSS1
BSP(Mari) I
SM2
5T1
BAIl
BSP(Manu)2
BSP(Manu) 1
BSP(Manu)3,4
'BSP{Manu)5

Adradind, Jinls

s

cluster A

group 2

O
~J

genetic distance = 0.1

Fig. 3. Divergence time of Bathymodiolus species, The UPGMA
tree was constructed with Modiolus modiolus as an outgroup. Italic
numbers denote the bootstrap percentages of 1,000 replicates.
Divergence time was calculated based on the estimated evolutionary
rate of the COI gene, 0.014 of sequence divergence/million years.
The bar (upper) denotes the time scale. The bar (below) indicates
the genetic distance of 0.1. See Table 1 for abbreviations of
Bathymodiolus mussels.
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Y AP AR Rt

Fou—F BT, BEilgEOARTHA short-type &
£ ofthofl oIEE% L O SEER IS KT 950 F~900
FHERL, ~4 boryhf ey Hag L RBEBRORICK
i long-type OILMHEE v v A A £ o8 H A OIFEER
BB L Z 660 HER, ~A by vrhfesyHd LR
BEOXRICIEHE long-type OOIHEMRITE & T 490 FERH]
LHEEANI. =T 2T, 75 R 5 — A0EHEE
EhVE AL YA LT R ABREOERICIEOI
WO SEEER IS & £ 1,280 5 ~1,180 FEEd|, #
Fuu i o) HA L= R AMEORICHEOFEER
Lz 790 FEREHEES L CoRREFERE=
oottt (2,400 5~500 &) EFEichic b, it
OEEIRARMoENMORERT, SHob0IcFLL
LD, Hc0ERTOEECHLE EMS SNIE
HKThs (kS 199).
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B, SEGSHHEMORHKBRAEID S0, F
fz, BARHMOBENEHEZBEICH~S 8,
mtDNA @ NADH ¥k Fo¥+—+¥+4 72 =y b 4R{z
F (ND4) OEERFOREET-TVE, ChEToL
A, SEREELELLOEEEBUR—HETAEREEBTL
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HEHYER Yy Y -2 E RO LET
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FlLi, LEOEMEL EFES,
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Strontium as a marker for estimation of microscopic growth rates
in a bivalve
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ARSTRACT: Microscopic growth increaments in bivalve shells
were measured by marking the shells of the short-necked
clam Rodilapes philippinaram with the strontivm chiloride
{slrontivm marking method, SMM). The resulls were com-
pared with those achieved by the fluorescent marking method
({EMM) using calcein, Becanse strontium has a higher atomic
miass Lhan calcium, strontivme-enriched areas in the shells are
visible as a bright band in the back-scattered electron image
under the scanning clectron microscope (SEM). R péilippi-
narum were immersed in strontivm chloride solutions of vary-
ing concentrations, and the effects of immersion time {17 or
24 i and concentration (0.72, 1.44 or 288 g I''} were investi-
galed. These shells exhibited clearly visible marks 19 or 20 d
posl-immersion. Using the SMM, a microscopic {single-digit
pm} increment in shell growth could be detected under
SEM with a magnification of at least 1200 Using the FMM,
growth increaments of only tens of micrometers were de-
tectable under fluorescence optical microscopy up to a mag-
nification of 600X The SNMM is thus superior o previous
methods for detecting microscopic increases in shell growth,
hMarking methods should ideally be based on long-lasting
markers that are easily detected and involve simple method-
ologies. The SKM meets these requirements. It can be used
Lo estimale growth in small bivalve specimens and growth
rates in slow-growing species such as deep-sea and polar
hivalves.

KEY WORDS: Strontium elemental marking method - Growth
rake - Shart-necked clam - Microscopic growth
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The growth mate of an organism provides basic eco-
logical data. The growth rates of bivalves have been
well studied, since many species are important for the
fishing industry {e.g. Shaul & Goodwin 1982, Tanabe
1988, Tian & Shimiza 1997), Many estimation methods
have been developed to detect increases in shell
growth, including band-analysis (Stevenson & Dickie
1954, Thompson et al. 1980, Sasaki 1981, Richardson

*Email: jikura@jamstec.gojp

1989), marking methods (mark-release-recapture) using
labeling paint, tags, filed notches and fluorescent
chemicals (Heald 1978, Jones et al. 1978, Ito 1585,
Parsons el al. 1983, Kesler & Downing 1897, Kaehler &
Meuaid 1899, MeQuaid & Lindsay 2000, Sato-Okoshi
& Okoshi 2002), and caleulation from age delermina-
tion using radium-228 chronology {Turekian et al
1975). Among these, marking methods are efficient in
estimaling bivalve growth rales because they are in-
expensive and relatively easily applied by untrained
observers, However, it is difficult to detect mmicroscopic
growth increases in shells on a scale of less than tens of
micrometers, since such increases must be measured
with a sliding caliper or by optical microscopy, One
unigque marking method uses rust to mark the shell
surfaces, making it possible to detect microscopic
increases in shell growth of fewer than tens of micro-
melers with an electron-probe X-ray microanalyzer
{Koshikawa et al. 1997). However, at least 14 d of
immersion are needed for the rust to be retained by the
shell surface.

Recently, artificial marks have been made on otoliths
with strontium (Sr) to study the periodicity of otolith
growth increments of less than tens of micrometers in
{ish {gobies) (Iglesias et al. 1957, Hernaman et al
2000). Using scanning electron microscopy (SEM) Sr-
enriched areas in the otolith are detected as bright
bands in the back-scattered electron image.

To the best of our knowledge, the use of Srchloride
{SrCly) as a growth marker in clam shells has not been
previously investigated. In the present study, we
assessed the potenllal of Sroas a marker to eslimate
microscopic growth rates in bivalve shells, The Sr
marking method (SMM) was applied to estimate the
growth rate of the short-necked clam Ruditapas philip-

© Inter-Research 2003 - www.int-res.com
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pinarun, This paper describes the practical advan-
tages of the SMM in detecting microscopic growth
increments on a single-digit pn scale and compares
the results with those of the fluorescent marking
method (FMM)] using calcein. Collection, immersion,
shell preparation, Sr detection and growth rate mea-
surements were as follows,

Materials and methods. Study species: Specimens
of the short-necked clam Ruditapes philippinarum
litkoral  al  Nojima-koen,
Yokohama, Kanagawa Prefecture, Japan (357 194",
1387302 E) on 7 July 2001, and laken immediately to
the Japan Marine Science and Technology Center
{(JAMSTEC), The shell length of all specimens was
measured, and they were then placed in the sea off a
pier fronting the JAMSTEC facilities.

fmmersion: Ruditapes philippinarum shells were
marked with SrCl, hexahydrate {(SrCl,-6H,0, Wako
Pure Chemical Industries, Osaka, Japan). For compar-
ison, they were also marked by immersion in the di-
Iunted fluorescent chemical calesin {CyplHygNoO3-HCL,
Wako Pure Chemical Industries). Clams were placed
in static aquaria and submitted to 6 treatments (3 dif-
ferent concentrations for 2 immersion periods of dif-
ferent lengths) with either SrCly or calcein (Table 1)
Immersion lechnigues were standardized among Lreal-
ments.

SrCly or caleein was dissolved in plastic agquaria con-
taining 2 1 of artificial seawaler (Rohlemarine, Rei-
Sea). Each aquarium was placed in an incubator at
25°C in the dark to prevent light degradation of the

were collected from Lhe

Table 1, Rudilapes phifippinaram,. No, ol individaals, shell lenglh, chemical
concentrations, immersion period. and number of days reared post-
treatment for the Sr marking method (SMM) and the fluorescent marking

method [FMM)

fluorescent chemicals during the Immersion period.
The chemicals were dissolved at concentrations of
0,72, 1.44 and 2.88 g I'' SrCland 0.3, 0.4 and 0.7 g I}
calcein. During immersion, small compressors pro-
vided air to each aguarinm. The clams remained in the
aguaria for a treatment period of either 17 or 24 h.
Except for the highest concentration, the concentra-
tions and immersion periods for both chemicals were
approximately the same as those used in previous
sludies for marking lish otoliths (Iglesias et al. 1997,
Hernaman et al. 2000} After immersion, the clams
were reared in ambient seawater (21.5 to 28.0°C) in
front of the JAMSTEC pier (waler deplth approximalely
1to 3 m), and culled 15 o 20 d later. As a control, 10
non-marked specimens were also reared together with
the chemically marked specimens. All specimens were
retained by nylon nets (60 x 30 » 30 cm).

Shell preparation: After culling, the shells were
cleaned of adhering tissue and dried in an oven {(60°C)
for 24 h. A transverse section was cut across the longest
shell axis, and the ventral part was divided into ante-
rior and posterior sections (Fig. 1), Methacrylate-based
resin {Technovit 7200 VLC, Heraeus Kulzer) was used
as embedding medium. Each shell was fisst emnbedded
in the resin. For SMM, the cross sections were ground
with 600-grit sandpaper and then wel-polished using
9 pm, 3 pm (METADI Diamond Suspension), and
finally (.05 pm {Masterprep) polishing suspension. For
FMM, embedded shells were sliced inlo approximalely
200 pun sections with a lapidary bandsaw (BS5-300CP,
Exakt Apparatebau). The sections were attached to
glass slides and the facings wet-polished
with a 9 pn polishing suspension (Metadi
Diamond Suspension).

Detection of incorporated bands and
analysis of Sr concentration in shells:

The embedded shells were carbon-coated

"5l S1 concentration in natural seawater
“1202x¢ Sr concenlrations in natural seawater

No, indi- Shell length  Conc, Immersion No. days using a  vacuum-evaporator  (JE-400,
viduals (mm) {gl'"}  period (b post-treatment JEOLY). This treatment produced bands of
Strontium chioride sr-enriched areas in the shells that were
[SMM) 3 2G.1-27.5 0.2 17 19 detectable in a back-scattered electron
3 21.7-28.0 0,72 24 20 image under SEM (SM-5800L, JEOL).
3 229-254 144" 17 19 Once the posilions of these bands had
?; 21.0-22.2 i;; f‘: fg been detenmined, the St concentrations in
3 2.88 24 20 the bright band and background (i.e. oul-
Calceln side the bright bands) areas were ana-
(FMM] 3 250-269 0.3 17 19 lyzed by spot-analysis using an energy-
3 21.7-30.4 0.3 24 20 dispersive X-ray spectrometer [Oxford
3 223-281 0.4 17 19 Lind IS1S 2001, Oxford Instruments) and
3 2‘_"?_25‘? o4 2 20 a detector {Supermini Cup, JEOL]. The

3 229246 0.7 17 19 f +
3 227.263 0.7 24 20 electron beam was frradialed at an accel-
eraling vollage of 25 kV and a lifetime of

"30x Sr concentration in natural seawater 104 s.

Calcein was detected by examining the

sectioned shells under fluorescence opti-
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Fig. 1. Shell sectioning for detection of Sr-enriched and fluo-
rescent areas. Shells were prepared to provide transverse sec-
tion across longest shell axis; ventral portion was divided into
anterior and posterior sections. Sr-enriched or fluorescent
areas were examined at anterior and posterior margins

cal microscopy (Optiphoto, Nikon) fitted with an ultra-
violet {(UV) light source (HB-10101AF, Nikon) and a
fluorescence filter (V-1A, Nikon). In the ulira violet
excitation wavelength, calcein appeared as a bright
lime-green band in the sectioned shells.

Growth rate: Once the position of a bright band
{SrCly) or a fluorescent band (calcein) had been deter-
mined, the growth increment between the band and
the shell margin was measured under SEM for the

mantle cavity side

" outside

100 pm

Fig. 2. Rudifapes philippinarum. Photomicrographs of back-scattered electron images (SEM] of anterior portions of shell sections after Sr
marking. Arrows indicate bright Sr-enriched bands. (A) SrCly conc. = 0.72 g 1Y, immersion period = 17 h; (B} 5rCly conc. = 2.88 g 17,

SMM or under oplical microscopy for the FMM.
Growth increaments were measured as follows (Fig. 1):

(1) A tangential line was drawn close to an incorpo-
rated band on the sectioned shell; (2) a perpendicular
line was drawn from a tangential line to the shell
margin; (3) the maximum length of the perpendicular
line from the tangential line to the shell margin was
regarded as the growth increment of the anterior or
posterior part of the sectioned shell; (4) the total
growth increment equalled the sum of both the ante-
rior and posterior growth increments.

Growth rate was calculated using the formula
growth rate (um d!) = L/D, where L is the total growth
increase and D is the number of days post-treatment.

Results. Sr and calcein markings were both success-
ful, but to different degrees.

Srmarking: Clear bright bands were visible on Rudi-
tapes philippinarum shells after most immersion treat-
ments, except at a concentration of 1.44 g I for 24 h.
The Sr-enriched bands tended to become more distinct
with longer immersion periods and at higher SrCl; con-
centrations (Fig. 2). The band produced after 17 h
immersion in solution with a SrCl; concentration of
0.72 g I'! was faint (Fig. 2A). Although no clams died
during any 17 h immersion pericd, 5 of 9 specimens
immersed in SrCl; solution for 24 h died after being
returned to the sea post-immersion. Of 10 control spec-
imens {non-marked) 2 died during rearing in the sea
fronting the JAMSTEC pier.

Sr conceniralion: Energy-dispersive X-ray speciro-
meter analysis confirmed that the bright bands in
shells treated with SrCl; were due to greatly enhanced
levels of the chemical. The Sr concentration in back-
ground areas in parts of the shell not treated with SrCl,
showed characteristic X-ray counts of approximately
100 counts per 100 s (Fig. 3). However, the Sr concen-
trations in the bright bands in all treatments were
notably higher than those in the background areas,
indicaling thal Sr had accumulated in the bright bands.

immersion period = 17 h; (C) 5rCl; conc. = 2.88 g I"%, immersion period = 24 h

-69-



248 Mar Ecol Prog Ser 257: 285301, 2003

{A) SrClz concentration: 0.72 g I'!, immersion period: 17 h
=

7004 Ca 0
s00-] bright band area 600~ {backgreund)
500 500
2 g0 2 400+
3 :
G 300 & 300
20041 Sr 200
100 o0~ s q
01 R i _L‘I b o T 1 Y T
0 5 10 5 0 4 5 10 15 20
Energy (keV} Energy (keV)
{B) SrClz concentration: 2.88 g !, immersion period: 17 h
700 - e 700 4
a C )
X bright band area @ {background)
600 500 4
500 o 500
" Sr
= 400 4 @ 400 4
3 5
(5 200 5 5004
200 200 4
100 100 Sr
Lm.b_..._. A "
o o Lﬁ;
5 5 o 15 @ ¢ 5 15 20
Energy (keV) Energy {keV)
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Fig. 3. Rudilapes philippinarum. Sroconcenlration {cps) determined by energy-

dispersive X-ray spectrometry of bright band and background band areas in shell
sections subjected fo 3 different treatments, The Sr concentration in bright-band area
is nolably higher than thal in background area
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The 5r concenlrations in the bright
bands increased with increasing S5rCl
concentration of the immersion solution
(Fig. 3}

Caleein marking: Clams immersed in
calcein solution had clearly visible fluo-
rescent growth bands in their shells at
all concentrations and exposures (e.q.
Fig. 4); 2 specimens died after 24 h
immersion in solution at a caleein con-
centration of 0.3 g I'". The fluorescent
bands appeared more distinct  alter
longer immersion and al higher calcein
concentrations.

Higher magnification: The maximum
magnification under the fluorescent opti-
cal microscope was 600x (eyepiece 15%,
abjective lens 40x) and the fluorescent
bands in the shells could be detected
at this magnification {Fig. 3B). In the
back-scattered electron image under
SEM, however, the Sr-enriched bands
were detectable at a magnification of
1200 (Fig. 5A). The boundary be-
tween Sr-enriched  and  non-enriched
areas appeared more distinet than that
between fluorescent and non-fluorescent
areas,

Growlh rale measured wsing SMAM:
Under SEM, the microscopic growth rate
could be estimated in single-digit pm
based on the growth increment between
an Sr-enriched band and the shell edge.
At 19 or 20 d post-immersion, growth
rates of Ruditapes philippinarum ranged
from 13.5 to 116.8 pm d°'; they tended to
decrease with increasing shell length
(Fig. 5.

Discussion. 5l was found to be a
useful growth marker in the short-
necked clam Ruditapes philippinarum.
Alter incorporation into the shell, Sr-
enriched arcas were visible as bright
bands in the back-scattered electron
image (SEM), and were easily distin-
guishable from the non-Sr-enriched
{background) areas (Fig. 2). Energy-
dispersive X-ray spectrometric analysis
of the clam shells showed that the bright
bands were attributable to high 5rCl,
concentrations. The distinct and nar-
row brighl bands incorporated into Lhe
growing margins of the shells at the time
of 5r administration were successfully
detectad.
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The SMM (1) allows detection of microscopic growth
increases, and (2) requires only shorter post-immersion
removal periods. Although the FMM method (Parsons
et al. 1993, Kaehler & McQuaid 1999, Sato-Okoshi &
Okoshi 2002) has similar advantages, it can generally
only measure shell growth increments in tens of micro-
meters at magnifications between 400 and 600x
(magnification of 600 in the present study [Fig. 5];
magnification of 400x for the postlarval giant scallop
Placopecten magellanicus marked with Alizarin red
dye and using compound microscopy in Parsons et al.
1993). Using the SMM, smaller shell growth incre-
ments can be delected with the SEM al a magnification
of at least 1200 (Fig. 5).

Marking methods previously used to estimate bi-
valves growth rates required post-immersion periods
after marker administration ranging from 4 wk to a
few years (Shimizu et al. 1988, Parsons et al. 1893,
Kesler & Downing 1997, Isono et al. 1998, McQuaid
& Lindsay 2000, Sato-Okoshi & Okoshi 2002),
whereas the SMM can estimate growth rate at least
19 to 20 d after post-immersion of the Sr marker
because it is able to detect smaller microscopic-level
shell growth increments.

The growth rates of Ruditapes philippinanur esti-
mated with the SMM were similar to those reported
in other studies, i.e. estimated growth rates of 13.5 to
116.8 ym d! in the present study (Fig. 6) compared
to approximately 10 to 100 pm d' from July to
August (same season as in the present study) using
the FMM (Shimizu et al. 1998). This indicates that
immersion in SrCl; solution did not impede the Fig. 5. Ruditapes philippinarum. Higher magnification of shell
sections. {A)} Back-scattered electron image {SEM; original
magnification 1200x) of shell section marked with Sr; arrow
shows Sr-enriched band; this specimen was treated with SrCl,
concentration of 2.88 g 1I°! for immersion period of 17 h.
{B) Fluorescen ce optical microscopic image {original magnifi-
cation 600> of shell section marked with calcein; arrow shows
calcein-fluorescent band; this specimen was treated with
SrCl concentration of 0.72 g I for immersion period of 24 h

mantle cavity side

/ growth of R. philippinarum even though the experi-
mental clams were immersed in seawater containing
high concentrations of dissolved SrCl; and accumu-
lated high levels of Sr in their shells. All specimens
remained alive during the 17 h immersion period,
but 5 of & died after 24 h immersion. Of 10 control
specimens (non-marked), 2 also died. Whether
immersion in SrCl; or calcein was fatally toxic to &
outside philippinarum could not be determined because the

sample number was too small. The rearing conditions

Fig. 4. Ruditapes philippinarum. Photomicrograph of shell section {in the sea in front of the JAMSTEC pier) may have
after fluorescent marking method {FMM) with calcein. Arrow indi- b itable for R. philinpi T id i
cates bright lime-green bands in calcein-enriched area. Photo- B e Lt

micrograph was teken under fluorescent optical microscope. ous effects, the immersion period should be as short
Caleein conc. = 0.7 g I}, immersion period =24 h as possible and the SrCl; concentration as low as
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Fig. 6. Ruditapes philippinarum. Growth rate estimated by Sr
marking method (SMM}, Afller immersion in SrCly in labora-
tory, the clams were reared in the sea for 19 or 20 din July 2001

possible, The present experiment indicates that when
the SMM is applied to R philippinarum at the same
element concentrations and water temperature as in
the present study, an immersion period of 17 h {or
probably less)y is sufficient. Optimal marking condi-
tions, including the minimum chemical concentration
and Immersion period, will be estimaled in a fulure
study.

Marking methods for growth-rate estimations in bi-
valves should involve long-lasting markers, easy
detection, and simple methodologies. Classic mark-
ing methods using paint, bonded labels, and tagged
labels may damage the marked specimens while
exposing them to air, and such markers occasionally
peel off the shells. The rust-marking method, while
not harmful (Koshikawa et al 1997), requires at
least 14 d to mark shell Microscopy
employs a variety ol [luorescent chemicals Lhal are
not easily distinguishable from the very similar nat-
ural aulofluorescence (Day et al, 1985), and it is also
difficult to detect the boundary belween [luorescent
and non-fluorescent areas, especially at higher mag-
nifications {Fig. 5], The SMM eliminates these prob-
lems; however, 1t involves time-consuming shell
preparation, and therefore is nol suilable for the
analysis of large numbers of samples, Despite this
disadvantage, the SMM is simple and can efficiently
detect microscopic growth increases (Table 2). Con-
sequently, it can be used to estimate growth rates in
small specimens and in slow-growing species such as
deep-sea and polar bivalves. In addition, the method
is useful for detecting growth rates over short experi-
mertal periods: by multiple marking of clam shells
using the SMM, il is possible to estimale daily,
weekly, monthly, tidal and seasonal growth rate vari-
ations in bivalves,

surfaces,
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Table 2, Ruditapes philippinanun. Comparison of advantageous characteristics among 4 marking methodologies for growth rate
estimation of bivalves. Marker detection: ease of distinguishing belween marked and background areas; 4+« very good;
++: fairly good; +: poor

Method Advantages
Marking Delection Delection of microscopic Marker Mlar king Marker Shell
growth increments longevity pertiod defection preparation
Slrantium Scanning elecloron tobb #of 4 b ik
chloride MiCToscopy
Paint labels, Slide caliper e e ek ekt s
tags, notehes
Fluorescent Optical microscopy ++ ++ ++ ++ ++
chemicals
Eust Electron-probe e L + e +
X-ray microanalyzer
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Report on investigation of vent and methane seep ecosystems by the
crewed submersible 'Shinkai 2000' and the ROV 'Dolphin 3K' on the
Hatoma and the Kuroshima Knolls, the Nansei-shoto area

Katsunori FUJIKURA* ' Misumi AOKI*'*  Yoshihiro FUITWARA* ' Shinsuke ICHIBAY ASHI*' ¢
Makiko IMAMURA®**  JTun-ichiro ISHIBASHI***  Ryoichi IWASE®!*  Kenji KATO*'7

Ayako KOSAKA*'®  Hideaki MACHIYAMA®'*  Hiroshi MIYAKE*'*  Jun-ichi MIYAZAKI*#
Chitoshi MIZOTA***  Yusuke MORIMOTO*!'®  Takeshi NAGANUMA®®  Noriko NAKAYAMA*'®
Kazuhiro OKAMOTO"**  Kenji OKOSHI"*'  Waka SATO-OKOSHI"**  Takashi OKUTAN[***
Tomoeko SATOH*®!  Laszlo G. TOTH***  Shimji TSUCHIDA***  Mitsuki WAKAMATSIT*=*

Hiromi WATANABE*?*  Toshiro YAMANAKA*'*  Hiroyuki YAMAMOTO®*

Since 2001, ecological and geochemical investigations were conducted using the submersible 'Shinkai 2000 and the 'Dolphin 3K
at two hydrothermal vent fields (the Hatoma and the Dai-yon Yonaguni Knoells) and a methane seep field (Kuroshima Knell) in the
Nansei-shoto area. The purpose of this investigation was quantitative estimation for deep-sea chemosynthesis-based ecosystems. To
accomplish for this purpose, we have some objectives including,

1) geochemical analysis of water at vent conumumities and vent fluids,

2) physical environmental factor analysis at vent commumities and vent {luids,

3) estimation of energy sources for vent ecosystems,

4) biodiversity of vent communities,

5) estimation of biomass of vent communities,

&) estimation of productivity of vent communities,

7 relationships of biomass and productivity between microbial communities and benthic communities,
8) embryological study of vent benthic species.

Unfortunately, we could not investigated at the Dai-yon Yonaguni Knoll, because water current was too rapid for submersible div-
ing swrvey. In this paper, we present an outline of the investigation.

Keywords : chemosynthesis-based ecosystem, hydrothermal vent, methane seep, Kuroshima Knoll, Hatoma Knoll, benthic species,

geochemical analysis, bacteria
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bsEG R R R, WA oM 2T Rkl e 2y
LA PR UT W AR R L D S P AR
foleRTHERNIBI 22 ANF — WRBEZMUT,
Ly AH R AD R R 20-30kgme B BT R A O
hoTind, RET, bESHERRE XL 280K 15
Ak R FE & S B R - AR O PR (2 1 Kar
et al., 1980; Baross et al., 1984; Naganuma et al., 1989), {b517
R FE b AT L PAO AT RO W AR TR R D &
Z(#17 £ Henry et al., 1992; Hashimoto et al., 1995; Olu et al,
1996; 1997 Sarrazin et al., 1909; Gebruk et al., 20000, Ll
fr s, AL SR ARRICE T IR O£ TN & M
HD BB OB R RE L5 v, HERA T R
GREALEETE R T AEWERRL &) 20 LR

22

RRATHIONTVAIERGHI005 2 BIREHEA, B
WAL E R R 2 87 L B LT R O MR A ) £ 3R
FTAZEG, B EOosBROBESERE T L THEET
H o COLIEWERE, [{EESRERR BT 240E
T o E RIS | B L, 2000, 200240 42T LA 2000
TAFATLATAEEERL 22 20014 iR 5 8
L0 [E i s 2R A e OB A e B L, 2002481
O0VEOEREZ LA, Bon b holzT—4 ¥ S OM
B, T E A AL BT OBE R A8 ik ER
CEWTLAREMR SR T2 T THo 23, #NEIE
R T EGOMM SRR T E T
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[ RBFD T 300 & e B argE]
QLM T DM - BRI IS vl
[ L EYORE SV S S rd (o= L g =a [ E
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@Ay BLUEALOREIILZ - (RN i
TP R )
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@ FEMAEHIN OB AR RIS
@A A RAT T AR AR O A B 2 2]
CINE/
@A VR BT A - A FE R LS e
(i B3 A A ]
@ AN BOBIER - AR FER TS,
WA R AT ROLOANIEA ETHL 2, R
P TIE R AR O A dE A,

2, A

200245 H2102 2200200, BE#ERICBVBTILA
H 2000 | QST A B 10702 3K | Colul 4 2
LA AT 27 (Table 1) MIEHELO WFIZA G4 EF T, il
SERMFORE, o SVRRE, BT 2002485527
HAr 5T HIHZ A T, [ LA w2000 % @M R
COE, B EEEToEOEFMA LKL (Table 2). 5
b s 1 e o 28] (551353 - 13611 H0L) 12, PEMERH 35—
B B AL T L by DB (R R
LA EHN TH/,

3. MiRmEHe Ak
31 ERBROLRLEF —RICEY %R
311 EPARER - AEPHEOMN &R
e T ey A K S B OSSR B S s A 4,
T, WEOMEEE, 503Uk L e RO

AT ol Fie, BN RO A 4 & 8K FE ) X 18 5
AR A, BT FCERLCeL RS
AL, AR, K, MRS, SHOW TN BTl 3
7t 5 G M T R O TR RS ] B D (LS AL s
AL R O L AN F R BRI R AY - @
R T

3141 ARESAFEARES (C LA ORI

A BB EFET AR L T D, fEke
W7 B A v Rl S vk Ciy A
WA R LTS, Rk MBS kL, 19
T JE 7 B 7 0 25 W oo SR R T AR T A RE SR A SR
LA, COBEE G, FIETENTE S BT E AT TEAGR
FARNL, &5 RN s+ 0bor kol
FURTARF ML, BITA2k 055, Szt
FueeRBEoREERNCBECBILEFOEER
FENAD, LTINS A T TSRS OfuRILE
ERpvEThoTwnd, mEAFRKICMAT, =250
A BrE iz 2 o e, HERE b i R o3RI
biTo.

IH ORI, Bm2esf TR L B A s, #
O — § A TSR ST R B R D B o — BURE A b 2k
(Tsunogai et al, 1998) [ZEDl 45, SOz DR
BERREL (IR G S D R fhse sl B2 205
3.1.1.2. HAGEHOES 54

BN AR LS ST o505, RAFD S
55 (pH, alk., NH,, IS, Si0 )20 Clt, #7720 A Ji v
TpH, B EHEECETTLAY B, Ho@iE (e
FoRr A, 1002 12 2T )H, PrEeasTiRELRLT
AT LA, FERAAIC DT, 1P T BT
s s o L o RS ) Nt A Db oo G o ik Wik
3.1.1.3. im ot

IR SR A B SR A L A IR ke
o= R FAUTED, TS K @ L A b il
SE LTz AEMIEL (2380 A A b T 0o A R0 A

#£1 BRERCBTLEARERIL 70 3K DL A
Table 1 Data relevant to 5 dives by ROV "Dolphin-3K" in the Kuroshima Knoll, the Nansci-shoto area

Start point End point
Dive No. [Data
t:;\g Depth 3:]3. Depth
3K #5354 2002521 24-07849N GE6m 24-07.823N 642m
R T 124-12.068'E 124-11.538'E -
D3K #3555 2002521 078N &42m 2407 816N addm
124-11.384'E 124-11.14'E
3K #5356 2002521 24-07945N talm 24-07.795N 642m
124-11.564'E 124-11.538'E
3K #5357 2002522 2407935 G62m 2407804 642m
124-11.802'E 124-11.542'E
3K #3558 2002522 24-07.786N 64Tm 2407812 addim
124-11.600'E 124-11.368'E
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F2 HHEERLFREELCBTAL AD2000] DR AR
Table 2 Data relevant to 12 dives by "Shinkai 2000" in the Hatoma and Kuroshima Knells, the Nansei-shoto area

Dive MNo. [ata Scientist Pilat Co-pilot
Hatoma Knoll _
2K #1352 2002.5.27 Teuchida, 5 Chibs, Kazu
o e n Mitsufuji, K.
2K #1353 2002528 Fujiwara, Y. Ub.h’ i
: Chida, Y.
o Mirsufuji, K.
2K #1354 2002.5.29 Kato, K. s oy
Mizmi, Y.
2K #1358 2002.6.5 Fujikura, K. Ueki, 1
o ’ Chida, Y.
2K #1359 2002.6.6 Yamanaka, T. C}."h?' Kazu
Muzm, Y.
2K #1361 2002.6.9 Fujiwara, Y. C}n'h::, Kazu
k Mizm, Y,
i N i Ueld, H.
2K #1362 2002.6.10 Tath, L. G. Chida, Y,
. Chiba, Kazn
2K #1369 2002.6.28 Yamameoto, H. Chida, Y,
2K #1371 2002.7.1 Ishnbash, J. Ma.‘smom’ K
’ Chida, Y.
Kuroshima Knoll
. Chiba, Kazn
2K #1355 2002.6.1 Fujikura, K. -
Mizui, Y.
2K #1356 200262 Mizota, C Ueki, H.
. - T Chida, Y.
2K #1357 200263 Okoshi, K Mitsufa, K
o o Chiba, Katsu
2K #1360 200267 Nakayama, N Mitsufo, K
= e o Chiba, Katsu
2K H13T0 2002.6.30 Muyazaki, J. Ue.k" .
! Chiba, Katsu

Start point End point

B e o
2747 540°N 2747406'N
126-53 863°E 1320m 126-53.958°E 1467m
24-51470°N 24-51455'N
12350 395°E 1323m 123-50477E 1488m
24-51.47T0°N § 24-51452'N
123-50 395°E 1323m 123-50 479°E 1470m
24.51 495N 2451 530N
123-5037SE 1324m 123-50.389E 1492m
24-5146IN 1522m 24-51448N 1480m
123504051 123-50 4851
24-51 453N 1402 24-51.591N .
12350472 123-50 3881
2451 347N 45 2451 579N siam
123-50478°E 123-50404°E
2451 534'N 2451 581'N
12350427 1309m 123-50427E 1515m
24-51 5T4N o 2451 612N 45t
123-50432°F : 123-50 369°E -
24-07 728N 24-0T 813N
124-1161SE 632m 124-11.755E G48m
24-07.73TN 45m 2407 826N s36m
124-11.577E - 124-11.561F i
24.07.745N _ 2407 805N
124-11.508E fm 124-11.567E 40m
2407 763N _ 2407 814N
124-1 1 4635 o42m 124-11.150E 640m
2407 B1FN édlm 2407 816N £40m
124-11.558'E 124-11375°E

JEE 0 o BCRE A M P ARt i P AT A — SRR E L
CHREPORMT—y&GHll L. CoREHE 7L o8
FEMDS MARKS T A, 7 # RIS EiciT o7z,
312 RO TRILF R

b a AR RO EES LB THhE, EoT, MR
FiH VAL E RO LA R A, 22T
A D5 F F AT 2 S A O 2 3 B BARRY
i A ) A R ) A e e L R R,
HERRY AT #1680 — ARN A5 T BT,
BRNGEE e 23 A oh o AT Rz s R AR ML R A5,
WA AR AT 5.
3.1.3. JuHpEE

LFEEHERROBREARIZBGT, 25 BLUTEA
FOMD AH RO FID R 2 ST n 200, it
WL RERRESEA PO 2R EOR TR
WER R EoEEApRIcRLAEhE, Zolks
LA LT R AT 24T 5. EWEURNE, v{opaE

24

B ME Y, T - SEEFERUE A DELTA plus#
ATl T4 B R MR 348/328 i
SIRA 10T AT ET4E HVWTiTa.

S E DA 2V Shinkaia crosnieriHEAMEIE 21,
AR )T b OO L, FRAT S E T
AV LRI LT AW it b s, T, HoEy
2o B O D 2 R B A A ODNA
Ze gL, BRI B AR A MW AR LT A0S
PSP H,

32 LHEICET AR

3.2.1. JEHeE - S MM O EAL - B L
AT OB R T LT, = AF AR

S EDEUREE, Looh A D) SR L, g vl

A b B IR LA U 2 2L 1T, DNAREYT, MG Eors

FEM A, AR, B Alter3lA X non- filterddiA

ZArihdiffusion chamberbZ AGUT in-sit Ty 2 L W # %
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Fr b HEE TS (Toth et al, 2000) . AEHAE BRI,
ZHAEHFRE A BRE LA o R dolds, voafe
FHT L BB BRE AR T A HE e L AR R,
322 HEMEOMERE RiES

A S A E e A AT 8 o0 3 AR AR e -
HEETHETE L, JEIRS S/ vhvol s it
v —n—(EPREE T A OB EAT I, £
EpEtoAELEE L, FodlicE S e EERE
BHhoRndREBLABTZERLeWbEHETHD,
SRR 2 b DR R o0 T EE RS D T H A JET R
AR LT R R B, ST LTH
HTab, =L, HHELRIFRE LB L v, F
DEAS RN TREL VT LA FRILAEII DT
BAHEATI, DD TIE, BREORE TR VB
BB ORI CEH TH AT Y0 (Yamamoto et
al, 2002), FEFETHIEHATD, BAEMBEOMEIC D
T, EERO LAV —FE#EETARICTIRETER
b EHBLNG,

33 EEEICETIME
334 AANVIADEGFER - EEE - IEICHET T

AFAPRE, T2 =PIk EEEET
YarH T B TERLA, Tz, 30X 30em T
AL lom e A — b i—% BB L, 2offoaid
FHELVHEEBEL, #ERLLLUTHERESHICHL
fzo RO TN, HEE, BEE wBREE RE
sOfl BT HELE,

EHEE STV wT, REHECRELE
P i st TA PR F s —F 0 L BRI R
B (mark-releaserecapture) 2 EHE Lz, oS LA 0 B,
258 OBathymodiolus short-type 2 Bathymodiolus long-
type, B @ ~A b33 A4 o) A Bathymodiolus
platitronsb Uiz, BN ERIL, BB LI Lo EH
o BB APV F AT 0L, £ EEEHE
B, HEPLHTERICEEETE R, 3, ¥
AL e A o BEREC B B B aHEA T B
PHET RO, BRSHTEHEMNEFERE THEEL
HEMEeRET 5,

332 BT AFH AR

) A5 Vestimentiferar SRR £ R E LA 05 E 2
Wi, IHEECERNELBLUEE, EEREELEBE
FTERIERRL L, BRI ) AV R,
WEOHIE T 0Tl T Y, BERRTEREL -,

IR E B G AR T A AT LY dlvinocaris lon-
girostris, TLEAVEN LY, DAfe B i o
BETHRIAZHETD, CRTICIELNTWE L
L, MBI TR oK E BT eEOBERER,
FERTFECITEELD HEL, Foqbe Al s gt
oW EET S,
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4. fEREE
41 EBREOI RN -5
411 HEFHNE S LFME DR L RE
4111, BEEL

LTSRN A RIE EEEI ot ER e
2L, AL L BE 02 B HEATICE b i, SRS
EZEEPe2EB0 L BIIHEIENE ], RER L
= FRERELTWEINC B b RS, FEORETIIR
B S AT A —ZiEE A PEITS T v v g, 0T
BT RSB S E S, AL T I ERE O
BRI E R FAI YA, BEAEEIH40mT
BHofnL kil L T BRERELR bR E L,
IOEEA— A= LT AR O TN TRl HY,

FEHE] HOMEICERLTWLE{ERE AL —hE.
FPhato 1. Accarmilation of CO, hydrate?.

20 T T T T T T T
sE ” —
¥
= i e ]
E "
~ 10 ‘.—~. -
©
(6] L -
S5 1 -
@®  Hatoma (2001)
4=  Hatoma (2002)
0 1 I 1 I 1
0 20 40 60
Mg / mM

El fEEiEL oS EEE MR RS CakEORE. @ 2001E
RN oS ER, + 20RE BN Os
A 487
Fig.1. Relationship between magnesinm (Mg) concentration and
Caleium (Ca) concentration of vent fluid collected from the
the Hatorma Knoll, @ Data in 2001 investigation, +: Data in
present investigation.
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HEOE I (NAFL = ) EE ik (BR) . ¥
2 Sl kAl C B 9 20-30me F- b 2 — At d b, ZEE kR
FENAFL R AR RO P TR ORET
Ejzo AT T EHICIR RIS T Sk & L,
A EH 2T ol b AR T20T CTH o7z,
ROy 3 D AR EE AN AR ED B FE
Fig 112 Lice =& 4 2o a3 ok il o fs =i i T b,
A B R A PO B 0T R A B AR LT
DR RAIL AW SETEEOTHD, I CIRIL S #
Bt =23 2 AR ERF TR VL O THREED B v alE 5
fRonfzokdtbdb, Tl ColF oo,
EHIR LA REEBO T oo b ST AIE R
£, KE i ) i B R DL SRR B R oo i
— DD I FA =Tk ENALO TR A LN RS
LA i iR A SR L AR E o 10004E DLJEIE
EAEERH RO G, FRT A RERLE, RS T

COAN A BB F PR I TwAI R dRE SR
Twd, BAMMILICEA 2 AL TR AL 2o
T, B 220 EE 2 Ao e (2K #1359 W-3, 2K
#1361 W-1,2,3) (Table 3). &7z, T OIEOPHLFEEXAE
Ml Tdyofz. TAHVEE (A, APl A 2 H0E
ALl p s i sid e do e
4112 RERK

HEE—RPEICR ALY, ARE Opavement EEE T
CEGEELTEY, TGO BRIV GRS ENE
DI TR AR FL T AR, T IELEE
E®L LTz, Tl 2ol )4 Calyptogena solidissima
i LYy f eV DRI A F D%
BESFELN . BEEEILE B FERL VR
DAHT, #0Fik EOFIEF6 & 25E B Bem—+ Bem
BT BRI LA HE ORI R T o7,

{EEEERHE B H D #EAIL, Bathymodiolus short-type,

#3 BN EORKEELPEREL O A BAM SRR LA S O B SR, N A ARG, W RERARR.
Table 3 Results of onboard chermieal analysis for water sample from the Hatoma (vent) and the Kuroshima (methane seep) Knolls, N: Niskin water

bottle, W: Water and Hydrothermal -fluid Atsuryvokn Tight Sampler.

Hatoma Knoll
Dive No. Sample Sali. pH Alk. (mM)
2R 1352 N-1 35 T.64% 2.50
N-2 35 T.67 244
N-3 35 T.65 245
2K H1353 N-1 34 575 247
N-2 34 T.51 246
N-3 34 6.74 247
ZR 1354 N-1 32 T.24% 241
N-2 32 8,08 .36
2K #1358 N-1 34 723 2.62
N-2 34 T.14 2.53
W-3 30 537 215
2K #1359 N-1 32 681 2.51
N-2 33 T.06 2.33
W-1 32 68.51 2.37
W-3 2 5.7% -
2K #1361 N-1 32 T.12 232
N-2 32 H.88 248
W-1 21 5.59 240
W-2 21 559 2.44
W-3 xn 3.58 217
2K #1366 W-1 35 737 222
W-2 35 T.36 -
2R H1369 N-1 35 #.38 2.37
N-2 35 729 2.34
W-3 33 5.54 2.67

Kuroshima Knoll
Dive No. Sample Sali. H Alk. (mM)
2K #1355 MN-1 33 T.38 240
N-2 33 T30 235
W-1 32 TAD 228
W-3 32 T34
2K #1356 N-1 32 T34 235
W-l 32 T34 227
W-3i 32 T.26
2K #1357 N-1 33 T40 22
Wa2 3l T37 238
W-3 32 Tha2
W-4 33 T.60
2K #1360 N-1 32 T38 251
N-2 32 T37 239
W-1 31 737 240
Wa2 3l 732 229
2K #1362 M-1 32 627 2.06
M-2 33 623 215
2K #1363 N-1 35 T34 216
M-2 34 T37 209
W-1 34 T34 218
Wi 35 T33 230
2K #1364 W-1 32 7322 247
W-3 32 T35 236
2K #1367 W-1 35 737 224
Wa2 35 T36 220
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Bathymodielus long-type, LB A L) HA g&ERH £,
AR AR M TRER A S AR AR
EDER L, FABBIETEITLAVENE P oL
(Table 3)o i, BEI -HEET TREIL LD
BRLCEC IR RSN E,
4.1.2. BHEERRAT
EHBEROBIEANN LAY VO RERCEEEOE
BB s g, 2hend—2k, BB ICERLE T
AEGEHB O RE  SERMEER LoMEFRT T oL
o, b RABRAO ALY — D i ailiT e
£%, T, BEBITEREEOMED I AT ) H
HhrohEERCR2IFAS BN, REICE I REE
T BRI R tAE, T eIV TR AT
&, EHRIEORE Sy 7TV EBARNICETNE
A ODNASE S A,

42 £EECETIHAE
4.2.1. Fie - TR SEAROMER - Rz - HEE
4241 A AT h T LA MAEMIBE LT T T ADHTE

SffiE T, EEGELN o BEELOEER
BITERE, BEELRZOWMSFLA 2G0T
AILATELO T, INLIT DT E BRSO H R T,
WESB RS XU I F v AR T,

Diffuzion chamber® H - 28 M@ B L T2/ FAZ
Ao B o AT AR B oo B B BT 0 2 0 0 s BRI,
FRLENBELE WA PR BT A B, FEN S
T, S oEB R L TR L LR,

ER IR T AL BEEES oS L, ETRIENS
DERBLTR LB OBRE, LEARAEETHE
EYRAMHEREOHEZLDRLT BV TH 2,

APV LAL ) ET EHEE)

+ Baifymodielus short-type (BB 1% 1)

* Bathymodiolus long-type [ & 1 f1.)

CT R TEI) AT (BB EE)

- F b A7) $Vesicomyidae gen. sp. (BB E L)
AN AV (BERER)

TS b)) B RS DT, 20014 OF
FETHREL- R B THTRERN & ZRELTH
D, B A VBRAME R R EF LT RN TR AT
Z, BREBLICEETELY RO H AR
HI2EHISETHLY, TRETCHONL LTI H
LR R TIALTWIZE, CRE TS TR
FOBE S ) A RS CRBE L EEE
FTRIERD, SOERICE R TE YT ) A D BRI
EiE R EATRLERE TS, BRBERICERTE
AV AVHEOEENEICEILERVEETHLY, 2h
ITATRERIEErHES I AV ERS TR
EE T REEL TR LD, COEBITEETE )
23S AR E S R TR E TR,
RN oW TR T 4, ETENBER 775
FERNT B I i A7) FAE — 2 BT, BRI
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DHECHELTHLPICTEFETHE, Tz, HEHE
DEREFEE TR 2O, Shb0BEo—ig 5743
= —7— (fEEE - 5720 ST IcE S g,

43 EEEICHETANE
431, AA A ZEME
4311. EBER

EmEERIE, YAEGrsE EREOIE IS W
Hisite AL, BEIET L —— 2 LB L EPDH S DIEGA
AL B O AT v B llisite B (site AT #1400m)
D2FA T OEEREYHER S, site BTk, BB
ZFUTTobh LAB A HEITRLL Nz, site ADE
Wi £MBE L, Bathymodiolus short-type?™ 8 55280
LBED, Bathy modiolus long-type V5 Hizdao(BEES)
oAt Bz, Zomvy Al o) B O BRI HARRE

FE2 BEREAS B BITDRaymodiolus shott-typedt
1B ST oERE.
Photo 2. Pathymodiolus short-type dominated cormrmnity associated
with methane seep in the Hatoma Knoll.

o Ak
FE3 BRIERAYVENENT BT S Rahymodiclus long-typet
T aE i E,
Fhoto 3. Fathymodiolus long-type dominated comrmnity associated
with methane seep in the Hatoma Knoll.
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BE4. BRELEAFVEIMIIETEAIY BATEP YRS,
Fhotod. Calyptogenda solidissima associated with methane sesp in
the Hatorma Enoll.

ATEERARELALRL,
(1)site AT)S % Bathymodiolus short-type 778 5 T2FFE

(B {EEf I Mollusca) 15 5 #1724 20 W Bathymodiolus
long-typed F8" [ TIEAE BI0Tsh, IR FETAN 8L
TwadEEbig, 2720 Balymediolus short-typetd, FEFH
YR ETE LT B, Bakymodiolus long-type it BT
B TR o IR R R E R b B s, T[T
DHTDFEFES S, by R CE SR T (BB, £
BEBIVRSBTERSNEZEMELMRTBET2E8N
i, e 8T EAEIT FRME LT EY, FlZEEH0b
obBbhzgtmRE BB THAC Y I
DRFLEDH NIz, L2 AR B S0z
IR cERLTEY, Mo YRR I E 0T
R ERGRE S GEE RS o, TOMITE, YEFIH
Lucinidae gen. sp.DFEEE, & T 272" H Vesicomyidae
gen. sp., 733 V0T A AT BT X Buthyacmaea sp.,
HENAZT) 2 Provanna sp., L2775 $Buccinidae gen.
sp., VIR La B A Cantreina jamsteci, 75205
% 4 Skeneidae gen. sp.2S IR L72, T3, BELFE
HRAENBEICL S AMVE TS 295, COoBREA 0 ERE
BERLIERodwbhiol,

(H B E Crustacea) — R 282/ A7 = Bythograsidae
P AR b, RSN EEE T2y
= ¥Goneplacidaed Bob bz, AR BHE T 0I0 Y
AT, 9 TEAmphipodad LT Esz,

(B EHPolychaeta) Batfymodiolus short-type® ¥ 24070k
AEMR SR IFE LT, E IR L,

(F 2B #Pogonophora) #+A1) &34, {HEIH RAsE
LAl sV F S S T2 iisic i £ 8T, 20
A ORECHBIZER LT v, T, BEIh- d
V) B3SO Lamellibrackia sp 4TS, wiub R E
B ) THE B LImE B2 R s (BHES) . BEOL
ZEHERI A LR,

28

BHS EEREENLBLILATIAY, [hoLE1H378 7
VTR

Fhoto 5. Vestimentiferan tubeworm from the methane sesp area in
the Hatomna Knoll.
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A New Species of Gigantidas (Bivalvia: Mytilidae) from
a Vent Site on the Kaikata Seamount Southwest of
the Ogasawara (Bonin) Islands, Southern Japan

Jun Hashimoto and Takahiro Yamane

Nagasaki University, 1-14 Bunkyo-cho, Nagasaki 852-8521, Japan;
Jjunh@net.nagasaki-u.ac.jp

Abstract: A new species of mytilid mussel, Gigantidas horikoshii n. sp., is described. This
new species was found burrowing in a sandy bottom from which warm water was seeping out,
on the submarine volcano Kaikata Seamount, located southwest of the Ogasawara (Bonin)
Islands in Southern Japan. G. horikeshii n. sp. is characterized by the absence of a well-
developed valvular siphonal membrane, the absence of a continuation of the inner mantle fold
across the anterior adductor muscle and by the attachment point of the anterior retractor on
the valve being situated out of the umbonal cavity in the same manner as in G. gladius, the
only other known species of the genus Gigantidas. The present species is distinguishable from
G. gladius by the large swollen umbonal cavity, the markedly concave ventral margin and
shell proportions such as shell height and shell width relative to shell length.

Keywords: new species, Gigantidus, Kaikata Seamount, hydrothermal vent, burrowing mussels

Introduction

Following the discovery of deep-sea mussels associated with hydrothermalism from the
eastern Pacific (Kenk & Wilson, 1985), twenty species of mytilid bivalves belonging to three
genera (Bathymodiolus Kenk & Wilson, 1985, Tamu Gustafson, Turner, Lutz & Vrijenhoek, 1998
and Gigantidas Cosel & Marshall, 2003) have been described from the vent and seep sites of the
northwestern Pacific, the southwestern Pacific, the southeastern Pacific, and the Atlantic and Indian
Oceans (Cosel et al., 1994; Hashimoto & Okutani, 1994; Cosel & Olu, 1998; Cosel et al., 1999;
Gustafson ef al., 1998; Hashimoto, 2001; Cosel, 2002; Cosel & Marshall, 2003; Okutani et al., 2004).

During a series of biological and geological investigations on the Kaikata Seamount (Fig. 1)
with the Japanese submersible Shinkai 2000, several large-sized burrowing mussels were found
and captured from the sandy bottom where warm water seepage was observed (Hashimoto &
Horikoshi, 1989) (Fig. 2). On subsequent expeditions, more mytilid bivalves were collected at the
same locality by the Shinkai 2000. The specimens were found to be distinguishable from other
known large mussels. A description of the new species is given here.

Materials and Methods

All of the specimens were collected during Shinkai 2000 dives #340, #558, #634 and #691
on the Kaikata Seamount (Fig. 1) using the manipulator of the submersible. Specimens examined
were fixed in 10% buffered formalin on board and transferred to 70% ethanol for preservation.
Shell length, height and width were measured following the method of Kenk & Wilson (1985).
The taxonomic criteria follow Gustafson et al. (1998). They include characters of the shell,
muscles, gill, mantle margin, foot retractor muscles, byssus retractor muscle and digestive tract.
Dissections were performed under a binocular microscope.

-85-



2 J. Hashimoto & T. Yamane

Pﬁcﬂic
Ocean

o Ogasawara (Bonin)
Islands

26%41'N

Fig. 1. Sampling site (black circle) of mytilid bivalves in the present study (Kaikata Seamount).
(Naka er al., 1989).

Abbreviations used in the text. NSMT - National Science Museum Tokyo; JAMSTEC — Japan
Agency for Marine-Earth Science and Technology; UMUT - University Museum, University of
Tokyo.

Taxonomy
Family Mytilidae Rafinesque, 1815

Subfamily Bathymodiolinae Kenk & Wilson, 1985
Genus Gigantidas Cosel & Marshall, 2003
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* b \ - ah
Fig. 2. Habitat of Gigantidas horikoshii n. sp. Living mussels are burrowing with about 60-80% of their
shells submerged and in a vertical or oblique position. Warm water seepage (approximately 18 T) was
found around their habitat. 26° 42.50" N, 141" 04.50" E, 486 m.

Gigantidas horikoshii n. sp.
(Figs. 2-12)

Materials examined: 8 specimens from 26° 42.30"N, 141°04.47" E, 480m deep (Shinkai 2000
#340, May 18, 1988, type locality); 5 specimens from 26°42.50" N, 141°04.50"E, 486m deep
(Shinkai 2000 #558, July 15, 1991); 4 specimens from 26 42.51"N, 141" 04.49"E, 435m deep
(Shinkai 2000 #634, July 23, 1992); 6 specimens from 26" 42.49"N, 141°04.58"E, 762m deep
(Shinkai 2000 #691, July 04, 1993).

Diagnosis: Shells up to 195.6 mm, thick, solid, ventral margin markedly concave in adults.
Umbones subterminal, prosogyrate. Umbonal cavity large and swollen. Periostracum chocolate or
dark brown, but umbonal region light brown. Anterior retractor scar situated in front of umbonal
cavity. Inner mantle folds entirely separate, terminating anteriorly on anterior adductor. No
valvular siphonal membrane.

Description: Shell very large, up to 195.6 mm long, 60 mm high and 57.1 mm broad, thick,
solid, aduliform in adults, inflated, equivalve. Outline somewhat variable. curved dorso-ventrally,
most inflated at about 60% of shell length from anterior end (Figs. 4-5), height/length ratio
0.28-0.36 in adults, 0.38-0.41 in young specimens (less than 63.7 mm). Umbones subterminal,
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Figs. 3-8. Gigantidas horikoshii n. sp. Holotype, NSMT-Mo 73633. 3. Anterior view. 4. Posterior view. 5.
Dorsal view. 6. Ventral view. 7. Lateral view of right valve. 8. Lateral view of left valve. Scale bar = 20
mm.
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prosogyrate, positioned at about 20% of shell length from anterior end in adults, at about 16%
of shell length from anterior end in young specimens. Umbonal region extremely elongated and
prominent in grown specimens, occupying over 30% of whole dorsal margin, always eroded
to ashy whitish pit without periostracum in adult specimens. Blunt rounded ridge running
from umbones to postero-ventral corner. Anterior end narrowly rounded, protruding anteriorly,
dorsal margin and postero-dorsal margin slightly convex, postero-dorsal corner rather angular,
posterior margin broadly rounded, ventral margin nearly straight or slightly concave in young
specimens, while markedly concave in subadults and adults. Shell surface rough with well-
developed, irregular commarginal growth lines, dull white beneath periostracum. Fine radial striae
running from umbones to anterior, ventral and postero-ventral margins, but shell interior smooth.
Periostracum strong and smooth, without periostracal hairs, glossy to somewhat dull, yellow-
brown in juveniles, chocolate or dark brown in sub-adults and adults; umbonal region light brown
in subadults and adults, yellowish to straw-colored in juveniles, mostly covered with yellowish
brown layer of ooze-like substance in subadults and adults (Figs. 4-8). Interior nacreous. In some
specimens whole shell more or less spirally twisted.

Hinge edentulous, anterior hinge margin protruding ventrally. Ligament opisthodetic, strong,
extending about 80-90% of postero-dorsal margin in front of postero-dorsal corner. Ligament
plate slightly convex. Posterior end of ligament abruptly terminated in adults (Figs. 9-10), rather
tapered in young specimens. Sub-ligamental shell ridge distinct from under umbo to about half of
ligament length, then becoming gradually obsolete, visible only from ventral and not from lateral
views.

Muscle scars conspicuously distinct. Anterior adductor scar rather large, arched, situated well
in front of umbones, near antero-dorsal margin, united with anterior retractor scar in adults, but
separated from anterior retractor scar in young specimens (24.8-63.7 mm shell length). Anterior
retractor scar situated in front of umbonal cavity in adults, but closer to umbonal cavity in
juveniles. Posterior adductor scar large, elliptical, united with scar of posterior bundle of posterior
byssus retractor scar. Anterior bundle scar of posterior byssus retractor well separated, situated
high in position, at about 65% of ligament length from anterior end of ligament, united with
posterior pedal retractor scar. Pallial line somewhat indistinct, almost parallel to ventral margin
(Fig. 9).

Ctenidia long and narrow, length more than 75% of shell length, outer demibranch 17 mm
broad in the holotype specimen, outer and inner demibranchs nearly equal to each other in length.
Ascending lamella of the outer demibranch anteriorly fused to mantle for a very short distance,
those of inner demibranch fused to visceral mass. Narrow and somewhat indistinct food groove
present on ventral edge of each demibranch, outer surface of ascending lamellae of inner and
outer demibranchs with grooves just below free edges and parallel to them. No longitudinal ridge
for gill attachment on mantle and visceral mass where the dorsal edges of the ascending lamellae
attach. Connection bars between free edges and gill axes absent. Inner mantle folds separate
along whole length of ventral margin from anterior adductor to posterior margin, terminating
anteriorly over anterior adductor muscle and folding back directly onto adductor muscle but not
continuing transversally over it as a rim to meet mantle fold of opposite side. Valvular siphonal
membrane absent, but inner mantle fold folded ventrally, becoming very strong and strongly
frilled, with deep cleft between right and left inner mantle folds. Foot small, 22 mm (byssus
orifice included) in the holotype specimen (Fig. 12). Anterior retractor rather short, inserting just
above anterior adductor muscle, near antero-dorsal margin, and well in front of umbonal cavity.
Labial palp suspensor slender. Pedal retractor rather slender, arising from anterior side of byssus.
Posterior byssus retractor consisting of two diverging bundles with common base at base of
byssus. Anterior bundle short and rather slender, arising at about 30 degrees to longitudal shell
axis towards attachment point on shell. Anterior bundle normally forming one scar together with
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Figs. 9-11. Gigantidas horikoshii n. sp. 9. Internal view of the right valve illustrating generalized location
of the muscle scars, pallial line and ligament. 10. Lateral view of the musculature system with right valve.
11. Dorsal view of the musculature system. AA — anterior adductor scar, AR — anterior retractor scar, PR
— posterior pedal retractor scar, APR — anterior bundle scar of posterior byssus retractor, PPR — posterior
bundle scar of posterior byssal retractor, PA — posterior adductor scar, PL — Pallial line, LI — ligament, ar
—anterior retractor, pr — pedal retractor, apr — anterior bundle of posterior byssus retractor, ppr — posterior
bundle of posterior byssus retractor, f — foot, by — byssus, lps — labial palp suspensor. Scale bar = 20 mm.

posterior pedal retractor scar, but forming separate scar in some specimens. Posterior bundle very
long and rather strong, passing at low angle to longitudal shell axis towards attachment point
above and just in front of posterior adductor. No bundle between anterior and posterior bundles
of posterior byssus retractor muscle (Figs. 10-11). Bases of inner and outer labial palp pairs
widely separated, inner and outer palp pairs small, narrow-triangular, but outer palp pair smaller
than inner one, length of anterior palps ca. 4 mm and of posterior palps ca. 8 mm in holotype
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Fig. 12. Gigantidas horikoshii n. sp. Ventral view. Anterior end (left side) showing absence of transverse
of inner mantle fold, and ventral, posterior end (right side) showing muscular connection, cleft posteriorly.
Scale bar = 20 mm.

specimen. Gut slightly long and nearly straight, somewhat vertically sigmoid-shaped. Stomach
indistinct.
Measurements (in mm) of selected type specimens:

Type Registration number Shell Length  Shell height Shell width
Holotype NSMT-Mo 73633 177.8 49.1 53.6
Paratype #1 NSMT-Mo 73634 159.4 48.6 46.9
Paratype #2 NSMT-Mo 73635 59.9 233 17.9
Paratype #3 UMUT RM 28898 173.0 6l.6 56.0
Paratype #4 UMUT RM 28899 145.9 48.9 47.9
Paratype #5 UMUT RM 28900 273 11.3 8.1
Paratype #6 JAMSTEC 048315 156.9 514 47.7
Paratype #7 JAMSTEC 048316 63.7 25.1 19.3
Paratype #8 JAMATEC 048319 715 58.7 575

Distribution: Hydrothermal vent sites at the Kaikata Seamount, between depths of 435 m and
762 m, located southwest of the Ogasawara (Bonin) Islands, southern Japan.

Ethymology: This new species is dedicated to the late Dr. Masuoki Horikoshi, former
Professor of the Ocean Research Institute, University of Tokyo, who contributed greatly to deep-
sea biological studies in Japan.

Remarks: Gigantidas horikoshii n. sp. looks superficially similar to Bathymodiolus boomerang
Cosel & Olu, 1999 and B. fangaroa Cosel & Marshall, 2003. However, the present new species,
is closest to G. gladius Cosel & Marshall, 2003, which is the only currently described known
species belonging to the genus Gigantidas, and is characterized by the absence of a well-
developed valvular siphonal membrane at the posterior end, the absence of a continuation of the
inner mantle fold across the anterior adductor from one valve to the other, and by the attachment
point of the anterior retractor on the valve being situated in front of and not within the umbonal
cavity. G. horikoshii n. sp. is distinguished from G. gladius in having a large swollen umbonal
region, markedly concave ventral margin, and different shell proportions such as shell height
and width relative to shell length. The mean height/length and width/length ratios of the present
new species are 0.28-0.41 and 0.25-0.34, respectively. G. horikoshii n. sp. is shorter than G.
gladius (height/length ratio = 0.16-0.22) and the inflation of the shell in G. horikoshii n. sp. is
larger than that of G. gladius (width/length ratio = 0.15-0.19; Cosel & Marshall, 2003) (Fig.

-91-



8 J. Hashimoto & T. Yamane
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Fig. 13. SL-SH and SL-SW relationship between Gigantidas horikoshii n. sp. and G. gladius (Cosel &
Marshall, 2003).

13). The umbones of G. horikoshii n. sp. are situated at about 20% from the anterior end in
adult specimens, in G. gladius at about 25%. The postero-dorsal corner is rather angular in G.
horikoshii n. sp., but broadly rounded or not defined in G. gladius. The posterior end of the
ligament in this new species is abrupt, whereas in G. gladius, it is tapering. The interior of
the thick-shelled G. horikoshii n. sp. is smooth, whereas in the thin-shelled G. gladius radial
striae that run from the umbones to the anterior, ventral and postero-ventral margins are weakly
reflected on the interior, mostly ventrally. The anterior bundle of the posterior byssus retractor
in G. horikoshii n. sp. is more slender than that in G. gladius. In G. horikoshii n. sp., there is
no additional bundle between anterior and posterior bundle of the posterior byssus retractor,
whereas two additional bundles are present in G. gladius. The labial palps of this new species
are relatively larger (anterior palps about 4 mm long and posterior pair about 8 mm long in the
holotype specimen) than those of G. gladius (anterior palps 2-5 mm long and posterior pair about
8 mm long in a 270 mm specimen). Symbiotic bacteria were observed also in the new species
(Hashimoto & Horikoshi, 1989)
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Expedition Reveals Changes in
Lau Basin Hydrothermal System

PAGES 13,17

TheWValu Fa Ridge (VFR) in the southern Lau
Basin—located behind the westward-dipping
Tonga-Kermadec subduction zone—was one
of the earliest targets to be explored for hydro-
thermal activity in the southwestern Pacific
Ocean (Figure 1).In 1989 the French-GCerman
dive program NAUTILAU (Metile-Lau) dis-
covered active hydrothermal fields venting
high-ternperature fluids with high acidity ac-
companied by massive ore deposits in this area
[Fouguet of af, 1993].

In September-Cctober 2004, the SWEEP
VENTS (SouthWestern Edge of Pacific
hydrothermal vents) expedition explored and
sampled the hydrothermal systems of tha VFR
using the deep submergence research vehicle
(DSRY) Shinked 6500, The 2004 Shinkat dives
focused on the geobiological and geochemi-
cal character of the deep-sea hydrothermal
vent ecosystems of the Valu Fa Ridge and
shed new light on these hydrothermal fields
15 years after their discoveryThese 2004 dives
were the first to revisit this area, and have
been followed by further dive programs and
continued research.

Fifteen years ago, vigorous hydrothermal ac-
tivity with fluid temperatures exceeding 340°C
was discovered at theVai Lili field (22°13.0' 5,
17636 5'W depth = 1720 meters] on the north-
ern section of the central VFR (Figure 13.But
the 2004 SWEEP VENTS expedition found only
wealt shimmering water with a temperature of
88%C discharging from the foct of an oxidized
chimney (Figure 2a) as well as diffuse flows
associated with yellow patches of iron-oxides
(Figure 2b)). The lower fluid temperature dem-
onstrates that the activity has declined signifi-
cantly during the intervening time.

In contrast to the dying Vai Lili field, about
four kilometers north SWEEP VENTS located
ancther hydrothermal field, Mariner field
(22°10.8'3,176°35.1"W depth = 1910 meters),
with numerous smalkers (Figures 2c and 2d)
venting hightemperature fluids (7= 385%C)
with low pH (2.4-2.8 at oom temperature
measurement). The contrast between these

By J.lsmeasHl J E. LUpPToN, TY AMAGUCHI,
J QUERELLOU, T, NUNOURA, AND K. TAKAL

two hydrothermal fields may be an indication
of the instability of hydrothermal activity in
back-arc settings, where magma is located at
shallow depths and its significant influence
would be expected

Fvolation of Hydrothermal Activity
in the Back-Are Spreading Center

TheVFR is the shallowest portion of the
Eastern Lau Spreading Center (EL3C) at its

southern end. Petrologic studies have revealed
felsic voleanic activity ranging from basalt
entiched in lithophile elernents to andesite,
both of which have abundant vesicles dueto
the high gas content of the magma.During
the 1989 NAUTILAU expedition, three active
hydrothermal fields were discovered along
the VFR: Hine Hina in the south,Vai Lili in the
central VFR,and the White Church fields in the
north [Fuguef of al, 1953].

Submarine hydrothermal systems develop
where seawater that has penetrated into the
crust is heated by magma to ascend along
fault lines.The fluid circulation transports
tothe seafloor not only heat but also sub-
stances used by microbes in the hydrother-
mal environment. As discussed by Kelfey ef
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al [2002], magmatic events can drastically
increase the content of volatile species de-
gassed from magma and incorporated into
the hydrothermal fluids, thus forcing a shift
in the associated microbial ecosystem. Hy-
drothermal fields in the central VFR, where
the presence of a crustal magma body at
shallow depths has been demonstrated
by seismic tomographic study [Day ef af,
2001], can provide an excellent place to test
the influence of magmatic volatiles on the
evolution over time of the geochemical and
geabiological character of hydrothermal
activity. The influence of the significant con-
tribution of magmatic volatiles on the active
hydrothermal systems on the VFR has been
previously explained in terms of strong acid-
ity and sulfur isotopic composition [Fougquet
ef al, 1993, Herzig ef al, 1988].

During the SWEEP VENTS dive prograrmn,
which was operated by the Japan Agency
for Marine-Earth Science and Technology
(JAMSTEC) and also designated astheYK04-
09 Nirai Kanai cruise of the research vessel
Yokosuta, 18 dives were conducted on the
VFR with the submersible DSRV Shinkai 6500.
Samples of hydrathermal fluids were col-
lected using the gas-tight WHATS (Water and
Hydrothermal-fluid Atsuryoku Tight Sampler)
fluid sampler and processed on board for gas
extraction, as well as for geochemical and mi-
crobiological analyses.

Dwing Hydrothermal Activity
inn the Vi Lifi Field

TheVai Lili field lies on the upper westem
flank of the ridge axis on the shallow northern
section of the central VFR. When discovered in
1989, this field was reported to have vigorous
fluid ventings with abundant black and white
suspended materials [Fugquef of o, 1993] In
addition to the numerous smokers with fluid
temperatures up to 342°C, extensive diffuse
discharge was observed forming a continuous
halo of iron and manganese oxides distributed
about 400 meters along north-south trending
normal faults.

During the 2004 SWEEP VENTS expedition,
it was evident that the hydrothermal activity at
the Vai Lili field had declined significantly dur
ing the intervening 15 years. Diffuse flows (T=
35-50"C and pH =6 5), often accompanied by
orangs-yellow patches of iron oxides (Fgure
2b), were still present throughout the area.
The highest fluid temperature was only 88°C,
found as a weak shimmering flow issuing from
the base of an oxidized chimney in the center
of theWai Lili field (Figure 2a).

In spite of the lower fluid temperature, the
hydrothermal reservoir appears to still ex-
ist based on fluid chemistry. The collected
samples show a linear relationship among
the concentrations of chemical species such
as chloride, potassium, and total gas versus
that of magnesium (Figures 3a-3c), suggesting
that both the shimmering fluid and the dif-
fuse flow can be explained adequately as
a simple mixture of the hydrothermal fluid
endmermnber and seawater.On the other hand,
in the relationship between calcium and mag-

Fig. 2. Phofos obimined with Shinkal 8500 showing hydrothermal activity on fhe Virle Fr Ridge,
{or) An excidized chimney discharging 88°C fluid in the Vo Lili field (k) Diffizse flow (T=40°C)
in the Vi Lili field (¢ Vigorous venting from a blach smoker (T= 365°C) in the Mariner feld
(d) Deployment of the ISCS in the venf orifice in the Maviner fiold

nesium concentrations (Figure 3d), the weak
shimmering fluid (T =88°C) samples (open
squares) and the diffuse flow samples (solid
squares) show different trends Taken together
with a similar trend found in strontium and
sulfate concentrations, these discrepancies
are evidence for subseafloor precipitation of
anhydrite (CaS0,) caused by mixing of the hy-
drothermal fluid with entrained seawaterThe
low concentrations of iron (70 micromoles
per liter (pmol/l}; Figure 3e) and hydrogen
sulfide (30 pmol/l; Figure 3f) are consistent
with precipitation of sulfide minerals as well
as anhydrite.

The depletion of hydrogen sulfide in the
Wai Lili hydrothermal fluid should have
considerable impact on the microbial and
macrofaunal communities. The typical mi-
crobial components dominating active hy-
drothermal fields (such as members of Ther-
mococcales, Methanococ cales, Agutficales,
and eProfeobacterio) were not detected by
culture-dependent analysis from the samples
collected at Vai Lili during the 2004 SWEEP
VENTS expedition. However, ribosomal RNA
gene sequences of Thermococeies (a hyper
thermophilic archaea, which grows above
80° ) were recovered by culture-indepen-
dent molecular analysis from the samples ab-
tained by in situ colonization devices (I3CS)
deployed in the diffuse flow. In addition,the
archaeal and bacterial ribosomal RNA phy-
lotypes,which had been found specifically
in dead chimneys, were also detected inthe
[SCS samples. Thus,the microbial communi-
ties in the diffuse flows at Vai Lili field may
contain components representing both active
and dead hydrothermal systems.
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Newly Discovered Hydrothermal Activity
in the Mariner Field

The Mariner field is located about four ki-
lometers north of the Vai Lili field, where the
northern end of the central VFR averlaps the
northernVFR. During the 2004 Shinkai dives,
vigorous fluid venting of black and white
smmokers was found here, together with clear
diffuse fluids discharging from the base of
chimneys.This activity was clustered within
a hydrothermal field less than 100 meters in
diameter (Figures 2¢c and 2d).The highest tem-
perature of 365°C was confirmed at a black
smoker in the center of the active field.

As evident in the magnesium diagrams (Fig-
ure 3),two distinct hydrothermal end-mem-
bers are present: a vaporrich fluid {downward
pointing triangle) and a brine-rich fluid {up-
ward pointing triangle) This is clear evidence
for phase separation into a vaporand a liquid
(brine), possibly reflecting high temperature
in the vicinity of the magma The strong acid-
ity with pH as low as 2.4 (room temperature
measurement) together with negative alka-
linity (lower than 2 millimoles per liter) are
commonly found in brinerich and vaporrich
fluids, which suggests involvernent of a strong
acid, probably caused by the injection of
magmatic volatiles into the hydrothermal
fluid. These geochemical characteristics are
similar to those observed at theVai Lili field
15 years ago [fouguet ef of, 1993], suggesting
that both theVai Lili and Mariner fields have
been influenced by significant contributions
of magmatic volatiles.

Since the Mariner field is presently active,
microbiclogical analyses of the collectad



samples provided a measure of the physi
ological and phylogenetic diversity of the
microbial communities. [t was notable that
methane-producing archaea were absent and
the axygen-tolerant hyperthermaphilic Aguifex
species were dominant in the chimney struc
tures and even in the samples collected by the
ISCS deploved in a 365°C black smoker These
signatures may represent a relatively oxidative
and shallow zone of subseafloor bicsphere
and be in accordance with the idea that the
hydrothermal activity is relatively recent.

Other Sites, Watercolumn Sureys,
and Futire Work

Dhuring the SWEEFVENTS expedition, one
dive was devoled to revisiting the Hine Hina
field {22°32.3°5, 176™13.1'W depth = 1850
meters) This dive confirmed that prosperous
macrofaunal communities found in 15989 were
still present in 2004 Throughout the expedi-
tion, the faunal communities associaled with
hydrothermal activity on the VFR were found
to have much lower abundance but similar di-
versity in species compaosition {shrimps, crabs,
mussels, galatheids, limpets, polychaetes, and
gastropods) compared with that reported 15
veats ago [Fouquet et al, 1993, Desbruyeres et
afl, 1504].

‘The ELSC has been selectled as one of the
Integrated Studies Sites (155} of the RIDGE
2000 Program. As part of this Lau Basin 155
work, several systematic water column plume
surveys were conducted along the ELSC that
either were coincident with the SWEEPVENTS
expedition or preceded it These water column
surveys predicled that the activity in the Vai
Lili field was dying, and also clearly identi
fied the new robust activity al the Mariner site.
‘Thus, these plume surveys contributed to the
succeess of our Shinkai dive program reported
here.

In addition to the hydrothermal sites along
the Valu Fa Ridge, these plume surveys also
identified many additional hydrothermal
sources within the Lau Basin. Following the
plume surveys, several dive programs have
been conducted under the RIDGE 2000 pro
gram framework, and research into the find
ings is still ongoing. Because the Lau Basin
spreading center displays large changes in
crustal thickness, it can provide an excel-
lent field to test the influence of magmatic
volatiles on the evolution of hydrothermal
activity Those engoing and future investiga-
tions using either manned or unmanned sub
mersibles should provide valuable insights
inte the tempaoral and spatial variations of
hydrothermal systems.
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Abstract

Sediments obtained from three active seafloor hydrothermal areas in the western Pacific Ocean were measured for
the abundances and distributions of total fatty acids (TFAs). Approximately 50 fatty acids were identified, with the
chain-length ranging from Cy to Cy. The total concentrations of TFAs (3_TFA) show a wide range from 13.2 to 184
pg/g dry sediment. The values of Y TFA, over 100 pg/g dry sediment, are significantly higher than those reported for
non-hydrothermal seafloor sediments. Furthermore, the observed compositions of TFAs are rich in bacterial bio-
markers especially monounsaturated fatty acids, which is common to sediments and symbiotic animal tissues from
other sites associated with hydrothermal activities. High ratios of > TFA to total organic carbon content (TOC) rela-
tive to the non-hydrothermal seafloor sediment may also reflect a large contribution of organic matter produced at the
vents. Due to the limited sample availability from these environments, the TFA compositions were not enough to
evaluate relatedness between the vent sediment and vent animal community, while the wide diversity of TFAs suggests
a large variation in source organisms in these hydrothermal environments. This study confirms the high contribution of
bacteria and other vent organisms to organic matter in the sediments.
© 2004 Elsevier Ltd. All rights reserved.

1. Introduction organisms. The myriad structures of fatty acids

biosynthesized by organisms, i.c. “biomarkers” (e.g.,

Chemosynthetic-based dense animal communities
have been frequently observed around active hydro-
thermal vents on the deep seafloor. These animals are
believed to feed on bactenal primary production. The
dense vent animal and bacterial communities can be a
dominant source of sedimentary organic matter around
the vents. Some of the organic compounds deposited
around the vents could be used as biomarkers to
understand hydrothermal vent ecology and physiology.
Fatty acids are the major constituents of lipids in living

* Corresponding author. Tel.: +81-92-726-4640; fax: +81-
92-726-4843.
E-mail address: tyama@rc.kyushu-u.ac.jp (T. Yamanaka).

Bobbie and White, 1980; van Vleet and Quinn, 1979),
make them useful tracers of their sources and alteration
in particulate matter and sediments (Lee and Wakeham,
1988; Wakeham and Lee, 1993).

Analysis of fatty acid biomarkers in deep-sea hydro-
thermal environments has been carried out to compare
endosymbiotic bacteria and their host species (Conway
and Capuzzo, 1991; Ben-Mlih et al., 1992; Fullarton et
al., 1995a, b: Pranal et al., 1997). In general, the com-
position of fatty acids in common marine invertcbrates
is characterized by the predominance of two poly-
unsaturated fatty acids: 20:5n-3 and 22:6n-3 (Farrington
et al., 1973; Sargent, 1976; Joseph, 1982). This pattern
reflects the fact that these organisms utilize organic
material produced by phytoplankton, the primary

0146-6380/$ - see front matter © 2004 Elsevier Ltd. All rights reserved.

doi:10.1016/j.orggeochem.2004.01.002
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producers living in the photic zone {e.g., Sargent, 1976).
In contrast, the invertebrates at deep-sea hydrothermal
vents contain very small amounts of, or lack, these
polyunsaturated fatty acids. They are rich in mono-
unsaturated fatty acids such as 16:1n-7 and 18:1n-7
which are mainly bacterial in origin (Conway and
Capuzzo, 1991; Ben-Mlih et al., 1992; Fullarton et al.,
1995a, b; Pranal et al., 1997). These monounsaturated
fatty acids are considered major components of sulfur-
oxidizing and methylotrophic bacteria isolated from
marine bivalves (Fullarton et al., 1995a). They have
been demonstrated to be the major primary producers
doing chemosynthesis in hydrothermal environments
(Jannasch, 1983).

Here, we collected deep-sea sediments from three
active hydrothermal areas in the western Pacific Ocean,
and determined the compositions of total fatty acids
{TFAs) in the saponification products of total lipid
extracts. The three hydrothermal arcas have different
tectonic settings (back-arc rift vs. island-arc), sedimen-
tary environments (sediment poor vs rich), and animal
compositions. The results have been used to identify and
evaluate the contribution of organic matter of bacterial
and other origins to the samples.

2. Materials and methods

Samples of hydrothermal wvent sediments were
collectad from three active hydrothermal areas in the
western Pacific, DESMOS caldera of Manus Basin,
Myoijin knoll caldera of Izu-Ogasawara Island-Arc, and
Theya Ridge of Okinawa Trough, during dive studies of
the manned submersible Shinkai 2000 (Fig. 1). Details
of the samples are shown in Table 1. The DESMOS
caldera is located close to a back-arc spreading zone in
the Manus Basin (Auzende et al., 1996). The samples
D916 and D921 were obtained from the ‘Onsen’ hydro-
thermal site in the caldera during the BIOACCESS
cruise in 1996 (Ohta et al., 1997). At this site, several
low-temperature (90~110 *C) white smokers character-
ized by low-pH and high-sulfide and sulfate fluid venting
were observed (Ishibashi et al_, 1997). Bottom sediments
at the venting site are composed mainly of volcaniclas-
tics with thin muddy sediment. Vestimentiferan tube-
worms and giant clams of the genus Calyprogena were
major invertebrates inhabiting the hydrothermal area
(Ohta et al, 1997). The Myajin knoll caldera is one of
the active volcanos of the Izu-Ogasawara volcanic front.
Samples D1008 and D101l were obtained from the
‘Sunrise’ hydrothermal site in 1998. This site was dis-
covered in 1997 and contains a huge sulfide mouad (the
Sunrise deposit) rich in gold and silver (lizasa et al., 1998).
At this site many high-temperature black-smoker vents
(up to 300 °C) have been identified. Bythograeid and
galatheid crabs and the deep-sea mussel Barhymodiolus

4o
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Fig. 1. Map showing sampling sites with plate boundaries and
identified active hydrothermal venting (filled circles) in the
western Pacific Ocean (Ishibashi and Urabe, 1995).

were major constituents of this community (Tizasa et al.,
1998). The Okinawa trough is a back-arc basin and the
Iheya Ridge is considered oune of the spreading axes in
the central Okinawa trough. Samples D857R and
DE57B were obtained from the hydrothermal site at
North Knoll of the Theya Ridge in 1996, and sample
D1030 was obtained from the same hydrothermal site in
1998. This hydrothermal site was discovered in 1995 and
described by Chiba et al. {1996). At this site several
large-scale chimueys venting high-temperature fluid
{up to 300 °C) have been identified. The giant clam
Calyptogena, the deep-sea mussel Bathymodiolus, and
vestimentiferan tubeworms were observed as major
species of the commumity (Yamamoto et al., 1999).
The Okinawa Trough is covered with thick turbidite
derived from the continental shelf of the East China
Sea and Yellow Sea (Tsugaru et al., 1991), while the
DESMOS caldera and Myojin knoll caldera are not.
Although the sediment sampling was aimed at dense
invertebrate colonies and/or thick bacterial mats around
the hydrothermal vents, it was difficult to settle Shinkai
2000 right above the objects. Some samples were col-
lected a few to 20 m from the dense animal colonies. In
addition, the sample DESTR was collected about 100 m
from the hydrothermal area as a reference. The sedi-
ment samples were collected with a push core sampler
(diameter =5 cm, length = 30 cm). Samples were frozen
immediately in plastic bags, and lyophilized on return to
the laboratory. For measurement of total organic car-
bon contents (TOC), IN HCl was added to about 0.5 g
of the lyvophilized samples to remove carbonate and then
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Table 1

Sampling sites and other descriptions of the hydrothermal vent sediments

Description

Depth (m) Sediment type®

Longitude

Latitude

Sample Data

Lacation

Interor of a scattered Calvprogena colony and

white bactenal mat.

Sandy mud + pumice

+ sulfur

1911

151°52.064'E

)

41.54

30

18-Nov-96

D#16

DESMOS caldera,
Manus Basin,

Interior of thick white and yellow bacterial mat

area and near a tube-worm dense colony

3415828 151°51.996'E 1905 Coarse sand + pumice

24-Nov-96

D921

Papua New Guinea

+ scona + volcanic glass

fragment + sulfur

Foot of an active chimney with no significant

biological community except a small and thin

bacterial mat

Sandy mud + sulfur

1338

139°52.083'E

06.294N

32°

6-May-98

D1008

Myojin knoll caldera,
Izu-Ogasawara Arc

Mo significant biological community except

a bacternial mat and several invertebrates

Sandy mud + sulfide mineral

139°52.029°E 1302

06.238'N

2

10-May-98 3

D1011

About 100 m apart from an active hydrothermal

vent

Sandy mud

126°52.203E 1035

47.178'N

70

ge, DS5TR 29-April-96 2

North Knoll of Theva Rid,

Okinawa Trough

Interdor of a crowded Calyptogena colony

color patch

1049 Sandy mud with white
Mud

126°52 149°E

A7 180N

70

D857B  29-April-96 2

About 20 m apart from a dead Calyprogena colony

IVE 081

126°53.8

176N

77047

9-Tul-98

D1030

* Sulfur =small fragments of massive sulfur; sulfide mierals = automorphic sulfide minerals from hydrothermal mineralization.
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dried under vacuo. TOC (wt.%) was measured by the
dry combustion method nsing an elemental analyzer
{NA2500, CE Instrument, Italy).

Total lipids were extracted from the sediment samples
three times with sonification using benzene: methanol
(3:1 v/v). The extract was subjected to mild alkaline
hydrolysis using 6 ml methanolic 0.2N KOH plus 1 ml
distilled water and gentle heating {50 °C, 1 h) using the
procedures in Harvey (1994). Samples were cooled,
additional water was added, and the neutral fraction
containing hydrocarbons, alcohols and sterols was
removed by partitioning into hexane: diethyl ether (9:1).
The remaining agueous solution was acidified to pH
=2, from which all fatty acids were extracted with the
same solvent mixture. The eatire polar fraction was
treated with BF3-MeOH to form fatty acid methyl esters
(FAMEs). In order to evaluate the recovery of fatty
acids through the whole procedure, the original sedi-
ment samples were divided into two portions, and
internal standards (10-undecylenic acid and linolenic
acid) were added to one of the two prior to sonic
extraction with benzene: methanol. Because the
amounts of sample DESTR and DESTBE were small, this
evaluation was not made for these samples. Elemental
sulfur in the extract was removed through an activated
copper column using the procedures in Blumer (1975).

FAMEs were analvzed by GC/MS (Shimadzu model
QP-5000) using a fused silica capillary column of GL
Science Inc. Neutrabond-1 (30 m=0.25 mm i.d., film
thickness 0.25 pm). The oven temperature was first held
at 60 *C for 5 min., raised to 280 *C at 4 *C/min., and
held at that temperature for 80 min. Identification of
individual FAMEs was based on comparison of their
retention times and mass spectra with those of authentic
standards.

3. Results and discossion
3.1, Total concentrations of TFAs and organic carbon

Total concentrations of TFAs (3 TFA) and organic
carbon (TOC) contents are shown in Table 2. The
values of 3 TFA of samples D8S7R and DB57B were
not determined because the internal standards were not
added. Those of the other samples range from 13.2 to
184 pg/a dry sediment (Table 2). High values were
observed for the samples from the DESMOS caldera in
the equatorial region. Many reports of 3 TFA values in
marine sediments have been published and the values
often depend on geographic region (e.g. Harvey, 1994;
Wakeham et al., 1997). The latitudinal distribution of
5 TFA values of the surface sediments obtained from
the Central Pacific along 175°E from 48°N to 15°S8
ranges from 1.82 to 23.8 pg/g dry sediment (Ohkouchi,
1995). The highest value was observed at 48°N and the
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Table 2
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Analytical results of total fatty acids and organic carbon in the hydrothermal vent sediments

DESMOS Caldera

Myojin Caldera Theya Ridge

D916 D921 D1008 D1011 D857R D857B D1030
Total fatty acids
Saturated (%) 35.0 49.9 54.1 56.8 71.7 66.8 80.4
Monounsaturated (%) 432 34.1 27.1 242 13.6 28.7 7.5
Branched (%) 15.4 13.2 13.6 18.3 7.2 3.7 11.4
PUFA (%) 53 43 1.3 0.8 1.4 0.7 0.4
Total concentration (mg/g dry sediment) 131 184 13.2 422 15.7
18:1n-7/318:n* (.40 0.22 0.11 0.24 0.06 0.19 .06
16:In-7/16:0 1.40 0.50 0.57 0.31 0.13 0.41 .04
L/H [}(<Ca0)/ 3= Call” 31 37 16.0 37 25 7.6 1.7
Qrganic carbon
Total concentration (10~ %g/g dry sediment) 0.14 0.13 1.30 0.59 2.46 1.06
>"TFA/TOC (mg/g) 94 142 1.0 7.2 - - 1.5

* A possible indicator of the contribution of bacterial input (see text).
P An indicator of the significance of terrigenous input (Fukushima and Ishiwatari, 1984).

average was 7.93 pg/g dry sediment. The geographical
distribution of 3 TFA of those sediments show two
maxima, one at high latitudes (=10 pg/g dry weight:
48°MN-35"N) and the other around the equator (ca. 10
pg/g dry weight: 5°N-12°8), indicating a high accumu-
lation of organic matter in high-latitude and equatorial
regions. Although the high wvalues of the DESMOS
sediments would reflect this kind of high accumulation.
the values of 3 TFA are higher than those reported
from the central equatorial regions at 140°W (1.2-32.2
pg/g dry sediment; Wakeham et al., 1997). From coastal
areas of Japan, values of > TFA of 28.4 ng/g dry sedi-
ment or lower were reported (Naganuma et al., 1996),
which were several orders of magnitude lower than
those of the vent sediments. The vent sediments consist
of hydrothermal precipitation and minerals with pelagic
clay, therefore, the production rate of TFA contributing
to the vent sediments in this study may be at least sev-
eral times higher than those of non-vent sediments. It is
likely that the vent sediments have organic sources other
than those for the non-vent marine sediments. From the
hydrothermal vent at Juan de Fuca Ridge distinctly high
concentrations of phospholipid fatty acid (PLFA) in
muddy sediment of 247 pg/g dry sediment were reported
by Hedrick et al. (1992), while 3" TFA in the vent sedi-
ment at 13°N EPR reported by Brault et al. (1984) was
only 1.14 pg/g dry sediment. The wide range of } TFA
values in the vent sediments may be due to the balance
between the rates of production of vent community and
of sedimentation of hydrothermal minerals and debris.
Y TFA is plotted against TOC in Fig. 2. The values
of 3 TFA of the vent sediments are inversely related
with the values of TOC in the range of 0.13-1.30% TOC
(Fig. 2). Usually, TOC and 3 TFA of surface marine

sediments show a weak positive correlation (e.g.
Wakeham et al., 1997). The observed range of TOC is
comparable with that of non-vent marine sediments in
the Pacific ranging from 0.12 to 1.97 pg/g (Wakeham et
al., 1997: Ohkouchi et al., 1997). The present values of
3"TFA are noticeably higher than those in non-vent
marine sediments.

The variation between 3 TFA and TOC in Fig. 2
could be given by assuming a relationship between the
rates of production at the vents and of sedimentation
through the water column. The low value of TOC of the
vent sediments could be because a major part of the mate-
rial consists of wvolcaniclastic deposits and precipitates
lacking in organic matter. It scems more difficult to
explain why a wide variety in the ratios of 3 TFA/TOC

200
o D921
5 150
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Fig. 2. Relationship between the total concentrations of TFA
(¥ TFA) and organic carbon (TOC).
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exists between the sediments. In the case of the sample
D1030, which was collected from near a dead giant clam
colony, 3" TFA of the sample was low. The low 3" TFA
may be due to degradation of fatty acids in the sediment
after extinction of the clam colony. However, the high
TOC with low > TFA cannot be interpreted ouly in
terms of degradation of fatty acids becanse the Okinawa
trongh is covered by thick sediment containing terrige-
nous organic matter {(Tsugaru et al., 1991). According to
the data of Wakeham et al. (1997), the ratios of 3 "TFA/
TOC of non-vent surface sediments {mean 5.2 mg/g dry
sediment) were far lower than those of net plankton in
euphotic zone {mean 176 mg/g dry sediment) in the
equatorial Pacific Ocean. This difference has been
ascribed to selective consumption of fatty acids through
biogeochemical degradation in the marine water col-
ums. This effect must have lowered significantly the
S TFA/TOC ratio of the non-vent marine sediment
relative to planktonic biomass. In contrast, the effect
would be minimal for the vent sediments, because a
major fraction of the organic matter was derived from in
sifu chemoautotrophic bacteria and symbiotic inverte-
brates, both living near seafloor vents. This possibility is
supported by the following points: (1) the highest ratio
of 3_TFA/TOC of the vent sediments (142 mg/g dry
sediment of D921, DESMOS Caldera) falls in the range
ol those of net plankton {112-232 mg/g dry sediment)
calenlated from the data of Wakeham et al. {1997), and
{2) the concentration of TFAs in the particulate matter
from the hvdrothermal vent fluid was an order of mag-
nitude higher than that of the non-vent bottom water
{Brault et al., 1984). Consequently, it can be predicted
that the low TOC values and high > TFA/TOC ratios
are characterized by a high production in the vent
environment and a minor contribution of terrigencus
matter and production in the photic zone. The following
discussion, based on the compositions of TFAs,
supports this view.

3.2, Individual TFA compositions and comparison with
previous data frem hydrothermal envirenments

The compositions of TFAs are shown in Table 3.
Although approximately 50 FAs were identified at all sites,
palmitic acid (16:0) is the most abundant FA in all
sediments (10.9-36.4% of TFA), except for sample
D916. Other major acids are stearic acid (18:0) and
MUFAs with even-carbon numbers (especially, 16:1n-7
and 18:1n-7). PUFAs are very low in concentration and
the algal-derived PUFAs (20:5n-3 and 22:6n-3) are
absent. Land-plant derived long-chain FAs { =22) were
detected in all the samples. The large diversity of FAs
except the long-chain FAs in the sediments may reflect
high diversity of source organisms or contribution from
specific animals in this hydrothermal environment. The
following is a review of previous reports of the fatty acid

compositions in sediments, chimney, and animal tissues
associated with the deep-sea hydrothermal activities.

Brault et al. {1984) reported the TFA composition of
the vent sediment obtained from 13*N EPR, which was
abundant in bacterial 18:1 and 16:1 MUFAs {account-
ing for 20% of TFA) and ise and anieiso Cys and Cy5
branched FAs (over 8%). The sediment was collected at
the bottom of an inactive chimney; a description of the
animal community was not given. The low concen-
tration of 3" TFA in the sample {1.14 ug/g dry sediment)
suggests a small contribution from the vent community.
The distribution pattern of TFA, however, was con-
sidered to reflect high activity of in situ bacterial com-
munity because the pattern was significantly different
from that of the reference samples obtained far from the
vent (40 km from the ridge axis), which had a much
lower proportion of the MUFAs and branched FAs.
The reference samples had a significant proportion of
long-chain FAs, while the vent sediment had a lower
proportion of long-chain FAs. A high proporton of
short chain FAs (= C;,) in the vent sediment indicated
high contribution of in situ bacterial products at the
hydrothermal environment.

Hedrick et al. (1992) reported compositions of PLFAs
in a chimney and surrounding sediments obtained from
the hydrothermal site at the Juan de Fuca Ridge. The
PLFAs in the chimney samples included more than 30
FAs and were rich in MUFAs such as 16:1n-7 and
18:1n-7 {accounting for 26-68% of total PLFA) except
one sample which was rich in cyclopropyl 17:0 acids
{accounting for 66.4%). The sediment samples, mud
and a red-colored bacterial mat, were rich in PUFAs
{accounting for 30 and 40%, respectively) with 20:5n-3
predominating, and the MUFAs were also abundant
{accounting for 37-54%). The authors concluded that
the PUFAs originated in PLFAs were bacterial in origin
because some bacteria isolated from the deep seafloor
are abundant in PUFAs.

Furthermore, Conway and Capuzzo {1991), Pranal et
al. (1997), and Ben-Mlih et al. (1992) reported compo-
sitions of PLFAs and/or TFAs in soft tissues of deep-
sea mussels and giant clams colonizing hydrothermal
environments and bearing symbiotic bacteria. Bathy-
madiolus and Calyptagena bivalves obtained from the
hydrothermal fields at 13*°N EPR and Galdpagos Rise
contained more than 40 FAs in which MUFAs {16:1n-7,
18:1n-7, 20:1n-7 and 20:1n-9; 22-69% of TFA) and
palmitic acid (6-12%) predominate (Ben-Mlih et al.,
1992). Since these anmimals harbor sulfur-oxidizing
bacteria in their gill tissues, these MUFAs should be
produced by the bacteria. Although several PUFAs,
especially 20:2 (2-16%), were detected in these animals,
the concentrations of algal-derived 20:5 and 22:6 acids
were very low (less than 1% of TFA) except the samples
obtained from the hydrothermal field at 13°N EPR (5—
9% of TFA). Two Bathymediolus species obtained from
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Table 3
Relative abundances of the total fatty acids in the hydrothermal vent sediments

% of T TFA

DESMOS caldera Myojin caldera Theya Ridge
Fatty acid Do16 Dozl D1008 D1011 DE5TR DE5TB D1030
9:0 08
10:0 0.1 0.1 0.4
11:0 0.1 0.3
1120 0.3
12:0 1.0 1.7 1.7 0.8 0.5 31
i13:0 0.2 0.2 0.2 0.3 0.4
aild:o 0.1 0.1 0.3 0.1 0.2
13:0 0.1 0.2 0.4 0.z 0.1 0.1 0.9
i14:0 1.6 1.8 22 1.6 0.9 07 35
14:1 0.2 1.2 0.9 0.6
14:0 4.1 4.4 8.4 5.2 32 36 6.6
cyels:0 0.7 1.2
brls:1 0.6
i15:0 2.3 1.3 1.7 2.8 0.5 0.3 1.3
ail5:0 3.4 2.4 9 3.7 0.8 0.6 2.1
15:1 0.4 0.6 0.1
15:0 1.3 .7 4.7 15 1.8 1.6 2.6
16:7 1.3 0.4
ilé:] 1.5
ila:0 22 1.1 13 1.4 1.6
la:1 0.5 0.4
16:1n-7 152 8.8 11.2 6.7 43 14.8 0.8
16:1n-5 4.1 1.9 1.4 1.3 4.7 1.8
16:0 10.9 17.6 19.7 21.8 3212 36.4 20.4
3-OH 16:0 0.6
brl7:1 24
br17:0 1.9 24 48 1.5 0.6 0.7
i17:0 09 1.1 0.5 0.9 0.3 0.1 0.5
ailT:0 1.7 1.4 1.7 1.6 0.8 0.4 1.1
17:1 1.4 1.0 1.2 1.2 0.2 0.4
174 3.0 3.8 27 20 20 1.1 2.2
18:3 0.3 0.4 0.7 0.4
18:2 33 0.7 0.4 1.4
18:1n-9 1.6 9.6 7.8 51 7.3 39 2.5
18:1n-7 9.7 5.5 2.6 4.5 1.5 4.7 0.9
18:1 1.0
18:0 57 9.9 13.2 8.4 13.7 15.1 11.4
br1g:0 0.5 1.1
19:2 0.7
19:1 21 0.6 1.3 21 0.3
19:0 1.3 0.3 1.1 1.4 1.6 0.6 2.1
20:4 0.8 0.9
203 0.8 27
20:2 0.8 0.2
201 39 1.6 0.z 27 0.7
20:0 1.5 2.1 1.2 2.4 2.1 1.4 4.0
21:0 1.0 1.2 0.3 1.2 29 0.4 1.7
br22:0 4 1.0
22:0 1.6 5. 0.8 23 4.5 33 53
23:0 0.7 0.8 0.3 1.1 3.8 0.5 1.5
24:0 1.8 1.1 0.5 26 30 1.1 6.4
250 0.5 0.3 0.1 0.4 1.5 0.2 1.6
26:0 1.0 0.2 1.3 2.6 0.3 6.5
27:0 0.3 0.1 0.1 0.8 0.2 0.7
28:0 0.5 0.1 0.3 1.2 0.4 20
29:0 0.2

i1 150, ai: anteiso, OH: hydroxy, br: methyl branched but the position unidentified.
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Fig. 3. Distributions of TFAs classified by the structures of
alkyl-chaing, i.e., straight chain saturated fatty acids (Saturated
FAs), straight chain monounsaturated fatty acids (Mono-
unsaturated FA), methyl-branched fatty acids (Branched FAs),
and straight-chain polyunsaturated fatty acids (PUFAs), M:
Myojin caldera, /: [heya Ridge, I DESMOS caldera hydro-
thermal sites.

the hydrothermal vent areas in Lau and Fiji basins,
southwestern Pacific, were also shown to have compo-
sitions of PLFAs characterized by higher contents of
MUFAs and a lack of algal-derived PUFAs (Pranal et
al., 1997). They are also rich in 20:2 acids (11-15% of
total PLFA) and 18:3 and 22:2 acids. Pranal et al. {1997)
reported the composition of fatty acids in both neutral
and polar lipid fractions from the Bathymodiofus, find-
ing no significant difference in the distributions of fatty
acids between the two lipid fractions. It indicates that
the two lipid fractions provide similar information
about symbionts and nutritional status.

The characteristics of the TFA composition in the
present study, rich in MUFAs and lacking in PUFAs
{Fig. 3), 1s common in the vent sediments and animal
samples with the few exceptions mentioned above. We
can therefore conclude that the MUFASs such as 16:1n-7
and 18:1n-7 in the samples were derived from bacteria
either directly or via symbiotic animals. Although 16:1n-7
acid 1s also abundant in diatoms and haptophytes (Volk-
man et al., 1980a; 1989) and those organisms synthesize
18:1n-7 acid via chain-elongation of 16:1n-7, bacterial
production of 18:1n-7 acid is noticeably contributed to
fatty acid compositions in an intertidal sediment (Volk-
man ¢t al., 1980b). The dysaerobic surface sediments in
the coastal upwelling regimes of Peru and Chile are also
rich in 18:1n-7 acid (15% of total fatty acids), where
sulfur-oxidizing bacteria, Thioploca, constitutes as much as
80% of the biomass (McCaffrey et al., 1989). Therefore,
the possible source of 18:1n-7 acid is considered sulfur-
oxidizing bacteria, that are a major primary producer in
the seafloor hydrothermal environment (Jannasch, 1983).

Table 2 gives the ratios of 18:1n-7 to total Cyg fatty
acids (18:1n-7/3"18:n}), which are expected to indicate
the relative contribution of bactenal input. Significantly
low ratios { =0.1) are observed for samples DESTR and
D1030, which is consistent with the lower abundances of
MUFAs in the two samples. This result snggests that
the contribution of sulfur-oxidizing bacteria to these
two sediments is very low. The sample DESTR was col-
lected from the non-hydrothermal area as reference
{approx. 100 m away from an active vent). The sample
D1030 was obtained near a dead Calypiogena colony
(about 20 m from the colony), where thin sandy mnud
covered dead shells. The low 18:1n-7/318:n ratios of
these two samples are in good agreement with these
observations suggesting low activity of bacterial pro-
duction at these sites. The ratios of 16:1n-7 to 16:0 are
similar to the 18:1n-7/3"18:n ratio, and the 16:1n-7/16:0
ratios of samples DESTR and D 1030 can be distingunished
from the other samples. This suggests that the 16:1a-7
fatty acid is also bacterial in origin. The ratio of short-
chain saturated fatty acids to long-chain saturated acids,
ie, L/H ratio [ {=Cy)/2 (= Cyq)] in Table 2, is an
indicator of contribution of terrigenons input {Fukush-
ima and Ishiwatari, 1984); the low ratios of these two
samples indicate higher contributions of terrigencus
organic matter rather than another input. In contrast,
higher 18:1n-7/3"18:n ratios of the other samples indi-
cate that these samples are rich in bacterial fatty acids.

Algal-derived PUFAs from the photic zone were
absent from all the samples. Some vent animals,
shrimps, worms and clams, have been reported to con-
tain the algal-derived PUFAs (Pond et al., 1997, 2002;
Allen et al., 2001), these PUFAs rarely reach the sedi-
ments due to alteration and/or decomposition during
the metabolism in the water column. Although the non-
algal PUFAs were also absent from the present samples
except those obtained from DESMOS caldera, PUFAs
are expected to be preferentially decomposed by hetero-
trophic bacterial activity {Canuel and Martens, 1993).
Methyl branched FAs, such as ise and anteiso branched,
are usually derived from heterotrophic anaerobes
(Findlay et al., 1990). Sulfate-reducing bacteria (SRB)
are among the plansible source organisms (Taylor and
Parkes, 1983; Vainshtein et al., 1992). An abundance of
the branched acids suggests that intense decomposition
and alteration of organic matter occurred in the sedi-
ments. The presence of SRB in the normal to high
temperature (= 100 °C) sediments aronnd hydrothermal
vents has been shown using radiotracer techniques at
the hydrothermal site of the Guaymas Basin, Gulf of
California (Jorgensen et al., 1992). The samples from
DESMOS caldera were collected at the dense Calypro-
gena and tmbeworm communities and they include con-
siderable amount of the PUFAs. Therefore, input and/
or syathesis of the PUFAs in the DESMOS site was
expected to be higher than for the other sites. On the
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other hand, at the sampling sites of Myojin caldera
the vent animals were sparsely distributed. The PUFAs
would be consumed by the heterotrophic bacteria, and
as a result the branched FAs, which are synthesized by
the heterotrophic bacteria, would be relatively more
abundant than for the samples from DESMOS caldera.
The sample D857B was collected from a dense Calypio-
gena colony, however, the proportions of PUFAs and
branched FAs were much lower than for the same
comnmunity of the DESMOS site. The sample D1030
collected from a dead Calyptogena community included
higher amounts of the branched FAs, implying that the
dead community may be still providing organic sub-
stances for the SRB. Although the source organisms of
the PUFAs cannot be identified from the present data
alone, preservation of the PUFAs and heterotrophic
bacterial activity at the surface sediment may be affected
by the high sedimentation rate at the Olanawa Trough.

Some uncommon fatty acids such as 19:1 from the
DESMOS and Myojin Calderas and Okinawa Trough,
and 19:2 and 20:3 fatty acids from the DESMOS Cal-
dera could be identified. The 19:1 acid was detected in
all the samples except DESTR and DE5STB. The mono-
encic acid has been reported from the soft tissues of
deep-sea mussel, Bathvmodiclus (Abrajano et al., 1994;
Jahnke et al., 1995; Naito et al., 2002), and it has been
proposed as a possible biomarker of thiotrophic deep-
sea mussels since the acid has been detected from the
mussels that harbored only sulfur-oxidizing bacteria
(Maito et al., 2002). The 19:1 acid may be related to
sulfur-oxidizing bacteria at the active hydrothermal
environments. In fact, at the sampling sites where the
19:1 acid was detected the thiotrophic deep-sea mussels
were also observed. Only small amounts of 19:2 and
20:3 acids have been reported from the soft tissues of
deep-sea mussel Barhymodiofus that harbored both sul-
fur-oxidizing and methane-oxidizing bacteria (Ben-Mlih
et al., 1992; Abrajano et al., 1994; Jahnke et al., 1995;
Pond et al., 1998) and the gmant clam Calvptogena paci-
Srea; the latter harbored only sulfur-oxidizing bacteria
{Allen et al., 2001). Allen et al. (2001) suggested that
these PUFAs were synthesized from n-7 mono-
unsaturated fatty acids as alternatives to PUFAs. Pond
et al. {1998) reported that 20:3n-7 acid was a possible
biomarker for sulfur-oxidizing bacteria, while 20:3n-9
acid was a marker for methane-oxidizing bacteria based
on molecular-level carbon isotopic ratios. In the DES-
MOS Caldera both D916 and D921 samples contained
the 20:3 acid and at the sampling sites many giant clams
have been observed. The 20:3 acid may be related to the
gant clams and/or sulfur-oxidizing bacteria.

TFA in the sediments represents the sum of extinct
and extant organisms and is affected by microbial
degradation and/or alteration. It also contains various
proportions of allochthonous input according to its
geographic region. The composition of the TFA only

reflect more than the current status of the vent commu-
nity. Nevertheless, TFA is expected to provide useful
information regarding the bacterial community and
invertebrates that feed on the bacteria, because the
significant high concentration of 3} TFA indicates
overprinting of the TEA composition compared to the
non-vent environment. In this study only seven samples
were measured for the concentration and distribution
of TFA, however, future sampling probably will reveal
a variety of TFAs depending on community structure
of vent organisms and will provide a larger database
for TFA in hydrothermal vent sediments. With respect
to community structure of the vent animals, other
biomarkers such as sterols and molecular-level carbon
isotopic compositions should be examined together with
TFA in future work.

4. Sommary

The concentrations of TFAs in the vent-surrounding
sediments were higher than those of non-vent sediments,
indicating intense primary production and a large bio-
mass at the active vents. The distributions of TFAs in
the present samples are characterized by significant
proportions of the bacterial 16:1n-7 and 18:1n-7
MUFAs and absence of algal-derived PUFAs, agreeing
well with those of TFA and PLFA previously reported
for vent animals and sediments from hydrothermal
environments. Absence of the PUFAs and a consider-
able amount of the branched FAs indicate that intense
alteration and consumption of sedimentary organic
matter occurred in the vent sediments. Furthermore,
numerous TFAs identified in the vent sediments reflect
the wide variety of source organisms inhabiting hydro-
thermal environments. Although further study s
required, some specific fatty acids such as 19:1, 19:2,
and 20:3, that are rare in non-vent environments, may
be possible markers for symbiont-bearing animals and/
or hydrothermal environments.
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other hand, at the sampling sites of Myojin caldera
the vent animals were sparsely distributed. The PUFAs
would be consumed by the heterotrophic bacteria, and
as a result the branched FAs, which are synthesized by
the heterotrophic bacteria, would be relatively more
abundant than for the samples from DESMOS caldera.
The sample D857B was collected from a dense Calypio-
gena colony, however, the proportions of PUFAs and
branched FAs were much lower than for the same
comnmunity of the DESMOS site. The sample D1030
collected from a dead Calyptogena community included
higher amounts of the branched FAs, implying that the
dead community may be still providing organic sub-
stances for the SRB. Although the source organisms of
the PUFAs cannot be identified from the present data
alone, preservation of the PUFAs and heterotrophic
bacterial activity at the surface sediment may be affected
by the high sedimentation rate at the Olanawa Trough.

Some uncommon fatty acids such as 19:1 from the
DESMOS and Myojin Calderas and Okinawa Trough,
and 19:2 and 20:3 fatty acids from the DESMOS Cal-
dera could be identified. The 19:1 acid was detected in
all the samples except DESTR and DE5STB. The mono-
encic acid has been reported from the soft tissues of
deep-sea mussel, Bathvmodiclus (Abrajano et al., 1994;
Jahnke et al., 1995; Naito et al., 2002), and it has been
proposed as a possible biomarker of thiotrophic deep-
sea mussels since the acid has been detected from the
mussels that harbored only sulfur-oxidizing bacteria
(Maito et al., 2002). The 19:1 acid may be related to
sulfur-oxidizing bacteria at the active hydrothermal
environments. In fact, at the sampling sites where the
19:1 acid was detected the thiotrophic deep-sea mussels
were also observed. Only small amounts of 19:2 and
20:3 acids have been reported from the soft tissues of
deep-sea mussel Barhymodiofus that harbored both sul-
fur-oxidizing and methane-oxidizing bacteria (Ben-Mlih
et al., 1992; Abrajano et al., 1994; Jahnke et al., 1995;
Pond et al., 1998) and the gmant clam Calvptogena paci-
Srea; the latter harbored only sulfur-oxidizing bacteria
{Allen et al., 2001). Allen et al. (2001) suggested that
these PUFAs were synthesized from n-7 mono-
unsaturated fatty acids as alternatives to PUFAs. Pond
et al. {1998) reported that 20:3n-7 acid was a possible
biomarker for sulfur-oxidizing bacteria, while 20:3n-9
acid was a marker for methane-oxidizing bacteria based
on molecular-level carbon isotopic ratios. In the DES-
MOS Caldera both D916 and D921 samples contained
the 20:3 acid and at the sampling sites many giant clams
have been observed. The 20:3 acid may be related to the
gant clams and/or sulfur-oxidizing bacteria.

TFA in the sediments represents the sum of extinct
and extant organisms and is affected by microbial
degradation and/or alteration. It also contains various
proportions of allochthonous input according to its
geographic region. The composition of the TFA only

reflect more than the current status of the vent commu-
nity. Nevertheless, TFA is expected to provide useful
information regarding the bacterial community and
invertebrates that feed on the bacteria, because the
significant high concentration of 3} TFA indicates
overprinting of the TEA composition compared to the
non-vent environment. In this study only seven samples
were measured for the concentration and distribution
of TFA, however, future sampling probably will reveal
a variety of TFAs depending on community structure
of vent organisms and will provide a larger database
for TFA in hydrothermal vent sediments. With respect
to community structure of the vent animals, other
biomarkers such as sterols and molecular-level carbon
isotopic compositions should be examined together with
TFA in future work.

4. Sommary

The concentrations of TFAs in the vent-surrounding
sediments were higher than those of non-vent sediments,
indicating intense primary production and a large bio-
mass at the active vents. The distributions of TFAs in
the present samples are characterized by significant
proportions of the bacterial 16:1n-7 and 18:1n-7
MUFAs and absence of algal-derived PUFAs, agreeing
well with those of TFA and PLFA previously reported
for vent animals and sediments from hydrothermal
environments. Absence of the PUFAs and a consider-
able amount of the branched FAs indicate that intense
alteration and consumption of sedimentary organic
matter occurred in the vent sediments. Furthermore,
numerous TFAs identified in the vent sediments reflect
the wide variety of source organisms inhabiting hydro-
thermal environments. Although further study s
required, some specific fatty acids such as 19:1, 19:2,
and 20:3, that are rare in non-vent environments, may
be possible markers for symbiont-bearing animals and/
or hydrothermal environments.
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