AWy PE R
Biosphere Sci.
51 : 27—35 (2012)

BAES RUS v SEUHA ETRNS ¥ S HA
(BREIPT | B7EH) DHBFHBR

AFEEEY - EHTY - MEREY - BE OB

VLB S AR T240-0111 A = AR RE LT — 21231
2k BRSSP R ISR T 739-8528 I B B 551 L11-4-4
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Z B AR NS & 0 #5723 B2 v 3+~ 44 Lingula anatina Lamarck, 1801, # X
O, 7 AT % 34 A4 Lingula reevii Davidson, 188004V RS, ik, 4T-A W50 7 ik
Wt 2175770 BRHRIBERBIVESNEI N Yy Iy HA, BIU, AWlELVESN
TANY ¥ IR UHA EHW . INSHHEIR, BOBEL LV, EBROREDOEIIC LY I
TERECHIB I X S b,

IR YA IR UTADRBITNE, TANTY X I A ORI R (S), 7vE (F)
#% (Fe) &L &EINTVD, =, AN Y Iy AL DOR%IZIE, Uy (P), ANV o4 (Ca)
<Ay (Mn), %7323 n (Mg) 5, IR Y Iy A0 EDHELEEN T,
F70, MEORICRONE ) YRA N Y ABOMOEREES I, HHmIciE Br) L3y
F () PSS, FNENERE Br) ANy Iy HAICEL, avE () EI FY vy
R AN R i Ry (AN

72, IFUTVYIRUAA (BEREE) LU ANV Y Iy 4 (EWHERE) D18S rRNA
R T O % L 7-WfEIE R 227 L— FIZET L2 Eba ), WIS TREMIZH
HEN 2 REE L CIRbNDERETH S I EATRIBEINT,

F—TJ—R: ANV ¥ kU4 Lingula reevii, 8% (Br), I F') ¥ ¥ 2+t 4 Lingulaan-
atina, 3% (1), EPMA, 18S rRNA i (% T-HCY

DX IR UAAEE 7)) TRISEREY b OWEEIMO—HTH Y, HBLE, 3L ALEDOREN
EbbRnIZ s, [HETWAILA] &SN Tw/iz%s, Biernatand Emig (1993) (X, 2 F THAEMR®
Lingula J& & L CRlgk & LT W7o ffdHiE, 3 -XCHlE @ Lingularia 12 & 64, BiAAE % & ¢ Lingula J&
OWMBIIHAERIUETH L L Lz, 72, INFTICRBENTWABEMO Y v I HAHHIZOWT
Emig (1982) &, AMEBIEHE & WRIE A A e R 2 AT WIS F L 7z, 209 B HAREBIEE 5
1%, Emig (1982) O4FHICHE UgHEIA (2001) 12X DAFEDSTEER SN TV DAY, ZOH5HIEARIZITHENNY
Thbo

KPS TIE, AARBE#ESR X DV ESNZI FY ¥ ¥ 3+ 44 Lingula anatina Lamarck, 18013 X UF
NV x & /4 Lingula reevii Davidson, 18800 2FE DN ERILHE, @ OB & & B 0T o bk, EiE T
AT OFER T b LA R B 21T o

i
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MR ERE

AR ICHCZERNE, BRERERREOTE, BL, FRBFELINTOCCHRE SN -B 2 H
Wzo IS OBMEHISHIEEE & L1 L7z, BB o, wilE mIEIc oW CERIlL, ML 2R
DRI 72, 72, VRO TR E AT AT IV 720

I M) ¥+ 3471 Lingula anatina Lamarck, 1801
Moo EVE R IR SE RS FAEES

7 ANV v X+ ¥ 774 Lingula reevii Davidson, 1880
FE MY < A A T R

WIEEDIICDONT

RIEEICOWTIE, BFM7u—7<4 270755 14%— (EPMA, JEOL LXA-8200) THET-{§H%,
B EWSH E T o720 EH12, HEH#EREEHWTY v Iy FABORBMEEIZOWT, ZOM/NEEIZAF
T BICEOBRM, KO, ERmOWEITo 700 VBB L 727 O 12 B2k %248 (JEOL JEE-4X) T
JER920 nm D RFEEAE AT o 120 IRKRHEE T o723k %2, EPMA & (JEOL JXA-8200) # W CET
1RIC X BIEREBIER, BT, KR afi~vy v 7, S5, GRICEDERINI %17 o7, ERmOW OH
1EFMEE ZAF method CTfT - 72 (HARFERESS, 1998) 0 EMEGHT B L OERSHIL, BT E— 211 um,
B 15 kY, METER 1x10° A, OFETIT- 72, F/2, T~y Er 7k, EBTE—a%F1um,
HEIT 15 kV, MEIEH 5x10°% A, Dwelltime (1¥ 7 &)L 24720 o flERRK) 20~200 ms, €27 L4 A
A 05%0.5 um DKM TITo 720

18S rRNA IZ & B3 FRBEETICDOLT
1. DNA #iE % U PCRAIC &% 18S rRNA E{=FDiEiE

MiFE D 18S rRNA LT DOIRIEFFNNCIED & FE0 % 51 RAMHT 2 17 - 72 18S rRNA it R D IEE ALY
OFTIZIE, RE OB E, WEMT%0.3~05 g (ZLHIVELY, DNAMHEORHEE Lz, HI) &5
7o TR 2100 % 4/ — )V TLET § X, WISIIBAK TIEE$ 972, DNA Hlifli 1213 ISOIL for
Beads Beating (NIPPON GENE) % F\:7zo i 5 38 7' b o )V IZHE - 720 filiii L 72 DNA X
NanoDrop 2000 (Thermo Fisher Scientific) % Fv>"CT260 nm OEEIMREWIGE (A ZHIE L7zo B2, #l
EoHZE L7260 nm & 280 nm OUIBED L (AxdAmw) DSBBLRI~20HFHICHL L, Thabb,
FDOBDGTREMENTN 72 2 DAEETH B 2 & MR L 72,

o7z DNA R L L, 5T RIS £ 115188 IRNA #EETI22WT, Z0IITEEY R
HEE L (PCREE) (X DBIEL, MIEEY % 2 OROEEELYITEIZ 72,

ZDPCR KIS TIE, BEEAEYORRNYR T4 ~—+1y s ThbH EUk-F & Euk-R % vy, PCRY—<
WA 7 T —F§%121 TaKaRa Thermal Cycler PERSONAL TP240, 3 & UF, PCR E#3 1214 TaKaRa Ex Taq
polymerase % f# [ L7z. PCR RtiZ, #AME 1 95C (3450) % 1% 4 7 WiTo 72k, B 1 95T (508),
7==1r7 60T (508), i ; 72C (1.557) %304 1 7 VAT xfzliffifk © 72C (15%7) BUS%1T-
720

oo MR X, TOPO TA cloning kit (Invitrogen, Carlshad, CA, USA) #HlwC/su—=> 71,
Escherichia coli TOP10 (Invitrogen) &z L7z, BRI IZIF A L 7218S rRNA i&{= 714 DNA ¥ —
2 x4 — Applied Biosystems 3730xI DNA Analyzer (Applied Biosystems, Foster, USA) # i\ CHE2:FL%1
ZHEE L 720

55 N 723 IR ECA 13 B R FE R A1) 7 — & X — 2 DDBJ/EMBL/GenBank |2 & 4% L, AB747095 (Lingula
anatina) 3 X Y AB747096 (Lingulareevii) &7 27+t v a vy - FrN=052 5z,



HAEE S v X & ¥ 4 A 28O 534 10 TS 29

2. DT RIH DIESE

BONLHIERINICOWT, KREOEAY TEHERY % — (NCBI) 25%fik L T\ % BLAST
programver 2.2.26 % i}l L, NCBI @ nt-database % i3k R 12 L C, BLASTN MlRIMEMER 1T > 720 E 727 —
5 N — ANTE RS N BERIO18S rRNA R T OBCE & Wi $ %72, ClustalW % Fw 7= 2 EEEH (75 4
YAV ) BTV, MEGAS.0% HIVCTorT-Rei & i SE L 720 401 RBeiH 213, e BAs & (neighbor-joining
method, NJ ) % L7z,

SLEBRZAE D LLBE
I MY ¥ ¥ I+t #A Lingulaanatina Lamarck, 1801 (Fig.1%1a, 1b, 1c)
i #

RUERRIE C, RRMEBIEEARN TR T2 R BEHIETE T, RLOTROBER A S NS, it
IAFNET) — v, BRI T 5 Rl, 43-53% (FFUulid7.4%) OS24 5 (Fig.2). Rt
BB CTERALT 51206, RRERE O R RAE ST RIZE T 5, WIEREE DIIZITHRICTELE S &, 7%
THILAE IR L. IR OB I JE 10D A AR D 2203 5 5, 2SR5 WEITILE
PHENBET, HEOB L LIRS,

%7 AN I+ v I A Lingula reevii Davidson, 1880 (Fig.1¢2a, 2b, 2¢)
4

R, R AR TR P 2 i M. R TE T, FAGMIROBERA A S i s o #efbld ik
fin, FEMEIZHTT 2k fRiE, 42-53% (HULEd6.7%) ORSI24 2% (Fig.2)o ARIMmHEIZEMN CEBILT 5
WZPEVy, RERTGES O FIAHEASEIRICES 22T %, BHERE & HITIRTRFITES I S Ty R THITR D
WA L, BEREOBRIGE R IUIEZE IS O AL MEIRDERA D 555, ERIFEV, BEEART, @RoB
S QA [ NN

Fig.1. Upper row, dorsal (1a), ventral (1b), and
side (1c) views of Lingula anatia (locality,
Amami-oshima Island ); and, lower row,
dorsal (2a), ventral (2b), and side (2c)
views of Lingula reevii (locality, Ariake
Sea). Scale, 10mm.
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Fig.2. Frequency distribution of the shell width/length ratio (%) of Lingula anatia
from Amami-oshima Island and Lingula reevii from Ariake Sea (¥, median).

AT RED LEER

HEloREE, WiE, REEERIL, BRI ARES L OREOHGRER, whwa 7 a s by -3k
ZRO, IFP)TYILIHTABIVYAINY Yy I LU T OBBREOIEZTT-7 (Figd)e I FU Ty
IR VAL ORE (L) ISd 2708 (W) OMABERIE L=1.66W P L 2 5720128t LT, W AT ¥ 3
LU AAF L=190W P L 2 Y | ORI § A IEOM R ERICIE, AALREIRD SN LD o7,
IR VX IkYTAORBE (L) ST RE (T) OMxlERIT, L=650T*"L 45720 LT, ¥
ZNT X IR UAATIE, L=9.UT®E 20, ORI § 2 BRE O EERIIIH 5 2 =)0 5
N, IF) Y IR UAAIHRY AN ¥ I H AL, FRIEDHE L % B EAHFRD STz,
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Fig.3. Allometric shell growth of Lingula anatia from Amami-oshima Island and Lingu-
la reevii from Ariake Sea.
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TABE D LB

IRV TN IR LT ANY X I LT A OWEDORD EPMA TTHERGH S, I F) v It
YIHADORDIT) MR (S), 7 vHE (F), #k (Fe) 2% { &k, 72, i (CD), 1% (Si), =v 7 (Ni)
bRICHELCELEETFN TR Ebrotzce —J, Uy (P), ANVT 74 (Ca), x¥ Ay (Mn), ¥7
AL (M) i, YANT XY IR UAAOBOIZIICELEENTEBY, A1) YA (K), B (Zn), &
FUw A (Na) dZFUZHELTELSEEINTRLE I ENbRr o7,

%72, EPMA EMHT OfE %, WREOR S, BHiicEz Br) L3 vHE (1) it shsz (Figd).
BH Br) £avH (D & WMyy Iy MM HOBETBRT 25 THEH) YAV AEOEOHF
FREE 2 SR S, ) YA VT T AFRG S IR E N o7 I FY T Y I LY AAIE, T AN
T3k r AN, avE () OFFENEL, HIZYANY Y ILUAAEI R Yy I Ul
IZHN, B#E (B OEFEEDNSVEVIERPESN, TGEYy v res, BE (B), I3vE (1) i3,
D UEEH LYY ABORBIC RS S NS, B ICRET A D AR S IS CHEEL TV
ZEaRaEns (Figs)o
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Fig.4. EPMA image and spectra of the Lingula anatina shell cross section: a, backscattered electron

image (BEI); b, EPMA spectrum at the position 1 in the BEI; and, ¢, EPMA spectrum at the
position 2.



32 BREH - BT - MIESE - RIE OB

Fig. 5. EPMA images and elemental mappings of the Lingula anatine (left columns)
and L. reevii shells (right columns) cross sections: black-and-white insets,
backscattered electron images (BEI); and, multi-color insets, distributions
and relative abundances of bromine (Br), iodine (1), calcium (Ca) and
phosphorus (P). Multi-color scales at down-right of each inset combinations
show relative intensities of elemental signals.

PFRRDFENRER

I MY ¥ v I+t 4 Lingula anatine (EFEKE#E) BL O AN ¥ I+ 41 Lingula reevii (481
W) 70 B35 117218S IRNA EIEZO 124 E (1768 bp 38 £ UN1769 bp) ORI & ilifn 17— & N— A
2B SN B OB RS 2 WK L COTREB 2L 2 BERBEOI ) Ty Iy A
REHHEED T AN ¥ I TAERIZE L2 7 L —-FIZET2 2 LWL IR -7 (Figh)s 2D
R, FE LIV MR 258 EEE L TRbNAIRETHL I EERIEL TV D,

69| Lingula anatina (X81631)
100 (FLingula reevi (ABT47096)
Lingula anatina (L0B331)
Lingula anatina (AB747095)

Glottidia palmeri (AF201744 )
» .
— 98 Glotlodia pyramidata (\J12647)

Neocrania huttoni (U08334)
Neocrania anomala (DQ279934)
Neocrania anomala (J0B328)

0.005

89 66

100

Novocrania anomala (AYS842018)

Phoronis australis (AF119079)
-Argyrotheca cordala (AF119078 )
Laqueus californianus (U08323 )

" Terebratalia transversa (AF025945 )
100 \ Terebratalia transversa (FJ196115 )
47 Terebratalia transversa (U12650)
Fig.6. Phylogenetic tree to indicate separation of two resemvlimg species, Lingula anatia from Amami-oshima

Island and Lingula reevii from Ariake Sea, based on 18S rRNA gene sequences. The bootstrap value of 97
at the Lingula reevii-Lingula anatia branceing confirms the separation.
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Emig (1982) 1%, #MHIEHE & SARE O MEI =A% & SIZBA Y v 3 & ¥ F A FHO 5N 72 FRRE
ATV, INE TSN T 26/ OB AR % I N1 ¥ v 3 & >~ 4 1 Lingula anatina Lamarck,
1801, K >» 7V ¥ % I+ » 4 4 Lingula rostrum, Shaw, 1798, 7 A /X3 v I 4 ¥ J7 4 Lingula reevii
Davidson, 1880, Lingula parva Smith, 1871, Lingula translucida Dall, 1920, Lingula tumidula Reeve, 1841,
* % % 3+ A Lingula adamsi Dall, 187307 DO A E R 7z, ZDH 5, HARBLEEEH» 1, I K
VX Ik HA, ANV Y I VHA, N7 x 3wy h4, A4 v It h A4 04ED TS
nTwa (BH#13H,2001), R CHES L7z Lingula @28 1L, B L UVREOES ORI EL Y,
ZhZi Lingula anatina & L. reevii |23 &7z (BHEEA, 2001), F72, eDFHHMEOMHM RO L
WS, I Ry Iy AR, 7 ANY X 322 A ORRIEIZHR 12 A& A EMDE0 Sz,

Reyment et al. (2007) (&, HARFZDMEN L W BoNBBEHWCI Yy Iy A EONTay 4 7%
AT L, PEBLEREOMATE E AHEOBEAEN—2D 7 L— FEERT A Z & 2l L7z, BEED SRE
ENszy v Ik H )OI Hayasaka (1932) 2L D AV v I+~ #1 Lingula nipponica Hayasaka,
1932 L Cit#k ST\ 5%, Emig (1981; 1984) 14, Hayasaka (1932) Oit#i L7z v ¥ v Ity A
EIF)Tv Iy AADY /=R L7z UL, SNETICEBSN TV LEREBELVEONLY VY
I UHA L ENBEEROEHIL, EFSORMBTIEY AN ¥ I L2 A O L 1IF—F LT 5. £/,
Z O#ERIE, Reyment et al. (2007) 12 & 2 AW & BRILERE O MAEREDH— D 7 L — FE2IZECT % TS
RE—HTHIEPD, AV ¥ I A, ARECBWTHHErSBONI T AN vy I A
RO Em W EEZ SND, ANV ¥ I H A1, Davidson (1880) 12 & Y /T A % sk
BEHLE LTRSS, SNRETIENT A BHAR B, 7V RA4 F 25883 THY (Calsand Emig (1979) ;
Emig (1982) ; Hayasaka (1940) ; &+32 (2001), &4 (2004)), PHAFFEMISICHAIkE b oM TH
LEHEMEIND,

OB DEBEDHFEREPSEONLZI R Y I TA LI ANY Y IV TAIZBTLEHETED
R ZEL, 2MOARTHEEICL )RS NTW LTS,

—J7, EWSHICL DT Y VoI SISz EE B LI vHE () I2owT, FuE ) I
W7 IR SN A TR TH B I HE (1) 1 FilEKPI235 & 20.05 ppm (0.000005 %) & ENTHY,
—fEIZ, Vv IRy HA R EDPEETABOTIZBWTIE, FOMBKTOIEOREL, FEEEEDIC
S35 % (Fehnetal, 2006), 53 (Br) b3k (1) 1WA LWL L, WEAEDICRD AT
LUEEAd % (Price and Calvert, 1977; Harvet, 1980; Martin et al., 1996; Gribble, 1998) . AHFZe#EFh 5 15
SinfavHk (1) oFFEOEE, WY Yy 7 VOERBLET (FRE) 2R Lav, 2F), a7F& (1) 2
FVLZBESN/ZI R v v Iy HADOTD, — I 7 REEDIHNE SNDEWEFTIAERLT
Wz (IICHE IBr PR E WL DT EFEVEEHIIZIZRIET 2) L FHENZDS, RIF v T VICBW T,
TANY X I TADHRIF) v Iy A LDIRCEITAERLTWE, 2o erb, HIZER
THREOREIIZL2avH () OGFEEOELIIFEZRY, MilcksavH (1) REE (Br) OWIL- K
BNOFEEGHWEEDZEZ SN, 72, 37F (), BFE (Br) »OEHEOENRR S O@EVITEE
EGRZTCVLIRENEZONL Z DY, Sk, WY 7IVOERMOBESE KRS58, THEGAT
) RSOHICEEICIAE - oL, WET 20N D 5,

18S rRNA B fn T OHEIELEHNZIED X 55T RMIBNT 2 1T o 724 B B, BERBEI F) v I
A EHRBHED T AN ¥ I ARG FRFENICR LR L7 L — NIRRT A5 E0bholz. ZOMRIL,
Reyment et al.(2007) O HE L —3% 4 5,



34 BREH - BT - MIESE - RIE OB

I

AHEIZH-D, BT OV AR RIS L 25 W sEMER CIL Bk
vy —OAEEHRERD SR W22 720 EPMA WA B RS HIRFH A B fs v v & —
(N-BARD) I2B\W\C, JEBRFERE v ¥ —OLEHIEERO Tk wic72wiz, b TESHHE L iP5,
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Taxonomic revision of Japanese Lingula anatina with L. reevii
(Brachiopoda : Lingulata)

Takashi KuramocH!”, Akiko Koi?, Katsuhiko KasHiHara? and Takeshi Nacanuma?

Y Hayama shiosai Museum, 2123-1 Isshiki, Hayama, Kanagawa, 240-0111, Japan
2 Graduate School of Biosphere Science, Hiroshima University 1-4-4 Kagamiyama,
Higashi-Hiroshima, 739-8528, Japan
¥ Faculty of Applied Biological Science, Hiroshima University 1-4-4 Kagamiyama,
Higashi-Hiroshima, 739-8528, Japan

Abstract Two brachiopod Lingula species, L. anatina Lamarck 1801 and L. reevii Davidson, 1880,
collected from Japanese waters were compared morphologically and phylogenetically in terms of shell
morphology, shell elemental compositions, and 18S rRNA gene sequences. Specimens of L. anatine and L.
reevii were collected from Amami-Ohshima Island and Ariake Sea, respectively, and used for comparison.
Shells of these species were distinguied by allometric morphology and fresh tissue coloration.

Elemental compositions, as revealed by electron-probe microanalysis (EPMA), of the shells were
distinct, too. Higher amounts of sulfur, fluorine and iron were found in the shells of L. anatine, while the L.
reevii shells were more enriched with phosphorus, calcium, manganese and magnesium. Layers of calcium
phosphate were commonly found in the shell cross-sections of both species, and bromine and iodine were
specifically detected in the inter-layer organic matrix. More bromine were present in the L. anatine shells,
while more iodine was found in the L. reevii shells.

Comparison of the 18S rRNA gene sequences of L. anatine and L. reevii, along with those from other
species registered in a DNA database, resulted in construction of a phylogenetic tree. The two brachiopod
Lingula species were placed in two separate clades, which suggests that they be regarded as not-closely
related species.

Key words: bromine, EPMA, iodine, Lingula anatine, Lingila reevii, 18S rRNA gene sequences





