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Bivalve family Chamidae and evolutionary paleontology, with special reference

to the shell mineralogy and transposition
Naoto Hamapa and Akihiko MaTsukuma

Abstract

Chamid bivalves attach themselves to the substratum by the left valve in the normal form
or by the right valve in the “inverse” form. However, both forms can occur in some species,
including Pseudochama granti from California.

It has long been known that almost all chamids have only an aragonitic shell, but Chama
arcana and Pseudochama exogyra have been shown to have both aragonitic and calcitic shell
layers. Three additional species with the calcitic layer were recognized by the X-ray diffraction.
They are Chama sp. from Japan, C. pellucida from Peru, and P. granti.

For a discussion of the validity of Pseudochama Odhner, 1917, it is necessary to determine
whether the calcitic layer in both normal and ”inverse” forms is produced by homoplasy or
synapomorphy.

Although “inverse” forms of Chamidae usually show transposition of both the shells and
hinge, the “inverse” form of C. pulchella from Australia exhibits transposed shells with the
normal dentition. Therefore, transposition of hinge and shell can clearly occur independently of
one another. In contrast to the sinistral coiling of gastropods associated with anatomical
asymmetry, transposition of the Chamidae is partly associated with the shell secreted by the
mantle epitherium, the hinge plate by the mantle isthmus, and anatomical organization. The
partial transposition of the heterodont bivalves may be caused by the symmetrical organization
and may not produce a reproductive isolation.

In coiled gastropods the organization is highly asymmetrical. It may be suggested that an
asymmetrical animal with transposed shell and normal anatomical organization or one with a
normal shell with transposed anatomical organization may indeed have limited viability. The
transposition in the coiled gastropods may distrub a free interbreeding of the normal and
“inverse” forms in the species and be one example of the “hopeful monster”, one of explanations
of rapid speciation of punctuated-equilibrium theory.
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K72 a PEORMEWCH 5 (Reeve, 1846-47, 1847 ;
Lamy, 1928 ; BErNaRD, 1976 ; DELSAERDT, 1986), *
NG A ROSEEIMBICOWTIE, BEEES
75 2k, B&U pachyodont BOEE 2> = L »
& AR 1k A B Hippuritoida KB 3 & & L7248
(Cox, 1933, 1960 ; Boss, 1982), early dissoconch @
R DRHEOBAEE, EEENDL SRIATEI VRS
V& 4 B Veneroida AN SN S Z L% (KeeN,
1969 ; Tayror and Kennepy, 1969 ; KenNEDY ef al.,
1970 ; &, 1977, 1994).
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o TEALT 5 7 OREREBO S A 2 EEFEE» 5
WETELLVLIREBH S, BKERELGDHRTER
D, $REL5ORTEET 2 0RBBEILckEST
w3, BEFOBTEEES L CEEROFESE S
N5, BOYIREE, FRLREE OENIGR CTEE
T3, H5WIIERERESEOBENERTCHEEST 58
RET . EEROWERICIIEE, o AHCEM, &K
BOMEN & b D, EEOMNEL LI, ARERIE
ZATVBBEEERBEOZ L, HB2VLIRFOHEE
3. U EYVIVAE A B Amphichama Habe, 1961 D%
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Fig. 1

Distribution of living species of the Chamidae in the Eastern Pacific.
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F 7 PAA A BRI E OREEY) & RS 9%

FoFLHABUCHET 3 ZhE TOMR

BEE L CARB O TREREI E LT
A MNEROLOE L TEREMONRY X4 1 BH,
TTAALTAEE, A Y HABR, FI~AYIN
48R, A4 ERL, BRI sN T WS,
E R C IR H#aIE L 72 Hippuritoidea 8 & O
FIYNTABRIOATH S (TavLor et al., 1969,
1973). % 7 PNV A A BB R—RZ T 2 T4 b D
A5k 3 ARbFEON, JLRkAERIKERT 2ETOD
BRAINYA NET 754 NOZBEOHD 2D
ZEBHIBNT W, Chama arcana DEIVEDSH v
P4 ML THRENT WS Z E2FIDTIHRELL
D% LowensTam (1954a, b, 1963, 1964) ThH 5., ¥
BREED ST 5 TH 4 b A4 NS ORI
OB WT, ZORERIIBEECERL, BE
DEVRBCTUOEE SRR ED 2V 4 D
EEREL R EVIEZRR> T, H{DF7
P A BOEIEE D SRR AT 2 0k
~N, C arcana ZWEBFRCETHAET 570 (K
D), ANV  BRTI7THA VEBEN L TTET
HDTH5EFE %27z, Tavior and Kennepy (1969)
W, ALKERICERT 2 C. arcana DBFEE 2T, N
[B (EaEREE), HE TERES), &IVE (B
S DEZBREETHS 2 L 2 lE L, BEREY
i, WE, BT 7354+, BB ALY A b
THo7z. C arcana DINBEI VYA Mo 28
HBEE WO F 7 LS A BIOAE & s
BUTC, BUBREI->TBLT, DLAHL AL
ANYA NDOBBOTMbolce&EZ T, sk
C. arcana DEVEHIE % £ 12w THILT XV 4 OAF
HREAMHLTWE EEZ, BWAKBOETHZELEED
EZFRCHEENTH > 7. Kenneoy et al. (1970)
WAL, (CEDOF 7 LA A RIBSEEIC DWW T Z DRkiE
&, BIUOBREVOREERITY, 2V 71 V=7
B D Pseudochama exogyra W= b C. arcana & R
ANV A NS RIBNEDEET S I L 2HERL /2.
ZOZELANETRTT IS A bOARDRBA -
N_EHBETH T

BErNARD (1976) 137 XV A KEEWEFED F 7 VA 4
BoOSEESAE2ERE L ER, S hizo 9
FEHERIIC A NVT A NERRED C oarcana
P oexogyra WELERLTWRWI £ 5, LoweN
stam (1954) OFITFEFMiE 2 RETH D LIGRL
7z.

26(CuKa)

%2 FIPNT AR S BOBRIE X BREHT /5 —
~. Al Chama arcana. B . Chama pellucida.
C : Pseudochama exogyra. D . Pseudochama
granti, E © Chama sp. F @ B4 b+ D x FRE
HE(JCPDS 24-27). G : 75 T4 b D X A=
R (JCPDS 5-453),

Pattern of X-ray diffraction in five chamid
species and two minerals. A: Chama arcana.
B: Chama pellucida. C: Pseudochama exogyra.
D: Pseudochama granti. E:. Chama sp. F:
Calcite (JCPDS 24-27). G: Aragonite (JCPDS5
-453).

Fig. 2

BEiFIZ&SIT328 79y 4 BHIE - s h
TEE TR CREL, HETHE - ERTHED
T b EROBREET S, 20%, A8, 2
R L 2ELLRAEEBR PR TEEEE 2B T 2
(ALLEN, 1976 ; Scarpa and Wapa, 1993). &RIZ &
SAEME CORZEENHRTH S, BERPERE
LODRICEDZPEFET L ICHRE 5T 5, BRODERIP

. (1835a, b) ® Reeve (1846-47, 1847) AR EH S

ORTHEBT 20 RBBRC L2 E2, BEROES
DX —FELTHER2IT- 1=,
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OpuNEr (1917, 1919, 1955) 3L RE, BMAEERDEE
W27, BOFRERE, early dissoconch @
effi - K& X, HILEOHELR EOR VD S AR CE
ETAEHEARTCHEE ST 2EHRIBV\VTHIT 3
NETHDHEFRLE, BHRERTEET 27 v—7
X IYNT A Chama, HRCTEZET 27 Vv—7%
YN YT H A& Pseudochama & LTz, LR
CODERBRZOEMERIZIZITEL 5 OB THE
ET20HEMBETEL DL VS (Keen,
1969 ; ABBoTT, 1974 ; BERNARD, 1976, 1983 %%
E). B, Nevesskava ef al.(1971) ® ScarLato and
StaroBocaTov (1979) 1%, ZREEEERE (Chama) &
FRRESETERE (Pseudochama, Amphichama, Arcinel-
la) T, BOMEDEZY, A% % Chamidae, %H
% Arcinellidae &£ LTRIVARVTHITFERETH 2
EERLT

—%, ERCEET2BLARTEE T 3BOHRE
RRIEEGRERKCHD 2 t wbht Lamy, 1928 ; DE.
CHASEAUX, 1952 ; YONGE, 1967), YonGe (1967) ®° HEALyY
et al. (1993) & IFABRERE OIS OREH 5
Bk blebd8nhle, HE2VWEZOFES/EI ok E
£z,

LY & HERICBA T HFENR

MR ERARFZE - LT ORI 0w ORIERSEEY, $5

W IEEIE R ORRET 21T 5 7o,

Chama arcana : LACM68-192, intertidal, Topanga
Creek, Los Angeles County, California.

Chama pellucida : LACMT74-6, 5-30 ft., Isla Labos
de Afuera, Peru.

Chama pulchella : GK. N10101 and SBMNH, 3-5m,
Great Sandy Straits, Frazor Island, southern
Queensland, Australia.

Chama sp.: GK. N10103, &8 =307,

Pseudochama exogyra : LACMI146880, San Pedro,
Los Angeles County, California.

Pseudochama granti : LACMT71-168, 49 fms, off
Rompiente Point, outer coast of Baja California,
Mexico ; USNMZ210671, Catalina Islands, Califor-
nia.

AR O PR

GK : UNKRFEHEZIBRR BRI EE,

LACM: Los Angeles County Museum of Natural
History, California @A 7 'Y = )V AL HAREE
YIgE (B 7 xNV=7).,

SBMNH : Santa Barbara Museum of Natural
History, California % >~ % /N—/35 R L EY8E
(B 7x0=7).,

USNM : National Museum of Natural History,
Smithsonian Institution, Washington, D. C.A 2 ¥V
=7 EREEYE (V¥ by, D.CI.

B ORIEE, FINKEHERRERIEHFHBRE
EVEREBEOT Y RNV T 4 —H A5 L5 X
fEHTREEIC, JCPDS #—RI2& viTolz.

WAL, JEEMEEA ) VXX BH2R AW T

BIM FI7YNITARSEOHHBRMER, £A7—v
iZ5mm, A : Chama arcana. B : Chama pel-
lucida. C : Chama sp. D . Pseudochama exo-
gyra. E | Pseudochama granti. a . 4@, b :
SME. c IEEEE. d B

Shell layers of the free valve of chamid
bivalves. A: Chama arcana. B: Chama pel-
lucida. C: Chama sp. D: Pseudochama exo-
gyra. E:. Pseudochama granti. a: Outermost
layer. b: Outer layer. c: Pellucid layer. d:
Inner layer. Scale: 5mm.

Fig. 3
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F 7PN A BT R ORI & HERR

100~400f5 CTHRZE L 7,
R LSS SEF I, RERICERET S
Pseudochama  granti L FKRKFEEED Chama  pel-
lucida, BEOHERED Chama splZh N4 F»d
RABENBUEET S 2 28 X IR R & v ER
aN1(2), Chama arcana, C. pellucida, 3B & U
BRIE Chama sp. (ZN 5 IERES) BEWH VY
14 MNERFED, P exogyra, P. granti (TN 5 I3AZE
E) 3, HBE A VY4 NER2FED (X 3)., Chama
arcana DA NVY A BIEXREION S Bzt TE
$, BREROREEDSIZ-> &V LTWwa, BB LS
BOEFIZHEWERNTH 2. C pellucida b Zh
LIZIZEEOI VYA NEERRE S T3,
Pseudochama exogyra DA V9 A BIZRBIO B
WEEATHIBRRE L, HREMIZ C. arcana 13 & FZ

#1
dissoconch D ¥ A X,
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Lzw, BAEEABOBEFRIZEIT > T, AW
W IEAE & AR OB PEHE S S, P. granti b
HaENA LT A NERR>TW3,
FRDIFEE © Pseudochama granti Z78%, HRTCEE
L, early dissoconch D& & 1Z1.3~2.3mm & K& <
(£1), EHIALABWOATHZ, 25V FEBED
1 @4 (USNM210671) ¥ early dissoconch @ ¥ 4
R - Bffin 5AETH B 2 L IZEERG R VY, ERT
E&EL, BEHUERL T35,
BT OB ERE Chama pulchella Reeve
ik, EEEAEBRBEOY Yy THOBEBERT, Firwnihg
BEROHBEBRTH S, BRERIHEABT, 25K0FBE
DOBHEHEERED, A—A NIV THEHEIV—V—F
B DA TIRI9EAEHISEG S AR CREE L, E¥ER
BREMZ T, 1 ARIIEERSUEL AR E

FIPVNVTARI 2T (Chama arcana, Pseudochama granti) @ early

Tablel Size of early dissoconch of Chama arcana and Pseudochama granti.
Chama arcana Pseudochama granti
I(mm) h(@mm) VALVE| 1(mm) h(mm) VALVE
0.6 0.5 R 1.94 1.48 L
0.62 0.49 R 1.76 1.26 L
0.54 0.46 R 1.86 141 L
0.63 0.49 R 1.69 1.31 R
0.55 0.44 R 1.39 1.23 L
0.52 0.43 R 1.5 1.1 L
0.58 0.42 R 1.31 1.1 L
0.6 0.45 R 1.73 1.33 L
0.56 0.45 R 1.7 1.27 L
0.52 0.41 R 1.88 1.31 L
0.52 0.38 R 1.94 1.56 R
0.53 0.41 R 2.13 1.35 L
0.47 0.41 R 1.81 1.35 L
0.58 0,47 R 1.84 1.32 L
0.47 0.41 R 2.27 1.7 L
0.6 0.55 R 1.7 127 L
0.56 0.44 R 14 1.27 L
0.47 0.41 R
0.6 0.47 R
0.58 0.48 R
0.55 0.44 R
oy 0.55 0.45 1.76 1.33
BHERZE 0048 0.04 0.255  0.148
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BETHBH, WERIEETH- .
% =

BEETZEE © Heary ef al. (1993) & Chama puichella,
C. ruderalis, C. limbula, C. fibula 7% Ex> { D DFE
TIEHE G L WiEEEOHESBNER L L THES
ndZ s, HRESER L ARESER XL
THBE T2 Z EIERPENEERL]Z. LhLE
o, BAKEEREDO 2HABH LI LHEL K
Pseudochama RO EZHNER L BET 2B & X
ZeRw, ik s, 2HBHLETY, Amphichama
argentata Habe & Kuroda, 1952%° A. scutulina
(Poutiers, 1981) & ¥ETOEREKRE, —B i ¥ixE
EOHEERELDTEL, ELoDBRTEEZET 0
BoBMELTHRE> TWw3 Z &, Opaner (1917,
1919) i Pseudochama %383 5 H 72V, Chama
& Pseudochama TIXEIFEHRIUIC b early dissocon-
ch D% A X L4, B OMBEIBE DB H S I L 15
LTBY, INHEZDWTHREATILERDH 205
Th s, AREEOEENERES OEE»S, b5
Wik ZE DM, WLV ESRFERICb 63 i
EREEAT 3RS DL 2 ATThbitTwiny,
INEFTCHEACEEZED 2HBH 2 L3l Ezown
THEREIVBDELZ DM DH S, Hlx2iE, Tavior and
Kennepy (1969) ¥ & UF Kennepy et al. (1970) i3,
Chama arvcana & Pseudochama exogyra Ti&3F T HEx
BEBR NS LR Tz, HEF I LNEC arcana D
WEAEAR 13 P. exogyra 2, “P. exogyra DIHAEA”
i C. arcana WELHD TEPLTBY, @REIEED
WREERD B LS, LLRHS, C. arcana & P.
exogyra V3, BEET HEDIE», BAEOT, BEOZ)
HDFEHE, early dissoconch DY A X « 2ffi, BRI
BOosVIA4 FNEBOER R CWCHBRZENSHY (R
1;M5), JIThHh2 L3S THB, #oT,
KENNEDY ef al. (1969) 3 X U TavLor and KENNEDY
(1970) D> > “Chama arcana @ ¥ @K & P.
exogyra, “Psewdochama exogyra DMER{EMA” 1% C.
arcana DHIlx ZFEE DY TH 2 WJHEMEH L,
Opuner (1919) % Yonge (1967) &% 7 Vb4 &l
DB DWEERINEBREOEMCOABRT D TH->
T, ZOMOWFERREL EOBRERYmEL Tt
LTWw3, F 7 ¥IWGT A BTl mantle isthmus 2 & >
THBSNBEEOMSD &, SHERERS & USERR
ERIZ & o TH & 12 S LIS DR DER S ST 125k
BRI TEID, SEO Chama pulchelle &D Th

THEBSHSEN TS (Marsukuma #BFEH). 20
X, IhnE CEEINTHRE OBESERS R
WIETHD, BEECR NS X 5 R8AER - BHELR
WA b2 2EPNRPETEE W ERRLTWS,
R, BREREEIVIHIHOBE: 790
BABDBV ANV EOSETIE, EREEERL A
REEEE LB (Chama £ Pseudochama : ODHNER,
191772 ), & % ikl (Chamidae & Arcinellidae :
NEVESSKAYA et al., 197172 8) THIFBREFE WS
RfgL, BRI IIRRSEENER I v (Heary
et al., 1993) L) BENHILLTWw3,

FIFNTARITR, Thi CRBETHFANLN
1238RER S R U BSANY A NEREESTWM, 5
Bh3BRAREEECHD, 2ENAREEECTDH
b, ¥ITVYNVHTARIOI NV A VED, ZD5FEOE
BEAMRE L T HEIREE (synapomorphy) TH 5
56, 5ELBOHECHEN: Z OFE IEMMLOE
BrPRCsEeRciitokleicizsd (M6B). &
DIREBIEL FHIE, VYA NEBOBREEEWIE
X, WERHRIC L > CEBRCEET 28> 6 5% CH
BT (HE2VRZFOHYK) BbolkrEr sl
ENTES, ZO%E, EREEER, HREEER
EDBRETT7TFA MDAPORLIBERFOELET T
FA N ANV A N OBREFOEEE S, HREEE
BEIERH TRV RS, LaLieds, An
Y4 FBEDEE R early dissoconch DV 4 X « BHE,
ek OFEARB R EIRF R AREEERE LA
REEEHOMCRHNRBI Y D5 L 2ERL
T3,

—7H, ANV A4 B EREERER AR E SR

\
h

1

FAR F279NHABZHED early dissoconch ¥4
RAEHEF. b 85, 1 8E

Fig.4 Measurements in an early dissoconch of
chamid bivalve. h: Height. 1: Length.
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H5M %7V AY 4RO early dissococh, A : Chama
arcana. B . Pseudochama granti,

Fig.5 Early dissoconch of Chama aracana (A) and
Pseudochama granti (B).

THIZ W E CFEFBE (homoplasy) TH 554 (K
6A), ZO5EMICEBMEMRIFELRZV I TR
5, LHLESER, REIVYA MNEEEOBDS S
DBHRAFHELEWIRSNIHIICERT2Dp 0D
iU TORBEBLEC 2, AEEROSEE
HWEBEEPTEET 5 721213, Lowenstam (1954a 1E5>)
D7 TdFA MBS ANTA S NOEBHROBRIE, &
FEMEERAVTANVY A FEBOWHIBEDERER L
REEETH 2RO BLETH S, $2Fh
EERFCFE, EEER, BHENEE, early dis

soconch % ¥ OMOZREHE, {LAREE L OBHRE I
£, RENCHETT2EBBETHS, DL

2DODRFDI B EL S BFEIREDTHRT—F I
EEoTwRwy, 57T, 58, +o&7—I0EE
3 ¥ TREBEERE Chama, HREIEES Pseudo-
chama E LTHET B eBRYLEZONS,
BEIRGWROER | £, BEZNCEIRET
EMOBEGTHEORHEE L ERENS, ELO
BAEHTE, /NS RBEIHEER OISR ORI
fPofgx BAER SR, TOEREELL-EFE
DO CHFBERIRHENIRR I B3I EZTDOEENKE >
7o SEOMEER T B LEZ L, DX D%, ik
OB L, Erpreoce and Gourn (1972) i3, 1k
AOHEAL ST — > OBfgED» 5, BB EHI
I AEEDORHE, 1FE AT RWEE DR
oD LS Wil (X)) P BB 7.
Wi, LD Sy — Y 2RI AL OHE
YIEHEDOTRFIN TV B, RYESMMEOFHITIX
EEHEESBD TRECOPEWS X H =X ARG
TEREND D,

IR w7 —) R IEHRTOH L WEOE
B2, BRES LIS “AIER#E %1 R founder
effect” (Mayr, 1963) W2 X > TEHBHL XS L L7, &
S TIELERE R LIT LT, BREELE
EEIND DS, Mk CRIEE UTw 2 #(bEE
i3, BERCET20THY, SHENRBHORE,
B L BRI RETH 5. BRIV O,
10~%H (?) OBEGETFVEET 2 Ebhs (B,
1963) 28, EFERIREEDSEILT 2 2 & L TERERIFEED
K& TEBEAC IR B, b, £ENREEE
bleoT &S RERELAN—FHE I NITBRI—BCE
BangEz, I—nAFya 3y M, HEQERELED
BOUSEHZLDTHLOEHL, BREOHEEIZERY
ThH3Z s, EEEOMHENELL S Zo TR
B350 TEHRL, BEOHEILENREALZR LY
—BRER LI LW “FIREERRYH RIBZ .
UL Lad o — B 3ER ORI, 48, B4
BREZFICHIY, ZhoDEOCHIROERERT
—FTEEREZ SNV BH, 1963). KR
EREIHIL, 50 I AEHEOFERNTERINT
W,

WAEY T, BEEEOREABEH, ZHEDOBRPR
Wi CWHERRNR R ONE, £/ 7754 TIREN
WCHEREEES X CEREEERD 2 BBNEET 5, £
e A T IR BRI E 0 A pS AT B & iR L ¢
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B, REwCEbEo THRSNIBEOHE, KE
BETHEL TS, LizdoT, £ 7 IHA DM
IR AL L b ICHET 22 REwd 2 e
T 5%, BERROBRZEOEREEDOKEIZEL < JExt
HCThb. EENHRCEE SN TR0, T
BER—HISBEL, HE2VRAERPAREINZELL
FEFRE o T B, FERNFRRBEHIOBEREETE, &
D HDHUE, B 5\ TERRER D & OIMER & > 5 53k
BIREREFOTHEEZ 72561, EFELLR
FiRe#Ezons, —7H, THEBERCITR, K
BEE b EENHTH S, Lo T, ZHETIIHR
D HDHER, KD A DHER, H 5\ 1358k « BiER
W5 DHEE T OEE bR & IO ES 13H#E 2
59, EELI>BLEZONS, #oT, ZHKETIE
INE TEHEOHIRHME S h Tyuivnd, SHBRER
SN B ATREME IS,

REIW & > THEERITO EREOEMETE, BAR
FRIZ X 2 REBRORE OFENPIEFE A & ORI DR
EB273 28R DSNTED &R, 1994), ¥iE
DEFERRREEE b 7263 “WIRFSh 22" TH5H
BEMER D 5. F 7 PN A4 BRIOMERIRIE, EHEAIRE
B UM b DTk W, BRERLLTEED
2HEEH 5T HDTHD, EREEENOAREE
ek, AREERNOEREEEEOEFEER, F27V
WA BN B 2 EREEER, b5V idERkEERE
HEBNSRMNIESL NI TIREE R REB T2 DTH S
B, FRLSRERIIREIATORYL, 51, BHRO
%R & FELHSHE Z - TeATREME 2GS T 2 HF3e0sh
HThb, BENSHEREEZ SN BB X UKl
DHEDWIZEE, L2 EAEEEAN OBE TR D
R E LTHZ 2FROBWHRM L 22 EE 2
5N,

4 & &

FIPNHABRKE R, ERCEET 5, £
WCEET 2, EALEL0ORTTHEET 2D
3SEDH B, early dissoconch DH A X « Effi, K&
i3, ARCEET AL AR CESE T A TER
D3H 3. Pseudochama granti & EARRN 13 CEE
THETH B0, BHOERL L TRIERTEES
LERBH B,
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Fig.6 Hypothetical phylogenetic trees of the
Chamidae and shell mineralogy. A: The cal-
citic layer in both normal and “inverse” forms
is produced by synapomorphy. B: The calcitic
layer in both normal and “inverse” forms is
produced by homoplasy. a: Aragonite. c:
Calcite.
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