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EDITORIAL PREFACE
Changes in front-page materials given in Volume 1 of Part N (Bivalvia), as well as

some other important notations, are brought together here in order that they may receive
the notice of Treatise users most readily.

ADVISERS.-These now include EDWIN B.
ECKEL, D. L. CLARK (The Geological So
ciety of America), J. W. DURHAM, ADOLF
SEILACHER (The Paleontological Society),
W. M. FURNISH, D. M. RAUP (The Society
of Economic Paleontologists and Mineral
ogists), W. T. DEAN, R. V. MELVILLE (The
Palaeontographical Society), J. M. HAN
COCK, M. R. HOUSE (The Palaeontological
Association) .

VOLUMES ALREADY PUBLISHED.-A re
vised edition of Part V, Graptolithina
(xxxii + 163 p., 507 fig.), by O. M. B.
BULMAN, directed and edited by CURT
TEICHERT, was issued in December, 1970. It
is available on orders sent to The Geological
Society of America. This applies also to the
present volume of Part N, Bivalvia, almost
entirely the work of H. B. STENZEL; it is
separately priced by The Geological Society
of America.

CONTRIBUTING AUTHoRs.-Additions not
previously listed include: D. H. COLLINS,
University of Toronto, Toronto, Canada; J.
S. RYLAND, University College of Swansea,
Swansea, Wales.

With deep regret the deaths of G DALLAS
HANNA in November, 1970, and MARIUS
LECOMPTE in August, 1970, must be re
corded.

ABBREVIATIONS AND REFERENCES TO LIT
ERATURE.-Additions to abbreviations and
serial publications recorded in Volume 1
of Part N are given in the following lists.

Additional Abbreviations

Abh., Abltandlttng(en)
Acad., Academy
adj., adjective
Afghan., Afghanistan
Alaisk., Alaiskan
Ark., Arkansas
Aug., August

Baluch., Baluchistan
Ber., Bericltt

cah., caltiers
col., column
Colo., Colorado

Conn., Conne~ticut

Contr., Contribution(s)

Dec., December
dec., decade
Dept., Departement
Doc., Document
Duntroon., Duntroonian

expl., explanation

Feb., February
ft., foot, feet

Ga., Georgia
Govt., Government
gr., gram(s)

Hist., History, Histoire

Inst., Institttt, Institute

km., kilometer

livr., livraison

Mass., Massachusetts
Moroc., Morocco
Ms., manuscript
max., maximum
mo., month

Naturhist., Natttrltistorisclte
Nov., November

Oct., October
Opin., Opinion

Paleont., Paleontological, Paleontologicheskikh
Penin., Peninsula
Prog., Progress

ref., reference
Reg., Region
R. I., Rhode Island
Rupel., Rupelian

Sept., September
Spamac., Sparnacian
sq., square
subsp., subspecies

Thanet., Thanetian
Torton., Tortonian
Transylv., Transylvania
Turkestan., Turkestanian

III
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unpuh!., unpublished
Uzhek., Uzbekistan

vert., vertical
Vierteljahrsschr., Vierteljahrsschrift
viz., videlicet (namely)

yrs., years

Additional Serial Publications

Acta Biologica Academiae Scientiarum Hungaricae.
Budapest.

Akademie der Wissenschaften zu Munchen, Ab
handlungen, mathematische-physikalische Klasse,
Sitzungsberichte.

[K.] Akademie der Wissenschaften, St. Petersburg
[Akademiia Nauk SSSR, Leningrad].

Annales du Museum. Paris.
Annales des Sciences Geologiques. Paris.
Argentine Republic, Ministerio de Agricultura,

Direccion General de Minas y Geologia, Boletin.
Buenos Aires.

Beitrage zur Geologischen Karte der Schweiz.
Bern.

Geologo-Razvedochnoy Sluzhby tresta "Sredazneft,"
Trudy (Izdatelstvo Komiteta Nauk Uzbek. SSR).
Tashkent.

Imperatorskago Mineralogicheskago Obshchestva,
Zapiski. S5. Petersburg.

International Zoological Congress, 15th Session,
Comptes Rendus. London.

Japanese Society of Scientific Fisheries, Bulletins
[Nihon suisan-gakkai shi]. Tokyo.

Museum d'Histoire Naturelle du Pays Serbe, Bul
letin. Belgrade.

Natuurhistorisch Genootschap in Limburg, Publi
caties. Maastricht.

Natuurhistorisch Maandblad. Maastricht.

iv

Natuurkundige Verhandelingen van de Hol
landsche Maatschaappij der Wetenschappen te
Haarlem.

New Zealand Institute, Transactions and Proceed
ings. Wellington.

Polskiego Towarzystwa Geologicznego w Krakowie,
Rocznik. Krakow. (Societe Geologique de
Pologne, Annuaires.)

Prirodnjacki Muzej Srpske Zemije, Glasnik
[Museum d'Histoire Naturelle du Pays Serbe].
Belgrade.

Revue Suisse de Zoologie. Geneve.
Schweizerische Geologische Gesellschaft. Base!.
Societe Geologique de Pologne, Annuaires. Krakow.
United States Fish Commission, Bulletins. Wash-

ington, D. C.

NEW GENERA.-A long-standing policy of
the Treatise on Invertebrate Paleontology
has been the rejection of original publica
tion of new generic taxa, although higher
rank units have been accepted wherever
judged to be needful. Mainly this is ex
plained by the adjudged lack of space for
adequate diagnosis, descriptions, and illus
trations of new genera. Only a very few
exceptions have been allowed. The list now
is enlarged on the basis of strong pleas sub
mitted by the author and special notice of
them given here. They include 1) Gryphaea
(Bilobissa) STENZEL, n. subgen., p. NI099;
2) Hyotissa STENZEL, n. gen., p. Nl107;
3) Ilmatogyra STENZEL, n. gen., p. Nll19;
and 4) N eopycnodonte STENZEL, n. gen., p.
NII09.

ERRATA.-Errata and revisions to Volumes
1 and 2 of Part N are included on p. N1214.

RAYMOND C. MOORE
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INTRODUCTION

The oysters are very successful biologi
cally, if one may measure success by num
ber of individuals living and by territory
they occupy. Several species are important
as food and as raw materials for high
purity lime used in the chemical and ce
ment industries and have been studied
intensively. Fortunately therefore, many
biological data are available.

In the geological sciences oysters are use
ful or important in stratigraphic zonation,
in paleoecologic interpretations, in phylo
genetic studies, and as the makers of sedi
ments (oyster biostromes and self-sedimen
tation). Many of the problems concerning
oysters in biologic and geologic sciences
have defied analysis, notably their evolution,
phylogeny, and classification, partly be
cause problems were attacked either with
purely neontological or purely paleonto
logical methods. Evidently both sources of
information have to be tapped. For this
reason the interdisciplinary approach is
used here to reach for solutions to these
problems.

A major result is the discovery that the
oysters, as commonly understood by various
authors, are not one monophyletic family
but very probably are diphyletic. In other
words, the oysters consist of two fami
lies: 1) Ostreidae sensu stricto, herewith
emended to exclude the three subfamilies
Gryphaeinae VYALOV, 1936 (emend. STEN
ZEL, 1959), Pycnodonteinae STENZEL, 1959,
and Exogyrinae VYALOV, 1936, and 2)
Gryphaeidae [nom. transl. STENZEL herein
(ex Gryphaeinae VYALOV, 1936, emend.
STENZEL, 1959) ] to comprise the three
above-mentioned subfamilies. As far as this
chapter is concerned, the vernacular name
"oysters" includes two separate families.

Modern summaries of the biology of a
few commercially important living species
have been published by GALTSOFF (1964),
KORRINGA (1952-53), LOOSANOFF (1965),
RANSON (1943a), and YONGE (1960). Ex
tensive bibliographies covering living spe-

cies have been assembled by BAUGHMAN
(1948), KORRINGA (1952-53), and RANSON
(1952). Paleontological works covering
larger groups of species are by COQUAND
(1869), JOURDY (1924), SCHAFLE (1929),
VYALOV (1948a), WHITE (1884), and
WOODS (1913). Living species were de
scribed by LAMY (1929-30) and SOWERBY
(1870-71) in REEVE.

I wish to acknowledge with gratitude the
generous support given before February,
1967, by Shell Development Company, a
Division of Shell Oil Company, Houston,
Texas, and by Louisiana State University
since that time.

Extensive collections and good libraries
are prerequisites to the present work. For
many years both were not available to me
and progress in this work was painfully
slow. Were it not for the help and coopera
tion received from many colleagues at other
institutions and in foreign countries the
present work hardly could have been com
pleted.

Thanks and appreciation are extended to
all these who have given me a helping hand.
They are too numerous to list all here in
this space. However, I wish to thank spe
cifically: Dr. R. TUCKER ABBOTT formerly
of the Academy of Natural Sciences of Phil
adelphia; Dr. CARLOS C. AGUAYO of the Uni
versidad de Puerto Rico; Dr. VAN REGTEREN
ALTENA of Teyler's Museum in Haarlem,
Netherlands; Dr. F. BROTZEN of the Swed
ish Museum of Natural History in Stock
holm; Prof. R. M. CARTER of the University
of Otago at Dunedin, New Zealand; Prof.
W. J. CLENCH of the Museum of Com
parative Zoology at Harvard University;
the late Dr. L. R. Cox of the British
Museum (Natural History); Mr. DENNIS
CPRRY of Northwood in Middlesex, En
gland; Mr. WILLIAM DEMORAN of the Gulf
Coast Research Laboratory at Ocean
Springs, Miss.; Prof. E. J. DENTON of the
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Introduction-Orientation and Axes N955

Laboratory at Plymouth, England; Prof.
MAXIM K. ELIAS of Oklahoma Research In
stitute, in Norman, Okla. and Dr. A. H.
COOGAN, Kent State University, Kent, Ohio,
who translated Russian literature; Dr. C. A.
FLEMING and Mrs. A. U. E. SCOTT of the
New Zealand Geological Survey; Mme. Su
ZANNE FRENEIX of the Institut de Paleontolo
gie at Paris; Prof. P. FISCHER formerly of the
Ecole des Mines in Paris; Dr. PAUL GALTS
OFF of Woods Hole, Mass.; Dr. ERNST
GASCHE and Dr. HANS KUGLER of the Natur
historische Museum at Basel; Dr. L. G.
HERTLEIN of the California Academy of Sci
ences; Dr. E. G. KAUFFMAN and Dr. NOR
MAN F. SOHL at the U. S. National Museum;

Dr. JIli! KiHz of the Charles University in
Praha; Dr. D. F. MERRIAM of the State Geo
logical Survey of Kansas; Dr. DON Mc
MICHAEL of Australia; Dr. D. P. NAIDIN,
Moscow State University, Moscow, USSR;
Dr. OLIVER PAGET of the Naturhistorisches
Museum in Wien; Dr. GILBERT RANSON of
the Musee d'Histoire Naturelle in Paris; Mr.
TAKEO SUZUKI of U.C.L.A.; Mlle. JULIETTE
VILLATTE of the Laboratoire de Geologie at
Toulouse; Mr. H. P. THESEN of the
Knysna Oyster Company in South Africa;
Dr. J. M. THOMPSON, Department of Zool
ogy, University of Queensland, St. Lucia,
Brisbane, Australia; and Dr. BORIVOJ ZA
RUBA of the Narodn! Muzeum in Praha.

ORIENTATION AND AXES

Common normal Bivalvia are capable of
moving about on or in a substratum, and
while they move forward their sagittal plane
of symmetry stands vertical. Direction of
movement, hinge axis, mouth-anus axis,
and axis through the centers of the two
large adductor muscles are parallel or close
to parallel. For that reason, it is easy to
orient these bivalves anatomically, that is,
one can define anterior, posterior, dorsal,
and ventral sides readily (Fig. Jl).

0=:
UJ
~

V)

o
Q. posterior

adductor muscle

direction of movement

Not so the oysters. They are permanently
immobilized, pleurothetic on the left side,
and have no direction of movement. The
earliest known fossil oysters show no trace
of the anterior adductor' muscle, which
probably had disappeared in the ancestors
before oysters had evolved, and the axis
through the centers of the two adductor
muscles cannot be drawn. The two remain
ing axes form a large angle between them
and thereby they present conflicting evi-

0=:

o
0;:-
UJ
~

Z
<

anterior

adductor muscle

VENTER
FIG. JI. Principal axes of orientation in common normal isomyarian bivalve as exemplified by Astarte,

X 1.6 (after Saleuddin, 1965).

The RV has been removed and visceral mass is
shown as transparent so that stomach, intestine, and

pericardium are visible. Positions of mouth and
anus are shown by circles.
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DORSUM

heart

hinge axis

VENTER
posterior adductor

muscle

0::

o
0::
LIJ
I

Z
«

FIG. J2. Principal axes of anatomical orientation in oysters as exemplified by Crassostrea virginica
(G~[ELIN, 1791), X 1.6 (Stenzel, n).

The oyster lies on its left side with RV removed so
that soft parts are visible, position of mouth indi
cated, although it is hidden among labial palps;

dence for anatomical orientation of the
animal. A choice must be made between
these two axes as the means of orienting
the mollusk (Fig. J2).

As concerns the animal and its survival,
both axes have great functional importance,
and one cannot claim that one is more
significant than the other. Mouth and anus
are part of the indispensable alimentary
system, and the hinge is part of the mantle/
shell protecting the animal. Rather, it is a
question of practicability and general agree
ment.

If the hinge axis is the guide to anatomi
cal orientation. that is, if it is equated with
the anterior-posterior axis, hinge and um
bonal region are the dorsum and the valve

visceral mass shown partly transparent so that heart
and gonad are visible.

margins opposite the hinge are the venter
of the animal. This is the orientation ac
cepted in all conchological and paleonto
logical literature and by some modern neo
zoologists, notably GALTSOFF (1964).

Since 1888 several neozoologists (JACK

SON, 1888; LEENHARDT, 1926; PELSENEER in
NELSON, 1938, p. 7; NELSON, 1938, p. 8;
YONGE, 1953) have advocated using the
mouth-anus axis instead. This orientation,
or modifications of it, has been accepted by
many authors since 1938. If one tries to
apply the mouth-anus axis precisely, the
hinge becomes not quite the anterior and
the opposite yalve margins become the
Yentroposterior side of the animal; in other
words, many anatomical locations must

© 2009 University of Kansas Paleontological Institute



Orientation and Axes N957

height of
ligamental area'f" length of ligamental area

,'~ /~ I
, I', I

" I , I
'I ',I" I ' . I _,

hinge axis

>e::::
.....
o

center point of insertion

x
o
I

\j

E

---------------r-----
I

-1II(.--------length of RV ., I

FIG. J3. Height, length, and mid-axis of an oyster as exemplified by RV of Deltoideum, XO.9 (Stenzel, n).

The aragonite pad at insertion of posterior adductor
muscle has been leached, so that growth layers of

have rather long, awkward descriptive
terms. In order to simplify them, many
neozoologists call the hinge simply the
anterior and the opposite valve margins the
posterior. The fact that this or other such
changes are deemed necessary makes this
choice of an axis a poor one.

In fossil oysters, one can locate the mouth
anus axis approximately. The mouth is
near the imprint of the Quenstedt muscle
(see p. N965), and the anus is at the margin

the outer ostracum show through the hole.

of the posterior adductor muscle imprint
(Fig. J2, see J4). However, some impre
cision is involved. These anatomical land
marks can be found only if the shells at hand
are in excellent condition. On the other
hand, the hinge axis can be located with ease
and precision on both living and fossil
oysters. In short, the hinge axis is the better
choice as the definitive guide for locating
the anteroposterior axis of the animal.

The terms length, height, and width are

© 2009 University of Kansas Paleontological Institute



N958 Bivalvia-Oysters

defined as follows. Length is the largest
dimension obtained by projecting the ex
tremities of the shell onto the hinge axis.
Height is the largest dimension obtained
by projecting the extremities onto the mid
axis of the shell. Width is the largest di
mension obtained by projecting the outline
of the shell onto a line that is at right angles
to both the hinge axis and the mid-axis.

The mid-axis is a straight line drawn in
the commissural plane at right angles to the
hinge axis and begins at the mid-point of
the ventral margin of the resilifer (Fig. J3).

Length of the ligamental area is the
length of its ventral border. Height of the
ligamental area is measured along the mid
dle of the resilifer following its curves from
the umbo to the ventral margin (Fig. J3).

ANATOMY
CONTENTS

PAGE

VISCERAL MASS N959

Digestive System N959

Excretory System N960

Reproductive System N960

Musculature N962

Adductor Muscle N962

Quenstedt Muscles N965

Circulatory System N966

Nervous System N967

GILLS AND MANTLE/SHELL N967

Gills N967

Mantle N967

Mantle Musculature N968
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Prismatic Shell Layer N978

Hypostracum N979

Chalky Deposits N982

Chambers N986

Vesicular Shell Structure N986

Fingerprint Shell Structure N989

Interior Topography N989

Distinction between Valves N995

Attachment N995

Pigmentation N997

The oyster is composed of two major
interconnected subdivisions: 1) Visceral
mass, containing all those organ systems
that must receive protection, namely, the
whole digestive, excretory, and reproduc
tive systems and most of the musculature
and much of the nervous and circulatory
systems. 2) Gills and mantle/shell. The
latter is composed of a hard portion, the
shell, which protects all other organs and a
soft portion, the mantle, which carries
sense organs and lesser parts of the muscu
lature and of the nervous and circulatory
systems. The term mantle/shell, coined by
YONGE (1953, p. 443), emphasizes that it
is an integral organ unit consisting of both
soft and hard parts just as the arm of a
vertebrate consists of soft and hard parts
(muscles, blood vessels, nerves, hair, finger
nails, bones, etc.).

VISCERAL MASS
The visceral mass extends from the hinge

to the big adductor muscle, which is part of
it. In it are concentrated, in the smallest
possible space, organs indispensable to sur
vival of the individual and of the species
itself. For protection the visceral mass is
as far removed as possible from the open
margins of the valves and is tucked behind
the adductor muscle, which forms a stout
pillar connecting the two ·valves giving
protection to organs lying between it and
the hinge (Fig. J4).

A visceral pouch enclosing the hairpin
loop of the intestine and carrying the

urogenital openings wraps around the an
terior flank of the adductor muscle.

DIGESTIVE SYSTEM

A detailed description of the digestive
system of Ostrea edulis LINNE, 1758, was
given by YONGE (1926).

The mouth is at the dorsal end of the
groove, and the tips of the gills are at the
ventral end of the groove which is flanked
by labial palps. There are two pairs of
labial palps. Their outline is hatchet-shaped
and slightly different in each genus. A
short esophagus leads from the mouth to an
elaborate stomach. The intestine leaves
from the opposite side of the stomach, de
scends to the visceral pouch, forms a tight
hairpin curve in the pouch, returns to form
a wide loop around the stomach, and finally
leads toward the dorsal flank of the ad
ductor muscle. This terminal part of the
intestine is the rectum and skirts the dorsal
and posterior flanks of the adductor muscle.
The anus is at the tip of a papilla at the
posteroventral flank of the muscle, where
it opens into the cloacal passage of the
exhalant mantle chamber (Fig. J4).

In all living oysters, except the Pycnodon
teinae, the rectum skirts the dorsal flank
of the pericardium. In the Pycnodonteinae,
the rectum passes through the pericardium
and the ventricle of the heart, and the anal
papilla projects more. These relative posi
tions of rectum and ventricle in oysters are
of great importance (Fig. J5).

© 2009 University of Kansas Paleontological Institute



N960 Bivalvia-Oysters

DORSUM

mouth
resi lifer

umbo

HINGE AXIS

posterior aorta

0=:o
0=:
W
~

V)

o
Q..

rectum ----;-~--J..

anus

resi lium

quick muscle of
posterior adductor

muscle
0=:

o
visceral pouch 0=:

containing hairpin W
I

loop of intestine Z

«

catch musc Ie of
posterior adductor muscle

VENTER LEFT VALVE

FIG. J4. Anatomy of an oyster as exemplified by Crassostrea virginica (GMELlN), XO.8 (Stenzel, n).

This is the common commercial oyster of eastern
and southern coasts of North America. The ani
mal rests on its left side; RV and mantle lobe re-

EXCRETORY SYSTEM

The kidneys, or organs of BOJANUS, are
two highly contorted tubules encased in a
blood-filled sinus, located at the anterior
flank of the adductor muscle. The blood
coursing through this sinus loses its meta
bolic waste products to the tubules, which
carry the liquid excreta out into the cloacal
passage. The tubules discharge by way of
a pair of small pores, each located near a
genital pore in a short and slitlike uro-

moved and visceral mass depicted as partly trans
parent; shaded arrow indicates exhalant water

current in cloacal passage.

genital cleft, which is located on the VIS

ceral pouch.

REPRODUCTIVE SYSTEM

The reproductive system is quite simple,
because the eggs of oysters are very small
and comparatively simple. The reproduc
tive system is composed of two gonads.
Each is an arborescent system of ciliated
ducts ending with a canal at the genital
pore.

© 2009 University of Kansas Paleontological Institute



Anatomy-Visceral Mass N961

FIG. J5. Features of oyster anatomy. In living
Pycnodonteinae rectum passes through both peri
cardium and ventricle of the heart, as shown in
Hyotissa /zyotis (LINNE, 1758) forma imbricata

(LAMARCK, 1819), X8 (after Pelseneer, 1911).

Because of this simplicity of structure,
the oyster can and does change sex several
times in its life. Changeover from male to
female requires more vital resources and is

slower than the reverse. As one sex phase
fades away, the next one starts developing
so that the two overlap. For example,
during sex change from male to female,
gonads carry simultaneously ripe sperma
tozoa and developing eggs and during the
other change gonads carry residual sperma
tozoa and ripe eggs. In those genera of the
Ostreidae that incubate their fertilized eggs
and young larvae, one can find at certain
times individual oysters that carry simul
taneously unfertilized eggs, spermatozoa,
and incubating larvae (MENZEL, 1955)
(Fig. T6) . Young oysters begin their sex
ually mature life as males. Oysters are
protandric alternating hermaphrodites.

Among natural, crowded populations sex
change is influenced by food (starvation
slows the change), by prevailing tempera
tures (cold slows it), and by neighboring
individuals (old females influence young
oysters to remain in the male stage). Old,
large oysters are nearly all females.

Day of fixation of larvae

I Start of sexual maturity

100 '

80

"0 60

£

c
v
~
8. 40

20

o
days

125
180

FIG. J6. Sexuality and sex change from male to female in young and small individuals of the incubatory
species Ostrea eql/estris SAY, 1834 (=0. spreta n'ORBIGNY, 1846) from Aransas Pass, Texas, USA

(Stenzel, n).

Five age groups are shown, respectively, 5-21, 22-30,
31-60, 61-125, and over 125 days old, counting
from day they became attached to substratum.
Transitional stage includes individuals carrying

sperm and eggs, sperm and incubating larvae, or
sperm, eggs, and larvae. (From data on 439 indi

viduals given by Menzel, 1955.)
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MUSCULATURE

The many muscles in the body of the
oyster are discussed here in two sets: mus
cles inserted on the valves at one or both
ends and muscles not inserted on the valves.
The former set generally leave traces of
insertion on the valves and, therefore, are
more important in paleontology than the
latter. I n adult oysters the former set con
sists of three: 1) The large solitary posterior
adductor muscle, 2) the pair of small Quen
stedt muscles, and 3) a grou p of several
anterior pallial muscles. The first two are
in the visceral mass and are discussed be
low. The last are in the mantle/shell and
are discussed under that heading (Fig. ]7).

HINGE AXIS

::t<!!.-----1~--Quenstedt
muscle insertion

disjunct

polliol line

rerlexed valve margin

posterior adductor muscle pod

FIC.)7. Muscle insertions on ,'alves of oysters as
exemplified b~' RV of SaccOSlrea cehillala (QUOY &
GAI~IARD, 1835), living attached to rock surfaces
on coast of Queensland, Australia, XO.73 (Sten-

zel, n).

ADDUCTOR MUSCLE

Adult oysters are monomyarian; they
have only one adductor muscle. On the
other hand, the full-grown larva, before it
affixes itself to its substratum, has an ante
rior and a posterior adductor muscle like
all other normal dimyarian bivalves and
their full-grown larvae (see Fig. J38). Dur
ing metamorphosis from larva to young
attached oyster, or spat, the anterior muscle

of the larva shifts pOSition and atrophies
quite rapidly, leaving no trace whatsoever.
This metamorphosis has been followed
many times under the microscope so that
there is no question that the solitary ad
ductor muscle of the adult oyster is the
posterior one.

Tevertheless, several authors have
claimed either that some adult living oysters
retain an additional adductor muscle, a
vestigial anterior adductor muscle, or that
some fossil oysters carry an imprint made
by such an additional muscle. All these
cases are in error and are based on misin
terpretation of the Quenstedt muscles or
their imprints on the valves.

JAWORSKI (1913) at first described Heter
ostrea (see Fig. J147) from the Jurassic of
Peru as a new taxon of the Ostreidae that
was supposedly heteromyarian, that is, had
two unequal adductor muscles. Later he
corrected himself (JAWORSKI, 1951) by dis
covering that this Peruvian fossil was incor
rectly placed in the oysters and was really a
Myocollcha J. DE C. SOWERBY, 1824 (see
family Permophoridae, p. N547). Among
the oysters, even among the most ancient
ones described so far, there is no case
known that would prove that anyone of
them had a vestige of the anterior adductor
muscle of their dimyarian bivalve ancestors.

The posterior adductor muscle is short
and stout; it connects the two valves di
rectly. Contraction of the muscle closes the
two valves against the elastic expansion
pressure of the ligament and keeps them
shut for long periods of time, if need be.

The muscle is differentiated over its
whole length into two coalescent subdivi
sions (Fig. J4): 1) the catch muscle, white
opalescent and opaque in live oysters, com
posing the ventral or distal part of the
muscle and 2) the quick muscle, flesh
colored and semitranslucent. composing the
dorsal or proximal part of the muscle. The
catch muscle is a tonic muscle similar to
the tonic muscle fibers in the walls of
arteries and intestines of vertebrates. It
contracts slowly and can maintain the ten
sion for long periods. even against the pull
of outside forces. The quick muscle is
phasic: it reacts quickly but does not en
dure. The two perform together in a divi
sion of labor when they contract and close
the valves. The relative positions of the
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two subdivisions in the adductor muscle
are the same in all bivalves. The quick
muscle is always in proximal position. (See
also Fig. J36.)

The relative sizes of the two subdivisions
differ from genus to genus. Ostrea has a
larger catch muscle than Crassostrea and
Saccostrea; Hyotissa has the smallest. The
two subdivisions cannot be distinguished
in fossils.

Quick action of this muscle is of utmost
importance to the survival of the oyster and
requires the best possible supply of blood.
There are many blood-filled gaps (sinuses)
between the fibers of the adductor muscle,
and the heart is located next to the muscle
so that the artery supplying it is as short
as possible (Fig. J4).

Each end of the adductor muscle is in
serted on a thin film or pad composed of
aragonite, which is deposited by the end of
the muscle directly onto the calcitic outer
ostracum of the valve. As the animal grows
in size the muscle adds more fibers at its
ventral flank and simultaneously retreats
at its dorsal flank so that the successive
aragonite pads grow with delicate growth
lines subparallel to the ventral margin of
the pad. Thick-shelled individuals have
the muscle imprints deeply sunk in t!:].e face
of the valve. Thin-shelled ones have them
flush with that face so that they may be
difficult to discern.

The planes of the opposing muscle im
prints are tilted so that they converge in
distal direction (see Fig. J13). The tilt is
greater in more deeply cupped valves and
usually the left has greater tilt than the
right imprint. In many oysters there is
also a tilt toward the posterior side, mak
ing the two imprints converge on that side.
This tilt depends on the position of the
imprint on the valve and on the cuppedness
of the individual valve. In many thick
shelled morphs of Gryphaea, T exigryphaea,
and Hyotissa the tilt of the muscle imprint
is emphasized by a buttressed ventral border
of the imprint which is raised considerably
above the adjoining face of the valve (see
Fig. J73,2a, Fig. J74,3b,c).

The adductor muscle and its imprints
are on the posterior part of the mantle shell.
If one draws the mid-axis on a valve the
adductor muscle imprint, or at least the
geometric center of it, falls on the posterior

side of the mid-axis (Fig. J3). Within this
limit there is considerable diversification
as to position of the imprint among vari
ous genera.

The adductor muscle is more nearly cen
tral on the valve in the larger species of
Ostrea S.s. than in other oysters (see Fig.
J23, J109). Crassostrea has it closer to the
ventral and posterior valve margins (Fig.
J8; see Fig. J44). Advanced species of
Flemingostrea and Odonlogryphaea have
it unusually close to the ventral and pos
terior valve margins (Fig. J9). Arctostrea
and RasteUum have the imprint very close
to the hinge. In the Gryphaeinae and
Pycnodonteinae the imprint sits closer to
the hinge than to the ventral valve margin
(see Fig. J74,3b).

The outline of the imprint, which is si
multaneously the cross-sectional shape of
the muscle, depends very much on the in
dividual shape of the valve (Fig. J8). In
other words, the imprints of various indi
viduals of a species are not the same in a
strict geometric sense, but their propor
tions referred to the valve shape are much
alike, as is the case with the locations of the
imprints on the individual valves.

Outlines of imprints make up two major
classes (Fig. J9): the concave class and the
convex or orbicular class. I) The former
has concave or nearly rectilinear dorsal
margins and imprints are generally longer
than high (Fig. J9,2). The following out
lines belong here: a) crescentic or shaped
like crescent moon, ends sharp and con
cavity deep; b) semilunar or shaped like
half moon, ends sharp and concavity shal
low (Fig. J7); c) comma-shaped, only one
end sharp and concavity deep (see Fig.
JI33); d) ribbon-shaped, very long and
shaped like a curved ribbon (see Fig. JI24);
e) reniform or shaped like a kidney, ends
well rounded and concavity gentle (Fig.
J8; see Fig. J23, JI09,lb).

2) The convex or orbicular class of im
print outlines has convex dorsal margins
and is generally as long as it is high. It
is characteristic of the Gryphaeidae (Fig.
J9,l) The following outlines belong here:
a) circular, length and height equal (see
Fig. J74,3b; J76,1; J83); b) vertical-oval,
height exceeding length (see Fig. J75,4d);
c) horizontal-oval, length exceeding height
(see Fig. J76,5); d) oblique-oval, longer
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axis placed oblique in valve (see Fig. J9,
la).

The outlines and positions of the ad
ductor muscle imprints are indicative of
the interior anatomical topography of oys
ters. For this reason they are of utmost

importance in the classification of fossil
oysters. This was first pointed out and
utilized in classification by STENZEL (1959).
Some indications of this idea were noted in
a special case of a living Australian oyster
species by THOMSON (1954, p. 135).

hinge axis

outline of
adductor musc Ie pad

29 by 43 mm.

Crassostrea

purple coloration

muscle 7 by 9 mm.

insertion of Quenstedt
muscle 4 by 5 mm.

LV

FIG. J8. Influence of valve outline on outline of adductor muscle pad, as shown by Cl'assostl'ea vil'ginica
fwm coast of New England, USA, X0.55 (Stenzel, n. Specimens from Branford, Conn., and Providence,

R.I., in Museum of Comparative Zoology).

© 2009 University of Kansas Paleontological Institute



Anatomy-Visceral Mass N965

Quenstedt muscle Quenstedt muscle
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,lb "- '. . \ /\
Nf"-.., \~ \ branchitellum 20

crests 10 --- .
posterior adductor muscle pad posterior flange

geniculation at proximal
commissura I shelf

margin of commissural shelf
imprint made by proximal edge of gills

Texigryphaea Odontogryphaea

FIG. J9. Outlines and anatomical positions of posterior adductor muscle pads in RV of oysters
(Stenzel, 1959).

In Texigryphaea roemeri (MARCOU, 1862) (family sae (GABB, 1861) (Cryphaea homeomorph belong-
Gryphaeidae) (la,b) from Grayson Marl (Ceno- ing in family Ostreidae) from Nanafalia Formation
man.) of Texas outline of muscle pad is convex, (Sparnac.) of Alabama (2a,b) it is concave or
orbicular, or oblique-oval. In.Odontogryphaea thir- reniform.

In all studies of the adductor muscle
imprints one should use only shells that
have the aragonite adductor muscle pad and
its surroundings perfectly preserved. In
many fossil oysters the aragonite pad and
the hypostracum are leached, leaving cavi
ties that are either collapsed by rock pres
sure or are filled with secondary crystalline
material or with sediment matrix (see Fig.
J24-J26). In many Recent oyster shells the
surroundings of the pad are damaged be
cause the calcitic shell cover at the dorsal
side of the imprint is very delicate. In all
such cases the outline of the muscle im
prints may be modified seriously.

QUENSTEDT MUSCLES

Quenstedt muscles are a pair of tiny
muscles, each one attached at one end to
a valve and ending with the other end
among the adoral parts of the gills (Fig.
J10). They were so named (STENZEL,
1963b) in honor of their discoverer. QUEN
STEDT (1867, p. 598) noted a tiny muscle
imprint between hinge and adductor mus-

cle imprint on shells of Gryphaea arcuata
LAMARCK, 1801, a common fossil of the
European Liassic, but he misinterpreted it
as the imprint of the vestigial anterior ad
ductor muscle (Fig. 17-J9; see Fig. J23).

These muscles, or their imprints, have
been noticed on many oyster species, fossil
and living; it seems safe to assume they are
present in all oysters. Being inconspicuous
they have been forgotten or overlooked by
many authors, only to be rediscovered sev
eral times. DALL (1880), one of the authors
who rediscovered them, was the first to
interpret them correctly as probably homol
ogous with the pedal muscles of dimyarian
bivalves. The best description is given in
HERDMAN & BOYCE (1899, p. 10-12, pI. 2),
who dissected Crassostrea virginica (GME
LIN, 1791 (1790]), a species living on the
east and south coasts of North America
(Fig. JlO).

Each muscle is thickest at its insertion
on the valve and thins as it extends inward.
It rises at about 50° from its insertion,
extends obliquely III ventral direction,
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to dorsum 4-

inner demibranch of gill
outer demibranch of gi II

to venter t

FIG. JIO. Diagram depicting anatomical position of
the two Quenstedt muscles in Crassos/rea l'irginica
(GMELlN), viewed looking in anteroposterior di
rection (mantle lobes and visceral mass omitted)

(after Herdman & Boyce, 1899).

passes close to the bottom of the groove
that separates the mantle fold from the
outer labial palp, turns forward and splits
to spread out mostly among the connective
tissues between the inner and outer lamellae
of the outer demibranch at the dorsal or
adoral end of the gills. The insertion of
the muscle on the valve is quite near the
position of the animal's mouth. Thus
Quenstedt muscle imprints come close to
revealing in fossil species where the ani
mal's mouth was located.

Although the two opposing Quenstedt
muscles of an oyster converge toward the
commissural plane and come close to each
other, they do not merge. Each one is
firmly attached to its valve and no mantle
epithelium separates the muscle fibers from
the valve as is also true for the posterior
adductor.

Quenstedt muscles are modified anterior
pedal muscles (protraetores or elevatores
pedis), now modified to perform a totally
different function, because adult oysters
have no trace of a foot left. Probably they
adjust the positions of the dorsal. or adoral,
e?ds. of the gills and of the labial palps and
aid III the transfer of food particles from
gills to mouth. It is inadvisable to call
them pedal muscles, because they no longer

function as such and because it is uncertain
with which particular pair of the several
pairs of pedal muscles in normal bivalves
they are homologous.

Many authors have interpreted them as
vestiges of the anterior adductor muscle.
This interpretation is regarded as erro
neous for several reasons. They are not
continuous from one valve to the other and
they are not rectilinear; the anterior ad
ductor should be continuous and rectilinear.
They reach the adoral tip of the gills, that
is, the region ventral of mouth and esopha
gus; the anterior adductor of normal bi
valves is wholly on the dorsal side of the
?1outh and esophagus. During evolution,
It would have been a difficult feat for the
anterior adductor to cross the alimentary
canal from the dorsum to its venter.

CIRCULATORY SYSTEM

Detailed descriptions of the circulatory
system were given by LEENHARDT (1926)
for Crassostrea angulata (LAMARCK, 1819),
a living oyster of southwestern Europe,
and by AWATJ & RAJ (1931) for Saccostrea
cuccullata (VON BORN, 1778), which is a
complex superspecies Widespread in the
Indo-Pacific seas.!

The colorless blood of oysters does not
contain any respiratory pigments, and the
paths taken by the blood are rather uncer
tain because much of the circulation is
through irregular intercommunicating
blood sinuses, that is, blood-filled gaps be
tween organs and tissues. Both conditions
make for a rather inefficient circulatory
system.

A blood-filled, thin-walled sac (pericar
dium) encloses the elongate heart, which
has a pair of thin-walled contractile auri
cles leading into a single larger ventricle
sheathed with muscles. The various genera
show considerable differences in the con
figuration of the auricles. The pericardium
is on the dorsal flank of the adductor mus
cle, where this stout muscle protects it from
damage by predators and where it is close
to organs that need the best possible supply
of blood (Fig. J4).

Oxygenation takes place in the gills and
in the mantle lobes. Freshly oxygenated

1 This species was descrihed at first (VON BORN, 1778) as
OJ/rea ctfccullata, then the name was changed to O.
clIcullala hy \'ON BORN, 1?~O. The earlier spelJing must stand,
although it is objectionable.
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blood flows from the gills and mantle lobes
to the auricles and passes through valves
into the ventricle. Contraction forces the
blood from the ventricle into two aortas.
The very short posterior aorta leads to the
adductor muscle so that this muscle, which
must act quickly for the survival of the
animal, has a copious supply. The anterior
aorta has many branches leading to blood
sinuses and also supplies other parts of the
animal. Two of the distal branches of the
anterior aorta are the large arteries that
circle along the margin of each mantle lobe
(right and left circumpallial arteries). Ve
nous blood flows back to the kidneys on
one side and the gills on the other. Effer
ent circulation then reaches the auricles.

Circulation of the blood is helped when
ever anyone of the muscles contracts, be
cause most of them are surrounded by blood
sinuses. Each time one of the muscles con
tracts some blood is squeezed from a sinus
into other blood vessels. Such circulation is
mostly oscillatory because there are no
valves to direct it. Oscillatory blood move
ments in the mantle lobes facilitate oxy
genation of the blood. In this way tht;
mantle lobes become important to the
respiration of the oysters.

NERVOUS SYSTEM

The nervous system of Crassostrea angu
lata was described by LEENHARDT (1926)
and that of Saccostrea cuccullata by AWATI

& RAI (1931).
The central nervous system of an adult

oyster consists of loops of nerve strands
connecting two pairs of ganglia. The
smaller, dorsal pair (cerebropleural gan
glia) is between the bases of the labial
palps, and each arises from the fusion of
two ganglia in the larva. They innervate
mouth, stomach, and dorsal parts of gills
and mantle lobes. The larger, ventral pair
of visceral ganglia is at the adductor muscle
and innervates the adductor muscle, nearly
all the visceral mass, and most of the gills
and mantle lobes. This pair grows to be the
chief nerve center of the adult; it receives
the nerves coming from the sense organs
and sends out nerves to those muscles that
must react quickly to outside stimuli, that
is, the adductor muscle and the pallial mus
cles.

It is noteworthy that in the oysters the,

cerebral ganglia are no longer connected to
chief sense organs of the animal, because
like all the Bivalvia oysters are encased by
a protective shell and have lost their heads
and cephalic sense organs. It is also note
worthy that, unlike other Bivalvia, the
adult oysters have lost all traces of a foot,
including the pedal ganglia. This is a
consequence of their immobilization.

GILLS AND MANTLE/SHELL

GILLS

The two gills, or branchiae, together
form an elaborate strainer structure parti
tioning the mantle cavity into an inhalant
and an exhalant mantle chamber. They
are placed so that water cannot flow from
one chamber into the other without passing
through countless tiny holes, or ostia, of the
gills.

The tip of the gills is between the labial
palps, a short distance ventral of the mouth.
They curve convexly and subparallel to the
valve margins and end at the palliobranchial
fusion, where the end of the gills and the
two opposing mantle lobes are united (Fig.
J4).

The gills are made of two pairs of demi
branchs, one pair at each side of the animal.
Each pair of demibranchs is composed of
four lamellae joined in form of a W. How
ever, the W is asymmetrical, because the
inner two of the four demibranchs are
wider, and the left inner demibranch is the
widest of all four. In the mid-line the two
gills are united by their adjacent edges, and
the proximal edge of the outermost lamella
of each gill is united with the adjacent
mantle lobe. In this fashion the gills sepa
rate inhalant from exhalant chamber, leav
ing the mouth, surrounded by its four labial
palps, to open into the inhalant chamber.

The gills carry many microscopic cilia
which whip the water driving it through
the ostia from inhalant to exhalant cham
ber. The cilia establish the water current.

MANTLE

The mantle is the soft tissues of the
mantle/shell, which completely encloses the
adult oyster when it has shut the mantle/
shell. On the visceral mass the mantle
forms merely a surface membrane, but
peripherally to this mass the mantle ex-
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tends to form two lobes (mande lobes or
pallial lobes). The two mantle lobes reach
to the valve margins and are completely
free of each other, except at two places:
1) along the hinge, where they join in the
mande isthmus and form a sort of cowl
over the mouth and the dorsal ends of the
labial palps and 2) at the place of pallio
branchial fusion located at the postero
ventral edge of the valves.

The mantle lobes of an adult oyster are
thick and somewhat solid. They lack the
large blood sinuses found in those Bivalvia
that have a large active foot and open their
valves partly by hydrostatic pressure of the
blood in these sinuses.

Peripherally the margins of each mantle
lobe carry three parallel small folds. The
inner one is the highly mobile pallial cur
tain, well supplied with muscles and blood
sinuses, carrying tentacles at its free edge.
The middle one is the tentacular fold and
has many tentacles of two sizes, disposed
in two rows at its free edge. The outer one
is the shell fold and is separated from the
tentacular fold by the periostracal groove;
lacking tentacles, it lies directly on the
surface of the valve. In the periostracal
groove, at the base of the outer fold, are the
periostracal glands exuding a sheet of con
chiolin which is the base layer of the
periostracum.

The outer face of each mantle lobe rests
loosely on the inner face of the adjoining
valve. Along the valve margin this space is
closed off from the surrounding sea water
by the periostracum, which breaks easily.
Firm attachments between shell and soft
parts are provided only at those few places
where muscles are inserted on the valves,
that is, at the insertions of adductor muscle,
Quenstedt muscles, and some pallial re
tractor muscles. The narrow space between
mantle lobe and shell wall is called the
extrapallial space; it is filled with a mucus
laden liquid secreted by various gland cells
in the mantle epithelium. It is in this space
that deposition and growth of the shell take
place.

MANTLE MUSCULATURE

The mantle lobes have many muscle
strands, some arranged in concentric and
others in radial patterns. They are well
developed at the valve margins where the
pseudosiphons form.

The radial muscle strands serve as pallial
retractor muscles and extend within the
mantle lobes from the vicinity of the visceral
mass out to the margins of the mantle lobes,
where some of them end in the tentacles on
the mantle folds. Each of these muscle
strands is surrounded by a pulsating blood
sinus. Near the margins of the mantle
lobes, in particular, the strands and their
surrounding blood sinuses tend to show as
radial ridges on the outer face of the mantle
lobes. Some of the configuration of the
shell at the periphery of the valves may
be caused by these ridges (JAWORSKI, 1928).

The pallial line on the inner face of the
valves of isomyarian bivalves is a continu
ous or nearly continuous line, of nearly
uniform width, extending from one ad
ductor muscle insertion to the other and
is made from the coalescent insertions of
many radial pallial retractor muscles. These
muscles extend within the mantle lobe from
the pallial line radially outward to margins
of the lobe. When they contract, they
withdraw the margins so that the two valves
can be closed tightly without any part of
the mantle lobes being caught between the
two valves.

The anisomyarian bivalves have a dis.
junct pallial line. Their mantle retractor
muscles are inserted on the valves in
bunches of unequal sizes, producing a series
of unequal muscle insertions lined up in a
crude sequence from one adductor muscle
insertion to the other.

In most oyster genera, there is not even
a crude sequence of separate muscle inser
tions, because the retractor muscles begin
and end within the mantle lobes. In
Ostrea and Crassostrea, for instance, the
mantle retractor muscles that extend to the
anterior edge of the mantle lobe are few
and thin; their proximal beginnings are
near the gills. Those pallial retractor mus
cles that extend to the ventral edge of
the mantle lobes are more numerous and
thicker; their proximal beginnings are in
serted within the mantle lobes around the
ventral flank of the posterior adductor
muscle.

Only in one genus (e.g. Saccostrea) are
the mantle retractor muscles attached di
rectly to the valves and a disjunct pallial
line very similar to that of anisomyarian
bivalves is developed. As far as this one
feature is concerned, this genus is more
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archaic than other oyster genera, because it
still retains the disj unct pallial line of the
anisomyarian ancestors of the oysters (Fig.
J7; see Fig. JI05,2b, 2d).

INHALANT MANTLE CHAMBER

The inhalant (or incurrent or infra
branchial) mantle chamber is simpler in
configuration and about four times larger
than the other chamber. At the distal mar
gin it is closed at times by the opposing
pallial curtains of the mantle lobes along
the anterior and ventral valve margins (Fig.
J2, J4). On the right and left sides the
two mantle lobes enclose it. On the proxi
mal side are the gills, mouth and labial
palps. It reaches in a roughly crescentic
shape from the mantle cowl and mantle
isthmus at the hinge to the palliobranchial
fusion.

EXHALANT MANTLE CHAMBER

The exhalant (or excurrent or supra
branchial) mantle chamber has several spe
cial passages and is more complex than the
inhalant one.

The gills contain four passages at their
adoral end. Each is enclosed by the wall of
the visceral mass on one side and by two
lamellae of a demibranch on the other. The
passages are closed off at the tips of the
gills but in the other direction they widen
into two larger passages, each of which is
enclosed by the wall of the visceral mass
and by the four lamellae of a gill. The
two branchial passages open into the cloacal
passage, which curves around the ventral
flank of the adductor muscle and opens into
the main part of the exhalant mantle cham
ber, lying along the posterior valve margin.

The cloacal passage receives excretions of
the kidneys and genital products from the
pair of urogenital clefts on the visceral
pouch. The anus projects into the cloacal
passage well downstream from the uro
genital clefts.

Another (promyal) passage was first
noted by KELLOGG (1892, p. 396-397). NEL

SON (1938) was the first to recognize its
significance and to elucidate its function.
It was named by him the promyal chamber
and distinguished by him from the "opis
thomyal exhalent chamber," which is here
called the cloacal passage of the exhalant
chamber. The position taken here is that
the oysters, in common with many other

Mollusca, have only two mantle chambers,
the exhalant and the inhalant one. All
others are merely subdivisions, that is, pas
sages.

The promyal passage is present in one
group of living oyster genera and absent in
another group (Fig. J11). Unfortunately
not all living genera have been investigated
in this respect so that information is not as
securely founded as might be wished. The
genera that have a promyal passage are the
nonincubatory genera (e.g., Crassostrea,
Hyotissa, Neopycnodonte, Saccostrea, Strio
strea). Genera that lack a promyal passage
are incubatory (e.g., Alectryonella, Lopha,
Ostrea) (Fig. J11).

The promyal passage separates the right
mantle lobe from the visceral mass over the
region of the pericardium and between the
adductor muscle and the hinge. It connects
the branchial passages directly with the
main part of the exhalant chamber and by
passes the cloacal passage, allowing an effi
cient disposal of the waste water current
from the gills. There is no counterpart to
it on the left side.

SENSE ORGANS

Adult oysters have but few kinds of sense
organs: sensory cells in the epithelium of
gills and mantle lobes, tentacles at the edges
of two of the three mantle folds, and a pair
of chemoreceptors in the cloacal passage.
The last are asymmetrical; the one on the
right side is the larger (AWATI & RAI, 1931,
p. 73) and can be seen with the naked eye;
the left one is often overlooked (PELSENEER,
1911, p. 27; ELSEY, 1935, p. 152). This
heritable anatomical asymmetry indicates
that oysters are permanently adapted to a
pleurothetic attitude and cannot change
from attachment on the left to attachment
on the right side.

HARD PARTS

The hard parts of the mantle/shell are
the ligament and the shell, which has two
unequal valves. They consist of three or
ganogenic substances: 1) calcite, an allo
morph of calcium carbonate crystallizing
in the rhombohedral system; 2) aragonite,
another allomorph of the same substance,
crystallizing in the orthorhombic system,
and 3) conchiolin, a complex organic sub-
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FIG. Jll. Anatomical differences between nonineubatory and incubatory oysters, as exemplified by Crasso
strea and Ostrea (from Korringa, 1956).

1a. Crassostrea. a nonincubatory oyster.
1b. Ostrea, an incubatory oyster.

stance contaInIng a mixture of mucopoly
saccharides, polypeptides, and scleroprotein
fractions. The three organogenic substances
are found in different proportions in the
various hard parts of the oyster.

Conchiolin is the chief or even exclusive
component of the periostracum, the con
chiolin scales, lamellae, and fringes of the
valves, the ligament, and the delicate in
ternal supports in the gills. Conchiolin is
also present in small amounts within the
calcareous parts of the valves. A filmy
conchiolin network of microscopic thickness
envelops each crystal of calcite or aragonite
within the valves. As long as this conchio
lin film remains untouched by decompo
sition, it protects the enclosed calcium
carbonate crystals from leaching. The struc
ture of conchiolin matrix and calcium
carbonate enclosures is so tight that per
meating water and invading bacteria are
kept out and leaching or bacterial decay
are retarded.

[Diagrammatic sections are approximately along
mid-line of shell from umbo at left to ventral mar

gin at right.]

The amino acids of conchiolin in Crasso
strea angulata (LAMARCK, 1819), a living
species of southwestern Europe, are in per
cent of total protein: arginine 0.45, histi
dine 0, lysine 3.55, glycine 15.70, leucine
0.51, tryptophan 0, tyrosine 3.27, valine
0.95, cystine 0, and methionine 1.77. Those
of Ostrea edulis (LINNE, 1758), a species
living from Norway to Morocco, are: argi
nine 2.90, histidine 0.65, lysine 4.30, glycine
15.70, leucine -, tryptophan 0.47, tyrosine
3.05, valine -, cystine 0.98, and methionine
1.62 (ROCHE, RANSON & EYSSERIC-LAFON,
1951) .

LIGAMENT

The ligament is strong and flexible within
limits. It permits the bivalve to open or shut
its two valves. Most Bivalvia have a hinge
plate on each valve furnished with interlock
ing teeth and sockets. So does the oyster
larva. However, the adult oyster lacks
hinge plates, teeth, and sockets, and no
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FIG. JIZ. Ligament and ligamental area on RV of Ostrea edt/lis LINNE (Stenzel, n).

vestiges of them are left. Thus the ligament
is the sole hinge structure remaining on
adult oysters.

The ligament of adult Ostrea edulis has
been described by BERNARD (1896), RANSON
(1940b), and TRUEMAN (1951). It is less
modified than that of other genera, for
example, Exogyra, and serves here as a
model (Fig. 112).

It is alivincular and divided into three
adjoining parts, lying side by side. 1) The
resilium (=fibrous ligament of NEWELL,
1937, =inner layer of TRUEMAN, 1951) is
in the middle and is fibrous, whitish gray,
and semitranslucent. Its fracture pattern
is fibrous. Its very fine fibers run parallel
to the height of the ligament and about
normal to the ventral, or growing, border
of the ligament. The fibers are crossed by
some light brown growth layers. It is made
of naturally tanned protein complexes en
closing very fine white fibers of aragonite
(STENZEL, 1962). These white fibers pro
duce the whitish gray overall color. Under
compressive stress it is strong, but under
tension it is weak. 2) Lamellar ligament
(of NEWELL, =outer layer of TRUEMAN,
=tensilium of OLSSON, 1961, p. 41, 42, 51)
composes the two flanking parts of the liga
ment and is nonfibrous. dark brown, and
more translucent. Its fracture pattern is
conchoidal. It lacks aragonite and fibrous

structure and is for that reason more trans
lucent. It is made of quinone-tanned pro
tein complexes and is strong under bending
stresses.

Some authors have called the resilium
the elastic ligament and the lamellar liga
ment the inelastic one. However, both are
elastic and respond well to stresses. Their
elastic responses are specialized to different
kinds of stresses.

The valves, whenever they open or close,
pivot around an axis (hinge axis, pivotal
axis, cardinal axis) which is parallel to the
ventral, or growing, border of the ligament
and lies within the ligament itself, about 2
mm. from that border. In fossil oysters,
which have lost the ligament through bac
terial decay, the ventral border of the
ligamental area suffices for locating the
hinge axis. During movements of the
valves, the resilium is compressed and the
lamellar ligament is bent whenever the
valves close. Both return to a less strained
condition when the adductor muscle re
laxes and the vahes part. However, even
when the muscle is relaxed in a living
oyster, the ligament remains under some
compression and the valves do not open
very wide. Only if the muscle is cut do the
valves open really wide.

The ventral border of the resilium juts
out a little into the shell cavity; the project-
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FIG. )13. Sections through shell of CraSjOslrea [·irgil1ica (G~IELI"), specimens from coast of Texas
(Stenzel, n).

Ja. DorsO\'entral section. yiewed looking toward
anterior edge of ,hell. X 1.3.

Jb. ..\nteropo,terior section. \'iewed looking toward
hinge which is visible at end of shell cavity.

[In this species a purple-colored layer lies immedi
ately beneJth the hq)ostracum so that the latter
,hows on the photographs as a dark line ending

with the adductor muscle pad.]

© 2009 University of Kansas Paleontological Institute



umbo broken off

/1 (f

It
,i/'

\'

1b

1c

Anatomy-Gills and Mantle/Shell

buttress supporting the ligament

N973

FIG. ]Ii. Umbonal region of RV of CraSSOslrt'(/ lila II (CO"R·'O. 1853), ~[io" US.-\(CJlif.), showing annual
growth byers. [Specimen furnished by courtesy of U. S. GR,'''Y and T.-'KEO SCSCKI. Uni,'. California

(Los Angeles).]

la-c. Posterior side, view from left. anterior side.
XO.i (Stenzel, n). Specimen somewhat weathered
and corroded, ventral part missing. Annual growth

ing part of the resilium of the right valve is
strengthened by a supporting buttress rising
from the right \,ah'e (Fig. J13). Through
this arrangement the newest and best part
of the resilium is placed in the inside of the
shell ca\,ity, th:lt is, ventral to the hinge
:lxis. There it becomes subject to compres
sion gre:lter th:ln tklt of the rest of the
lig:lment. Thus the resilium h:ls impro\'ed
le\'erage to open the valves whenever the

byers of ligamental area indicate that animal was
33 years old at cessation of growth.

adductor muscle relaxes. In those oysters
which h:l\'C :I p:lrticubrly gre:lt compressi\'e
10:ld to o\'ercome when they open their
\'al\'es. the supporting buttress is outstand
ing :lnd the \,entr:ll border of the resilium
is strongly con\·<:x. Very good examples
:Ire found in the giant elongate oyster shells
of cert:lin species of CraHOj·trea, for eX:lm
pIe. C. gryphoide.i (\'ON SCHLOTH[I~I, 1813)
from the Miocene of the Tethy:ln region,
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and C. gigantissima (FINCH, 1823) from
the upper Eocene of the southeastern and
southern states of the USA (Fig. J14).

The ligament grows only at its ventral
border, the only border in contact with the
mantle. The epithelium of the mantle
isthmus is replete with gland cells which
secrete the conchiolin that makes up the
ligament. Therefore, the growth layers of
the ligament are parallel to its ventral bor
der (Fig. JI4). As the ligament grows, its
older, more dorsally situated parts become
exposed to sea water, crack, and fall out in
pieces. The deterioration is brought about
because continuous mechanical employment
imposed upon it induces elastic fatigue
failure and cracking and because there is
invasion of bacteria from the sea water and
bacterial decay of the organic substance.

Because the deterioration at its dorsal
end cannot be stopped, the ligament must
continue to grow at its ventral margin and
must shift in ventral direction, even after
the soft parts of the oyster have reached
ultimate full size and the oyster no
more enlarges the size of its shell cavity.
Concomitantly the hinge ax;s shifts also.
Growth and progressive ventral shift of the
ligament leave a track imprinted on the
apical parts of the valves (ligamental area,
aire ligamentaire, or talon). The liga
mental area has good growth layers parallel
to the growing, or ventral, border and may
grow to great height, up to 15 cm. or so
(Fig. J14; see Fig. J30).

Growth of the ligament is recorded on
the ligamentaI areas of the two valves, ex
cept that on many older oysters the um
bones, and the ligamental areas with them,
are destroyed by a combination of bacterial
decay and chemical corrosion (Fig. J14).
The ligamentaI area is divided into three
parts, which are growth tracks of the three
parts of the ligament. The resilifer, in the
middle, is the track of the resilium, and its
yentral end is the temporarily functioning
seat of the resilium during life of the ani
mal. On each side of the resilifer are the
growth tracks of the lamellar ligaments,
called here the anterior and posterior bour
relets.

In their simplest forms the resilifer and
the two bourrelets are triangles. These
shapes are usually greatly modified by indi
Yidual growth and variability and by ge-

neric and subfamilial characteristics. Con
figuration of the ligamentaI areas is a fea
ture useful in classification. In all the
genera of the Exogyrinae except two, the
ligamentaI area is curved in a consistently
regular spiral. The height of the ligamental
area of the Exogyrinae is very much greater
than its length, and the posterior bourrelet
is greatly reduced in length to form a nar
row crest (see Fig. J26). The two excep
tional genera of the Exogyrinae are like the
others in their earlier growth stages, but in
old age they cease to have a regular spiral
and the posterior bourrelet widens.

The growth and size of the ligament is
and stays adjusted to the work it has to per
form in lifting the upper valve. The liga
ment must grow in size, that is, mainly in
length of its ventral border, as the load in
creases. In the first two years growth is
rapid; beginning with approximately the
third year, growth is less rapid. At about
the seventh year, the oyster has commonly
reached its full growth and from then on
the ligament no longer increases its length
but continues to shift in a ventral direction.
At that stage the size of the shell cavity and
the weight of the soft parts no longer in
crease with age and anterior and posterior
borders of the ligamental area remain paral
lel (see Fig. JI04, J105). This sort of
growth gives rise to the high, straplike
ligamental areas especially noticeable on the
left valves of elongate oysters of great indi
vidual age. Examples are Crassostrea gry
phoides and other species of the same
genus. As a rule, the ligament on the right
valve does not shift ventrally as much as on
the left valve, so that the ligamental area of
the right valve is nearly always less high
than that of the left. The contrast between
the ligamentaI areas on the left and on the
right valve is not large in the Exogyrinae
and is very large in the rudistid-like morphs
of Saccostrea (see Fig. P04, J105).

Multiple Resilifers

More than one resilifer on the ligamentaI
areas of a shell has been found in several
unrelated species of oysters. Such individ
uals, while they were alive, had two or
more resilia functioning side by side. Such
multiple resilifers are found locally in ex
ceptional individuals among many more
normal ones that have only one resilifer,
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resilifers. In these shells the ligamental
areas appear to be enormously elongated
because the umbones are much corroded so
that the early parts and the beginnings of
the multiple resilifers are amiss (Fig. J1S;
see Fig. J78). bCETT (1863, p. 108, pI. 34,
fig. 1, 1a) was the first to surmise the true
nature of such individuals when he de
scribed a right valve bearing nine resilifers
as a monstrosity of Ostrea wi/tonensis Ly
CETT from the Forest Marble (Bathon.) of
Pound Pill near Corsham, Wiltshire, Eng
land, It had been found associated with
several large and normal specimens of O.
tViltonensis. Nonetheless, MUNIER-CHALMAS
(1864, p. 75) bestowed the name Pernostrea
crossei onto this extraordinary right valve
and proposed the new genus Pernostrea for
oysters with multiple resilifers. MUNIER-

Anatomy-Gills and Mantle/Shell
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FIG. J15. Multiple resilifers and corroded umbo on
RV of Per nos/rea lllciensis (D'ORBIG:"\", 1850) (Iec
toholotl'pe of P. bachelieri MUNIER-CHAUIAS, 186-1),
Callov., Sainte-Scolasse-sur-Sarthe, France, X 0.7

(from Munier-Chalmas, 186-1).

that is, In exceptional variants of a given
speCies,

One individual of "Ostrea" wiedeyi
HERTLEIN, 1928, from the Vaqueros Forma
tion (early Miocene) of San Miguel Island,
off the coast of southern California, had a
simple, single resilium in early growth
stages, Rather suddenly, about 20 years
before the death of this oyster, it split into
two subequal resilia, The two resilifers
were small and far apart at first; they
lengthened gradually and came close to
coalescing before the end (Fig, Jl6).

A specimen of Lopha semiarmata (BOSE,
1906, pI. 2, fig. 1) from the Cardenas For
mation (Maastrichtian) of Cardenas, State
of San Luis PotoSI, Mexico, has unusually
thick shell walls and a ligamental area 8
cm. high, Its resilifer divided three times
in its early growth, and near the end two
of the four resilifers coalesced, The animal
probably lived about five years.

In the Bathonian-Callovian deposits of
England and France are a few localities at
which some shells of a species have been
found that have multiple (up to nine)

5 em

FIG. J16. Multiple resilifers in LV of specimen of
"Os/rea" "'iedeyi HERTLEIN (1928), from Vaqueros
Formation (lolV.Mio.) of SJn Miguel Is!Jnd, off
COJst of southern CJliforniJ, US.-\ (Stenzel, n;
specimen from Coil. SJn FrJncisco ACJd. NJt. Sci.).
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CHALMAS described altogether six "species"
of the new genus Pernostrea, each based on
minor differences in shell outline (see Fig.
J78). Most were founded on one single
valve each. Three of the "species" were
from the same locality. MUNIER-CHALMAS
probably coined the name Pernostrea be
cause the genus Perna too has several resili
fers and a greatly elongate ligamentaI area.
He may have been influenced by Darwin's
work to search for missing links to evo
lution.

FISCHER (1864, 1865, 1880/87) agreed
with MUNIER-CHALMAS as to the biologi
cal validity of Pernostrea as a genus, but
pointed out that P. bachelieri MUNIER
CHALMAS, for which MUNIER-CHALMAS had
given "Hab.? (collection de la Sorbonne)"
as the only locality information and for
which MUNIER-CHALMAS had failed to give
references to an earlier name and descrip
tion of the species, was nothing else than
Perna bachelieri D'ORBIGNY (1850, p. 341,
no. 212), for which D'ORBIGNY had given
the locality Sainte-Scolasse-sur-Sarthe,
France. The identity of the two species
names and inspection of the type specimen
in Paris strongly suggest that MUNIER
CHALMAS used D'ORBIGNY'S labeled type
specimen for his description.

D'ORBIGNY had described the very same
species from two separate localities as Perna
bachelieri D'ORBIGNY (1850, p. 341, no. 212)
and Ostrea luciensis D'ORBIGNY (1850, p.
315, no. 341), so that the latter name has
page precedence and priority over LYCETT
(1863), as accepted by STENZEL (1947, p.
180). Two of the types of O. luciensis at
the Paleontology Section of the Museum
National d'Histoire Naturelle in Paris are
very poorly preserved specimens and each
has four resilifers. They were described by
BOULE (1913, p. 167, fig.) (see Fig. J78,l).

The true nature of these isolated cases of
multiple resilifers was first proved and
clearly stated by MERCIER (1929). The
results were reviewed by ARKELL (1933, p.
47-48) and STENZEL (1947, p. 180). Al
though this Jurassic species is not the only
one among the oysters in which arose vari
ants furnished with multiple resilifers, it is
remarkable that such variants of this species
have been found in at least five places.

To summarize, the genus Pernostrea
MUNIER-CHALMAS, 1864, as defined by this

author and FISCHER is based on variants
of a species which have two to nine resili
fers. These variants are associated with and
rarer than normal variants that have only
one resilifer. The name of the species is P.
luciensis (D'ORBIGNY) [=Perna bachelieri
D'ORBIGNY, 1850 =Pernostrea Bachelieri+
P. Heberti+P. Ferryi+P, Fischeri+P. Pol
lati+P. Crossei MUNIER-CHALMAS, 1864].

SHELL

Oyster shells have two unequal valves
which fit together without any gape what
soever. Lack of a gape distinguishes the
Gryphaeidae and Ostreidae from the Mal
leidae, some of which are quite similar
and have been confounded with the Ostre
idae. All oysters, except two or three species
and some individuals of a few other species,
are firmly attached by cementation either
permanently or during their early post
larval life. They are invariably attached by
their left valves. The shell is bilaterally
asymmetrical and in many species highly
asymmetrical. In general, most of the Gry
phaeinae and Exogyrinae and many of the
Pycnodonteinae are highly asymmetrical;
the Lophinae approach bilateral symmetry
the most (see Fig. Jl32, J139).

In most Bivalvia, the shell wall has four
layers. The periostracum is at the outside.
The hypostracum and the inner and outer
ostracum are inside of the periostracum
cover and compose the hard, light-colored
shell substance of calcium carbonates en
cased in a bonding matrix of conchiolin.
The hypostracum is deposited as a succes
sion of aragonite pads on which the ad
ductor and pallial retractor muscles are
inserted. It divides the ostracum into an
inner and an outer ostracum. The latter is
between the periostracum and hypostracum;
the former between the hypostracum and
shell cavity. In most Bivalvia all these lay
ers are composed of the allomorph arago
nite. Oysters deviate from this scheme in
many ways (Fig. J13; see Fig. J24, J25).

Chemical Composition

The shell is composed of calcium carbon
ates and minor amounts of conchiolin. The
two allomorphs of calcium carbonate, arago
nite and calcite, are present, the latter in
greater abundance. Adventitious inclusions
are found in cavities produced by boring
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parasites and consist of clay or silt. On
heating, such organic components as con
chiolin are burned and disappear so that
oyster shells are an excellent source of high
purity lime for various industries.

A modern chemical analysis of the shell
of freshly killed Crassastrea virginica,
ground to pass a 100-mesh screen and dried
at 1l0aC. before analysis, is as follows:
loss 1000aC. (gravimetric) 43.79 and 43.77;
Si02 (gravimetric), 1.1, 1.1, and 1.0;
R20 3 (gravimetric), 1.1 and 1.0; CaO
(gravimetric), 54.00 and 53.99; Mg (gravi
metric), 0.19 and 0.20; Na (flame photo
metric), 0.34; K (flame photometric), 0.04;
S03 (turbidimetric), 0.0; total halides cal
culated as chloride (turbidimetric), 0.02;
metallic constituents (spectrochemical): AI,
0.03; Sb, 0.0; As, 0.; Ba, 0.002; Be, 0.000;
Bi, 0.00; B, 0.0; Cd, 0.0; Cr, 0.001; Co, 0.001;
Cb, 0.0; Cu, 0.007; Ga, 0.00; Ge, 0.0; Au,
0.0; In, 0.00; Fe, 0.09; Pb, 0.00; Mn, 0.01;
Mo, 0.000; Ni, 0.001; Pd, 0.00; Ag, 0.0005;
Na, 0.1; Sr, 0.; Ta, 0.00; Sn, 0.00; Ti, 0.00;
W, 0.; V, 0.000; Zn, 0.0; Zr, 0.0.

Partial analyses of oyster shells, species
unidentified, showed (CHAVE, 1954, p. 272)
1.30 and 1.80 (spectrographic) MgC03.

Several modern oyster shells have been
analyzed for strontium (ASARI, 1950, p. 157;
ODUM, 1957; THOMPSON & CHOW, 1955, p.
32). The ratio of Sr:Ca (atoms) was found
to be 1.01-1.90: 1000. Fossil oyster shells
(ODUM, 1957; KULP, TUREKIAN, & BOYD,
1952, p. 707; TUREKIAN & ARMSTRONG, 1961,
p. 1821) showed 0.81-1.83:1000. These au
thors were unaware that aragonite as well
as calcite are present in oyster shells and
that aragonite has a special distribution in
them. Strontium is probably concentrated
in the aragonite. It is, therefore, quite im
portant to know which particular part of
the shell was analyzed and whether the
aragonite was leached in the fossil oysters
or not. In the absence of any such infor
mation the data given by these authors are
unreliable.

Periostracum

The periostracum consists exclusively or
nearly so of conchiolin; it is very dark,
horny in appearance, flexible, and resistant
to leaching by sea water, but subject to
bacterial decay. As long as it is intact it
protects the underlying calcareous shell. It

originates from two sources. The primary
source is the periostracal glands located
at the base of the outer one of the three
folds of the mantle lobe and within the
periostracalgroove, the groove between
the middle and the outer fold. These
glands produce the outer layer of the peri
ostracum. This layer in the oysters is a very
thin, delicate, soft, hyaline, and elastic
sheet. Because it is so fragile it tears easily.
It is so delicate and hyaline that it is diffi
cult to find and has been overlooked by
many.

As the periostracum is secreted by the
glands the sheet folds over to join the
edge of the calcareous shell and to close
off the extrapallial space. Deposition of the
calcareous shell material takes place within
the mucus-filled extrapallial space and for
that reason the periostracum must come to
cling to the outer face of the calcareous
shell.

Among the various oysters, Hyatissa has
a poorly developed periostracum and Stria
strea has a very strongly developed one (see
Fig. J85, JI07).

Conchiolin Scales and Lamellae

In many of the oysters, margin and outer
face of the right valve carry imbricating
conchiolin scales and lamellae. They are
thin, flexible, elastic, delicate, olive-green to
dark brown, semitranslucent to horny ap
pearing. Each of them is 0.5 to 1 mm.
thick at the base and tapers to its free end
(Fig. J7).

They are not firmly attached to the valve
and split off easily. In addition, they are
exposed to bacterial attack and decay so
that they do not last long. Even during the
life of the animal, the older parts of the shell
have already lost them, and fossil oysters
are completely devoid of them. The left
valve either is devoid of such conchiolin
scales and lamellae or has a lesser develop
ment than the right valve (see Fig. J107).

They are freshest at the periphery of the
right valve and form a fringe around the
margin of the calcareous part of the valve.
The fringe is flexible and elastic and bends
to mold itself tightly onto the inner face of
the slightly larger left valve providing a
water-tight closure when the shell is shut.

DOUVILLE (1920) and ASTRE (1922, p.
163) pointed out that many fossil oyster
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FIG. Jl7. Size discrepancy of calcareous portion of
valves in fossil oysters revealed after decay of
conchiolin fringe on RV, as shown in Cttbitostrea,
from Eoc. (Auvers.-Barton.), Xl (Glibert, 1936).
A. C. cttbitus (DESHAYES, 1832), Paris basin, France.
-B. C. plicata (SOLANDER in BRANDER, 1766),
Hampshire basin, England.-C. C. wemmelensis

(GLIBERT, 1936), Sables de Wemmel, Belgium.

the right valve and in doing so it achieves
gradually a steeper indination angle to
become nearly vertical with reference to

the shell wall. Simultaneously the size of
the cross section increases, because there is
more space available for each prism unit.
The prism units evidently did not grow at
a uniform rate; for there are darker growth
layers that transect uniformly a great many
neighboring prisms and are parallel with
the inner face of the layer.

Each prism is one crystal of calcite. Most
of them have the main optic- axis (axis c)
approximately normal to the layer. How
ever, the optic axis changes attitude gradu.
ally from one end of the prism to the other.
There are a few prisms that have a different
orientation of the optic axis (Fig. Jl9, J20).

right valve

left valve

Prismatic Shell Layer

The flexible conchiolin scales merge at
their bases into rigid calcareous layers of
equal thickness. Although the two are
continuous, the transition between the dis
tal conchiolinous and the proximal calcare
ous part of a layer is quite abrupt. The
calcareous part is composed of closely
packed parallel prisms of calcite in a matrix
of conchiolin. The prismatic layers are less
opaque and contain more conchiolin than
the other calcitic layers of the shell wall. 1£
one dissolves the calcium carbonate with
the aid of a chelating agent, the residue is
a delicate coherent honeycomb of conchiolin
(see Fig. J19, J20, J73, J109, Jl13).

Under the petrographic microscope
(SCHMIDT, 1931) the prismatic layer of
Ostrea edulis is seen to consist of long
prismatic calcite units enveloped by a thin
wall of conchiolin (Fig. Jl8, Jl9). The
calcite units have the shape of parallel,
curved, tapering p~isms and have irregular
polygonal cross sections of various sizes.
The tapering curved ends are at an inclina
tion of about 45° to the outer face of the
prismatic layer and their taper points to
ward the outer face. As a prism unit is
traced from its tapering outside point to
ward the interior of the shell cavity, it
bends convexly away from the margin of

species have a right valve that is smaller
than the left, which extends much beyond
the periphery of the other valve (Fig. J17;
see Fig. J117,la). They explained this
phenomenon by postulating that the right
valve of these species had originally a very
extensive conchiolin fringe reaching to the
periphery of the left valve but that this
fringe was lost post-mortem. The discrep
ancy in the size of the calcareous portions
of the two valves is great in Ostrea and
closely related genera. Examples are Cubi- A
tostrea wemmelensis (GLIBERT) (1936, p.
60-63, pI. 2, fig. 4a) from the Wemmel
Sands (early Barton.) of Belgium and C.
petropolitana STENZEL & TWINING (STEN-
ZEL, KRNUSE, & TWINING, 1957, pI. 11, fig.
10) from the Stone City beds (middle
Eocene) of Texas, which have quite small
shells but have the right valve 8 to 15 mm.
shorter than the left (Fig. JI7). These
conchiolin scales and lamellae can be called
part of the periostracum.
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FIG. Jl8. Prismatic shell layer in oyster shells as
exemplified bl' RV of Osfrea edt/lis LINNE (from
Schmidt, 1931).-A. Horizontal thin section
through layer, X 185.-B. Vertical thin section
through layer, X 185.-C. Individual calcite prisms,

X48.

Hypostracum

In the Bivalvia the hypostracum is de
posited as a succession of thin pads of ara-

chiolin lamellae and calcite pnsm layers
also have many fine delicate radial rib lets
on a surficial layer of the right valve (Fig.
J21 ). This layer is thin and delicate and
flakes off readily. In fossil species only a
few exceptionally well-preserved specimens
retain it on the outer face of the right valve
(see Fig. 107,lc). Commonly the layer is
dark-colored because it is either made en
tirely of conchiolin or is a prismatic calcite
layer rich in conchiolin. Riblets are restrict
ed to this surficial layer, and the immediate
ly underlying, more calcareous and lighter
colored layer shows a faint trace of them
at best. Because of its delicate consistency
the riblet-bearing layer is better preserved
in very young and still fragile oyster shells
and dehisces in older individuals. Old indi
viduals may show riblets only on the mar
ginal conchiolin fringes.

The riblet-bearing surficial layer is well
developed in young individuals of Striostrea
margaritacea (LAMARCK, 1819); this living
species of East Africa is the type species of
Striostrea VYALOV, 1936 (see Fig. JI07,
JI 08). KORRINGA (1956, p. 34-35) indicated
that this layer is well developed on very
young individuals, 17 mm. or less high,
and makes it possible to distinguish them
from young individuals of other, sympatric
oyster species. DESHAYES (1860-66, V. 2, p.
106) described the riblet-bearing surficial
layer of Stnostrea(?) lamellaris (DESHAYES)
in detail under the redescription of Ostrea
lamellaris (DESHAYES, 1832) (in DESHAYES,
1824-37, V. 1, p. 372, pI. 54, fig. 3-4). [The
type locality of this species is in doubt, and
there may be some confusion as to it and
other species between the two works of
DESHAYES; the original description was
based on only the right valve; it is probably
from the Bartonian of the Paris Basin.]
Striostrea alabamiensis (LEA) [= Ostrea
lingua canis LEA, 1833 (=0. pincerna LEA,
1833, p. 91-93, pI. 3, fig. 71-73)] from the
Gosport Sand (Auvers.), Claiborne Group,
of Claiborne Bluff, Ala., has these riblets
which were shown but not explained by
HARRIS (1919, p. 8, pI. 1, pI. 2, fig. 1-3, pI.
6, fig. 1, not pI. 3-5, see particularly pI. 6,
fig. 1).

B

to morgin of RV ..

INSIDE

OUTSIDE

Size and shape of the prism units show
considerable differences from genus to ge
nus (RANSON, unpublished data). Ostrea
has prisms that are more curved than those
of Crassostrea, which are long, straight,
sharp and needle-like. Flemingostrea has
very long conspicuous prisms (Fig. J20;
see Fig. JI24). Hyotissa does not have
any, but Neopycnodonte has. As a rule,
genera that have well-developed conchiolin
scales and lamellae also have well-developed
calcite prism layers.

Several oysters that have prominent con-

.. to hinge of RV
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FIG. Jl9. Prismatic shell layer in oysters, X21 (Stenzel, n).

A. Parlodion peel on outside face of RV of Pyeno
dante sp. from Saratoga Chalk (Maastricht.)
near Washington, Hempstead County, Ark.
USA. [Prism layer is 0.1 mm. thick.]

B. Thin section on outside face of LV of Flemingo
s/rea mbspatlliata (FORBES, 1845) from Ripley

gonite, stacked up one on another, on the
last one of which the adductor and various
pallial muscles are inserted. The hypo
stracum of the oysters is modified very
much, because they have only one adductor
muscle and few, if any, pallial retractor
muscles attached to the shell wall. Thus,
the hypostracum of most oysters is reduced
to only one element, the succession of pads
on the last of which the posterior adductor
is inserted. It might be better to call it the
adductor myostracum (OBERLING, Ig55a,b,
1964) (Fig. J13, J22).

The pad, or the muscle imprint, can be
recognized on fresh shells of modern spe
cies by its slightly greater translucency, by
its color, which in many species differs
from that of the surrounding valve, by its
luster, which is mostly brighter and more
glistening, differing from that of the rest
of the valve, and by its own special growth
lines. The growth lines are very fine and
subparallel to the ventral margin of the pad
(Fig.]7; see Fig. J27, J31, J44).

The last pad and the entire adductor
myostracum of the oysters are made of
aragonite, whereas the surrounding parts
of the valve are made of calcite (STENZEL,

Formation (Maastricht.) of Braggs, Lowndes
County, Ala., USA. [Prism layer is 1.35 mm.
thick. Specimen by courtesy of ERNEST E. Rus
SELL, Miss. State Univ.] [Peel and thin section
made under supervision of OTTO MAJEWSKE,
Shell Development Co.]

1963b). The fact that the adductor myo
stracum is made of aragonite has been
overlooked generally and statements that
oyster shel1s are made entirely of calcite
are erroneous (B¢GGILD, 1930, p. 30; RAN

SON, 1939-41, p. 469; GALTSOFF, 1955, P
118) .

As the oyster shell grows in size, the
adductor muscle too must grow and the
area of the pad must increase. In addition,
the muscle must shift position in ventral
direction in order to retain its relative
location in the shell cavity. Therefore,
additional aragonite is deposited on the
ventral side of the old pad, new muscle
fibers grow onto it, and simultaneously a
dorsal part of the pad is vacated by the
muscle and covered by freshly deposited
calcite (Fig. J23). The first deposit at the
dorsal side may be hyaline and exceedingly
thin, but additional calcite soon piles up
over it. For this reason the growth lines of
the pad are parall(ll only to its ventral border
and the hypostracum is buried in calcitic
shell material except at the muscle.

If one were able to remove the entire
adductor myostracum from a valve, one
would see a thin curved sheet of aragonite
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to venter I

Flc. J20. Prismatic shell layers in Flemingostrea.
Posterior slope of exterior of RV of Flemingoslrea
SIIbspa/lIla/a (FORBES, 1845) from Ripley Forma
tion, U. Cret. (Mnstricht.), near Braggs, Lowndes
Countl', Ab.. showing prismatic shell structures at
the broken ends of several successive growth squa-

mae, X 2 (Stenzel, n).

in the shape of a slender and acute triangle
with a convexly curved base line. The base
line is the ventral border of the last pad and
the tip of the triangle is at the prodisso
conch. The plane of the triangle is curved
to conform with the dorsoventral curvature
of the valve. In the Exogyrinae the ad
ductor myostracum is curved in a spiral
conforming with the spirality of the valve.
If a shell of an exogyrine oyster is cut nor
mal to the commissural plane the hypo
stracum is seen to spiral in and out of the
cut surface and may be cut twice along its
path (Fig. J24, J25).

The hypostracum of dead or fossil oyster

shells is prone to selective leaching, because
it is made of aragonite and surrounded by
calcite. Aragonite is the less stable of the
allomorphs of calcium carbonate. Instead
of the hypostracum, many fossil oysters
have either a cavity (Fig. J26) or a filling
composed of fine-grained sediment or a
filling of secondary minerals, for instance,
crystals of calcite (Fig..J22). In the second
case, the hypostracum was leached selec
tively before the surrounding oozy sediment
had a chance to solidify so that it could flow
into the cavity (Fig. J24). This is common
in chalks and marls. In the last case, the
surrounding sediment either had already
solidified before the leaching could take
place or consisted of a sediment too coarse
to penetrate into the cavity or the cavity was
so narrow that the sediment could not pene
trate. Wherever oyster-bearing sediments
do not contain any aragonitic fossils (iso
myarian bivalves, gastropods, scaphopods,
ammonites, or others), it is most likely
that selective le~ching of aragonite has
taken place, that the oysters have lost the
hypostracum, and that the aragonitic fossil
remains have disappeared. This is the case
in most Mesozoic oyster-bearing deposits.
Many authors in describing fossil oysters
have either failed to recognize or failed to

Flc. J21. Surficial riblet-bearing layer on exterior of
RV of Pycnodonte l'esiClilaris (LAMARCK, 1806)
from "tuffeau de Maestricht." U.Cret. (Maastricht.),
St. Pietersberg south of Maastricht, Netherlands,

X 2.25 (Stenzel, n).
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FIG. J22. Shell preservation in Pycnodonte sp., x21.5 (Stenzel, n).

B

'"Ol
c

..s:

.2

Sections of LV from Saratoga Chalk (Maastricht.)
near Washington, Hempstead County, Ark., USA,
showing recrystallized calcite replacement of ara
gonitic myostraca. Sections are cut along tracks of
myostraca. The vesicles of the vesicular shell struc-

state that the hypostracum is leached (com
pare PFANNENSTIEL, 1928, p. 396, figure 8)
(see Fig. ]74).

Chalky Deposits

Patches of soft, chalky-white, opaque,
and porous shell material, so-called chalky
deposits, are visible on the inner face of the
valves in many oysters. They appear amor
phous, can be cut and powdered easily by a
knife, and consist of microscopic crystals
of calcite (MEDCOFF, 1944; KORRINGA, 1951)
(Fig. J13; see Fig. JI09).

Their sizes vary greatly and their out
lines are irregular, although rounded.
Many larger patches are apparently conflu
ent smaller patches. Their diameters vary
from 1 mm. to several centimeters. Their
cross section is flat and thin, tapering to
their margins; at their margins many are
puffed up above the level of the surround
ings. Their distribution is erratic, and
patches on the two opposing valves do not
match. They are never large enough to

ture are filled completely with secondary calcite.
[Thin sections made under supervision of OTTO

MAJEwsKE, Shell Development Co.]-A. Adductor
myostracum.-B. Myostracum of Quenstedt muscle.

myostracum of Ouenstedt musc Ie,

covered by calcite

musc Ie pad of ~ h' f'b . '1'W Ite I ers In reSI IUrn
Quenstedt muscle ~::;;y.:::

~v~'t~
\;

myostracum of adductor adductor muscle pod
muscle, covered by calcite

FIG. J23. Aragonite in shell of oysters as exempli
fied b,' RV of living species Ostrea edlilis, X 0.7

(Stenzel, n).
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cha Ik matrix

in place of
myostracum

hollow chamber carrying
dog-tooth spar crystals

on walls

matrix in place
of myostracum

matrix-fi lied

chamber

rim of adductor
muscle insertion

chamber wall carrying
dog-tooth spar crysta Is

FIG. J24. Shell preservation in Exogyra, X 1.2 (Stenzel, n).

Section through LV of E. (E.) erralicoslala STEPH
ENSON (l91~), from Pecan Gap Chalk (Campan.)
of Travis County east of Austin, Texas, USA. Sec
tion is cut at right angles to commissural plane
through ligamental area and ventral valve margin.
Chalk matrix was able to penetrate far into valve,

because aragonite composing the adductor muscle
pad and adductor myostracum had been leached
before the surrounding chalk OOZe had lithified. In
truded chalk matrix is cut twice because of spiral

arrangement.
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sponge boring Ii lied
with chalk matrix

matrix-Ii lied chamber

inner ostracum

proximal margin of
commissural shell

Bivalvia-Oysters

hollow chamber

dog-tooth spar
on chamber we II

~sponge boring
lilled with

cha Ik matrix

outer ostrocum

fiG. J25. Shell preservation in Exogyra, X 1.2; section through same LV shown in Fig. J24, cut parallel
to other section but in plane 2 cm. in front of it. Chalk matrix is intersected in only a single place,

because the myostracum spiral is cut near its outside curve (Stenzel, n).
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cracks caused by collopse of
empty chomber beneoth

FIG. J26. Shell morphology of Exogyra (Exogyra) erraticostata STEPHENSON (1914), X 0.7 (Stenzel, n).

Specimen is LV from Brownstown Marl (Samon.)
of Lamar County, Tex., showing 3 mm. thick
cavity where aragonite of the adductor muscle pad
and adductor myostracum has been leached; oblique
view up imo shell cavity. [Growth lines visible at

cover the entire face of a valve and they
never are found in the aragonitic parts of
the valve. They never are found within the
aragonite pad under the adductor muscle,
but they can be present at its ventral border
where they gradually become covered by
the growth of the pad. They form inter
mittently and become covered by other,
more solid shell deposits; new chalky de
posits may form again above.

In Ostrea edulis chalky deposits form in
all possible places on the face of the left
valve, but are least common under the
visceral mass and most abundant under the
exhalant chamber (ORTON & AMIRTHA
LINGAM, 1927). They are much less fre
quent and much less extensive on the right
valve, but have the same average distri
bution.

In Crassostrea virginica the center of dis
tribution of chalky deposits is under the

muscle imprint are growth layers of outer ostracuin
of valve, beneath. Imprint outline is distorted be
cause of oblique perspective. (Specimen courtesy of

Mrs. GERRY KIENZLEN, Arcadia Park, Tex.)]

visceral mass. They are less common under
the cloacal passage and in the region sur
rounding the center. In the right valve they
are less common and less extensive. In
Crassostrea cuttackensis (NEWTON & SMITH,
1912) of Bombay, India, the pattern is
similar (DURVE & BAL, 1961).

The mode of formation of chalky de
posits is enigmatic, but hypothetical ex
planations have been proffered. ORTON &
AMIRTHALINGAM (1927) assumed that
chalky deposits are laid down rapidly in
the larger, liquid-filled spaces of the extra
pallial space. These larger gaps originated
when the visceral mass had shrunk after
spawning. Chalky deposits are concentrated
in the region of the cloacal passage because
there the mantle tends to sag away from
the shell wall. However, this explanation
would run counter to the fact that the up
per, or right, valve has fewer and smaller
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chalky deposits than the left. Whatever
the correct explanation may be, chalky de
posits do not require as much shell material
as solid shell layers.

Chambers

Some oysters build their shelts in such a
way as to leave hollow chambers between
solid layers repeatedly. The chambers have
various sizes and are thin and lenticular;
their tapered margins run into narrow
crevices (Fig. J24, J25). During the life
of the animal they are filled with liquid,
which becomes entombed when the cham
ber is finished. If the liquid contains or
ganic materials, such as mucus, the occluded
liquid putrefies. Most chambers are in the
left valve and under the visceral mass, that
is, between umbo and insertion of the ad
ductor muscle.

Thin walls enclosing the chambers break
easily; accordingly, in fossil oysters the
chambers are either crushed in by the load
of overlying sediment (Fig. J24, J26) or
are filled or partly filled with dog-tooth spar
(calcite) or other secondary minerals. They
become filled with fine-grained rock matrix
if the chamber walls get broken while the
surrounding sediment has not yet lithified
and is able to invade the chamber.

Chambers occur in the Exogyrinae, all of
which lived in euhaline waters and many
on the sea bottom beyond shallow near
shore waters. In this subfamily, and per
haps even in all, changes of salinity cannot
have been responsible for the formation of
chambers within the shell.

Evidence indicates that chambers make
appearance preferentially. The more deeply
cupped shell shape becomes, the more read
ily chambers form. Extreme chamber build
ing in the umbonal half of the left valve is
a conspicuous and characteristic feature of
those ecomorphs of Saccostrea that grow to
a high conical shape and resemble rudists.
Their right valve is simple, flat, operculi
form and free of chambers.

Although one would expect chambers to
be abundant in the umbonal half of the
left valves of Gryphaea and its homeo
morphs, they are not seen in this polyphy
letic group of genera. Rather, the umbonal
halves of the left valves in these separate
and unrelated genera are filled solidly with
shell material (see Fig. ]73). The absence
of chambers in this place appears to be an

adaptation to their particular mode of life.
The origins of chamber construction are

explained here by the following hypothesis.
In oysters, the calcium carbonate for the
shell is not derived from their food and does
not become available to the mantle lobes of
the animal by way of the digestive system.
Rather, calcium ions enter the mantle lobes
directly from sea water flowing through the
mantle cavity, and travel from inner to
outer face of the mantle lobes where they
enter the extrapallial space and accumulate
to become available for shell deposition.
Therefore, growth of the oyster shell and
additional deposition of shell layers is inde
pendent of the intake of food and of the
growth of the fleshy parts of the animal. In
some environments favorable to shell for
mation, shell building can outpace the
growth of the internal, fleshy parts of the
animal. In that case, the size of the shell
cavity may become too large for the fleshy
parts it harbors. The fleshy parts, however,
must stay connected to the valve margins
by the edges of the mantle lobes. In order
to do so, the fleshy parts must move up
toward the valve margins as these margins
grow and must vacate a corresponding
space within the shell cavity. The vacating
is done preferentially in the far interior of
the shell cavity, that is, between the visceral
mass and the umbo of the left valve. After
the vacating has been accomplished the
mantle cover on the visceral mass deposits
a shell layer forming the partition that
closes off the cavity and a chamber is
formed. During all these shifts the mantle
isthmus must remain in position resting
against the ligament, because this must
grow and function continuously.

If this hypothesis is found to be correct,
the chambers signify temporary rapid shell
growth at the margins of the valve affected.
Oysters that show numerous chambers
(e.g., Saccostrea) live in environments
where rapid shell growth is possible a.nd
where rapid growth of the valve margms
to form deeply cupped shell shapes i~ a~

adaptive advantage to the survival of mdl
vidual oysters. Crowding by competitors
might produce such a situation.

Vesicular Shell Structure

Although vesicular shell structure must
have been seen by LAMARCK, when he
named the fossil oyster from the Chalk
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FIC. J27. Vesicular shell structure in Hyotissa thorn
asi (McLEAN, 1941), dredged alive off Key West,
Fla. (Stenzel, n). [Specimen by courtesy of R.
TUCKER ABBOTT, Philadelphia Acad. Nat. Sci.]
.J-B. Interior faces of valves, XO.7.-C. Part of
commi5sural shelf, X 10. [Stage of growth is close
to end of the construction of vesicles. Lumen of
vesicles is partly constricted at the cross walls by

hyaline beginnings of a foliated layer.]

(Campan.) at Meudon near Paris Ostrea
vesicularis LAMARCK (1806a, p. 160-161 ;
1806b, p. 266), he did not describe or men
tion the structure, and over 100 years
elapsed before its significance came to light.

The structure consists of shell layers re
sembling a sort of foam or spongy honey
comb built up as a network of paper-thin
partitions enclosing countless small cavi
ties or vesicles (Fig. J27, J28). The vesi
cles are taller than wide and have irregular
polygonal cross sections of varying sizes.
Normally the vesicles of museum specimens
are empty. It is entirely unknown, how
ever, whether the vesicles in living oysters
are filled with gas or liquid.

The vesicular shell layers are separated
from each other by normal horizontal la
mellae of solid shell material. The lamellae
vary from paper-thin to several millimeters
thick, and the proportion of vesicular to
lamellar layers is variable from species to
species and from local environment to local
environment in each species.

Extreme in this respect is Pycnodonte
(Pycnodonte) gigantica (SOLANDER in
BRANDER, 1766) from the Barton Beds
(Barton.) of Barton Cliff, Hampshire, Eng
land. Most of its lamellar layers are paper
thin; some reach 1 mm. thickness. The
vesicular layers are 2 to 9 mm. thick and
predominate. Because the vesicles are air
filled in this fossil, the shell is extremely
light. The other extreme is seen in P.
(Crenostrea) wuellerstorfi (ZITTEL, 1864)
from the Duntroonian (Oligo.) of New
Zealand, which has few vesicular layers.

Vesicular shell structure is found only in
the Pycnodonteinae and is an important
character for identification of this subfam
ily (STENZEL, 1959, p. 16, 29-30). In most
cases it is readily seen either on a cross
break of the shell or on accidentally abraded
parts of the valves or on their commissural
shelf where it was growing. In some Pyc
nodonteinae of Cretaceous age, notably in
Texigryphaea, the vesicles are completely
filled with secondary crystillline calcite,
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FIG. J28. Vesicular shell structure filled with secondary calcite, LV of Pycnodonte (Phygraea) vesicularis
(LAMARCK, 1806), U.Cret., Liineburg, West Germany, X20 (Stenzel, n).

[Alternating thin foliated and thick vesicular layers.
Growth of shell wall progressed in direction of in
terior surface of valve and often began with a layer
of small vesicles. Many vesicles have small begin
nings and bulbous ends. Several vesicles are partly
empty, and secondary crystals have grown from
vesicle wall into the lumen.]

making it quite difficult to recognize the
structures with the naked eye (Fig. J28). In
such cases one needs to study thin sections
under the microscope. For that reason
STENZEL failed to observe it in Texigry
phaea, although RANSON (1939-41, p. 64)
had already indicated the presence of vesic
ular shell structure in some species that later
were placed in Texigryphaea by STENZEL
(1959, p. 22-29).

LAMARCK completely ignored the vesicu
lar shell structure, except that he named
one species Ostrea vesicularis. He probably
never used this structure to recognize the
species, for he described the same species
from the same type locality under two
different generic names and under three
different species names (Ostrea vesicularis
LAMARCK, 1806; O. deltoidea LAMARCK,
1806; and Podopsis gryphoides LAMARCK,
1819; see CLERC & FAVRE, 1910-18, pI. 14,
fig. 46-47; pI. 26, fig. 94-95). He probably
did not attribute much importance to this
structure. The first to describe the struc
ture was DEFRANCE (1821, p. 23). DALL

A. Thin section under crossed nicols of petrographic
microscope valve cut in anteroposterior direction
and at right angles to commissural plane.

B. Liquid peel in ordinary light, valve cut at right
angles to section shown in A, that is, in dorso
ventral direction and at right angles to a com
missural plane.

(1898, p. 676-677) guessed that rapid
growth produced vesicular shell structure
and asserted that vesicular shell structure
rarely attains constancy sufficient to entitle
it to systematic significance on even as low
as the species level and failed to notice it in
several species he describea. At first Dou
VILLE (1907, p. 100, fig. 3-4) seems to have
confounded vesicular shell structure with
prismatic shell layers and with chalky de
posits, naming the three "couches pris
matiques" or "structure prismatique."
However, he became later on the first
(DOUVILLE, 1936b) to see the importance
of it as a definitive supraspecific character
istic. RANSON (1939-41; 1941) followed
DOUVILLE and greatly expanded our knowl
edge of this structure firmly establishing its
value in classification.

DOUVILLE (1936b), RANSON (1939-41;
1941), and NESTLER (1965) believed that
the vesicular shell structure is some form
of chalky deposits, that is, that the twO are
homologous. If that were true, the distri
butions of the two should be alike. The
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chalky deposits have their center of distri
bution under the visceral mass, when they
are freshly formed, but the vesicular struc
ture grows chiefly on the commissural
shelves.

Although several living species have ve
sicular shell structure, nothing is known
of its origin and growth. The following
explanation is entirely hypothetical. All
deposits of the calcareous shell wall, includ
ing the vesicular structure, grow in the
extrapallial space, which is the mucus-filled
narrow gap between mantle lobe and cal
careous shell wall. The spongy honeycomb
must grow in that mucus, and there must
be a mechanism by which growth is regu
lated so that only thin honeycomb-like
walls are formed. The most likely process
is that the mantle lobes at times release tiny
gas bubbles into the extrapallial space.
These gas bubbles accumulate in the extra
pallial space, because they cannot escape.
Gradually they become crowded to form a
sort of foam. The gas bubbles crowd each
other, but the viscous mucus forms bubble
walls that do not rupture easily. By crowd
ing, the bubbles lose their spherical shapes
and become irregularly polyhedral, and
their cross sections become polygonal. Cal
citic shell material crystallizes in the mucus
gradually replacing the mucus so that the
vesicular calcitic shell structure is a re
placement replica of the original foam com
posed of gas bubbles in mucus. Crystalliza
tion and deposition of calcitic shell material
begins at the distal flank, at the shell wall,
which acts as a seed bed of crystal nuclei,
and progresses toward the proximal side.

Fingerprint Shell Structure

In describing a new living species, Ostl'ea
cumingiana, DUNKER in 1846 (DUNKER in
PHILIPPI, 1845-47, Ostrea p. 82), was the
first to describe a unique shell structure,
so far known only from that species: "Be
sides, one notices here and there partly
straight, partly swirled sinuous or irregu
larly dichotomizing somewhat raised lines
of brown coloration, which seem to be
characteristic of this species ..." [translated
from German J.

The fingerprint shell structure is visible
in patches on the internal face of the valves.
The patches vary in size and are situated
on either valve between hinge and adductor

muscle and between adductor muscle and
valve margin. They consist of countless
narrow curving threads, about 0.3 mm.
wide, which are unbranching in some
places, confluent in others, and dichoto
mous in still others. The threads consist of
light brown, translucent material, presum
ably conchiolin. They form a set in a plane
conforming to the shell layers. Within
each set the threads are equidistant from
and parallel with each other in a swirling
pattern resembling in size and arrangement
the raised lines on a man's fingers. The
thread-bearing layers are visible in patches
only, because the layers are mostly covered
by shell layers free of threads (Fig. J29; see
J134, J135).

The fingerprint structure has been seen
in only one species, Alectryonella plicatula
(GMELIN, 1791) (Fig. J29), living in the
Red Sea, Indian Ocean, southwestern Pa
cific, and around southern Japan, that is,
in the seas of the tropical and arid climatic
belts. Junior synonymous names of this
species are: A. plicatula (LAMARCK, 1819),
=A. cumingiana (DUNKER, 1846), =A.
lactea (G. B. SOWERBY, 1871). It is the
type species of Alectl'yonella SACCO, 1897.
The origin of this structure is enigmatic.

Interior Topography

Several more or less well-circumscribed
features are visible on the inner faces of the
valves. Their importance lies in that they
are the only means we have to reconstruct
parts of the soft anatomy of extinct oysters.
The features are (Fig. 17, J8): 1) a pair,
right and left, of imprints at the two inser
tions of the large adductor muscle (see p.
N962); 2) a pair of imprints at the insertions
of the two Quenstedt muscles (see p. N965);
3) a pair of serial imprints left by the
insertions of several pallial retractor muscles
(see p. N968); 4) a pair of imprints left by
the bulk of the gills (see next paragraph);
5) a pair of commissural shelves (see p.
N990); 6) marginal ridgelets and pits, or
chomata (see p. N990-N994); 7) a buttress
supporting the resilifer of the right valve
(see p. N974); 8) an umbonal cavity be
neath the ligamental area of the left valve
(see p. N994); and 9) parasite-induced
features (not discussed here).

The gills are somewhat bulky and firmer
than the neighboring fleshy parts of the
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animal, because they are folded over eight
fold and internally stiffened with conchio
lin fibers. By their bulk they exert some

branchitellum

/
J
t

geniculation at

proximal margin of

commissural shelf

1b

FIG. J29. Fingerprint shell structure on inside face of
RV of ,nec/ryolle/la plica/lila (G'IELlN), living spe
cies from Nasi-Be, Madagascar. [Specimen by cour
tesy of R. TUCKER ABBOTT. Philadelphia Acad. Nat.
Sci.]
1a. RV inside face showing patches of fingerprint

shell structure. XO.7.
1b. Same ,'"h'e showing fingerprint shell structure

in "icinit)' of adductor muscle pad, X2.1.

pressure onto the mantle lobes to either
side of them and thereby they tend to re
duce locally the width of the extrapallial
space and the volume of fluid contained
therein. Wherever such a pressure is pres
ent, the extrapallial space locally cannot
furnish enough calcium carbonate and the
shell wall there fails to keep up with car
bonate deposition elsewhere. The result is
a shallow crescentic basin in the form of
the gills on the face of the valve. The basin
is bounded distally by the inner curb of the
commissural shelf and proximally by a
faint wheal or curb or by a more pro
nounced fold, first noted by REIS (1914)
and called Branchialtaltchen or Hauptkie
mensch welle (PFANNENSTIEL, 1928). This
proximal gill wheal (Fig. J8, J9; see Fig.
]113) sweeps from the vicinity of Quen
stedt muscle in a simple curve past the
anterior border of the adductor muscle
imprint to the palliobranchial fusion. If
the shell has a projecting tip end, or bran
cnitellum, at its posteroventral end, the end
of the gill wheal points toward it.

The commissural shelf is a Battish band
along the periphery of the valve along
which opposing mantle lobes touch each
other, when the shell is closed and the
mantle' lobe margins are not withdrawn
toward the interior Qf the shell cavity. A
circumferential curb delimits the commis
sural shelf proximally and encircles the
deeper, main part of the shell cavity. The
two opposing shelves of a shell and their
curbs are better developed in the dorsal
than in the ventral half and are the least
distinct at the posteroventral part of the
shell. Shelves are better developed and
have neater curbs in the Exogyrinae, Gry
phaeinae, and Pycnodonteinae than in other
oysters (Fig. J27; see Fig. J83, J90). In
many of the Exogyrinae the commissural
shelf of the right valve is reflexed strongly
along the anterior valve margin; there the
circumferential shelf curb is exaggerated
into a sort of internal keel paralleling the
right anterior valve margin.

Small ridgelets and pits opposing them
are near the hinge on the commissural
shelves of many oyster genera. The ridge
lets, called here anachomata, are on the
right and the pits, called catachomata, on
the left valve. Collectively they are called
chomata. Although they are mostly in the
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catachomata

anterior bourrelet

FIC. J30. Annual growth layers on ligamental area of LV of Os/rea (Tllrkos/rea) dllvali GARDNER (1927),
X l.i (Stenzel, n).

Specimen is from Caldwell Knob Oyster Bed, Wil
cox Group, 10w.Enc., of Moss Branch, Bastrop
County, Texas. [The oyster is estimated to have
been about 15 years old. Pits or catachomata flank-

vicinity of the hinge, they are neither ho
mologous nor analogous to the teeth and
sockets on the hinge plates of normal den
tate Bivalvia. For that reason, the terms
dents or denticles, used by many authors,
are inappropriate and downright mislead
ing (Fig. T30, J31; see Fig. JIB, Ji27).

If the anachomata were homologous to
the teeth, they would have to have the same
or a similar derivation, that is, they would
have to grow out of the larval teeth and
hinge structures on the prodissoconchs as
the teeth and sockets of adult normal Bi
valvia do. Repeated studies on individual
ontogenies of oysters (Ostrea edulis and
other species of Ostrea s.s.) from the larval

ing the margin of the anterior bounelet are relicts
of former growth stages. Ligamental area is bent

back from plane of valve commissure.]

to the young adult stage have shown that
the chomata are new, postlarval features
independent of any hinge features on the
prodissoconchs. In normal dentate Bivalvia
true teeth and sockets are both found on
each valve, but the anachomata of oysters
are only on the right and the cata
chomata only on the left valves. Also, some
oysters have chomata all around the periph
eries of their valves, including valve mar
gins directly opposite the hinge. True teeth
are never found on valve margins opposite
the hinges in the Bivalvia.

Functionally also, they do not correspond
to teeth and sockets, that is, they are not
analogous. True teeth and sockets are inter-
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remnant of aragon i te pad

FIG. J31. Anachomata along periphery of RV of Ostrea (Ttlrkostrea) dtlvali GARDNER, X 1 (Stenzel, n).

Specimen is from Caldwell Knob Oyster Bed, Wil
cox Group, low.Eoc., of Moss Branch, Bastrop
County, Texas.
A. RV viewed from anterior side.
B. Same RV viewed from left side.
[The anterior flank of the valve carries relict ana
chomata of several preceding growth stages and
continuous or nearly continuous growth tracks of

locking devices for the continuous guidance
of the valves during their movements.
Their guidance prevents the valves from
closing askew, and in order to accomplish
that function in live bivalves they must
remain in contact with each other even
when the shells are fully opened. Bivalvia
that have a large, hydrostatically expandable
foot (e.g., Cardiidae) must open their valves
rather wide to let the foot move about
freely. They have deep sockets and highly
projecting teeth that do not lose contact
with each other when the animal opens the
valves wide. In the oysters, however, cho
mata lose contact as soon as the animal
opens its valves a little. If they exert guid
ance at all, it can be only minor and re
stricted to the final stage of shutting the
valves. In short, chomata are a novel evo-

many anachomata. Each anachoma is filled with a
white powdery chalky deposit. The aragonitic ad
ductor muscle pad has deteriorated to a crumbly
mass, which has broken off exposing the growth
layers of the supporting calcitic shell wall, except
at the dorsal margin of the muscle imprint where

the original aragonitic material is still intact.]

lutionary accomplishment of the oysters
and their allies that arose during the phy
logeny of the superfamily.

The chomata have various characteristic
shapes. All Gryphaeinae, Gryphaeostrea of
the Exogyrinae, and Crassostrea of ~ the
Ostreinae are entirely devoid of them (see
Fig. POI). The genus Saccostrea has
strongly developed chomata (Fig. ]7), high
and strong tubercles on the right and deep
pits on the left valves along the whole
periphery of the valves. In Ostrea, Cubito
strea, Odontogryphaea, and other related
Ostreinae, the anachomata range in size
from simple, low and round tubercles to

straight, slightly elongate (up to 3 mm.),
unbranching ridgelets.

In Ostrea the anachomata are commonly
restricted to the vicinity of the hinge. Some
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species of the genus have only one to five of
them, others have a goodly number (10 to
15) in the dorsal half of the right valve.
Finally there are species that have great
many of them (100 or more), and many
individuals of such species have these fea
tures encircling the entire or nearly the
entire valve. Examples of the latter are
Ostrea (Ostrea) crenulimarginata GABB,
1860 (p. 398, pI. 68, fig. 40-41), from the
Midway Group (Dan.) of the northern
coastal plain of the Gulf of Mexico, and O.
(0.) marginidentata S. V. WOOD, 1861 (p.
27-28, pI. 5, fig. 2) from the lower Brackel
sham Beds (Division N of FISHER, Palate
Bed, Cuis.) at Brackelsham Bay, Sussex,
southern England. These two appropri
ately named species are closely related, that
is, they are members of the same minor
phyletic branch in Ostrea (Ostrea). Their
chomata are stronger and longer than is
usual for Ostrea S.s. In contrast, O. (0.)
lutraria HUTTON, 1873, living off the coasts
of New Zealand, has exceedingly few very
small, round, tubercle-like anachomata and
corresponding catachomata near its hinge
(see Fig. JIB). In some individuals they
are difficult to find and may even disappear
with advanced age. They were overlooked
by SUTER (1917, p. 86) when he placed this
species, under the name O. angasi SOWERBY,
at the head of his original list of species
composing the subgenus Ostrea (Anodon
tostrea) , which he proposed because it dif
fered supposedly from Ostrea (Ostrea) by
the lack of chomata. The species was later
designated the type species of Anodonto
strea SUTER by FINLAY (1928b, p. 264).
Thus Anodontostrea differs only quantita
tively but not significantly from other spe
cies of Ostrea (Ostrea) and is best regarded
as a junior subjective synonym. Ostrea S.s.
consists of many extinct and living species
that may be arranged in a morphological
series on the basis of relative abundance of
chomata, and there is no significant gap in
this series. Nevertheless, the underlying
idea of SUTER'S that the presence or absence
of chomata is significant in the taxonomy
of oysters is sound, even if his observa
tions were incomplete and his examples ill
chosen.

In some species the anachomata project
slightly to the outside, beyond the general
contour of the right valve. For example,

Odontogryphaea thirsae (GABB, 1861, p.
329-330) from the Nanafalia Formation
and other homotaxial formations (Sparnac.)
in the northern coastal plain of the Gulf of
Mexico and Ostrea (Turkostrea) duvali
GARDNER (1927, p. 366, fig. 1-4) from the
Caldwell Knob Oyster bed (Sparnac.) of the
Wilcox Group in central Texas (Fig. J30,
J31) have anachomata projecting a fraction
of a millimeter beyond the general margin
of their right valves so that they are visible
from the outside. In contrast, the corre
sponding left valves have the catachomata
a slight distance proximally from the valve
margins so that they are not visible except
on the inside face of the valves. In these
species the very core of each anachoma
consists of white, chalky, opaque shell sub
stance and neighboring anachomata are
separated by darker, nonchalky, semitrans
lucent, grayish or brownish, laminated shell
substance.

As the right valve grows and shell layer
is deposited on shell layer, the anachomata
continue to grow in place so that they leave
narrow tracks composed of white chalky
shell substance. Such tracks may be visible
on the outside of the right valve, if the
anachomata projected to and beyond the
general outline of the valve margins. In
that case the track left by an anachoma is a
white, narrow, opaque, chalky ridge (Fig.
J31). From these ridges it can be deduced
that during growth the number of ana
chomata increases only slightly by dichot
omy and intercalation. On the other hand
some chomata play out. Because chomata
continue to grow in place, the growing
ligament seat often bypasses some of them
so that the valves have relict chomata on
the flanks of their respective ligamental
areas (Fig. J30).

Because the chalky cores of the anacho
mata are less resistant to mechanical and
chemical corrosion, they can become cor
roded or leached in sea water and their
tracks can become narrow, sharply defined
grooves visible on the outside of the right
valves. No such features can be found on
the left valves. These features can be used
to distinguish left from right valves (see
Fig. J128,lh).

All Pycnodonteinae have chomata of a
special character. In early, primitive genera
of this subfamily (e.g., Texigryphaea), most
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species have low, narrow, short (1.5-2.0
mm.), crowded ridgelets and corresponding
grooves. On first inspection they are quite
similar to those found in many Ostreinae.
However, they differ in that they are
crowded (about 20 per em.) and set in
series and in that the difference between
the right and the left valves is obliterated,
that is, the ridgelets cannot be distinguished
from the pits because they are so crowded.
In addition there is a tendency for some
of the ridgelets to join or branch in a
simple fashion.

A few species of Texigryphaea (e.g., T.
belviderensis) (HILL & VAUGHAN, 1898, p.
56, pI. 9-10) from the Kiowa Shale (Alb.)
of Belvidere, Kiowa County, Kansas, have
wider commissural shelves and longer (up
to 5 mm.) anachomata, some of which are
branched and break up into irregular tuber
cles. Their ridgelet patterns approach the
vermiculate patterns of Pycnodonte.

Most of the later, more advanced Pyeno
donteinae, with the exception of P. (Creno
strea) , have on both their valves wide
commissural shelves carrying a vermiculate
pattern of ridgelets (see Fig. J83, J84).
These are irregular, tortuous (or vermicu
late), crowded, and longer (up to 15 mm.);
repeatedly they branch away from adjoining
ridgelets or coalesce with them and break
up into irregular rows of round tubercles.

This pattern has been commented on and
figured by many authors. The first to recog
nize its importance in taxonomy of the
oysters was FISCHER DE WALDHEIM (1835).
He established the genus Pycnodonte chiefly
on the basis of this pattern and named it
accordingly (7TlIKlIO" Greek adjective, thick,
crowded; OOOl", OOO"TO" Green noun, mas
culine gender, the tooth). Later authors to
contribute to the evaluation of the vermicu
late pattern in taxonomy were DOUVILLE
(1911, p. 635) and RANSON (1939-41, p. 61;
1941, p. 82). Thanks to their efforts the
pattern is recognized now as definitive for
a large but well-defined group of species
which many authors prefer to regard as a
single species-rich and diversified genus and
call Pycnodonta G. B. SOWERBY (1842).
However, Pycnodonta is an unjustified
emendation of the original validly intro
duced name Pycnodonte and the large
diversified group of species breaks easily
into several well-defined groups separated
by morphological gaps. It seems clear that

more than one genus is involved and the
large diversified. group is really a subfamily,
the Pyenodonteillae STENZEL (1959, p. 16,
29.30).

The origin of the chomata is obscure.
They are certainly not modified hinge teeth.
JAWORSKI (1928) tried to explain them as
imprints of radial pallial muscle strands
situated at the margins of the mantle lobes.
Such strands are indeed present in live
oysters and stand dut as rounded ridges on
the outer face of the mantle lobes. KLING
HARDT (1922, p. 21) tried to explain the
vermiculate patterns of the Pycnodonteinae
as imprints left by the tentacles that rise
from the margins of the mantle lobes.
JAWORSKI (1928, p. 345) refuted this as
sumption by pointing out that tentacles are
too small to produce such imprints, are too
mobile to stay in place long enough to have
much effect, and are held most of the time
in a position vertical to the commissural
plane of the shell while the oyster is alive.
One would expect radial pallial muscle
strands and tentacles to produce elongate
grooves on both valves. They could not
produce ridges on one valve and grooves on
the opposite valve. In short, the chomata
cannot be explained today.

Only the left valve has an umbonal cavity.
Several genera of oysters commonly have
an open cavity beneath the platform that
carries the ligament and ligamentaI area of
the left valve. The cavity changes shape
and size during the growth of the oyster;
at times it may be entirely obliterated by
shell deposits or by the formation of cham
bers. Although it is so variable in size, its
average appearance is distinctive (STENZEL,
1963a).

The deepest umbonal cavities and the
most chambers are found in Saccostrea, par
ticularly in the high-conical rudist-like e~o

morphs of the living complex superspeCies
S. cuccullata (VON BORN, 1778) from the
tropical IndoPacific (see Fig. JI04-1106).
Lesser umbonal cavities are found in eras
sostrea. No umbonal cavities or ·few and
generally shallow ones are found on Ostrea.
Very shallow umbonal cavities are present
in the Gryphaeinae and Exogyrinae, al
though their greatly extended left beaks
would seem to favor their growth. An im
portant feature of the homeomorphs of
Gryphaea is that they have only very shal
low umbonal cavities and that their exten-

© 2009 University of Kansas Paleontological Institute



Anatomy-Gills and Mantle/Shell N995

sive spiralling left beaks have no chambers
but are filled with solid shell material (see
Fig. ]73).

Distinction Between Valves

To be able to distinguish the right from
the left valve is of practical importance in
the study of dead and fossil oyster shells.
The following methods are useful for that
purpose.

1) If one draws the mid-axis on a valve,
the center of the adductor muscle falls to
one side of it (see p. N963). The center falls
to the left side on the inner face of the left
valve and to the right side on the right
valve (Fig. J3).

2) The left valve is the larger one. If
both valves of the same individual are
placed together in their natural positions,
margins of the left extend beyond those of
the right to a slight or considerable amount,
provided the marginal conchiolin scales are
discarded (see Fig. Jl13,2c; J1l7,la).

3) The left valve is the more convex. The
rule applies if the attachment Mea is small
compared with the size of the whole left
valve. If it is large, the opposite may be
the case. These conditions vary from one
to the other individual and may even re
verse during growth of an individual. Indi
vidual shells that have grown with a large
attachment area on a large flat substratum
and have a left valve not much larger than
its attachment area have xenomorphic sculp
ture (see p. Nl 021) in the form of a smooth
convex right valve opposed to the flat at
tachment area of the left valve (see Fig.
]75,1).

Differences in convexities between the
two valves are quite large in most Exo
gyrinae, Gryphaeinae, and Pycnodonteinae,
and also in Saccostrea and homeomorphs
of Gryphaea. They are moderate in most
Ostreinae and highly variable in Crasso
strea. Almost equal convexities prevail in
the Lophinae and in Ceratostreon (Exo
gyrinae) (see Fig. J92), Ostreonella (Ostre
inae) (see Fig. J128) and Hyotissa
(Pycnodonteinae) (see Fig. J85), and in
the extremely flat-valved Deltoideum and
Platygena (see Fig. ]76, Jl20).

4) The attachment area is on the left
valve in all the oysters. However, to recog
nize the attachment area one needs to have
well-preserved material.

5) The urnbonaI cavity, if present, is on

FIG. J32. Lack of attachment area on umbo of LV
of young Ilymatogyra arietina (ROEMER, 1852) from
Grayson Clay, Cenoman., near Austin, Travis
County, Texas, USA, X4.8. {The recurved pointed
calcitic inner mold of the prodissoconch is seen at
tip of the umbo. This specimen is a variant which

is costulated in youth.]

the left, and the buttress under the resilifer
is on the right valve.

6) Anachomata are present near the
hinge of the right valve. The corresponding
catachomata are on the left valve. This
method is useless in those genera that lack
chomata altogether and in most Pycnodon
teinae, in which the two cannot be distin
guished.

7) The left valve is the heavier. This
distinction is quite variable so that it can
be used only on a statistical basis.

Attachment

With exceedingly few exceptions, oysters
must become attached to a firm substratum
at the end of their larval stage. They may
remain attached during their entire post
larval life. Some individuals may break
loose and continue to live lying loose on the
bottom. Some species grow attached to a
small fragment of shell and soon grow big
ger and heavier than the fragment so that
they become virtually free-lying. This is
the case in the gryphaeas and their homeo
morphs.

The only species discovered so far which
grow from their earliest larval stage to old
age without ever becoming attached to a
substratum are (Fig. J32-J34; see Fig. J64):
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c

fIG. J33. Traces of coloration, lack of attachment area, and slender polygyral umbo on LV of Exogyra
(Exogyra) tigrina STEPHENSON (1929) (Stenzel, n).

Specimen is topotype from uppermost bed of
Austin Chalk (L.Campan.) of Little Walnut Creek,
east of Austin, Travis County, Texas, USA.
A-B. Exterior views of LV, X 0.85.

llymatogyra arietina (ROEMER, 1852), from
the Grayson Clay (Cenoman.) of Texas
and northern Mexico (Fig. J32); Odonto
gryphaea thirsae (GABB, 1861) from the
Nanafalia Formation (Sparnac.) of Ala
bama to Mexico and other species of the
genus; and many individuals of Rhyncho
streon suborbiculatum (LAMARCK, 1801)
[=Ostracites ratisbonensis VON SCHLOT
HElM, 1813 (=Gryphaea columba LA
MARCK, 1819, =Ostrea mermeti COQUAND,
1862, =Rhynchostreon chaperi BAYLE,
1878)] from the Cenomanian and Turo
nian of Europe, North Africa, and the Near
East (see Fig. J97). These oysters are
specially adapted, and their shells show no
attachment areas at the umbones (see also
Fig. J94).

All oysters are attached by their left
valves. In no case has it been possible to
prove that an oyster had become attached
by the right valve. Those cases in which it
had been claimed that the right rather than
the left valve was attached have been
proved to be or are very likely errors of
some sort. SAVILLE-KENT (1893, p. 246)
claimed that the living Australian species
"Ostrea glomerata" [Cox, 1883, not GOULD,
1850, =Saxostrea commercialis (hEDALE &
ROUGHLEY, 1933), =Saccostrea cuccullata
(VON BORN, 1778) subsp. com mercialis (1.
& R., 1933) 1... "is ... invariable affixed
by its right one" (see Fig. JI05). This

C. Tip of LV umbo showing lack of attachment
area and semiglobular calcitic internal mold of
prodissoconch, X 1.7. [The prodissoconch itself
is leached because it consisted of aragonite.]

claim is no longer supported by modern
Australian authors. ROLLIER (1917, p. 587)
distinguished the Jurassic genus Deltoid
eum from Ostrea s.s. because he surmised it
was attached by its right valve. ARKELL
(1932-36, p. 149, footnote 1) expressly re
futed this claim. The genus has very flat
valves and the two valves are most difficult
to distinguish. ROLLIER probably mistook
the right for the left valve (see Fig. J76).

NELSON (1938, p. 45, footnote 9) noted,
among hundreds of normal newly set eras
sostrea virginica (GMELIN), the living oys
ter of the North American east coast, one
single one attached supposedly by its right
valve. He did not illustrate it nor did he
offer any proof. Innumerable newly set spat
of this species have been seen by many
other authors, but no one has duplicated
NELSON'S observation. Presumably it was
erroneous.

Size of the attachment area is quite vari
able from one to the next individual, even
in the same vicinity. It is mostly quite
small (diameter of 2 rom.) in Gryphaea
and its homeomorphs. SWINNERTON (1939,
p. xliv and Iii; 1940, p. xcviii, fig. 8; 1964,
p. 419-420) measured the longest diameter
of the attachment area on 658 specimens of
Gryphaea arcuata LAMARCK (1801) from
clay shales in the Zone of Schlotheimia
angulata (VON SCHLOTHEIM, 1820) in the
Granby Limestones, latest Hettangian, Lias-
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Flc. ]34. Traces of coloration in LV of adollto
grypliaea tlIirsae (GABB, 1861) from Nanafalia
Formation (Sparnac.) of Alabama, USA, X 1.5

(Stenzel, n).

sic, near Granby, Lincolnshire, England.
The average of these 658 diameters, calcu
lated from SWINNERTON'S data, is about 2.1
mm. and the average size of the attachment
areas is less than 4.5 square mm. Only 2.9
percent of the specimens had diameters in
excess of 10 mm. (Fig. J35). Oysters grown
onto very small objects or fragments soon
become heavier than their substratum. On
toppling over, they lift the substratum up
from the floor of the sea and become vir
tually free-lying but continue to grow.

The attachment area has the negative
configuration of the substratum. In fossil
oysters the configuration of the attachment
area is an important clue to the nature of
the substratum. In many places, one finds
well-preserved fossil oyster shells that grew
originally on aragonitic mollusk shells, but
these are no longer preserved, because ara
gonite is subject to selective leaching. The
configuration of the attachment area lets
one identify the now no-longer-present mol
lusk shell with some confidence (see Fig.
J45).

Some oyster genera also produce clasping
shelly processes on the left valve. These
processes grow out from the valve margin
of the left valve periodically to embrace or

enclose the substratum. Most of the Lo
phinae grow them, also Gryphaeostrea of
the Exogyrinae. Many of the Lophinae that
produce clasping processes grow on live
gorgonacean coral stems (see Fig. J47,
J129) .

Pigmentation

The oysters have many pigmentation pat
terns. A common pattern is radial streaks
of dark colors on the outer faces of the
valves. The streaks begin as narrow bands
near the umbones and widen concomitantly
with growth of the shell. Another common
pattern found in tropical oysters is a wide
circumferential band of dark color (black,
dark brown, or dark purple) along the mar
gins on the inner faces of the valves (see
Fig. J85).

Oysters living in warm and tropical re
gions have darker, more vivid, more varied,
and more extensive colorations than those
living in cooler climates. This rule applies
to all species but is particularly noticeable
in those having a large north-south geo
graphic range extending from cool to hot
climates. For example, northern popula
tions of Crassostrea virginica, living north
of Cape Cod along the east coast of North
America, have whitish to grayish yellow
(5Y 8/4) colors on the inner faces of the
valves and have grayish red purple (5RP
4/2) to very dusky red purple (5RP 2/2)
muscle imprints. The same species living
in the north~rn part of the Gulf of Mexico
has large areas of the inner faces light
brown (5YR 6/4) to grayish purple (5P
4/2) and only a few patches remain whit
ish; the muscle imprints have approximately
the same colors.

On the basis of coloration it is possible to
distinguish geographic subspecies among
living species that have a wide enough
range. However, coloration, even traces of
it, is rarely found in fossil oysters.

Traces of coloration in fossil oysters are
in the form of radial brownish streaks on
the exterior of the shell. The brownish
color is probably the result of deterioration
of purplish. Such brownish streaks are
found on llymatogyra arietina (ROEMER,
1852), from the Grayson Shale (Cenoman.)
of Texas and northeastern Mexico; Exogyra
(Exogyra) tigrina STEPHENSON, 1929 (Fig.
J33) and Exogyra (Exogyra) laeviuscula
ROEMER, 1849, both from the top of the
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FIG. J35. Size of LV attachment area of Gryphaea arcuafa LAMARCK (1801) (Stenzel, n; data from
Swinnerton, 1964).

Specimens studied come from Granby Is. (latest
Hettang., Lias.) south of Granby, Lincolnshire, Eng.

Dessau Chalk (Santon.), Austin Chalk
Group, of central Texas; Odontogryphaea
thirsae (GABB, 1861) (Fig. J34) from the
Nanafalia Formation (Sparnac.) of Ala
bama to northeastern Mexico; and Rhyncho
streon suborbiculatum (LAMARCK, 1801)
from the Cenomanian and Turonian of
Europe, North Africa, and the Near
East. The last-mentioned species and its
color bands has been figured by GOLD
FUSS (1826-44, pi. 86, fig. 9c,d), COQUAND
(1869, pi. 45, fig. 8-9), and BAYLE (1878,

Size of attachment area is indicated by length of
its longest diameter measured on 658 individuals.

pi. 138, fig. 3) and specimens showing them
have been found from County Antrim,
Ireland, to the Postelberg in Bohemia,
Czechoslovakia. Radial color bands are
more common in the Exogyrinae than in
other fossil oysters.

Colors in the shell wall of oysters are
probably organic metabolic waste prod
ucts. The kind of food available to the
oysters probably determines their colora
tion. Purple pigments are probably acid
soluble bile pigments.
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FUNCTIONS OF ADDUCTOR
MUSCLE

The adductor muscle serves to move and
close the two valves. It does so against the
elastic reaction of the ligament, which is
always under compression and pushes the
valves apart. So important to the survival
of the animal is the adductor muscle and
so much work does it perform that it must
be supplied with oxygenated blood at all
times and in the best possible way. There
fore, the artery supplying it is very short
and the heart is right next to the muscle on
its more protected, dorsal flank. Thus heart
and muscle are functionally tied together.
If evolutionary adaptive change induce
the muscle to shift position, the heart must
follow it inexorably and remain next to it
(see p. NI058).

Both quick reactions and long continued
contraction are required. These two sepa
rate faculties have necessitated specialization
of the muscle into two subdivisions side by
side.

The tonic subdivision (catch muscle)
holds the shell closed against the unceasing

push of the ligament and it can do that for
long periods of time, if need arises. Oysters
can starve or suffocate and die while they
hold the shell shut tight. Live oysters can
remain shut for 20 to 30 days (MARCEAU,
1936, p. 952).

The phasic subdivision (quick muscle)
acts frequently. Oysters never keep their
valves in the same positions for long while
they are feeding. Throughput of the water
current through gills and mantle cavity is
regulated by the pallial curtains and the
degree to which the muscle lets the valves
open. The water current bears suspended
food particles and dissolved oxygen for
breathing. A series of rapid contractions
expels the newly issuing unfertilized eggs
from the cloacal passage through the ostia
of the gills into the inhalant mantle cham
ber. Similar movements eject the eggs of
the nonincubatory oysters into the sur
rounding waters. The incubatory oysters
eject their half-grown larvae at the end of
their incubation period in a similar fashion.
Self-cleansing of the mantle cavity depends
on the quick muscle and the pallial curtains
(see p. NIOOl).
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ALIMENTATION

FOOD

Nannoplankton, that is, various mIcro
scopic plants or animals less than 10 mi
crons large, are the food of oysters. Most
of it is various one-celled plants or animals,
such as algae, bacteria, diatoms, flagellates,
and protozoans. Microscopic metazoa such
as copepods, free-living nematodes, poly
chaetes, rotifers, and even tiny fish eggs are
also taken. Larvae of oysters or many other
sea animals are taken in too.

However, oysters cease to feed while
they are ejecting their sex products.

FEEDING

While the oyster is feeding it must open
its mantle/shell sufficiently to let in the
water current which it establishes itself.
Yet, the opening must be kept as small as
possible to keep out predators. The extent
to which oysters open their mantle/shell
while feeding is astoundingly small. The
opened gap is 2-3.5 mm. wide at the ventral
valve margins of full-grown individuals
(shells 80-110 mm. high) of Crassostrea
virginica (data kindly supplied by Mr. W.
J. DEMORAN of the Gulf Coast Research
Laboratory at Ocean Springs).

The gills are covered with cilia. Cilia on
the gills, particularly those at or near the
ostia, beat regularly and thereby set in
motion a water current that passes through
the ostia from the side of the inhalant
chamber to that of the exhalant chamber.
No water can go from one chamber to the
other without passing through the ostia of
the gills. Therefore, the water is strained
efficiently and nannoplankton and other
particles are collected on the gills. The
oyster is a ciliary suspension-feeder.

The gills perform two functions, respira
tion and food straining. However, respira
tion is also taken care of elsewhere. The
mantle lobes are well supplied with blood
vessels and have large epithelial surfaces
exposed to the inhalant oxygen-carrying
water current. Their help in respiration
freed the gills to some extent so that they
were able to become efficiently adapted to
food-straining.

Individuals of CraHostrea virginica pump
and strain for brief periods (5-15 minutes)

at the rate of 41 liters per hours at the best
and attain a sustained rate of 37.4 liters per
hour when temperatures are 24.1 to 24.5°C.
(LOOSANOFF, 1958, p. 62; COLLlER, 1959).
They cease in cold waters. ALLEN (1962)
measured filtration rates of Ostrea edulis
by using a suspension of the unicellular
alga Phaeodactyltlm labeled with radioac
tive phosphorus. The alga is 4 by 40ft in
size and is readily accepted as food by filter
feeding bivalves. They remove the algae
from surrounding waters, enabling one to
calculate rates of filtration by measuring
concentrations at intervals and the time
intervals. Mya arenaria has a filtration rate
of 0.8 milliliters per hour per milligram of
dried tissues of all soft parts of the animal;
Ostrea edulis has a much larger filtration
rate than other bivalves and the rate is 6.6
milliliters per hour per milligram of dried
tissues.

Nannoplankton strained by the gills be
comes enshrouded in mucus and moved by
cilia along special pathways over the gills to
the adoral tip of the gills, where the food
drops onto the labial palps. There unsuit
able pieces are shunted aside but food con
tinues to the mouth.

The unsuited particles dribble down to
the mantle lobes. Any particles coming in
with the inhalant current that are too large
to be carried along to the gills have already
dropped out and lodged on the mantle
lobes. All the rejects are combined, en
veloped in mucus, and moved by the cilia
on the mantle lobes to discharge areas near
the pallial curtains.

During this time the valves are kept quiet
for no longer than a few minutes at a time.
Repeatedly the adductor muscle contracts
quickly and drives the water out from the
mantle cavity. At that moment the com
bined rejects are forcibly ejected as pseudo
feces from their discharge areas. Thus the
self-cleansing mechanism keeps the compli
cated sieve structure of the gills from clog
ging.

The pallial curtains are equally mobile.
By opening or closing they control the size
and location of the expelled current carry
ing the pseudofeces. Normally the inhalant
current is restricted by the pallial curtains
and enters through a narrow gap, .about ?
cm. long in full-grown oysters. This gap IS
usually present directly anterior to the ad-
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ductor muscle or in a slightly more antero
ventral position. This gap is the inhalant
pseudosiphon.

An exhalant pseudosiphon is kept open
at a location in direct line with the axis of
the cloacal passage. This pseudosiphon is
about 1.5 cm. long and gapes about 2 to 3
mm. Oysters that have a promyal passage
have a third pseudosiphon opposite the axis
of the passage.

DIGESTION

A detailed description of the digestive
functions has been given by YONGE (1926;
1960). The entire intestinal tract from
esophagus to anus is weakly acid, register
ing average pH concentration from 5.93 to
5.2. The most acid part is the stomach with
5.2-5.6. The mantle cavity itself contains
water that is close to neutral (6.8-7.2 pH).

These acid liquids within the digestive
system must have some chemical effect on
clay minerals accidentally taken in and
contained in the excrements (compare AN
DERSON, JONAS, & ODUM, 1958).

SELF-CLEANSING AND
SELF-SEDIMENTATION

Problems of sanitation confront oysters,
because they are immobilized. Waste mate
rials of two sorts accumulate in their mantle
cavities and must be removed. Feces are
discharged into the cloacal passage, but
pseudofeces accumulate in the exhalant and
inhalant mantle chambers, mainly on the
pseudofecal discharge area of the latter
chamber.

Feces, digested food particles enveloped
in mucus, are retained for a short time in
the rectum, where they become compacted
into long and firm pellets or rods. Then
they are expelled by the action of cilia
through the anus into the cloacal passage.
There they and pseudofeces are picked up
by the exhalant water current. They are
also moved along by cilia that cover the
exposed faces of the mantle lobes. They
move on special ciliated pathways that
converge at the cloacal discharge area near
the cloacal pseudosiphon. Finally they are
expelled in a fairly continuous stream while
the oyster is feeding.

Pseudofeces are built up from any parti
cles that happen to enter the mantle cavity

but are rejected as food or cannot reach the
mouth. Most of them are in the inhalant
mantle chamber. Balled up with mucus,
they are moved by cilia against the inhalant
water current toward the pallial curtains,
where they accumulate in larger masses at
the pseudofecal discharge area near the
inhalant pseudosiphon. A sudden contrac
tion of the adductor muscle forces water
from the mantle cavity through the pseudo
siphon. This squirt of water carries the
pseudofeces with it. Such squirts have been
observed to go for a distance of more than
one meter.

These powerful cleansing streams are re
peated whenever sufficient pseudofeces have
accumulated at the discharge areas in the
mantle cavity. In this fashion, the mantle
cavity is kept from fouling and the delicate
mechanism of the gills as a food strainer is
kept from clogging. In addition, the imme
diate surroundings of a live oyster are
squirted free and cleaned of encroaching
freshly deposited silt, mud, feces, and pseu
dofeces.

The self-cleansing mechanism is a fine
adaptation permitting many oysters to live
in turbid, sediment-laden waters. Without
it some of the genera, notably Ostrea,
Striostrea, and Crassostrea, could not have
been able to invade brackish coastal waters
produced by mud-laden rivers and to move
up into lagoons and river estuaries.

Materials carried in the waters in sus
pension are called leptopel and consist of
living and dead nannoplankton and of
colloidally or otherwise finely divided or
ganic and inorganic detritus. Oysters quite
efficiently extract the leptopel from the wa·
ters and convert it into feces and pseudo
feces. Both are somewhat compacted and
denser than the surrounding waters so that
they tend to sink to the bottom in the gen
eral vicinity of the oysters that produce
them. Thus oysters bring about self-sedi
mentation in their neighborhood and per
form an enormous task of clearing turbid
waters and depositing fresh sediments of
very fine grain size and very rich in or
ganic matter (LUND, 1957a; 1957b). Oyster
beds in brackish, turbid waters, composed
of thousands of live individuals, must be
effective sediment accumulators, and such
beds are local depocenters of rapid sedi
mentation.
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Sediments accumulated in this way con
sist of 1) silt fine enough to be carried in
suspension before being strained out by
the oysters, 2) clay-size particles of various
clay minerals and plant debris, and 3)
organic substances, such as oyster excre
ments, various indigestible organic mate
rials, 4) mucus, which envelops both feces
and pseudofeces, and 5) any additional
materials brought in separately by waves
and currents. Accordingly, the sediments
have prevailingly very fine grain sizes.
Organic sulfur compounds are present in
the organic ingredients of the sediments,
and sulfur is correspondingly quite abun
dant.

Because the sediments are rich in organic
components they have large amounts of free
energy available for bacteria to engage in
decomposition with high rates of oxygen
consumption resulting in strongly reducing,
anaerobic conditions within the sediments,
which can be called a sapropel. Hydrogen
sulfide (H2S) and finely divided and dis
persed black hydrotroilite (FeS· nH20) is
formed in the sapropel within four days
even when aerated sea water passes over it
(LUND, 1957a; 1957b). The iron sulfide
gradually changes into FeS2 (pyrite or
marcasite). Both the organic components
and the finely divided iron sulfide minerals
impart dark colors to the sediments, which
are mostly stink muds or stink silts with a
strong odor of hydrogen sulfide.

The hydrogen sulfide rises in the sedi
ment and reaches the sediment-water inter
face. There it is oxidized to sulfurous and
sulfuric acid. This acid environment at the
top of the sediment accounts for the corro
sion many oyster shells show. Corrosion is
most noticeable around the umbones, which
are commonly etched and deeply pitted, be
cause they have been exposed to the acid
environment the longest. Nevertheless, wa
ters above an oyster bed are nearly always
alkaline (pH=8.3 to 7.7) because of the
buffering action of the calcium carbonate of
the shells (WELLS, 1961, p. 244).

PROPAGATION

SEXUAL MATURITY

Sexual maturity, that is, ability to repro
duce, is reached rather early in the life of
the oyster. In most situations it is reached
within a year after the larva has settled

down and metamorphosed. The length of
time required depends on prevailing tem
peratures and availability of food. Up to a
limit, the warmer the waters, the more food
is available, the more time the oyster spends
feeding, the greater is its rate of pumping
a water current, and the earlier the young
attached oyster reaches sexual maturity. In
tropical and hot temperate climates it takes
merely 20 to 30 days. In cool climates it
takes longer and in frigid climates it gen
erally takes more than a year.

The size at which an oyster attains sexual
maturity depends on the average size of
adults of the species. If adults are gener
ally small, maturity is reached at a small
size. At Aransas Pass, Texas (MENZEL,

1955, p. 84-85), Ostrea equestris SAY, 1834,
the small species living on the east coasts
of the Americas, reaches maturity 22 to 30
days after fixation of the larvae, when its
sizes are 0.5 to 1.0 cm. (Fig. J6). This
species is incubatory and it is ready to
incubate its own larvae 31 to 60 days after
the parental oysters have become attached
and are merely 0.8-1.0 cm. in diameter.
Species that average a larger adult size,
reach maturity at somewhat larger sizes,
between 1 and 2 cm.

In any case, sexual maturity is attained
while oysters are still very small. This fact
is significant in the interpretation of such
small fossil oysters as the Jurassic genus
Catinula and in the evaluation of ideas
proposed to explain the disappearance dur
ing the Liassic of the stock of Gryphaea
arcuata LAMARCK, 1801 ( see p. N1075
NI076).

Early sexual maturity is a safety device
for the survival of the species. Given a
limited span of life of the individual oyster,
the earlier it attains maturity the longer
does it contribute gonadal products for the
survival of the species.

FECUNDITY
The enormous fecundity of oysters is an

other safety device for the survival of the
species. Oysters produce uncountable eggs
and spermatozoa. The number of the go
nadal products depends on the size of the
gonads, which in turn depend on the
amount of food available and the age and
size of the oyster. As an oyster grows big
ger, its fecundity increases correspondingly.
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incubating larvae umbo

FIG. J36. Incubating oyster, Os/rea (Os/rea) an
gassi SOWER BY, 1871, from South Australia, X 0.6
(Cotton, 1961). Left valve has been removed and
left mantle lobe has been turned back to show mass

of incubating larvae.

cloacal passage by the same means, but
then they are pushed through the ostia of
the gills into the inhalant mantle chamber.
During this period the oyster ceases to feed
and there is no regular water current going
from the inhalant to the exhalant mantle
chamber. Rather, successive spasmodic and
strong contractions of the adductor muscle
force water and eggs from the cloacal pas
sage through the ostia into the inhalant
mantle chamber.

At this stage of female spawning incuba
tory genera begin to differ from nonincuba
tory genera. In the latter, the eggs accumu
late in the inhalant mantle chamber near
the inhalant pseudosiphon. Shortly after
ward some more spasms of contraction of
the adductor muscle expel a jet stream of
water carrying the eggs through the pseudo
siphon out for more than a meter. These
forcible expulsions may last from a few
minutes to two hours. Fertilization takes
place in the surrounding water by haphaz
ard meeting of egg and spermatozoon.

In incubatory oysters, the eggs remain in
the inhalant chamber of the mother oyster
and drop down onto her gills, labial palps,
and mantle lobes. They are fertilized when
spermatozoa are drawn into the inhalant
mantle chamber by the pumping action of
the mother oyster. Thus the chances of
fertilization are somewhat better (Fig. J36).

Spawning depends very much on pre
vailing water temperatures. A certain spe
cific limiting temperature must be attained

left mont Ie

lobe turned

bock

catch muse Ie

HINGE AXIS

quick muscle
conchiolin scale

SPAWNING

Sperm or eggs, depending on the sexual
stage of the spawning individual, issue
from the gonads through the urogenital
clefts in the cloacal passage of the exhalant
mantle chamber. However, beyond that
point their paths are different.

In the male engaged in spawning, cilia
on the walls of the urogenital passages move
the sperm balls out into the cloacal passage.
There the balls break up into spermatozoa
which are carried away by the exhalant
water current to form a milky stream issu
ing from the oyster. Discharge may con
tinue for several hours.

In the female, eggs are delivered into the

The nonincubatory oysters produce
smaller and more numerous eggs than the
incubatory oysters. Calculations show that
full-grown oysters of the nonincubatory ge
nus Crassostrea produce in one spawning
season the following numbers of eggs: C.
gigas (THUNBERG, 1793) 11-92 million
(GALTSOFF, 1930a); C. rhizophorae (GUILD
lNG, 1828) 99-170 million (MATTOX, 1949);
and C. virginica (GMELIN, 1791) 15-115
million.

Fecundity of incubatory oysters is more
difficult to estimate, because the eggs remain
in the mantle cavity for incubation. Prob
ably the number of larvae found incubating
in the mantle cavity of an oyster is approxi
mately the same as the number of eggs it
had delivered. An individual of Ostrea
edulis LINNE, 1758, 4 years old and about
7.3 cm. in size, can have as many as 2.05
million larvae incubating at one time
(WALNE, 1964, p. 303).

Here again prevailing temperatures of
the surrounding waters have some influ
ence. Wherever the summer is long and
warm, there is more than one spawning
period. In tropical regions, oysters spawn
intermittently throughout the year (MAT
TOX, 1949, p. 352). In frigid regions, for
instance the Kattegat, north of Denmark,
waters may remain too cold for several
years in succession and no spawning may
take place in those years. In such areas,
oysters are close to extinction and may sur
vive only in narrow inlets which warm up
better than the waters further out. Such
areas are the limits of the geographic range
of a given oyster species (see p. N1036).
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and maintained for some time before
spawning can take place. In effect, this
limiting specific temperature sets a limit
to the geographic distribution of an oyster
speCies.

SYNCHRONY

One of the mechanisms which oysters
have evolved to insure survival of the spe
cies effectuates the best possible conditions
for fertilization of eggs as they are delivered
by the females. This mechanism is mass
synchrony or simultaneous discharge of
sex products by all mature and ripe males
and females in one neighborhood.

In an oyster bed many mature males and
females become ready to discharge their
individual sex products at about the same
time. However, their discharge remains
dormant for a time until they are triggered
off by a special mechanism. This synchroni
zation insures that as many individuals as
possible participate at the same time.

If one male begins to discharge its sperm
into water, 6 to 38 minutes later all the
ripe males and females in the vicinity start
discharging. The result is a maximal den
sity of spermatozoa floating in the water
when the eggs are discharged.

The sperm contains a powerful water
soluble stimulant and minute amounts of
it suffice to stimulate a neighboring oyster
that is drawing in the stimulant material
with the inhalant current. Males can be
stimulated also by eggs drawn in with the
current. In this fashion stimulation can
spread rapidly from oyster to oyster over a
whole oyster bank, and tidal currents can
spread action to neighboring oyster beds.

The stimulant is highly specialized.
Sperm from Ostrea has no effect on Cras
sostrea species so that genetic isolation is
maintained even if the two genera live side
by side.

This mass reaction works best on densely
settled oyster bottoms, and there must be a
minimal population density below which
this mass reaction is not attainable. Popu
lation density and sexual synchrony are
interdependent adaptations in these animals.
Because of synchrony the size of an actively
and simultaneously interbreeding popula
tion of an oyster species tends to be enor
mously large.

INCUBATION

Several oyster genera incubate their lar
vae. Most incubatory species have an incu
bation period lasting 6 to 18 days. How
ever, a species living on the Pacific coast of
Chile, Ostrea (Ostrea) chilensis PHILIPPI,
1845, which delivers eggs unusually large
for oysters, incubates for 5-6 weeks at
temperatures of 13-15°C. (WALNE, 1963).

While they are incubating, eggs and
larvae developing from them rest in the
inhalant mantle chamber on the gills, labial
palps, and mantle lobes of the incubatory
adult (Fig. J36). They receive no nourish
ment from the adult except whatever they
are able to gather from its inhalant water
current. They depend on the original food
(yolk) contained in the egg. For this rea
son eggs of incubatory oyster species are
larger and richer in yolk. At the end of
the incubation period, the adult oyster
expels the larvae as a cloud, and the larvae
begin their free-swimming larval periods.
At the time of expulsion, the larvae already
have bivalved shells, which furnish some
protection.

Incubation has many advantages. For
instance, fertilization of the eggs takes
place under protection, in the inhalant
mantle chamber of the mother, as sperma
tozoa are drawn in from the surrounding
waters with the inhalant water current of
the mother. The eggs have a better chance
to become fertilized than would be possible
if fertilization had to take place in the
surrounding waters, as is the case in the
nonincubatory oysters. Because of this aid,
a larger percentage of eggs spawned become
fertilized so that it is unnecessary for the
mother oyster to produce as many eggs.
Also, because the eggs are delivered under
protection and the larvae remain protected
while they incubate, the rate of their sur
vival is much better. Rates of survival are
estimated to be about 7 to 80 times as good
in the incubatory as compared to 'the non
incubatory oysters.

These advantages allow the incubatory
oysters to reduce the total amount, by
weight, of their gonadal products. For this
reason, incubatory genera need not have as
large gonads in proportion to the entire
visceral mass as the nonincubatory ones.
As a rule, incubatory oysters have less
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capacious shell cavities, and their left valves
are less deeply cupped. Some of the incu
batory genera have flat, shallow left valves
mostly devoid of deep umbonal cavities.
Deep umbonal cavities prevailing in a genus
are an indication that it is nonincubatory.

The only incontrovertible proof of the
incubatory habit in a given oyster species is
the presence of a brood of larvae within the
inhalant mantle chamber of an adult. Such
information is difficult to obtain, because
incubation takes place only during a few
months in a year. Only well-known com
mercially important oysters living on the
coasts of scientifically advanced countries
are likely to have been checked for this
feature. In addition, it seems well estab
lished that nonincubatory genera have a
promyal passage.

Incubating larvae have been found in the
following genera:

I) Alectryonella (Lophinae). The single living
species of this genus, A. plicatula (GMELlN, 1791)
[=Ostrea plicata CHEMNITZ, 1785, =0. plicatula
LAMARCK, 1819, =0. cumingiana DUNKER in
PHILIPPI, 1846, =0. lactea G. B. SOWERBY, 1871]
has been seen with incubating larvae (AMEMYIA,
1929; WADA, 1953).

2) Lopha (Lophinae). WADA (1953) reported
L. cristagalli (LINNE, 1758) with incubating larvae.
According to THOMSON (1954, p. 146-149), L.
crisfagalli is an ecomorph of L. foliltm (LINNE)
(see p. Nl157), and the name is to be written
L. folium (LINNE) ecomorph eristagalli (LINNE).
ROUGHLEY found the L. folium (LINNE) ecomorph
bresia (IREDALE) is incubatory (see IREDALE, 1939,
p. 397, and THOMSON, 1954, p. 146·149).

3) Ostrea (Ostreinae). It is well known that
the type species, 0. edltlis LINNE, and about 10
other congeners are incubatory.

The following genera are known to be
nonincubatory:

I) Crassostrea (Ostreinae). The type species, C.
t'irginic:l (GMELlN, 1791), and about 8 other con
geners are known to be nonincubatory (CAHN,
1950, p. 12, 17; MATTOX, 1949; PAUL, 1942, p. 9).

2) Saccostrea (Ostreinae). The Australian sub
species S. cuccltllata (VON BORN, 1778) subspecies
commercialis (IREDALE & ROUGHLEY, 1933) is non
incubatory according to ROUGHLEY (1933, p. 318)
and so is the typical S. cuccltllata (VON BORN, 1778)
according to AWATI & RAI (1931, p. 38) and
SOMEREN & WHITEHEAD (1961, p. 14).

3) Striostrea (Ostreinae). The type species, S.
margaritacea (LAMARCK, 1819), is nonincubatory
(KORRINGA, 1956).

As to the other living genera, for exam
ple, Hyotissa and Neopycnodonte of the
Pycnodonteinae, they have been investigated
too little and nothing definite is known of
the larval growth periods, although these
two are scientifically very important because
they are the last survivors of an important
phyletic branch of the oysters. One must
find anatomical features on them that are
somehow linked with their incubatory or
nonincubatory habit, as the case may be,in
order to have an indication of their mode
of larval growth. Such a feature seems to
be the promyal passage of the exhalant
mantle chamber. As to genera extinct today
only features shown on the shell can be
used. Here tenuous phylogenetic surmises
can lead us to some conclusions.
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EGGS
Ripe unfertilized eggs are small and pear

shaped. They turn spherical as they are
expelled and fertilized. Nonincubatory
genera produce smaller eggs less rich in
yolk. Their diameter is 0.046-0.09 mm.
Eggs of incubatory oysters have a diameter
of 0.09-0.323 mm. The smaller the eggs
are the longer does the free-swimming lar
val period last.

The largest eggs known are produced by
Ostrea (Ostrea) chilensis PHILIPPI, 1845,
living on the Pacific coast of Chile.

LARVAL STAGES

PROTOSTRACUM VELIGER STAGE

It takes fertilized eggs about 30 hours to
18 days to grow into the initial shell-bearing
larval stage, depending on abundance of
food and prevailing temperatures. This
stage has two equal symmetrical equilateral
D-shaped hyaline valves connected by a
conchiolinous ligament located in the mid
dle of the straight hinge. This is the
straight-hinge veliger or protostracum veli
ger or phylembryo or D-shaped larval stage.

The anterior adductor is formed shortly
before the posterior one. At first, the foot
is a mere rudiment and a slight concavity
between mouth and anus is the beginning
of the exhalant mantle chamber.

A disc-shaped ciliated special larval organ,
the velum, enables the larva to swim. It is
located anteroventrally and completely re
tracts when the larva shuts its shell. In
nonincubatory genera the eggs are released
into the surrounding waters and grow there
into planktonic and free-swimming proto
stracum larvae. Incubatory species let their
fertilized eggs develop into protostracum
veligers within the adult's inhalant mantle
chamber.

At first, the straight valve margins at the
hinge are only slightly thickened and are
about half as long as the valves themselves.
Later, these margins thicken and lengthen,
forming the hinge plates of the prodisso
conch, and rudiments of hinge teeth begin
to grow as small thickenings. In the larvae
of the Gryphaeidae, the thickenings or
hinge teeth precursors are lined up in a
continuous series all along the hinge, but

in the Ostreidae precursors are only at each
end of the hinge and a smooth gap sepa
rates them. Finally, the protostracum grows
0.095-0.235 mm. long; its height is about
7/8 of its length; its hinge extends for 5/7
of the length of the valves; the umbones
are low and have not yet grown to rise
above the hinge; the ligament remains in
the middle of the hinge (see Fig. J37).

PRODISSOCONCH VELIGER STAGE

This is the stage commonly called umbo
veliger larva, because the umbones of the
shell are conspicuous. As this stage devel
ops from the preceding protostracum veli
ger stage, the foot grows larger and more
active. Its sole, near its heel-like base, now
has a byssus gland. Both adductor muscles
are present, and the rudiments of heart,
kidneys, and gills make their appearances.
A pair of black pigmented spots, or eyes,
and a pair of otocysts grow in the wall of
the visceral mass near the pedal nerve gan
glia. These eyes are probably homologous
with the cephalic eyes of other mollusks
and appear shortly before the larva is ready
to settle down (Fig. J38).

As the prodissoconch grows, its hinge
thickens and the rudimentary swellings on
the hinge grow into small, well-defined,
rectangular, interlocking teeth or rather
larval precursors of hinge teeth (Fig. J39).
However, the hinge almost quits growing
in length so that the valve margins gradu
ally encroach upon and outflank the hinge
ends. The valve margins grow progres
sively more inward, that is, toward ~he

plane of symmetry between the opposmg
valves, so that the valves become more con
vexly tumid. The fastest growth is along
the anteroventral valve margins, and the
valves become quite inequilateral. By these
growth tendencies the umbones rise above
the level of the hinge and become more
opisthogyral and bulgingly globose.

During this larval stage, that is, a con
siderable time before the larva is ready
to settle down and metamorphose into a
permanently fixed oyster, the left valve out
grows the right and becomes larger an?
more convex; its umbo grows more promI
nent than that of the right valve. This fact
attests to the strong genetically fixed roots
of the attachment habit of the oysters and
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FIG. J37. Growth of larval shell (protostracum) of Ostrea edlllis, X 170 (Ranson, 1939).

cl. After 6 days of growth. characteristic of Ostreidae; valves are forced
B. After 7 days, showing rudiments of larval hinge open.

teeth and sockets. D. Same, hinge in normal life attitude, not forced
C. After 20-25 days, showing well-formed larval open, showing growth lines beyond ends of

precursors of teeth and sockets in arrangement hinge.

explains why they attach themselves exclu
sively by their left sides.

At the end of this stage, prodissoconchs
are 0.25-0.425 mm. long and there are many
specific differences in the sizes and config
urations of the prodissoconchs among the
various species (RANSON, 1960a). There
are also generic differences (FORBES, 1967).

BERNARD (1896) extended to the oysters
his studies on the ontogenetic development
of the hinge structures in the Bivalvia.
Although he had available three oyster spe
cies, two of them living ones, his study was
based only on a species from the Calcaire
Grossier (Lutet.) of the Paris Basin, which
he identified as "Ostrea {label/ula?" [=0.
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FIG. J38. Full-grown larva of Ostrea edulis, at end of prodissoconch ve1iger stage, X335 (from
Erdmann, 1934).

flabellula LAMARCK, 1806, =Cubitostrea
plicata (SOLANDER in BRANDER, 1766)].

In so richly fossiliferous a sediment as the
Calcaire Grassier, known to contain several
sympatric oyster species, it is almost impos
sible to identify oyster prodissoconchs cor
rectly and to try to relate prodissoGonchs
and very young attached oysters to fully
grown adults of the same species. The
young of one species may grow attached to
the adults of another, and the more sym
patrie species are involved the more diffi
cult is the task.

For that reason BERNARD'S identification
was only tentative. RANSON (1939a; 1941;
1942; 1948b; 1960a, fig. 1-16) demonstrated
that the kind of prodissoconch illustrated
by BERNARD (1896, p. 447, fig. 15) is found
only in the Pycnodonteinae, that is, that
BERNARD'S identification was erroneous.

The hinge of the prodissoconch of the
Pycnodonteinae differs considerably from

that of the Ostreidae as was first recognized
by RANSON. In the Pycnodonteinae the
prodissoconch hinge carries an unbroken
series of five interlocking teeth and no
smooth gap occurs between them (Fig.
J39).

In the Ostreidae, the prodissoconch hinge
has two interlocking teeth at each end sepa
rated by a fairly long smooth gap. All these
teeth are small, rectangular, interlocking,
and somewhat higher than long. Each
tooth fits into an opposing socket located
on the other valve. In the common Ostre
idae the anterior set of teeth is weaker than
the posterior set. These teeth are larval
structures and are the larval precursors of
true teeth, homologous with the true teeth
of adult eulamellibranchs. However, in
oysters the larval tooth precursors never
develop into true adult teeth. Strictly
speaking, they should be called tooth pre
cursors.
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FIG. J39. Full-grown prodissoconchs of oysters, X 76 (Ranson, 1960a). All from living species.

J,2. Gryphaeidae-Pycnodonteinae. - Ja-d. Hyotissa
/zyotis (LINNE), IndoPacinc.-2a-d. Neopyeno
dOllle eoell/ear (POLl), circumglobal.

3.4. Ostreidae.-3a-d. Crassostrea virginiea (GME'

LIN), east and south coasts of North America.
--4a-d. Ostrea edlliis LINNE, west and south
coasts of Europe, northwest Africa.

The ligament is at first, during the
protostracum veliger stage and at the be
ginning of the prodissoconch veliger stage,

in the middle of the hinge so that the two
valves open up with the opposing umbones
remaining close together (Fig. J37). Grad·
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FIG. J40. Metamorphosis of hinge structures during growth from prodissoconch larval stage to early post
larval stage in oysters. An indeterminate species of pycnodonteine oyster (called Ostrea fiabellula(?) in

BERNARD) from Calcaire Grossier (mid.Eoc.) of France, X 130 (Bernard, 1896).

la,b. Prodissoconch showing well-developed larval
tooth precursors in pattern characteristic of
Pycnodonteinae.

2a,b-4a,b. Successive early postlarval stages showing

obliteration of the larval tooth precursors and
growth of ligamental area with progressive
shift of positions of the functioning ligament.

ually, as the valves become more inequilat
eraI and their umbones more prominent,
the ligament migrates along the hinge to
ward the anterodorsal valve margins, leav
ing the. umbones and tooth precursors
behind in their own places. The shift of
the ligament takes place smoothly; at no
time is the shell without a well-functioning

ligament. At the end of this shifting, the
ligament joins what had been the ant~r~·

dorsal margins of the valves and the ongl '

nal umbones, th~ hinge, and the tooth
precursors come to lie posterior of the
ligament (Fig. J40, J41).

Judging by the arrangement of ligament
and tooth precursors in the full-grown
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FIG. J4 I. Metamorphosis of hinge structures during early postlarval growth in oysters (Ranson, 1940).

1-2a,b. Ostrea edulis (LINNE, 1758), X250, three,
five, and five days old.

3-4a,b. Crassostrea angulata (LAMARCK, 1819),

prodissoconch, BERNARD concluded that in
the oysters all the tooth precursors repre
sent only the posterior half of the set nor
mally found in Bivalvia and that the hinge
structure of larval oysters would have to be
called a demiprovinculum (or half-pro
vinculum), because it differed profoundly
from the provinculum of other Bivalvia.

X250, X 150, and X250, two, five, and
five days old.

However, RANSON pointed out that the
earlier larval stages of the oysters have a
provinculum like other Bivalvia in that
they have two sets of tooth precursors, one
to each flank of the ligament.

Oyster larvae remain planktonic and
free-swimming up to 33 days (ERDMANN,
1934, p. 7). Incubatory oysters have shorter
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free-swimming larval periods than nonincu
batory ones. Shortest free-swimming peri
ods are recorded (WALNE, 1963; MILLAR &
HOLLIS, 1963; HOLLIS, 1963) for 0 strea
(Ostrea) chilensis PHILIPPI, living on the
coast of Chile, and O. (0.) lutraria HUT
TON, 1873, living on the coasts of New
Zealand. They have free-swimming larval
periods of a few hours to a few days. These
extremes are thought to be special local
adaptations of species living in exposed
situations among strong currents, where
longer periods would allow the larvae to be
carried on out to sea into dangerous envi
ronments. The adaptations prevent exces
sive larval mortalities. Durations of larval
periods depend also on prevailing temper
atures and availability of food for the
larvae. Warm and plankton-rich waters
accelerate growth.

FIXATION
As the end of the prodissoconch veliger

larval stage approaches, the larva becomes
ready to attach itself to a substratum and
undergoes extensive internal changes and
r~arrangementsof its organs (metamorpho
SIS). Nearly all oyster larvae must become
attached to a firm substratum or perish.

Exceptions are few. Rarely do a few
larva.e of the living species Ostrea (Ostrea)
edubs and O. (0.) chilensis succeed in
growing into adults without becoming
fir~1ly attach.ed (WALNE, 1963). Only a few
extlUct speCIes have been discovered that
were able to settle on a very soft substra
tum, such as. ooze. All or nearly all their
larvae grew IUtO adults lying loose on the
sea bottom, and the adults became sexually
mature and propagated the species. Such
species seen by me are:

I) Exogyra laez·iuscula ROEMER, 1849, from the
top chalk layer of the Dessau Formation (earl\"
Campan.) at the top of the Austin Chalk in centr;1
Texas.

2) I1ymatogyra anetzna (ROEMER, 1852), from
the Grayson Marl (Cenoman.) and other homo·
taxial formations of Texas and northeastern Mexico
(Fig. J32; see Fig. J94).

3) Rlzync/lOstreon mborbiculatllm (LAMARCK,
1801) [=R. columba (LAMARCK, 1819)], Ceno
maman and Turonian of Europe and Syria (see
Fig. J97).

These three exogyrine oysters have very
slender left beaks noticeably more spiro-

gyr~l than those of other exogyrine oysters
whIch. con:monly have fairly large attach
ment Impnnts.

4) Odontogrypllaea thirsae (GABB, 1861) from
the Nanafalia Formation and other homotaxial
formations (Sparnac.) of Alabama. Louisiana and
northern Mexico (Fig. J34; see Fig. J64). '

These exceptional species are divisible
into two categories: very specialized Exo
gyrinae (1-3 of above) and homeomorphs
of Gryphaea (4). Such species, for some
unknown reason, have traces of coloration
preserved. They are in the form of brown
ish radial st~eaks (see "Pigmentation," p.
N997, and FIg. J33, J34). Their shells have
no visible attachment imprints at the left
umbo. They may have incidental attach
ment imprints at other places caused by
crowding of neighboring shells.

The full-grown oyster larva can swim
with its velum and crawl about with its
foot in search of a suitable location when
it is ready to become affixed to a ;ubstra
tum. Normally the substratum must be
firm and clean, free of a film of mud and
free of the slimy gelatinous cover gr;wing
algae produce. The larva in search of a
suitable location prefers close proximity of
young adults of the same species (KNIGHT
JONES, 1951). This preference tends to
maintain live oyster reefs and is essential
to successful propagation.

Finally, the larva settles down with its
umbones held up and its foot and ventral
valve margins resting against the substra
tum. After some irregular movements, the
~nal attitude is assumed: the right valve
IS on top, the mid-ventral margin of the
left valve is pressed flat against the sub
stratum and the commissural plane of the
valves is inclined about 30° to it (see Fig.
78, p. N94). The byssus gland on the sale
of the foot then excretes a drop of liquid
which spreads in the narrow space between
left valve and substratum. By natural tan
ning, the sticky liquid turns fairly rapidly
into horny, no longer water-soluble conchi·
olin, firmly cementing the left valve of the
larva to the substratum. This is the end of
the larval stage and the beginning of rapid
metamorphosis of the animal into a young
adult.

All oyster larvae, except those of the
Exogyrinae, assume approximately the
same final attitude with reference to the

© 2009 University of Kansas Paleontological Institute



Ontogeny-Fixation-Metamorphosis NlO13

substratum when they are full-grown and
ready to affix themselves. Larvae of the
Exogyrinae settle with the posterior margin
of the left valve pressed flat onto the sub
stratum so that rapid growth of the free
anteroventral margin of the left valve, out
growing the rest, initiates a spiral growth
pattern immediately after fixation. This
tilted fixation attitude of larvae of all Exo
gyrinae at the moment the larvae assume
their final attitude just before fixation at
tests to the monophyletic origin of the sub
family and is one of the justifications for
regarding them as a natural taxon and as a
subfamily.

Because larvae of normal oysters can set
tle only where firm and solid substrata are
available to them, oysters can inhabit only
certain restricted brackish and marine habi
tats and are unable to occupy large sea
bottom areas that are covered exclusively
by soft mud or ooze. Special adaptations
are necessary for the oysters to be able to
occupy sea bottoms that have only tiny shell
fragments scattered on an ooze bottom or
are composed of ooze exclusively. The four
species listed above were adapted to the
last-mentioned, highly specialized situation
(compare p. NlO71 ).

METAMORPHOSIS
The shell of the full-grown larva is com

posed of aragonite (STENZEL, 1964). As
soon as the oyster has become attached, it
begins depositing new shell material at the
valve margins. This new ring is composed
of calcite and shows special shell structures,
for instance, the prismatic shell layer of the
right valve. Henceforth, the major part of
the shell deposited by the oyster is made of
calcite.

Rapid and radical changes among the
organs take place as soon as the larva has
become fixed. Organs no longer needed
disappear, making room for other needed
organs to grow in size and to shift into
more favorable positions.

The velum is a bulky locomotor organ in
the larva, which is located anteroventrally.
By its size it tends to push aside mouth and
foot, away from the anterior adductor mus
cle. Because locomotion is no longer possi
ble after fixation of the larva, the velum

and the foot with its byssus gland atrophy
rapidly during metamorphosis. Thus a
large space, formerly occupied by the
velum, becomes available for other organs
to expand or shift into.

Its fixed position prevents the young
adult oyster from going after its food;
rather, it must gather its food as it passes
by. This the oyster does by using the gills
as a sieve. As filter-feeding is adopted, the
gills must become larger.

However, the mouth must remain near
the anterior end of the sieve structure of the
gills in erder to be in correct position for
receiving food from the gills. As the gills
grow allometrically, the mouth must shift
with them correspondingly. When the
velum disappears, the mouth is free to
shift forward, toward and against the ante
rior adductor muscle.

Because the gills have become so long
that the mouth lies against the anterior
adductor muscle, this muscle must become
confined. It can neither shift nor grow in
size; its fate is sealed.

In contrast, the posterior adductor muscle
becomes unrestricted and can grow in size;
it also can shift position to occupy the space
vacated by atrophy of the foot and velum
and by the shift of the mouth. Thus the
posterior adductor muscle gets to occupy a
more favorable position as to leverage, ef
fectiveness, and ability to grow in size.
Very soon it takes over the work of both
adductor muscles and the anterior one dis
appears. The eyes of the larvae disappear
also.

The foot, being a locomotor organ, be
comes useless and disappears completely
except for some anterior pedal muscles
which take on new, as yet poorly under
stood functions and become the Quenstedt
muscles of the adult oyster.

One of the results of the shifts among
the organs is that the mouth-anus axis has
to rotate counterclockwise during metamor
phosis. If the pivotal axis .of the hinge is
chosen as a fixed reference line for the pur
pose of measuring the amount of torsion of
the mouth-anus axis, that axis in the full
grown larva is at minus 70° and in the
adult oyster at plus 47° to the pivotal axis;
the total amount of torsion is 117° counter
clockwise.
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Metamorphosis of hinge structures was
first investigated by BERNARD (1896) on
fossil material. RANSON (1939a, 1940b)
added to these observations, corrected them
and gave the metamorphoses of the hinges
on two living European oysters, Crasso
strea angulata (LAMARCK, 1819) and Ostrea
edulis LINNE (Fig. J41).

The structure of the hinge had already
undergone considerable change during the
growth of the prodissoconch veliger larva.
The ligament had shifted from its original
position in the provinculum, midway on
the hinge, to a position considerably an
terior to the larval tooth precursors. In
that position the ligament and hinge struc
ture supporting it grow vigorously during
and after metamorphosis. The larval tooth
precursors have become devoid of function
and are left more and more behind, to
become obscured by growth of the ligament
and its supports. Their obliteration is fin
ished during metamorphosis.

POSTLARVAL STAGE

GROWTH

Rate of growth of the postlarval oyster is
influenced by local food supply, prevailing
temperatures, and the amount of time the
animal is able to keep its shell open and
feed.

Most rapid growth is in the first three
months after fixation. After that the
growth rate declines gradually. Toward the

, end of a long life (after about eight years),
the oyster individual ceases to grow in size
as concerns the soft parts of its body so
that volume of the shell cavity occupied by
the soft parts remains nearly constant, but
the shell continues to grow and the whole
animal gains weight, except that destruction
of the shell by bacterial corrosion and by
attacks of shell parasites continues all the
time.

Growth rates are smaller in winter than
in summer, and growth may cease alto
gether in severe winters. Consequences of
their climatic effect make it possible to
estimate the age in years of an individual
oyster.

Crassostrea madrasensis (PRESTON, 1916)
[better named C. cuttackensis (NEWTON &

SMITH, 1912)], living in Madras Harbor
on the tropical Indian coast in waters of
26.2-29.6°C., has shell growth rates of 0.27
0.62 mm. a day (PAUL, 1942). This is the
fastest growth rate recorded for the shell of
an oyster.

LIFE SPAN

Very few oysters have been observed
individually for more than one to five years
in their natural habitat so that direct ob
servations of the life span are exceedingly
scarce. However, there is a record (BJER
KAN, 1918) of one old, extra-large individ
ual of Ostrea edulis 'from near Bergen,
Norway, which had been watched off and
on for 20 years and which must have been
25 or more years old. Its valves weighed
251 gr. (left) and 204 gr. (right valve).

Two methods of estimating the age in
years of an individual oyster through in
spection of its shell are noted. Because the
shell ceases to grow, or nearly so, during
the winter, either one large or a group of
closely spaced imbrications are produced on
the valves in winter. They show better on
the left than on the right valve. Thus the
age in years should equal the number of
such markers found on the left valve.

In a mild winter, however, imbrications
may fail to show up altogether. On the
other hand, extended or repeated storms
and rainy years with long periods of too
low salinities may produce additional, non
annual imbrications. This method of esti
mating the age of an individual oyster is
obviously exceedingly difficult or even un
reliable (MASSY, 1914) (see Fig. J42).

A better method, first used by POISSON
(1946, p. 6), is based on the annual growth
layers visible on the ligamental area. The
consistency and composition of the shell
material deposited in a year changes sea
sonally. In the colder season, during slow
shell growth, the material deposited is
darker and richer in organic matter; the
shell substance deposited in the warmer
months is lighter-colored, less rich in or
ganic matter, and more solid and stronger.
These annual layers can be seen when the
shell is cut through in dorsoventral direc
tion (BJERKAN, 1918). It is much easier
without any sectioning, however, to see ~h.e

annual layers on the ligamental area. VlSl-
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FIG. J42. Number of major imbrications on LV of Ostrea edt/lis. from Ireland, as related to number of
winters survived by the animals, given in percentages of individuals examined (Stenzel, n. From data

given by Massy, 1914).

bility of the annual layers on the ligamental
area can be improved by a slight amount of
buffing or washing with dilute hydro-

chloric acid. Even this method used on old
and large shells gives an incomplete esti
mate, because generally the first-grown part
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of older shells is lost through corrosion dur
ing the animal's lifetime (Fig. J14, J30;
see Fig. Jl24).

The oldest oyster seen by me is a speci
men of Crassostrea bourgeoisii (REMOND,
1863) from the Temblor Formation (Mio.)
in California (Calif. Acad. Sci., no. 33269),
which has a ligamental area 2.0 cm. long
and 13.1 cm. high, as measured along the

curves of the mid-line. The apex of the
ligamental area is missing; the remainder
shows 43 annual layers. Counting the an
nual layers of the ligamental area on the left
valve of Crassostrea gryphoides (VON SCHLO
THEIM, 1813) from the Miocene of Europe,
HARANGHY, BALAZS, & BURG (1965) deter
mined the life span of this oyster as more
than 47 years.

SHAPE, FORM, AND SIZE OF SHELL
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Function of the shell of free-moving,
normal Bivalvia, including the distant and
unknown ancestors of oysters, is to protect
all soft parts of the animal, including the
foot. Shape of the shell and its capacity
must be adapted to the animal's activities
and locomotion and must be adequate to
let the foot retract completely when the
animal shuts its shell.

Because oysters are sedentary, they have

lost the organ of locomotion, the foot.
There is no need for their shell to enclose
a foot and to be adapted to any kind of
locomotion. The absence of these two
necessities allows other factors to assume
importance and to determine significant
features of the shell. There are many such
factors and they cause a bewildering profu
sion of shapes, forms, and sizes.
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CONSEQUENCES OF
SEDENTARY MODE OF LIFE
Sedentary animals tend to have rounded

outlines, that is, cylindrical, conical, or
globular shapes, and they tend to develop
radially arranged organs. Oysters have the
same tendencies, but cannot develop them
much.

Ostrea (Ostrea) equestris SAY, 1834, liv
ing on the east coast of the Americas, tends
to grow in orbicular outline, that is, the
height becomes almost equal to the length
of its shell, if the individual is not ob
structed in its growth by neighboring shells
or irregularities of the substratum (GALT
SOFF & MERRILL, 1962, p. 238). Many other
oyster species follow this pattern.

Sedentary animals have no weight prob
lems; they do not have to move their bulk
and support of it is not difficult in most
cases. For that reason, sedentary Bivalvia
are commonly larger than mobile ones and
have thicker and heavier shells. Many
oysters follow this pattern.

INFLUENCE OF GILLS
Influence of the gills on the shapes of

shells is proportionately larger in the oys
ters than in Bivalvia that have a large foot.
This is so because oyster gills are propor
tionately larger and, in addition, their gills
do not have to share the mantle/shell cavity
with a foot.

The following features indicate influence
of the gills: I) Anterior and ventral valve
margins are subparallel to the distal edges
of the gills in all oysters. 2) The shells as a
whole are noticeably curved to conform
with the curved outline of the gills in all
oysters. 3) The shell has a more or less
conspicuously projecting posteroventral tip
end, the branchitellum. It is close to the
palliobranchial fusion, and the aboral end
of the gills points toward it.

These features are most strongly empha
sized in oysters that have a sickle-shaped
outline. In them the gills are long and
narrow, curved and strap-shaped, and the
visceral mass is very small so that the gills
determine outline of the shell.

The following genera have sickle-shaped
outlines: Agerostrea VYALOV, 1936, Rastel
lum FAUJAS-SAINT-FoND [1802?], and Cu-

bitostrea SACCO, 1897 (see Fig. J116, J117,
J133, J138, J139).

In addition, species of other genera ap
proach or have sickle shapes, although
congeneric species do not. Here belongs
"Ostrea" [probably new genus J quadripli
cata SHUMARD, 1860, from the Fort Worth
Limestone to Mainstreet Limestone, Wash
ita Group (late Alb.) of north-central
Texas. Many species of the Exogyrinae
related to Ceratostreon BAYLE, 1878, or
placeable in that genus are narrow and
sickle-shaped. An example is Exogyra
[sensu latissimo] sigmoidea REUSS, 1844
(v. 2, p. 180), from the basal conglomerate
(late Cenoman.-early Turon.) of the vi
cinity of Praha, Czechoslovakia (ZARUBA,
1965).

Agerostrea is related to Rastellum and
differs from the latter by the smooth me
dian area restricting the plications to the
flanks of the shell. It is connected to
Rastellum by transitional species. Rastellum
has subequal valves, both ribbed; the zigzag
commissure has many long tapering acute
angle points. The muscle pad is comma
shaped and much closer to the hinge than
to the branchitellum. Rastellum, in turn,
is connected to Lopha of the Triassic and
Jurassic by many transitional species. There
seems to be no room for doubt that the
three genera have close relationships.

Cubitostrea has a ribbed, but not plicate,
left valve and a flat nonribbed right valve;
the right valve is considerably smaller than
the left. It is closely related to Ostrea, from
which it arose in Eocene time.

Thus, the sickle-shaped oysters originated
from at least two roots. They are a poly
phyletic convergent collective group. They
are nonestuarine, euhaline, warm-water oys
ters apparently restricted to .very ~ne

grained sediments, more or less nch In hme.

INFLUENCE OF
PSEUDOSIPHONS

INHALANT PSEUDOSIPHON

Much, or even all, of the inhalant wa
ter current enters the mantle/shell cavity
through the inhalant pseudosiphon, when
ever the oyster has its shell open and is
feeding (see p. NI 000). The part of the
gills that is nearest to the inhalant pseudo-
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FIG. }43. Triangular shell outlines in oysters.

1. C"bilostrea perplicala (DALL, 1898), Tallahatta
Formation, mid.Eoc.(Lutet.), Alabama, USA,
exterior of LV, XO.7 (Stenzel, 1949).

2. "Lopha" vilh·i (COQUAND, 1862), U.Cret.(Maa-

siphon is in the best position for receiving
the current and for collecting food particles.
It is to advantage of the animal to provide
the best catchment area of the gills at that
place. For this reason, the gills of all oysters
are widest there and taper thence to both
ends of the gills.

How rapidly the gills taper from their
widest place depends on the stability, site,
and size of the pseudosiphon. If it remains
small and opens up at the same place every
time the oyster is feeding, the taper of the
gills is likely to be rapid and the gills will
have the outline of a low elongate triangle

strichL), Chouf Motta, Algeria; 2a,b, LV, ext.,
int., XO.7 (Stenzel, n. Specimen by courtesy
of C. W. DRoOGER, Univ. of Utrecht, Nether
lands).

curved in conformity of the shell and the
widest place on the gills, the apex of the
triangle, will be well defined. On the other
hand, if the pseudosiphon is a long slit and
opens up variably in a general vicinity, the
taper of the gills likely will be much less
rapid and there will be no narrowly defined
widest place on the gills.

In the first case the shell will have a
projecting anteroventral rounded corner.
Such shells are more or less clearly trian
gular in outline: "Lopha" villei (COQUAND,

1862), Maastrichtian of N.Africa (Fig. J43);
Cubitostrea perplicata (DALL, 1898) from
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the upper Tallahatta Formation (Lutet.)
of Alabama, USA (see STENZEL, 1949, fig.
3; GEKKER, OSIPOVA, & BELSKAYA, 1962, V.
2, fig. 24-1) (see Fig. J116, J117); C. prona
(S. V. WOOD, 1861) from the Lattorfian
beds of England. Triangular shapes are
possibly restricted to oysters that have no
promyal passage and in which the convexi
ties of the two valves are subequal.

EXHALANT PSEUDOSIPHON

The exhalant pseudosiphon takes care of
most of the exhalant water current of the
oysters, and metabolic waste products are
expelled through it. These waste products
present problems of sanitation; they must
be disposed of in such a fashion that they
cannot by any chance reenter the mantle
cavity of the animal.

The Gryphaeidae are the only oysters in
which the exhalant pseudosiphon has great
influence on the configuration of the shell.
T:leir left valves are divided by a radial
posterior sulcus into a main part and a
smaller posterior flange (see Fig. J74, J83,
J84, J87).

In most species the sulcus is a deep
groove, in others it is shallow; in some,
notably in Gryphaea arcuata LAMARCK,
1801, from the Liassic of western Europe,
it is evanescent as a groove, but remains
indicated by a flexure in the trend of the
growth lines. In the strongly plicate genus
Hyotissa of the Pycnodonteinae the sulcus
is difficult to discern from the other sharp
plications of the shell. However, it makes
a deeper and broader groove on the left
valve than the other plications do, and the
corresponding radial fold on the right valve
is a broader, higher, and more prominently
upturned ridge than the other plication
ridges in this genus.

At the posteroventral margin of the left
valve the sulcus ends with an obtuse,
rounded angulation shown by the growth
lines of the valves. This angulation tends
to become more obscure with age. This
angulation is the branchitellum of the Gry
phaeidae (see Fig. J74,3e,f).

The posterior flange of the left valve has
a convex or highly convex cross section
differing in shape from species to species.
The terminus of the posterior flange at the
valve margin is the place at which the

exhalant pseudosiphon was located and at
which the organic waste products of the
oyster were ejected while the animal was
alive. The posterior flange is the growth
track of the successive positions the ex
halant pseudosiphon occupied during the
growth of the animal.

LEOPOLD VON BucH (1835) was the first
to attempt an explanation for the posterior
flange and sulcus, which he had noticed on
Gryphaea. According to his explanation
the pull of the posterior adductor muscle
caused formation of the sulcus. This hy
pothesis is hardly valid, however, because
the shell morphology is determined by the
attitude of the shell-secreting edges of the
mantle lobes, that is, at the very edges of
the valve margins, and these are well re
moved from the insertion of the adductor
muscle. Be it to his credit that he was the
first to recognize in print that there IS a
problem of explaining the feature.

INFLUENCE OF SUNLIGHT
MEDCOF (1949) experimented with Cras

sostrea virginica, growing two sets side by
side, one exposed to sunlight and the other
shaded. Specimens exposed to sunlight
grew (linear growth rate of shell) about 30
percent slower than shaded ones and their
shell walls were thinner and had fewer
chalky deposits than the shaded set. Those
exposed to sunlight had stronger, harder,
and denser shells and their shell walls had
higher specific gravities.

Oysters growing in the shade had flat or
concave right valves mostly; many of those
growing in the sunlight had convex right
valves. Oysters exposed to sunlight had
more chunky compact shells and their left
valves were more convex.

The left valves of oysters exposed to
sunlight had more prominent ornamenta
tion. The left valves tended to become
ribbed or fluted and to have a serrate
margin. The right valves had more color
streaks (Fig. J44).

Oysters exposed to sunlight had abun
dant sea lettuce (Viva) growing on them
but had fewer mussels (Mytilus eduiis
LINNE) and oyster spat attached. Shaded
oysters had very little of sea lettuce, but
had about three times as many mussels
and spat growing on them, on the upper
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as well as the lower surfaces. The upper
surface of oysters exposed to sunlight was
avoided by epibiotic animals.

FIG. J+1. Shell features of Crassas/rea t'lrglnlca
(GMELIN) taken alive in Tarpon Bay, Sanibel Is
land, Florida, USA, XO.7 (Stenzel, n). [These
oysters grew exposed to air at low tide and show
the strong ribs characteristic of exposure to sunlight.
Specimens courtesy of R. TUCKER ABBOTT, Acad.
Nat. Sci. Philadelphia.]-l. Outside view of LV.
2a,b. Inside and outside views of RV.-3a,b. Inside

and outside views of LV, same individual.

Exposure to sunlight and different sub
strata possibly are the causes of extreme
polymorphism in a case analyzed for the
first time by THOMSON (1954, p. 146-149,
pI. 2, fig. 3-4, and pI. 3, fig. 1-4). The case
involves the species which he called Ostrea
folium LINNE. He came to the firm conclu
sion that the names Ostrea folium LINNE
(1758, p. 699), M ytilus crista galli LINNE
(1758, p. 704), and Ostrea (Pretostrea)
bresia lREDALE (1939, p. 396) all stood for
the same polymorphous species, which he
chose to call O. folium, because it has page
priority and because as to shape it is inter
mediate between the other two (see Fig.
J47, J129, J130).

According to THOMSON, individuals of
that species which grow in intertidal situa
tions and are attached to a flattish substra
tum or to each other develop long and
strong hyote claspers and well-defined
strong plications few in number; they are
the ecomorph known as Lopha cristagalli.
While individuals that remain completely
submerged and grow preferentially on gor
gonid corals develop a lanceolate outline,
many small plications and many small and
short claspers embracing the gorgonid stem.
These ecomorphs are commonly called
Lopha folium (LINNE) and are intermedi
ate between the other two as concerns pii
cations. Ostrea bresia is founded on indi
viduals of orbicular outline furnished with
irregular, more rounded plications.

It so happened that L. cristagalli became
the type species of Lopha RODING, 1798,
L. folium the type species of Dendostrea
SWAINSON, 1835, and O. bresia the type
species of Preto.mea lREDALE, 1939. Thus
Lopha has clear priority and the other two
become its junior subjective synonyms. As
to the name for this polymorphous species,
THOMSON'S choice must stand, because he
is the discoverer of these relationships and
the first reviser in the sense of Article 24.

The East African mangrove oyster Sac
costrea cuccullata (VON BORN, 1778) has
two distinct ecomorphs: 1) a chunky irreg
ularly shaped oyster, commonly rounded
and flat, with fairly thick shell walls and
coarsely crenated valve margins, and ~)
a spiked form that has thinner, more fraglle
shells with foliated shell shoots, up to 3 em.
long, extending outward from the shell
margins. The spiked form grows at a

..J

,.

.jI
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higher intertidal level and is exposed to air
and sunshine for 7.75 to 124 hours during
low tides. The other becomes exposed 0 to
20 hours only. So different are the two, that
SOMEREN & WHITEHEAD (1961) considered
them different species. It is, however, more
likely that they are ecomorphs of the same
species (see Fig. J54).

INFLUENCE OF SUBSTRATUM
Shell shape is influenced by the substra

tum in two separate and fundamentally
differing ways: 1) Fortuitous nonheritable
indivdual effect produced by a local hard
substratum resulting in xenomorphism on
an individual oyster and 2) the mass effect
produced by adaptations of large popula
tions to special widespread facies of the sub
stratum resulting in adaptive, heritable fea
tures.

XENOMORPHISM

The outside surface configuration of one
valve closely imitating the configuration of
the substratum under the other valve is
called xenomorphism or xenomorphic
sculpture. In some individual oysters the
umbonal region of the right valve resembles
closely the configuration of the hard sub
stratum to which the left valve is or was
originally attached. Xenomorphic sculpture
is patterned after ammonites, belemnites,
snails, trigonias or other bivalves, echinoids,
echinoid spines, coral colonies, twigs of sea
fans (Octocorallia), or other hard materials,
depending on which animal or object the
oyster was growing. Xenomorphism is
found also in other attached shell-bearing
animals, for example, Anomia (STENZEL,
KRAUSE, & TWINING, 1957), Myochama,
Plicatula, barnacles, brachiopods.

Xenomorphism in oysters was noted as an
unexplainable curiosity by pre-Linnean au
thors, for instance, D'ARGENVILLE (1742, p.
316, pI. 22, fig. F), and has been described
in innumerable cases (JUDD, 1871; SCHAFLE,
1929; SAINT-SEINE, 1952; STENZEL, KRAUSE,
& TWINING, 1957, p. 98-99). The first to
give a good description was DEFRANCE
(1821, p. 21) and the first to explain it was
GRAY (1833, p. 780-784). Good bibliogra
phies are given by SCHAFLE (1929) and
SAINT-SEINE (1952).

The first to apply a definite term to it
were STAFF & RECK (1911, p. 166-167).
They applied the German adjective allo
morph [=allomorphic] to it, contrasting
it with automorph. Neither term was de
fined by them, presumably because both
were in current use in Germany in other
situations. Although allomorphic has been
adopted by several authors, it is inappro
priate and is here replaced by xenomorphic.

It is derived from the Greek pronoun ahhOS,
another, that is, a person or thing of the same kind
besides the one mentioned before, and the Greek
noun /LOP<!>1/, shape or form. Allomorph (noun) is
used correctly in mineralogy and chemistry where
it defines two or more different crystalline forms of
the same chemical substance. Xenomorphism is
derived from the Greek ~<vos, strange (adjective)
or stranger (noun).

Xenomorphism in oysters remains re
stricted to the umbonal region of the right
valve. The area occupied by it is nearly
always devoid of growth squamae or prom
inent growth lines and has exactly the same
size and outline as the attachment area on
the left valve of the same individual. In
young, small, thin-shelled individuals it
may occupy all of the right valve. In old,
large, thick-shelled ones it is limited to the
right umbonal region, and the rest of the
valve has a configuration normal (idio
morphic) for the species and the inside of
the valve is smooth (Fig. J45).

If the oyster shell is detached from its
substratum, its left valve carries the nega
tive impression of the substratum on its
attachment area and the right valve has
the corresponding positive xenomorphic
configuration, which is a replica of the
substratum. However, the replica is al
ways less sharp than the impressions on the
left valve. Points or ridges on the right
valve are wider and more rounded, the
corresponding pits or grooves on the left
are sharper and have narrower crests
(STAFF & RECK, 1911).

Xenomorphism results in reversed con
vexities of the two valves in some cases.
For example, if the substratum is a flat sur
face, the attachment area is flat too, but the
corresponding xenomorphic area is convex.
Thus the usual condition is reversed among
the two valves. Were it not so, there
would be no room for the soft parts of the
animal.
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Xenomorphism is caused by simple pas
sive molding while the shell is growing at
the valve margins. As long as the oyster

FIG. J45. Xenomorphism of oysters. Ceratostreotl
fexatlllm (ROEMER, 1852), upper part Walnut For
.mation, L.Cret.(M.Alb.), Coryell County, Texas,
USA, showing xenomorphic sculpture patterned af
ter ammonite Oxytropidoceras, XO.6 (Stenzel, n).
1a. Attachment area of LV.-l b. Xenomorphic

sculpture on RV.

is young and its shell is very thin, it must
grow closely appressed to its substratum.
Were it to grow away from this, it would
be too exposed to predators which could
crush its shell all too easily. At the very
thin growing shell margin, the left valve
grows over the substratum and produces a
detailed negative impression of it on the
attachment area; the right valve margin
must leave no gap at the valve commissure
so must follow or mold over the left valve
margin with all of its irregularities. In
this way, the outside surface of the right
valve is molded and reproduces the con
figuration of the substratum (Fig. J46).

As the oyster grows older and bigger,
the mantle/shell margins start to turn up
and away from the support, passive mold
ing ceases, and the shell attains its specific
(idiomorphic or automorphic) configura
tion. Only after that stage is reached, it
becomes possible for growth squamae to
diverge from the surface of the shell so
that the xenomorphic portion remains free
of them. Idiomorphic configuration is com
monly accompanied by a thickening of the
shell. Additional shell layers are deposited
on the inside of the valves, making them
thicker, and smoothing out any irregulari
ties on the inside of the valves (Fig. J46) .

Obviously xenomorphic sculpture is not
heritable. Some oyster species, however,
have a heritable predilection to become at
tached to selected substrata, for example,
twigs of Octocorallia. Or in certain areas,
there may be only one kind of firm substra
tum available so that all or most individuals
of an oyster species will grow on the same
kind of substratum and in this fashion they
will all have similar xenomorphic sculp
tures. For these reasons, xenomorphic
sculpture may appear to be a specific char
acteristic, and many misconceptions based
on it are found in the literature.

Oysters growing on the cylindrical twigs
of sea fans (Octocorallia) have rather un
usual and prominent xenomorphism. It
consists of a narrow rounded longitudinal
ridge extending along the longest diameter
of the right valve. The attachment area is
a deep rounded channel, and the left valve
has many shelly processes that clasp the
twig. The twig of the octocoral, when it
is dried out, becomes blackish and longi
tudinally wrinkled, looking very much like

o..
(;

LV

•(

la

borehole mode by bivolve

-,

impri nt of umbi lica I seam of ommoni te
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rounded crests

FIG. J46. Origin of xenomorphism on oyster shelIs
(Stenzel, n).

A. Neanic stage of rapid uninterrupted growth
showing thin sheII walIs, narrow sheII cavity,
lack of growth squamae, and growth closely
appressed to substratum, which is here assumed
to be a sharply plicated aragonitic shelI.

B. Beginning of idiomorphic growth stage showing
increasing size of sheII cavity, first appearance
of growth squamae by intermittent growth, and
LV growing away from substratum.

c. Advanced idiomorphic growth stage showing
thicker sheII walIs and more growth squamae,
and smoothing out of inside faces of the two

a plant twig or root. It is easy to mistake
it for part of a woody plant.

The first such oyster to be noticed was a
living tropical species figured by D'ARGEN
VILLE (1742, p. 316, pI. 22, fig. F), who
described it as a "feuille" [leaf] and as
sumed that it had been attached to a
"morceau de bois" [piece of wood]. Conse
quently, LINNE (1758, p. 699, no. 178)
named this species Ostrea folium. In many
specimens the right valve looks like a
lanceolate leaf with the xenomorphic longi
tudinal ridge as the midrib of the leaf (Fig.
J47).

SWAINSON (1835, p. 39) later proposed
the genus Dendostrea for these "tree oys
ters" and Ostrea folium was made the type
species by HERRMANNSEN (1847, v. 1, p.
378).

THOMSON (1954, p. 146-149 and letter
dated December 14, 1966) insists that the
three: Lopha cristagalli (LINNE, 1758),
which is the type species of Lopha (see Fig.
Jl29); Dendostrea folium (LINNE, 1758),
which is the type species of Dendostrea
(Fig. J47); and Ostrea (Pretostrea) bresia
IREDALE (1939, p. 396-397, pI. 7, fig. 4),
which is the type species of Pretostrea (see
Fig. J130) really are not three distinct spe
cies but actually are ecomorphs of one
species. If this is so, Dendostrea and Pre
tostrea are junior synonyms of Lopha and
it becomes clear that shell shape and out
line may not be reliable generic features, at
least in the Lophinae.

Examples of this sort of xenomorphism
in fossil oysters are "Ostrea" dorsata DE
SHAVES (1824-37, V. 1, p. 355, pI. 54, fig. 9
10; pI. 55, fig. 9-11; pI. 14, fig. 1-4) from
Bartonian beds of the Paris Basin and "0."
russelli LANDES (RUSSELL & LANDES, 1940,
p. 139-140, pI. 3, fig. 3-6) from the Late
Cretaceous Pakowki Formation of Alberta,
Canada.

DEFENSE ADAPTATIONS
In order to keep enemy intruders out of

the mantle/shell cavity oysters have devel-

valves through progressive obliteration of their
impressed configuration.

D. Freeing of shell from its substratum through dis
appearance by leaching of aragonitic substratum.
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LV

adductor musc Ie pad

(

h' \. ., RV
commissural pl,catlons

~'Z...claspers

LV~
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~

FIG. J47. Ecomorph ,(2) of Loplla folium (LINNE, 1758) attached to gorgonacean twig, showing shelly
claspers and xenomorphic sculpture, W. Indies, X 0'.7 (Stenzel, n. Specimens by courtesy of R. TUCKER

ABBOTT, Philadelphia Acad. Nat, Sciences).

oped several defensive features: 1) com
plete shell closure, 2) commissural shelves,
3) commissural plications, and 4) hyote
spines. All these features concern the valve
margins or originate at them, where entry
might be gained.

SHELL CLOSURE

Oysters can close their shells completely,
leaving no gap or chink between the valves.
Some of the other bivalves have such gaps;
they are reserved for special organs or
functions, for example, the byssus, the foot,
or the two siphons. When ancestors of the
oysters changed their method of attachment
from a byssus to cementation of a valve,
they gained the advantage of being able to
close their valves tightly.

The closure is almost watertight because
the thin, flexible conchiolin fringe around
the right valve molds itself like a gasket
onto the interior surface of the calcareous
valve margin of the left. Thus oysters are
able to shut out enemies and to survive
periods of unfavorable environmental con
ditions.

For example, the rock oyster Saccostrea
cuccullata (VON BORN, 1778), growing on
sea cliffs, is able to survive exposed to air
and tropical sun during low tide (MAcNAE
& KALK, 1958) (see Fig. J50, J51). Many
other species are able to survive exposure
to air during low tides under less severe
conditions. Prolonged periods of unfavor
able salinities, either too low or too high,
can be survived in the same way.
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commissural plications have been found on
the Exogyrinae and Gryphaeinae.

The most acute and numerous plications
are found on Rastellum and in particular
on R. (Arctostrea) carinatum (LAMARCK,

1806), originally described from Cenoma
nian beds near Le Mans, Departement
Sarthe, France, but distributed over most
of the globe. The species has a plication
prong angle (2a) of about 30° and about
3.5 ~ron.gs per em. along the valve margins.
. PlicatlOns on oyster shells are positioned
III such a way that the bisectrix of each
prong angle at the valve margin is normal
to the generalized commissural plane of
the shell. Therefore, as the valves are
opened, the width of the slit opened be
tween them remains the same on each side
of a given prong.

The plication angles of the various suc
cessive prongs on a shell are unequal and
form a progressive graded series; the most
acute angle of such a series is the one the
farthest away from the hinge axis and the
least acute is the one nearest. In plicate
oysters that are not or little crescentically
curved the graded series progresses with
continuously decreasing plication angles
from the hinge to the region of the bran
chitellum.

In the highly crescentic and recurved
species of Rastellum (Arctostrea) and Ager
ostrea the branchitellum reapproaches the
hinge axis and the angles of the prongs
around the branchitellum are less acute
than those halfway between hinge and
branchitellum. at the convex outside curve
of the shell. Thus in progressing from the
hinge to the branchitellum the prong angles
first become more acute and then less acute.

Wherever the sizes of the plication angles
differ greatly from one plication to the next,
the flanks of the plications are curved in
order to accommodate the change without
interfering with the normal attitude of the
bisectrices of the angles. This situation is
noticeable in species with few and large
prongs around the periphery. In such
shells one flank is convex and the other
concave; the concave flank always faces the
hinge axis.

These rules follow from the geometry of
the valves and their rotational movements
when the valves open or close and were

COMMISSURAL PLICAnONS

Commissural plications take the form of
acute-angular zigzags or rounded sinuous
undulations of the shell margin at which
the opposing valves fit into each other,
when the shell is shut. All Lophinae have
them, except that some genera (e.g., Agero
strea) attain some size before plications
show up (see Fig. 1133). Hyotissa of the
Pycnodonteinae commonly has several zig
zag plications and the living southwestern
Pacific growth form H. hyotis (LINNE,
1758) forma sinensis (GMELIN, 1791) is
quite strongly plicate (see Fig. J85). No

Shape and Size of Shell

COMMISSURAL SHELVES

The commissural shelf of a valve is a
flattened band along the valve margins. It
is better developed on the dorsal than on
the ventral half of the valve. It is narrower
near the dorsum and widens toward the
venter. It is set off from the shell cavity
proper by an angulation, which is gentle on
the ventral half and strong on the dorsal
half of the valve.

The Pycnodonteinae have the best devel
oped shelves (see Fig. J83). In some Exo
gyrinae (particularly Exogyra s.s.), the an
terior margin of the right valve has the
commissural shelf reflexed at an angle of
about 40° from the general plane of the
valve (see Fig. J89, J92, J96). This condi
tion makes itself manifest on the outside of
the valve by a succession of sharp parallel
upstanding concentric crests or growth
squamae and on the inside of the valve by
a sharply defined commissural shelf de
lineated proximally by a well-defined
smooth ridge.

A commissural shelf makes it more diffi
cult for certain predators to reach the soft
parts in the shell cavity. Predators that
break pieces of the shell margins in order
to gain entry (margin breakers) must
break through the entire width of the
commissural shelf before they reach the
bulk of the soft parts. The commissural
shelf is of some use also against small
parasites that wait to sneak in while the
oyster has its shell open. Quick shutting
of the valves may not exclude them, but
may catch them before they can finish
crossing the shelf.
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FIG. J48. Geometry of a plication on the margins
of an oyster shell (Stenzel, n).

first investigated by RUDWICK (1963, p. 138,
fig. 3A). CUMINGS (1903, p. 131-132) was
the first to suggest that plicate valve com
missures in brachiopods and in oysters are
either adaptations for defense against preda
tors trying to enter or reach into the
mantle/shell cavity or adaptations to make
it impossible for overly large particles to be
carried into the mantle/shell cavity. These
ideas have been explored further by HERTA
SCHMIDT (1937, p. 27-30) and RUDWICK
(1964).

Two neighboring points (PI and P2),

each on an opposite valve, become separated
by the distance b, when the plicate oyster
opens its valves. Because the commissure
is plicate the slit that opens between the
valves is narrower than b. The width (w)
of the slit is w=sin aXb. The sin a is al
ways smaller than 1, if the angle a is less
than 90 0

• Therefore, sin a X b is always
smaller than b, and the width (w) of the
slit is smaller, the smaller angle a may be,
that is, the more acute the plication angle
(2a) (Fig. J48).

HYOTE SPINES

Hyote spines are tubular outgrowths, hol
low and cylindrical, that arise periodically
from thin edges of the shell margins of

oysters. They are op~n d~stally, at their tips
as well as along theIr dIstal flanks. Their
tips are rounded ear-shaped openings. They
start as accentuations of ridges or costae on
the shell. As the shell margins continue to
grow, they become closed off at the base
and new ones are formed farther on. The
older ones are followed by newer ones in
radial rows. As long as they are not closed
off an extension of the mantle lobe occu
pies them, lining their shell wall (Fig. J49).

They are best developed on and named
after Hyotissa hyotis (LINNE, 1758), the
pycnodonteine oyster living in the Indo
Pacific (see Fig. J85). Other plicate or
costate oysters have such spines too, for
example, Exogyra (Exogyra) spinifera
STEPHENSON, 1941, from the Peedee For
mation (Maastricht.) of Robinson's Land
ing on Cape Fear River, North Carolina.

As long as they are not closed off at the
bottom and have a lining of sensitive man
tle lobe tissues, they act as sensory organs
extending the reach of sensitivity of the
mantle edges (RUDWICK, 1965). All of
them are deterrents to predators making
access to live tissues more difficult.

SIZE
Extraordinary shell size and correspond

ing thickness of the shell wall show up
either individually or as a minor generic
characteristic.

An individual oyster may reach great
size, if by good fortune it manages to sur
vive much longer than its neighbors. Such
a case is the individual (listed below on p.
N1028) of Ostrea edulis from near Bergen,
Norway, which probably reached an age of

~tomargin

FIG. J49. Hyote spines. Four hyote spines arising
from radial rib on RV of Hyotissa hyotis (LINNE,
1758) forma imbricata LAMARCK, 1819, living at
30 fathoms off southern Japan, X2 (Stenzel, n).
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26 or 27 years, much of it under observation
(BJERKAN, 1918). Survival of such large
specimens today has become quite unlikely,
as human populations have increased and
oyster fishing has become intensified. For
this reason fossil oysters generally tend to
be larger than those of today.

After about eight years the soft parts of
an oyster cease to increase in size and the
volume of the mantle/shell cavity remains
constant, but shell deposition does not
cease. The shell increases in weight and
size, but the shell cavity does not enlarge.
Accordingly, after about eight years the
length of the ligament does not increase,
but the ligament continues to shift from the
dorsum toward the venter and the liga
mental area increases in height, if not in
length.

Among various oyster genera, Crassostrea
seems to be capable of growing fastest.
Species of this genus tend to reach larger
sizes, although there are some that do not
grow particularly large. The living north
east Asian C. gigas (THUNBERG, 1793)
grows large rapidly. This species is prob
ably the direct descendant of the giant
Miocene species C. gryphoides (VON
SCHLOTHEIM, 1813, p. 52). This well
known, widespread, and conspicuous spe
cies (RUTSCH, 1955) ranged in the Miocene
Tethys Sea from Spain, southern France,
Switzerland, Swabia, northern Africa, So
malia, and Cilicia in Asia Minor to Japan.
Because of its wide geographic range the
species has received numerous, supernumer
ary names. It appears to have crossed the
Pacific, for in California there is the giant
C. titan (CONRAD, 1853) from the late
Miocene. The group of large crassostreas
was discussed by DOLLFus (1915) and
DOLLFus & DAUTZENBERG (1920, p. 465
469). However, DOLLFus erroneously in
cluded several species of Ostrea and Pyeno
donte and his claim that Crassostrea and
Ostrea, as well as Crassostrea and Gryphaea,
are connected through transitional species is
unacceptable.

MAXIMAL SIZES AND WEIGHTS

The largest oyster shell on record has a
left valve 32 by 76 cm. in size (AWATI &

RAI, 1931, p. 9) and is an individual of

Saccostrea cuccullata (VON BORN, 1778);
presumably it was collected near Bombay,
India. The species is a complex superspe
cies living widely distributed in the Indo
Pacific.

Many extraordinary sizes reported in the
literature are estimates made in the field
without benefit of a tape measure and most
of them are exaggerated. The following
list gives data believed to be trustworthy
(H=height; L=length; T=thickness;
W=width; Wt=weight).

1) Aetostreon couloni (DEFRANCE, 1821)
[=Exogyra sinuata (SOWERBY,
1822) J, Lower Greensand (late
Apt.), Perthe du Rhone, France:
17.7 by 20.5 cm. [QUENSTEDT, 1867].

2) Crassostrea blanpiedi (HOWE, 1937),
Chickasawhay Formation (early Mi
ocene), Wayne County, Mississippi,
USA: H, 30.5 em.; L, 15.3 em.; W,
12.8 em.; ligamentaI area, 3.8 by 7.7
em. [HOWE, 1937].

3) Crassostrea cuttackensis (NEWTON &
SMITH, 1912) [=C. madrasensis
PRESTON, 1916], living (Rec.), Puli
cat Lake (ca. 70 km. north of Mad
ras), India: H, 43.2 em.; L, 17.8
cm. [MOSES, 1927, p. 552].

4) Crassostrea gigas (THUNBERG, 1793),
living (Rec.), Enoshima Island (near
Yokohama), Japan: H, 44.8 cm.; L,
9.5 em.; H, left ligamental area, 9.5
em. [Pilsbry, 1890, p. 95].

5) Crassostrea gryphoides (VON SCHLOT
HElM, 1813) [=Ostrea grandis
SERRES, 1843], Miocene marnes ar
gilocalcaires, Tessan (near Beziers),
Dept. Herault, France: H, 59-60
cm.; L, 7-8 em.; T (shell wall in
center of valve), 4.5-5.0 em. [SERRES,
1843, p. 143-147, pI. 2, fig. 1].

6) Crassostrea gryphoides (VON SCHLOT
HElM, 1813) [=Ostrea ponderosa
SERRES, 1843], Miocene marnes argil
ocalcaires, Gremian (near Montpe
lier), Dept. Herault, France: Wt,
4.45-4.85 kg.; T (shell wall), 15
cm.+ [SERRES, 1843, p. 143, 150
151] .

7) Crassostrea titan (CONRAD, 1853), Ne
roly Formation (late Miocene), near
Bitter Creek, Santa Barbara County,
California, USA: H, 44.4 em.; W,
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22.9 em. (Fig. JI4). [EATON, GRANT,
& ALLEN, 1941, expI. pI. 4, fig. 3].

8) Crassostrea virginica (GMELIN, 1791),
subfossil from shell mound (Pleist.),
Damariscotta River, southern Maine,
USA: H. 35.5 em.; L, 11 em. [ING
ERSOLL, 1881, p. 82, pI. 30, fig. 22].

9) Crassostrea virginica (GMELIN, 1791),
living (Rec.), Boothbay Harbor,
Lincoln County, Maine, USA: dis
tance from hinge to ventral border,
20.6 em.; H (left ligamental area),
5.5 em.; H (right ligamental area),
4.5 em.; L, 9.7 em.; W (near hinge),
6.5 em.; Wt (shell), 1175 gm.; Wt
(soft parts), 35.8 gm.; Wt (enclosed
liquid), 19.2 gm.; Wt (total), 1230
gm. [GALTSOFF, 1964, p. 20-21].

10) Exogyra (Exogyra) erraticosta STEPH
ENSON (1914), Pecan Gap Chalk
(Campan.), Austin-Manor road,
Travis County, Texas, USA: max.
dimension, 20.1 em.; Wt (both
valves and internal mold), 3939.5
gm. [STENZEL, personal collection].

11) Hyotissa hyotis (LINNE, 1758). living
(Rec.), New Caledonia: H, 28.5
em.; L, 23.4 em.; W, 19.0 em. [Mus.
Natl. Hist. Nat., Paris, France].

12) Hyotissa hyotis (LINNE, 1758) [=
Ostrea cristagalli ROUGHLEY, 1931
(non LINNE, 1758)], living (Rec.),
Great Barrier Reef, Queensland,
Australia: H, 24.8 em.; L, 15.6 em.;

13)

14)

15)

16)

W, 11.4 em.; Wt (shell), 1885 gm.
[ROUGHLEY, 1931].

Hyotissa hyotis (LINNE, 1758), living
(Rec.), Direction Island (Cocos
Keeling Is.), Indian Ocean, depth
10-20 ft.: H, 28 em.; L, 28 em.; W,
15 em.; Wt (right valve), 1673 gm.;
Wt (left valve), 2750 gm. [Phila
delphia Acad. Nat. Sci.].

Ostrea edulis LINNE (1758), living
(Rec.), estimated age 26-27 yrs.,
near Bergen, Norway: Wt (shell),
1228 gm.; Wt (soft parts), 55 gm.;
Wt (enclosed liquid), 67 gm.; Wt
(total), 1350 gm. [BJERKAN, 1918].

Ostrea edulis LINNE (1758), living
(Rec.), age 10+ yrs., Salcombe Es
tuary near Salstone, Devonshire,
England: H, 17.6 em.; L, 19.8 em.;
W, 5.9 em.; Wt (shell), 1038 gm.;
Wt (soft parts), 94 gm.; Wt (en
closed liquid), 133 gm.; Wt (total)
1265 gm.; mantle cavity volume, 130
cm3 • [ORTON & AMIRTHALINGAM,
1930].

Rastellum (Arctostrea) aguilerae (BOSE,
1906) [=Arctostrea atkinsi RAY
MOND, 1925], Habana Formation
(Maastricht.), 1 km. NW of Dos
Hermanos on road to Abreus, Santa
Clara Prov., Cuba: diameter tip to
tip, 23.5 em.; W (right valve), 7.0
em. [SOHL & KAUFFMAN, 1964, p.
414-419].

TERMS, CHIEFLY MORPHOLOGICAL, APPLIED TO OYSTERS

Terms regarded most important are in
boldface type (as adductor muscle); use is
not recommended of those printed in italics
(as epidermis). Some nonmorphological
terms have been included for aid to biolo
gists and zoologists who may not be famil
iar with them. These are enclosed by
square brackets. Many terms have general
application to Bivalvia (Treatise, p. NI02);
additional ones considered by H. B. STEN
ZEL to be especially applicable to oysters are
accompanied by an asterisk (*).
aboral*. Pointing away from mouth.

adductor muscle*. Single posterior muscle connect
ing the 2 valves, tending to close them.

adoral*. Pointing toward mouth.
alate. With wings or auricles.

alivincular. Type of ligament not elongated in
longitudinal direction nor necessarily situated
entirely posterior to beaks, but located between
cardinal areas (where present) of respective
valves, with lamellar layer both anterior and
posterior to fibrous layer; example, Os/rea.

[allochthonous*.] In structural geology, pertaining
to rock masses that tectonic forces have trans
posed to rest on a strange base.

allometric growth*. Growth by unequal rates in
different parts of an animal.

[allomorph (noun)*.] Any of 2 or more diverse
crystalline forms of the same chemical substance.

[allomorphic (adj.)*.] Pertaining to allomorphs.
See xenomorphic.

allomorphism. See xenomorphism.
allopatric*. Pertaining to 2 or more species living

in different regions.
amphidetic. Extending on both anterior and pos-
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terior sides of beaks (applied to ligament or
ligamental area); example, Area.

anachomata. See chomata.
anisomyarian. With one adductor muscle (anterior)

much reduced or absent.
anodont. Lacking hinge teeth. Same as edentulous.
anterior*. Direction parallel to hinge axis more

nearly approximating to that in which mouth of
animal faces.

anterodorsal margin. Margin of dorsal part of shell
in front of beaks.

aorta*. Large tubular blood vessel which carries
blood from heart toward other organs.

appressed*. Pertaining to thin foliaceous parts of
shell separated from main part of shell by narrow
vacant space.

[aragonite*.] Rhombic-holohedral or pseudohexag
onal allomorph of calcium carbonate.

arborescent*. Resembling branched tree.
auricle. Earlike extension of dorsal region of shell,

commonly separated from body of shell by notch
or smus.

auriculate. With auricles.
[authigenic*.] In mineralogy, pertammg to min-

erals that have grown in place within sediment.
[autochthonous*.] Having originated in place.
automorphic*. Same as idiomorphic.
beak. Noselike angle, located along or above hinge

margin, marking point where growth of shell
started.

[beekite.] Concentrically structured silicification
center.

bialate. With 2 wings or auricles.
bilobate*. With 2 distinct bulges.
biocoenosis (pI., biocoenoses)*. Natural ecologic

unit composed of diverse, but mutually dependent
organisms.

biostrome*. Flat extensive biocoenosis composed of
sedentary organisms that have hard skeletons or
shells and sediment derived from them.

biotope*. Region of uniform environmental condi
tions and animal populations.

blood sinus* (blood-filled sinus, or blood lacuna).
Irregularly shaped blood vessel without special
confining walls.

body of shell. In alate or auriculate shells, entire
shell with exception of wings or auricles.

Bojanus, organ of*. Kidney of Bivalvia.
bourrdet. Either of two portions of bivalve liga

mental area flanking resilifer on its anterior and
posterior sides; each comprises growth track and
seat of the lamellar ligament. [The posterior
bourrelet is flattish in all oysters except the
Exogyrinae, in which it is a narrow sharp-crested
spiral ridge on the LV and a corresponding
groove on the RV.]

branchia* (pI., branchiae). Gill.
branchial passage*. Conduit confined by gills carry

ing parts of exhalant water stream.
branchitellum (pI., branchitella). Point on postero

ventral shell margin of oysters nearest to pallio-

branchial fusion, commonly forming conspicu
ously projected posteroventral tip on LV,
especially in sickle-shaped oysters; aboral end of
gills points toward it.

buttress*. Internal shelly projection supporting
resilifer or adductor muscle.

buttressed*. Provided with internal shelly projec
tion for support of resilifer or adductor muscle.

byssal gland*. Gland on foot of Bivalvia which
secretes byssus.

byssiferous. Possessing a byssus.
byssus. Bundle of hairlike strands by which tem

porary attachment of bivalve can be made to
extraneous objects.

[calcite*.] Rhombohedral-holohedral allomorph of
calcium carbonate.

cardinal axis". See hinge axis.
carina. Prominent keel-like ridge.
carinate. With carina or sharp angulation.
cartilage. Old term for internal ligament.
catachomata*. See chomata.
catch muscle*. White, opaque, opalescent, tonic

portion of adductor muscle.
[chalk*.] Earthy, crumbly limestone.
chalky deposits*. Parts of shell resembling chalk.
chemoreceptor*. Sense organ sensitive to chemical

stimuli.
chomata (sing., choma). Collective term for ana

chomata, which are small tubercles or ridglets
on periphery of inner surface of RV, and cata
chomata, which are pits in LV for reception of
anachomata; both generally restricted to vicinity
of hinge, but may encircle whole valve.

clasper* (or clasping shelly process). Narrow ex
tension of shell tending to attach to extraneous
objects.

cloacal passage*. Passage in exhalant mantle cham
ber into which excrements and gonadal products
are discharged.

commissural plane*. Imaginary plane drawn
through valve commissure.

commissural shd£*. Peripheral, shelflike part of
shell adjoining commissure.

commissure. Line of junction of 2 valves.
compressed. Relatively flattened.
concentric. With direction coinciding with that of

growth lines. (By no means concentric in literal
and geometrical sense of the term.)

conchiolin. Material (protein) of which periostra
cum and organic matrix of calcareous parts of
shell are composed.

[conchological*.] Pertaining to conchology (shell
science) .

[conchology*.] Study of shell shapes.
convexity. Degree of inflation.
costa. Moderately broad and prominent elevation

of surface of shell, directed radially or otherwise.
costella. Rather narrow linear elevation of surface

of shell.
costellate*. Having costellae.
costtlle. Same as costella.
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in sea water of a
including brackish

ornament composed of pairs
divergent costules or other

crescentic*. Curved like crescent moon.
crossed-lamellar. Type of shell structure composed

of primary and secondary lamellae, latter in
clined in alternate directions in successive pri
mary lamellae.

demibranch*. One half of gills.
demiprovinculum*. Half-provinculum.
denticle·. Small rounded toothlike protuberance

on shell. See chomata.
dentition. Hinge teeth and sockets, considered

collectively.
dichotomize*. To divide by dichotomy.
dichotomous*. Divided by dichotomy.
dichotomy*. Forking of a line or rib into 2 equal

parts.
dimyarian. With 2 adductor muscles.
dioecious*. Having male and female reproductive

organs in separate individuals.
diphyletic*. Pertaining to group of animals de

scended from 2 originally diverse ancestral lines.
discordant margins. Margins of closed valves not

in exact juxtaposition, but one overlapping other.
disjunct pallial line. Pallial line broken up into

separate, mostly unequal muscle insertions.
dissoconch. Postlarval shell.
distal. Pointing or situated away from animal's

center.
divaricate. Type of

of rather widely
elements.

[dog-tooth spar.] Pointed elongate crystal form of
calcite.

dorsal. Pertaining to region of shell where mantle
isthmus was situated and valves are connected by
ligament (i.e., to region of hinge).

D-shaped larval stage. Stage of larval growth in
which valve outline resembles a D and hinge is
long and straight.

dysodont. With small weak teeth close to beaks (as
in some Mytilacea).

ear. Small extension of dorsal region of shell, com
monly separated from body by notch or sinus.
Same as auricle.

ecomorph. Infraspecific growth form of species in
response to special environment.

ecomorphic. Pertaining to ecomorphs.
edentulous. Lacking hinge teeth.
epidermis. Term used by some authors for perio

stracum.
equilateral. With parts of shell anterior and pos

terior to beaks equal in length or almost so.
equivalve. With 2 valves of same shape and size.
euhaline. Pertaining to sea water of normal salinity

(around 35 permille).
euryhaline. Capable of living

broad range of salinities
waters.

eXC/lrrent. See exhalant.
exhalant. Applied to water current within mantle

cavity from gills on out and the spaces from
which it is departing.

exogyroidal (exogyrate). Shaped like shell of Exo
gyra, that is, with left valve strongly convex and
its dorsal part coiled in posterior direction, with
right valve flat and spirally coiled.

extrapallial space. Narrow mucus-filled space be
tween mantle lobe and interior face of valve.

[facies.] In stratigraphy, sediment characterized
by special mineral assemblage, bedding, and
fossil organisms but differing from adjacent con
temporaneous deposits.

falciform. Sickle-shaped.
fibrous ligament. Part of Iigament characterized by

fibrous structure and in which conchiolin is
commonly impregnated with calcium carbonate;
secreted by epithelium of mantle isthmus and
elastic chiefly to compressional stresses.

fingerprint shell structure*. Shell structure, as yet
unexplored, resembling thumb prints.

fixation. Process of animals permanently attaching
themselves.

fold. Rather broad undulation of surface of shell,
directed either radially or commarginally.

foot. Protrusible muscular structure extending from
mid-line of body, anteroventrally in more typical
bivalves, and used for burrowing or locomotion.

fringe*. Extension of the periostracum conchiolin
beyond calcareous part of shell.

[fringe reef.] Crowded oysters growing in band
parallel to nearest shore line.

gape. Localized opening remaining between mar
gins of shell when valves are drawn together by
adductor muscles.

gashes, radial*. Radial, sharp-edged incisions com
mon on upper valves of some Gryphaeidae.

genital pore*. Opening through which gonadal
products issue into cloacal passage.

[glauconite.] Family of soft, green, iron-bearing
minerals of diverse compositions, usually in pellet
shapes.

globose. Tending toward spherical shape.
growth line. Line on surface of shell, one of usu

ally irregularly arranged series, marking position
of margin at some stage of growth.

growth ruga. Irregular wrinkle on surface of shell
of similar origin to growth line but corresponding
to more pronounced hiatus in growth.

growth squamae*. Sealy extensions of shell arising
from shell surface parallel to growth lines.

growth thread. Threadlike elevation of surface of
simillr origin to growth line.

growth welt. Elonga te elevation parallel to growth
lines.

gryphaeate. Shaped like shell of Gryp/laea, that is,
with left valve strongly convex and its dorsal
part incurved and with right valve flat.

gryphaeiform*. Resembling a Gryphaea.
gryph-shaped*. Same as gryphaeiform.
height. Largest dimension obtained by projecting

the extremities onto the mid-axis of shell.
hermaphrodite. Animal producing both male and
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female gonadal products, not necessarily simul
taneously.

heteroclite (adj.)*. Commissural plane that is
folded or twisted is heteroclite.

heteromyarian. With one adductor muscle (ante
rior) much reduced.

hinge. Collective term for structures of dorsal region
which function during opening and closing of
valves.

hinge axis. Imaginary straight line about which
valves rotate.

hinge line. Same as hinge axis.
hinge plate. Shelly internal platform bearing hinge

teeth, situated below beak and adjacent parts of
dorsal margins, and lying in plane parallel to
that of commissure.

hinge tooth. Shelly structure (usually one of a
series) adjacent to dorsal margin and received in
socket in opposite valve; hinge teeth serve to
hold valves in position when closed.

[homeomorph.] Two unrelated species or genera
or larger taxa that are superficially similar.

homomyarian. With 2 adductor muscles equal in
size or almost so.

[hoJ;Ilonym.] Identically same word applied as
name for 2 different taxa.

hyote spines. Hollow, tubular and cylindrical shell
outgrowths open distally at their tips as well as
on their distal flanks, arising periodically from
thin edges of shell margin of oysters. [The tip
ends are rounded, ear-shaped openings, typically
developed on Hyotusa hyotis (LINNE, 1758).]

[hyperhaline.] Pertaining to waters of higher salin
ities than normal sea water; above 405{o salinity.

[hypertely.] Evolution carried beyond the point of
optimal adaptation.

hypostracum. Term used in 2 different senses;
I) inner layer of shell wall, secreted by entire
epithelium of mantle (original sense); 2) part of
shell wall secreted at attachments of adductor
muscles and pallial line muscles (later sense: see
myostracum) .

idiomorphic (or automorphic) *. Configuration of
valves normal for species and not deformed by
crowding or attachment to other objects.

imbricate. Overlapping like tiles or shingles on a
roof.

imbrication. Part of shell overlapping like tile on
roof.

imprint. Impression on valve left by an organ
(either gill or muscle) .

incremental line . Same as growth line.
incrustation*. Tight attachment of oysters to rock

or other substances.
incubatory*. Pertaining to oysters that incubate

their young larvae.
inequilateral. With parts of shell anterior and

posterior to beaks differing apprcciably in length.
inequivalve. With one valve larger than other.
inflated. Strongly convex.
inhalant. Applied to water current entering mantle

cavity from outside, but before it has passed
through gills and to spaces in which it moves.

inner layer of ligament. Same as resilium.
insertion. Place of attachment for a muscle.
interspace. Depression between adjacent costae or

other linear surface elevations.
isodont. With small number of symmetrically ar

ranged hinge teeth; examples, Spondylus, Plica
tllia.

isomyarian. With 2 adductor muscles equal in size
or almost so; same as homomyarian.

isthmus (or mantle isthmus). Dorsal part of man
tle connecting the 2 mantle lobes.

keel. Proj ecting ridge; same as carina.
labial palp*. One of four lappet-shaped organs to

either side of mouth.
lacuna (pI., lacunae) *. Irregular, blood-filled gaps

between various organs in mantle and visceral
mass.

lamella. Thin plate.
lamellar ligament. Part of ligament characterized

by lamellar structure and containing no calcium
carbonate; secreted at mantle edge and elastic to
both compressional and tensional stresses.

lamelliform. Like thin elongate plate.
lamina. Thin plate.
left valve. Valve of oyster homologous to valve on

left side of mobile Bivalvia.
length. Largest dimension obtained by projecting

shell extremities onto hinge axis.
lenticular. Shaped like biconvex lens.
[Ieptopel*.] Extremely fine material floating in sea

water, dead or alive, organic or inorganic.
ligament. Horny elastic structure or structures

joining 2 valves of shell dorsally and acting as
spring causing them to open when adductor
muscles relax.

ligamental area*. Area between umbo and ligament
showing growth track of ligament.

longitudinal. Direction parallel to that of cardinal
axis.

mande. Integument that surrounds vital organs of
mollusk and secretes shell.

mantle chamber*. One of 2 spaces in mantle cavity
between gills and mantle lobes.

mantle fold*. One of 3 small folds at periphery of
a mantle lobe.

mande lobe*. One of 2 flat thin extensions of
mantle adjoining the valve.

mande/shell*. Covering organ system of a bivalve
consisting of shell and mantle lobes.

[marcasite.] Iron-sulfide mineral forming rhombic
holohedral crystals; allomorph of pyrite.

[marl.] Earthy, crumbly sedimentary rock about
halfway in composition between chalk and clay.

metamorphosis. Process by which larva changes
into adult form.

mid-axis*. Imaginary straight line drawn in com
missural plane at right angles to hinge axis and
beginning at mid-point of ventral margin of
resilifer.
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[minette iron ore.] Sedimentary oolitic iron ore of
Jurassic age in Lorraine and Luxembourg.

monoecious*. Having male and female reproduc
tive organs in the same individuals. Same as
hermaphroditic.

monomyarian. With only I adductor muscle (pos
terior) .

monophyletic. Pertaining to group of animals de
scended from only one ancestral line.

morph*. Group of variants of a species united by
one or several common characters, but not form
ing a true population.

mouth-anus axis*. Imaginary straight line drawn
through mouth and anus of animal.

muscle imprint. Impression on valve left by a
muscle at its place of insertion.

myostracum. Part of shell wall secreted at attach
ments of adductor muscles.

nacreous. Having a shell structure producing
mother-of-pearl luster.

[neontology.] Study of living animals.
[neoteny.] Condition of having immature traits

prolonged in la ter life.
[neozoology.] Same as neontology.
nepionic. Pertaining to early postlarval stage.
nodose. Bearing tubercles or knobs.
nonincubatory*. Pertaining to oysters that do not

incubate their larvae.
oblique*. Most extended in direction neither paral

lel nor perpendicular to hinge axis.
obliquity. Angle between straight dorsal margin

and line bisecting umbonal angle (in terminology
of some authors); or between dorsal margin and
most distant point of ventral margin (in termi
nology of others).

[olistostrome.] In structural geology, allochthonous
layer of disordered rock masses.

operculiform. Shaped like a lid or operculum.
opisthoc1ine*. Sloping in posterior direction from

hinge axis (term applied to body of shell).
opisthodetic. Located wholly posterior to beaks

(term applied to ligament).
opisthogyral (or opisthogyrate) *. Curved so that

beak points in posterior direction (term applied
to umbones).

orbicular*. Shaped as an orb; less regular than
circular.

orthoc1ine*. Perpendicular to hinge axis or almost
so (term applied to body of shell).

orthogyral (or orthogyrate) *. Curved so that beak
points at right angles to hinge axis.

ostia*. Tiny holes in walls of gills letting a water
current through.

ostracum*. Entire-calcareous part of oyster shell.
outer Iigament*. Same as lamellar ligament in

oysters.
ovate. Shaped like longitudinal section of egg.
pad*. Thin aragonite layer on which adductor

muscle is inserted.
pallial. Pertaining to the mantle.

pallial curtain. Innermost of 3 mantle folds at
periphery of mantle lobe.

pallial line. Line or narrow band on interior of
valve close to margin, marking line of attachment
of marginal muscles of mantle.

pallial region. Marginal region of shell interior
adjacent to pallial line.

pallial retractor muscles*. Muscles which withdraw
peripheral edge of mantle lobe in proximal di
rection.

palliobranchial fuson.*. Place at which aboral ends
of gills and 2 mantle lobes are firmly joined.

[patch reef*.] Reef in outline of a patch.
pedal. Pertaining to foot.
pedal muscles. Muscles activating motions of foot.
[pellet*.] Small, rounded, somewhat elongate body.
pericardium*. Saclike organ enclosing heart.
periostracal glands*. Glands at base of middle

mantle fold from which base layer of perio
stracum issues.

periostracal groove*. Groove housing periostracal
glands, between middle and outer mantle fold.

periostracum. Dark, horny, conchiolinic substance
covering outside of shell.

phasic muscle*. Flesh-colored, semitranslucent por
tion of adductor muscle which reacts quickly
but does not endure.

pivotal axis*. Axis at ligament around which valves
rotate when closing.

pleurothetic*. Resting on its side.
plica. Fold or costa involving entire thickness of

wall of shell.
plication. Same as plica.
polychotomous*. Divided into many branches.
[polyhaline*.] Pertaining to brackish water of 16 to

30%0 salinity.
polyphyletic. Pertaining to group of animals de

rived from diverse ancestral stems.
polytypic. A species encompassing 2 or more geo

graphic subspecies or 2 or more widely divergent
ecomorphs.

porcelaneous. With translucent, porcelain-like ap
pearance.

posterior*. Direction parallel to hinge axis more
nearly approximating to that in which anus
faces and exhalant current issues.

posterior flange*. Flange at posterior of left valve
of Gryphaeidae separated from main body of
valve by posterior radial groove.

posterior ridge. Ridge passing over or originating
near umbo and running diagonally towards pos
teroventral part of valve.

posterior slope. Sector of surface of valve running
posteroventrally from umbo.

posterodorsal margin. Margin of dorsal part of
shell posterior to beaks.

primogenitor. Ancestor.
prismatic shell layer*. Layer conslstmg of many

tiny prismatic bodies of calcite.
prodissoconch. Shell secreted by the larva or embryo

and preserved at beak of some adult shells.
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promyal passage*. Exhalant water passage lying on
right side of animal between adductor muscle
and mantle isthmus.

prosocline. Sloping (from lower end) in anterior
direction (term applied to hinge teeth and, in
some genera, to body of shell).

prosogyrate. Curved so that beaks point in anterior
direction (term applied to umbones).

protandric*. Pertaining to hermaphrodite animal
in which male gonad develops and functions be
fore female one does.

protostracum*. Shell of D-shaped larval stage.
provinculum. Median pan of hinge margin of

prodissoconch, usually bearing small teeth or
crenulations.

proximal*. Pointing or situated near animal's
center.

proximal gill wheal*. Low ridge on inner valve
surface outlining position of proximal edge of
gills.

pseudofeces*. Refuse ejected from mantle cavity
that has not passed through intestinal tract.

pseudosiphon*. Outline of 2 opposing mantle
edges in form of slit or hole.

pyriform. Resembling shape of pear.
[pyrite.] Iron-sulfide mineral forming cubic-para

morph crystals; allomorph of marcasite.
quadrate. Square, or almost so.
Quenstedt muscles*. Pair of small muscles inserted

on valves near mouth of animal.
quick muscle*. Same as phasic muscle.
radial. DirectIon of growth outward from beak at

any point on surface of shell, commonly indicated
by direction of costa or other element of orna
ment.

reniform. Kidney-shaped.
resilifer*. Place of attachment of resilium and its

growth track on ligamental area. Term intro
duced by DALL (1895, v. 3, p. 499).

resilium*. Inner layer of ligament or fibrous liga
ment. Term introduced by DALL (1895, v. 3, p.
498, footnote).

rib. Moderately broad and prominent elevation of
surface of shell, directed radially or otherwise;
same as costa.

riblet. Rather narrow linear elevation of surface of
shell; same as costella.

right valve*. Valve of oyster homologous to valve
on right side of mobile Bivalvia.

sagittal plane*. Anteroposteriorly directed plane of
symmetry dividing animal into left and right
side.

[sapropel*.] Slimy sediment conststIng largely of
dead plant and animal debris.

scale*. Thin, flat local projection of outer shell
layers.

sculpture. Regular relief pattern present on surface
of many shells.

secondary riblet. On shell with riblets of different
orders of strength, riblet that appears somewhat

later in ontogeny than primary ones and re
mains weaker than these.

self-c1eansing*. Process of removal and ejection of
pseudofeces.

self-sedimentation*. Sedimentation produced by
self-cleansing process and ejection of feces.

semilunar*. Shaped like half-moon with both ends
sharp.

shell fold*. Outer one of 3 mantle folds at periph
ery of mantle lobe.

sinus. Indentation, embayment.
socket. Recess for reception of hinge tooth of oppo

site valve.
spatulate. Shaped like a spatula.
speciation. Originating of one or more species by

evolution.
spine. Thornlike protuberance of surface of shell.
spirogyral (or spirogyrate) *. Curved so that beak

is in a distinct spiral.
squamae*. Thin, long, concentric imbrication.
squamose. Bearing scales.
[stenohaline*.] Capable of living in sea water of a

narrow range of salinities.
straight-hinge veliger or protostracal veliger*. Same

as D-shaped larval stage.
stria. Narrow linear furrow or raised line on surface

of shell.
[string reef*.] Crowded oysters in a narrow greatly

elongate accumulation.
sulcus. Radial depression of surface of shell.
sulcus, radial posterior*. Groove dividing posterior

flange from main body of valve, in left valve of
Gryphaeidae.

superspecies*. Monophyletic taxon consisting of sev
eral allopatric species too diverse morphologically
for inclusion in one single species, but not dis
tinct enough to be raised to status of genus.

surface ornament. Regular relief pattern present on
surface of many shells.

sympatric*. Pertaining to 2 or more species occupy
ing the same territory.

taxon (pI., taxa). Group of organisms recognized
as formal taxonomic unit of any hierarchical
level.

tentacular fold*. Middle one of 3 mantle folds at
periphery of mantle lobe.

terminal. Forming most anterior or posterior point
of valve; term applied to beak.

thickness. Used by some authors to denote the shell
measurement here termed inflation, but also com
monly applied to the distance between the inner
and outer surfaces of wall of shell.

thread. Narrow elevation of surface of shell.
tonic muscle*. White, opalescent, opaque portion of

adductor muscle which contracts slowly and can
retain tension for long periods of time; same as
catch muscle.

transverse. Direction perpendicular to that of cardi
nal axis in plane of valve margins.

trigonal. Three-cornered.
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truncate. With curvature of outline interrupted by
straight cut.

tumid. Strongly inflated.
umbo. Region of valve surrounding point of maxi

mum curvature of lontidudinal dorsal profile and
extending to beak when not coinciding with it.
(Many authors treat beak and umbo as synony
mous, but with most shells two distinct terms
are needed.)

umbo-veliger*. Last larval stage of oysters.
umbonal cavity*. Part of interior of left valve that

lies in umbonal region beneath ligamental area
of oysters.

umbonal region*. Part of valve including umbo
and its vicinity.

urogenital opening*. Opening through which gona
dal products and excretions from organ of Bo
janus issue into cloacal passage of exhalant
mantle chamber.

valve. One of the calcareous structures (2 in most
bivalves) of which shell consists.

veliger*. Velum·bearing larval stage of oyster.
velum*. Large, ciliated, disc-shaped swimming

organ of larva.
ventral. Pertaining to or located relatively near to

region of shell opposite hinge, where valves open
most widely.

ventricle. Heart chamber receiving blood from
auricles.

ventricose. Strongly inflated.
vermiculate. Of wiggly outline.
vesicular. Containing small cavities or vesicles.
visceral mass*. Mass of organs from mantle isthmus

to adductor muscle.
visceral pouch*. Small pouch·shaped extension of

visceral mass on an terior flank of adductor mus·
cleo

width. Largest dimension obtained by projecting
shell outline onto a line that is at right angles to
hinge axis and mid-axis.

wing. More or less elongate, triangular, distally
acute or obtuse, terminal part of dorsal region of
shell in Pteriacea, Pectinacea, etc.

xenomorphic (adj.). Pertaining to xenomorphism.
xenomorphism. Special sculpture at the umbonal

region of the unattached valve resembling the
configuration of the substratum onto which the
attached valve is or was original1y fixed. Known
in the Anomiidae, Gryphaeidae, Ostreidae and
other pleurothetic and cemented families. It is
on the right valves in oysters and on the left
valves in Anomia (see STENZEL, KRAUSE &
TWINING, 1957, p. 98-99). Erroneously called
allomorphism by some authors.
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Today oysters live off the shores of all
continents except Antarctica. They exist
under various marine climates except the
polar ones. Some species have succeeded in
colonizing shores of isolated oceanic islands.

Oysters originated in euhaline waters,
and to this day the Gryphaeidae are re
stricted to them. However, among the
Ostreidae, groups have evolved that were
able to penetrate into brackish estuaries and
lagoons. Some species can exist in salinities
as low as 10 permille.

DISPERSAL
The best means of dispersal of oyster

species are their planktonic larvae. In spe
cial cases, however, dispersal is possible
even after the oysters have become fixed.

Whenever oysters settle on movable ob
jects or animals they can be carried consid
erable distances. Driftwood carries oysters.
Such oysters can reach sexual maturity,
because young oysters become capable of
reproduction in a few months when they
are 2-3 em. large and still very thin-shelled.
The method of dispersal by driftwood is
important wherever mangrove swamps and
dense tropical rain forests line the shores.

Sea turtles of the family Cheloniidae, but
not Dermachelys, often carry attached oys
ters (W. T. NEILL, letter of May 16, 1964).
Jurassic ammonites, dead or alive, carried
oysters grown onto their shells (STAFF &
RECK, 1911; SEILACHER, 1960) and may
have floated considerable distances, before
they sank or stranded. How far dead
cephalopod shells can float has been shown
on Nautilus by STENZEL (see Treatise, p.
K90, Fig. 67).

Although such dispersals are only spo
radic and haphazard, they may happen
often enough to be quite effective in time,
that is, during the geologic life span of a
species. Such sporadic dispersals may add
1,000 to 3,000 km. to the geographic spread
of a species each time they are successful.

Larvae are the chief means of dispersal,
because they are produced in great swarms
during every breeding season and because
they are planktonic, so that they can be
carried far by ocean currents. The larvae
remain planktonic up to 33 days (IMAI,
HATANAKA, et al., 1950, p. 75) or even 50
days (ERDMANN, 1934, p. 7).

Tidal and oceanic currents distribute and
transport the larvae. In some cases great
distances are covered. To estimate how
far currents can carry oyster larvae one
must ascertain the maximal possible velocity
of the current that is sustained over the
duration of the larval period. Successful
long-distance dispersal may be possible only
under exceptionally optimal conditions and
may happen only once in a century.

Assuming a current velocity of 200-250
em. per second (=173-216 km. per day),
which has been recorded for the Gulf
Stream (WORTHINGTON, 1954), and a free
swimming larval period of 6 days, the
computed travel distance amounts to 1,000
1,300 km. A short larval period has to be
assumed, because only in warm waters do
larvae have a good chance to survive and
in such waters larval periods are short.
Therefore. maximal distance for successful
dispersal of an oyster species by its larvae
planktonic in an ocean current is about
1,300 km. Evidently, oysters have good
dispersal and geologic migration rates.

Euhaline oysters have better chances of
survival during dispersal than those which
require brackish waters. The latter must
find brackish waters at the end of larval
transport and such waters are hardly avail
able around isolated oceanic islands.

With such dispersal distances possible,
oysters can cross large bodies of water by
island hopping. A species established
around many islands and over large oceanic
areas nevertheless can maintain occasional
gene flow from one isolated island to the
other so that the species may remain intact
and attain an enormous geographic spread
during long periods of geological history.

A living example is the euhaline, shallow
water gryphaeid species Hyotissa hyotis
(LINNE, 1758). It lives in warm tropical
to subtropical waters from southern Japan
in the north to the Persian Gulf and Red
Sea in the west, to Inhaca Island, Mozam
bique, off the east coast of Africa in the
southwest, and the Tuamotu Islands and
Clipperton Island (HERTLEIN & ALLISON,
1966, p. 139) in the southeastern Pacific
Ocean.

Because of these abilities to spread it is
not surprising to find the giant Miocene
brackish-water oyster Crassostrea gry
phoides (VON SCHLOTHEIM, 1813) in so
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many places along the shores of the Miocene
Tethys Sea and its bays. No island hopping
was required, because continuous coastlines
were available from the western outlet of
the Tethys Sea at the Atlantic Ocean to the
eastern ends on the Indian and Pacific
Ocean shores.

The high migration rates of oysters ex
plain also certain former geographic ranges.

The euhaline Cretaceous exogyrine genus
Gyrostrea is well represented during the
Turonian and Campanian in central Asia
(MIRKAMALOV, 1963) and there is a lone
species in southwestern Texas and adjoin
ing Mexico, G. cartledgei (BOSE, 1919)
from the Del Rio Clay (early Cenoman.).
This species appears to have neither ances
tors nor descendants in the latter region;
its appearance and disappearance here is
best explained by migrations.

Very closely related and approximately
contemporaneous species of Exogyra (Exo
gym) are found in Late Cretaceous depos
its of North Africa (E. overtIJegi BEYRICH,
1852) and of the Atlantic and Gulf coastal
plains of North America (E. costata SAY,
1820, and its closest relatives). These two
allopatric groups are morphologically more
similar to each other and probably more
closely related than they are to other, col
local but not contemporaneous species of
Exogyra.

The sudden appearance of Gryphaea
arcuata LAMARCK (1801) in western and
central Europe and possibly in other less
well-known regions during the early Liassic
is probably best explained by migration
from afar, as was first suggested by HAIr
LAM (1962, p. 574).

LIMITATIONS TO DISPERSAL
In spite of the excellent means of dispersal

available to them, today's shallow-water
oyster species are bound by very definite
limitations to their dispersal. They are the
open-water barriers, climate barriers, and
salinity barriers. Similar limitations must
have been effective in the geologic past.

OPEN-WATER BARRIERS

Open-water barriers are stretches of open
oceanic water not "bridged" by shoals or
island chains. Too wide to be crossed in
one direction, they are also too long to be

outflanked in any way. Their two ends, at
the north and south, are closed off by cli
mate barriers so that outflanking becomes
impossible.

The Atlantic Ocean today is such a bar
rier. Both ends abut against polar or at
least cold-climate areas too rigorous for
shallow-water oysters. All shallow-water
oyster species, except one, are restricted to
one or the other side of the Atlantic and no
species has succeeded in crossing it since
the beginning of the Pleistocene or earlier,
in spite of the swift and far-reaching Gulf
Stream. The only species living on both
sides of this ocean is the warm-water Lopha
cristagalli (LINNE, 1758) ecomorph folium
(LINNE, 1758). This tropical and subtropi
cal oyster grows on octocorallian branches
and has a worldwide equatorial range. It
must have had good means of spreading in
the near geologic past, perhaps during the
Miocene, but has not evolved since then
into a chain of separate, provincial species.

The East-Pacific open-water barrier sepa
rates the Hawaiian and Tuamotu Islands
on the west and coasts of the Americas and
Galapagos Islands in the east (EKMAN,
1934). This barrier limits the species-rich,
shallow-water, marine fauna of the Indo
Pacific. Island hopping is possible and has
taken place in the past from the shores of
Persia, Arabia, and East Africa to this bar
rier. East of the barrier, on the west coasts
of the Americas, the IndoPacific species are
replaced by other, in many cases quite simi
lar, separate species. For example, the Indo
Pacific warm-water species Hyotissa hyotis
(LINNE, 1758) is replaced along the shores
of the Americas by H. fl.iheri (DALL, 1914),
found from Mexico to Ecuador, off the
Galapagos Islands, and in the Gulf of
California.

At some periods of the geologic past,
island hopping may have been much easier
than today. Islands existed where only
seamounts or submarine ridges now are
left.

CLIMATE BARRIERS
Temperature tolerances are different in

the various oyster species. The extreme
limit of specific temperature tolerance of a
giYen species is its climate barrier. Such
barriers are of two different kinds (HUTCH
INS, 1947): 1) summer temperatures,
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meaning the critical warm temperatures
that must be reached before reproduction
can take place and ontogeny be completed,
2) winter temperatures, meaning the criti
cal low temperatures below which mature
individuals of the species die.

These two critical temperatures become
evident particularly where they inhibit the
poleward dispersal of a given species. Dis
persal poleward is limited by whichever of
the two factors is the more restrictive.

SUMMER TEMPERATURES

Wherever temperatures during the sum
mer are too low to induce spawning or stay
warm enough for too short a time span for
the larval period to reach a successful finish,
the species cannot propagate itself and be
comes extinct. In marginal regions, the
oyster species may be able to propagate
successfully only once in ten years. Once
the period of time between successful years
becomes longer than the median life span
of the species in that region, however, the
species must disappear. Consequently, the
poleward limit of a species fluctuates back
ward and forward with secular climatic
changes.

The northwestern European oyster
Ostrea edulis requires summer tempera
tures of only 15°C. for success in propa
gation. It breeds in the chilly Kattegat
once in about 10 years and survives there
only with difficulty. Farther north, in
northern Norway, it survives only in a
few isolated, especially favorable localities.
These places have a hothouse effect. They
are in narrow waters exposed to the full
sun and protected by hills or mountains
so that water temperature can rise while
cold winds or water currents cannot reach
them. The oysters originally reached these
scattered localities during a former cli
matic optimum; they are relics.

Because of the Gulf Stream and the low
summer temperature requirements of
Ostrea edulis this species reaches the Arctic
Circle in Norway. Its most northerly pop
ulations are recorded from Troena Island,
just south of the Arctic Circle, and from
near Rodoyosen on Tjotta Island, off the
Norway coast at 65° 50' N. The species is
not known from Iceland, Spitsbergen, and
the Faeroes Islands, but lives off the Shet-

land and Hebrides Islands. Because its
summer temperature requirements are ex
tremely low for oysters, the species is the
only one that can survive on the coasts of
Europe north of France. Crassostrea angu
lata (LAMARCK, 1819), the other European
species, propagates successfully on the coasts
of southwestern Europe and France, but
only rarely when it is transplanted to Eng
land.

Similarly, in the northeast Pacific, Ostrea
conchaphila lurida CARPENTER has the low
est summer-temperature requirements of
any oyster and it is the only oyster able to

survive north of San Diego, California. It
is reported from as far north as Sitka,
Alaska.

Some species of Ostrea s.s. appear to have
in common their ability to spawn and to
complete their larval periods at lower sum
mer temperatures than species of other
genera. Species of Crassostrea require
higher summer temperatures for successful
propagation. For example, C. t'irginica re
quires about 20°C. before it will begin to
spawn. Because Ostrea s.s. is incubatory
and Crassostrea is not, and because larvae
of incubatory oysters finish their larval
periods in shorter time, it is likely that
incubation in Ostrea s.s. is used as an
adaptation that makes it feasible for some
species to spread poleward into regions
not accessible to other oysters.

WINTER TEMPERATURES

Most oysters are quite sensItIve to win
ter air temperatures, because they live in
shallow waters. Those living between tide
levels are exposed directly to air tempera
tures at low tides.

Some species of Crassostrea can tolerate
repeated freezing and long exposure to
freezing. At the Canadian and New Eng
land end of its long geographic range, C.
t'irginica becomes exposed in the winter to
frigid air or to very low water temperatures
during low tides. It can withstand freezing
near-solid for 4 to 6 weeks (NELSON, 1938,
p. 55; KANWISHER, 1955). Although as
much as 54 percent of their body fluids
become ice at -15°C., the animals survive.
Ice masses form between muscle fibers
within the adductor muscle. The fibers are
pushed aside by ice crystals and clumped
into separate bundles. As ice forms the
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remainder of the body fluids become richer
in NaCI and other electrolytes, and this
raises their freezing temperature. Only
euryhaline oysters can stand such changes
of internal salinity (KANWISHER, 1959).

Crassostrea virginica ranges on North
America's east coast farther north than any
other species. It reaches the Baie des
Chaleurs of the Gulf of St. Lawrence,
Canada. Ostrea equestris SAY, 1834, ranges
poleward only to near the entrance to
Chesapeake Bay (37° 37' N, 74° 19' W, 60
fathoms; GALTSOFF & MERRILL, 1962, p.
241). It is the second one as regards pole
ward range on this coast.

Similar conditions prevail on the north
east coasts of Asia. There, Crassostrea
gigas (THUNBERG) ranges farther north
than any other oyster, including Ostrea
denselamellosa LISCHKE, 1869, living off
Japan and Korea. The former reaches
poleward to near the town of DeKastri
in Khabarovskiy Kray (Khabarovsk Terri
tory), USSR, and the south end of the nar
rows Poliv Nevelskogo at 52°N, between
the island Sakhalin and the Asian main
land (SKARLATO, 1960, p. 125, fig. 61).

It is evident that poleward limits of the
ranges of Crassostrea virginica and similar
species of this genus are not fixed by their
inability as adults to survive extreme winter
temperatures. Rather, at their northern
range limits, summer temperatures do not
suffice for successful propagation.

In contrast, freezing kills the adults of
any species of Om·ea. The freezing point
of seawater, -1.7° C., is the lowest tem
perature they can tolerate. They die if they
become exposed to cold winter air during
low tide. Ostrea edulis is intertidal only in
the frost-free, southern part of its range,
but must live at several meters depth in
Norway. Ostrea equestris lives between
tides or just below low tide level at many
places in the Gulf of Mexico and off the
Carolinas. However, at the north end of
its range, off Maryland, it must live at 60
fathoms. Poleward limits of the ranges of
Ostrea species are the result of the inability
of the adulrs to survive freezing.

SUMMARY

Some species of Crassostrea tolerate ex
treme cold in winter and require quite
warm summer temperatures. In other

words, they are adapted to a so-called con
tinental climate offshore. In the northern
hemisphere such climates are found on the
eastern coasts of continents. In contrast,
some species of Ostrea sos. require mild win
ters and can tolerate cool summer tempera
tures, that is, they are adapted to a more
equable climatic regimen. Such climates are
found on the western coasts of continents
in the northern hemisphere where warm
ocean currents tend to equalize the seasons.
For these reasons, Crassostrea is the better
adapted to penetrate poleward on one side
of a continent and Ostrea s.s. on the other
side. In the southern hemisphere, condi
tions are reversed. In southern Argentina,
Ostrea puelchana n'ORBIGNY, 1842 (Pale
ontologie vol., p. 162), reaches poleward to
the Golfo San Matias and is the most south
erly oyster species found there.

These observations apply only to some
species of the two genera. Other species of
both genera do not live outside the tropical
and subtropical climatic belts. The warm
temperate and cold-temperate climatic belts
have only two shallow-water oyster genera,
namely Crassostrea and Ostrea; in addition,
the deep-water genus Neopycnodonte lives
in those belts. Many additional genera are
found living offshore in the arid, subtropi
cal, and tropical climatic belts. Very little
is known about their geographic distribu
tions and climatic barriers, however. Only
one of them, Hyotissa, is discussed below
(see p. N1040).

SALINITY TOLERANCES

Salinity tolerances and optima can be
established by two methods: 1) the more
exact method of measuring salinities in
experiments or in the vicinity of live ani
mals in their natural environments, and
2) the less exact method of inferring sa
linities from their biocoenoses using gen
eral knowledge of their natural environ
ments. As might be expected, the first
method has been applied to only a few
commercially important species in scien
tifically advanced countries. Although in
exact, the second method is the more im
portant because it can be applied neatly to
both living and extinct species.

Crassostrea seems to be the most eury
haline oyster genus. In C. virginica neither
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FIG. J50. Incrustations of the rock oyster Saccoslrea ctlcctlUala (VON BORN, 1778) on eolian rocks facing
open Indian Ocean near Port Hedland, Western Australia. Photographs taken at low tide by H. V.

HOWE.-A. Wave·cut clifI.-B. Wave-cut platform.

eggs nor functioning spermatozoa develop
unless salinity exceeds 7.5%0. Larvae and
young adults grow best at 17.5%0 and toler
ate 10 to 40%0. Although nearly all oyster
reefs of this species grow in brackish wa
ters, some reefs occur in hyperhaline envi
ronments near the south end of the Laguna
Madre in southern Texas. In general, the
species seems not well adapted to euhaline
and hyperhaline salinities, however, and at
the southern limits of its range, where a
hot climate provides elevated salinities in
evaporative lagoons, it is replaced by C.
rhizophorae (GUILDING, 1828), the man
grove oyster of Central America and the
Caribbean Islands.

In Laguna Rincon near Boqueron, south
western Puerto Rico, Crassostrea rhizo
phorae is very numerous and reproduces
prolifically although salinities are above
35j{·0 through 11 months of the year. There,
salinities are mostly 38%0. The larvae tol
erate even 40.5%0 (MATTOX, 1949, p. 348).

Ostrea is polyhaline to euhaline and less
euryhaline than Crassostrea. Ostrea edulis,
for example, lives in the basin of the Ooster
schelde, an abandoned tributary channel

of the Schelde River in the Rhine-Maas
Schelde delta in the southwestern Nether
lands,where salinities average 27.5%0 (KOR
RINGA, 1941, p. 24-32) and drop to 24 or
rise to 31%0. However, O. equestris SAY at
Aransas Pass, Texas, lives in salinities that
range from 28.3 to 38.4%0. During the
drouth years 1950-57 it thrived in Mes
quite Bay north of Aransas Pass, Texas,
in salinities of 34.6 to 45.3%0 (HOESE, 1960,
p. 331). In most situations, Ostrea prefers
brackish waters of higher salinities than
Crassostrea.

Saccostrea is restricted to tropical and
'subtropical waters of normal salinities;
measurements of 35.1-35.45%0 are re
corded for it at one place (MACNAE & KALK,
1958, p. 3). It is a rock oyster, growing on
hard substrata and on mangrove trees. On
the east side of Inhaca Island at the entrance
to the Bay of Louren\o Marques, or Delagoa
Bay, Mozambique, Portuguese East Africa,
S. cuccullata (VON BORN, 1778) grows in
profusion on sea cliffs exposed to the open
Indian Ocean; there too, the waters must be
euhaline.

Striostrea appears to live in euhaline
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FIG. J51. Intertidal rock-incrusting oyster Saccostrea cuccullata (BORN, 1778) on sea cliffs at north end
of Inhaca Island, Mozambique, fronting on subtropical Indian ocean and fully exposed to strong wave
action, as seen at low water of spring tides, vertical exaggeration, X2.4 (after Macnae & Kalk, 1958).

waters. Salinities of 33.2-35.0%0 are re
corded for S. margaritacea (LAMARCK,
1819) at one place (KORRINGA, 1956, pI. 10).
It thrives at such salinities at the mouths of
the Knysna River and Svartvlei Lagoon
alongside the Indian Ocean, Republic of
South Africa.

The genus Hyotissa is strictly euhaline.
Exceedingly few salinity measurements
have been made, however. On the west
side of Inhaca Island it lives near reef
corals, and a salinity of 35.45%0 has been
recorded there (MACNAE & KALK, 1958, p.
3, 129). Among the Cocos-Keeling Islands
in the Indian Ocean, Hyotissa, growing to
enormous size, has been found living at
depths of 0.6 to 6.0 meters on fine lime
sand among coral heads and slabs on the
reefs (VIRGINIA ORR, personal communica
tion, September, 1963). On Australian coral
reefs, it grows submerged just below low
spring tide level (THOMSON, 1954, p. 162).
Considering its common association with
colonial corals there is no doubt that it is a
euhaline, warm-water genus. The extinct
species of the genus in Tertiary deposits
and their fossil associates fully confirm
these conclusions. Fossil remains of this
genus, so easily identified, are quite valu-

able indicators of warm euhaline envIron
ments.

The other living genus of the Pycno
donteinae, Neopycnodonte, has a nearly
worldwide distribution. It lives in deeper
waters and mostly far removed from land.
At all places where it has been dredged
from the sea bottom it must have been
living in oceanic euhaline waters.

Therefore, all living Pycnodonteinae ap
pear restricted to oceanic euhaline waters.
This conclusion applies also to the great
number of extinct species of the family
Gryphaeidae. All of them are found in
sediments and in company of faunas that
indicate open euhaline seas. Not a single
case is known where the association of
fossils and sediments indicates brackish
water environments for the Gryphaeidae.

SALINITY BARRIERS

Limits of salinity tolerances of a given
species serve as salinity barriers to its geo
graphic spread. There are two kinds of
barriers: 1) elevated salinities, and 2)
lower salinities. The former may be pro
duced by evaporation of sea water along
arid coasts or they may consist of merely a
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INCRUSTATIONS AND REEFS

open
estuary

FIG. J52. Diagrammatic map of Mida Creek estuary
on tropical coast of Kenya, East Africa, showing
distribution of mangrove oyster Saccostrea ctlcwl
lala (BOR"!) attached to stilts of mangrove bushes
(R/lizop/lOra 11111cronata) (Someren & Whitehead).

North

t
.... "oX drainage channels'

Incrustations are oysters attached to
rocks, cliffs, or mangrove stems and root
stilts. These oysters apparently do not ac
cumulate to form thick layers. Only euha
line intertidal species make incrustations.

Reefs are natural accumulations of oyster
shells, dead or alive, that rise above the
general level of the substratum they are
built on. Only coastal brackish-water spe
cies form reefs.

ROCK INCRUSTAnONS

Intertidal rock-incrusting oysters live in
an extremely severe environment, because
low tides expose the animals to air and
direct sunlight leading to desiccation, inter
rupted feeding, and excessive temperatures.
During low tides the shells must remain
tightly closed. In cold-temperate climates
only CraJSostrea is able to stand this enyi
ronment with its freezing temperature (see
p. N1037).

In tropical and subtropical climates only
two genera are known to be living in this
sort of environment, namely Saccostrea and
Striostrea. The former, represented by the
living superspecies S. CIIccltllata (VON BORN,
1778), preferentially grows on rocks and
cliffs and is called the rock oyster (Fig.

lack of brackish water lagoons and estu
aries along the coast. Lowered salinities
are produced by the influx of fresh waters
from rivers.

ELEVATED·SALINITY BARRIERS

Highly elevated salinities arise wherever
high evaporation overbalances influx of
fresh river water and precipitation of rain
water. In shallow coastal regions and in
bays or lagoons with restricted inlets, water
currents are often inadequate to fully re
plenish the evaporated sea water. Then
aridity barriers arise. Such areas lie in
desert climates and may form unbridge
able barriers to the spread of shallow
water oystn species not adapted to elevated
salinities.

The best example is Ostrea edulis. Its
southernmost known occurrence (LECOIN
TRE, 1952, p. 39) is off Cape Rhir (or Ghir),
30° 40' N, near Agadir on the Atlantic
coast of Morocco, where it was dredged
from a depth of 80 m. This place marks
the southernmost place of its geographic
range, because here the arid coast on the
west flank of the Sahara is highly evapora
tive and lacks fresh-water streams. South
of this aridity barrier many different oyster
species and genera thrive on the tropical
West African coast.

Another kind of elevated-salinity barrier
seems to be responsible for the southern
limit to the geographic range of Crassostrea
virginica. It is not so much an aridity bar
rier as it is a lack of extensive brackish
waters.

South of Yucatan Crassostrea virgl1llca
is replaced by C. rhizophorae. South of
the Yucatan Peninsula no large rivers drain
from the Central American land bridge
into the Caribbean Sea, so that local brack
ish water environments are rare and occupy
only small areas. Because of this lack of
suitable brackish habitats the larvae of this
species perhaps have difficulties in spread
ing southward from North America to
South America.

On the other hand, Ostrea equestris, be
ing adapted to higher salinities, has no such
difficulties. It has been able to spread along
the east coasts of the Americas from Mary
land to the Golfo de San Matias, Argentina.
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FIG. )53. A mangrove oyster Crassosfrea "Irgimca (G'IELlN, 1791) growing in crotch of mangrove
stilt, near Comalcalco, State of Tabasco, Mexico, X 1.4 (Stenzel, n. Specimen donated by). D. STOEN).
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FIG. J54. Vertical zonation of mangrove oyster Saccostrea ctlCltllata (BORN) incrusting mangrove stilts In

Mida Creek estuary on tropical coast of Kenya, East Africa (Someren & Whitehead).

J50). It grows intertidally just above the
upper limit of seaweed cover and below the
splash belt occupied by littorinid snails and
certain barnacles. Where they are exposed
to heavy wave action the oysters occupy
a belt 1 meter across, just above the wave
cut rock platform at the base of the cliff
(Fig. J50). Where wave action is less
strong, the oysters are not limited to such
a narrow belt. They grow at various levels
below the splash belt occupied by lit
torinid snails down to mean low spring
tide level (Fig. J51). These incrustations
do not differ greatly from those on man
grove where wave action is even weaker.

Exposure to air, sunshine, and sea water
bleaches and corrodes the outside of the
shells, even while the animals are alive;
strong wave action breaks off all protrud
ing delicate growth imbrications and shell
shoots or prevents them from forming.
Corrosion and corrasion are very active and
dead shells disappear quickly.

MANGROVE OYSTERS

Mangrove trees and bushes grow in much
exposed places, and the plants are sensitive
to freezes so that they are restricted to

frost-free, tropical and subtropical climates,
although their distribution is circumglobal.
They grow on shallow, intertidal, protected
mudflats wherever wave action is minimal.
The tangle of stems and stilt roots slows
down waves and currents. Therefore, man
grove-covered shores are the sites of deposi
tion of muds. The muds are very dark and
rich in organic matter derived from ani
mals and plants. The muds produce hydro
gen sulfide gas.

Salinity in the mangrove swamps tends
to be 36-381<0 in those parts where oysters
grow. Most mangrove swamps have little
river water entering them and have high
evaporation rates so that salinity can rise
to 40-421<0 during dry seasons. Water tem
peratures are around 31-34° C. in the hot
season and 20-30° C. during the cooler,
rainy season.

Oysters incrust the mangrove stems and
stilt roots only in a narrow band up to 4 m.
wide at the edges of the swamps facing
open water of tidal channels or of the cen
ter of the lagoon (SOMEREN & WHITEHEAD,
1961, p. 9). Edges of swamps facing pre
vailing winds have more oyster incrusta
tions than the more protected edges. Oys-
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FIG. J55. Fringe reefs of Crassostrea virginica on the shoulders at margins of tidal channels in Tan.gier
Sound on east side of Chesapeake Bay, Maryland, USA. Surveyed in September, 1878. From data given

by WINSLOW (Winslow, 1882).

ters are absent in the centers of the swamps
(Fig. J52; see Fig. J54).

Mud is the reason for these distributions
of oyster incrustations. Wherever wave ac-

tion is feeble, mud settles out on the man
grove, and oyster larvae avoid settling on
mud-covered substrata. For the same rea
son oysters tend to colonize the undersur-
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faces of inclined mangrove stems rather
than their top surfaces. The crotch on the
underside of tripod-like mangrove stilts is
commonly free of mud and is the favorite
place for oysters to grow on (Fig. J53).

Incrustations are restricted to between
tides. Below low tide level the oysters
remain covered by water continuously and
therefore, remain exposed to such predators
as crabs and fish continuously. These pred
ators are so numerous that they eliminate
all young and thin-shelled oysters. Above
average high-tide level oysters become ex
posed to air and sunshine too long to sur
vive; only barnacles can survive there.
Periodic exposure of the intertidal oysters
to air and sunshine has a strong influence
on their growth habits. Oysters do not
grow on mud bottoms except where such
firm and not mud-covered substrata as gas
tropod shells are available.

Many different oyster genera have in
vaded the mangrove biotope: Crassostrea
through C. rhizophorae (GUILDING, 1828)
in the Caribbean and West Indies; Lopha
through L. folium ecomorph cristagalli
(LINNE, 1758) in the region from the In
dian Ocean to southwestern Japan; and
Saccostrea through S. cuccullata (VON BORN,
1778) and its subspecies in tropical West
Africa and East Africa to Honshu, Japan.
The situation is indicative of multiple, non
contemporaneous, separate invasions, each
by a different genus, and the last invasion
probably was by Crassostrea.

The various mangrove oysters have sev
eral ecomorphic features in common. They
tend to be thin-shelled and fragile. They
tend to produce thin fragile scalelike shell
imbrications or shell shoots and delicate
protruding frills (Fig. J53, J54). There is
a tendency to clasping shell extensions,
which become auxiliary holdfasts. Many of
the mangrove oysters have xenomorphic
sculpture.

The delicate and thin-shelled features are
caused by scarcity of free calcium ions and
by abundance of planktonic food in these
waters. Shell growth must be rapid, but
material to build shell walls is scarce. In
addition, the oysters must shut their valves
during low tide for some time. During this
period their blood tends to become more
acid and must be buffered. This is done

FIG. J56. Dagger Reef in San Antonio Bay, Texas,
a string reef built by Crassas/rea virginica. Photo
graph by courtesy of R. M. NORRIS, Univ. of Cali-

fornia at Santa Barbara, Calif.

by some of the calcium carbonate of the
shell. In other words, during low tide the
shell wall not only quits increasing in thick
ness but must lose thickness. Because wave
action is minimal in mangrove swamps,
delicate and thin-shelled features remain
undamaged and are not greatly disadvan
tageous to the animal. In fact, they may be
advantageous in keeping enemies at a dis
tance.

REEFS

On the basis of their configurations and
the independence of the configurations
from the nearest shore line, reefs are classi
fied as fringe, string, and patch reefs. As
to their configuration, fringe reefs are the
least and patch reefs the most independent
from the nearest shore line.

FRINGE REEFS

Fringe reefs are adjacent to the shore.
They are common features along the fin
ger-like branches of estuaries, that is, in
drowned river valleys and their drowned
tributaries. In most of them there is a
tidal channel along the axis of the estuary.
The axial channel increases downstream in
depth from 3 to 30 m. or more and in
width from 370 to 750 m. or more. Tidal
scour excavates the axial channel and keeps
it deep and free of oysters and sediments.
At its sides the axial channel is flanked by
fringe reefs. Their surface slopes gently
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FIG, J57. String reefs and fringe reefs in Lavaca Bay, Texas, composed of Crassostrea virginica (Moore &
Danglade, 1915).

from the shore toward the shoulder along
side the channel. The densest oyster popu
lations are on the shoulders close (275-650
m.) to the edge of the channel (Fig. ISS).

The fastest tidal currents are in the chan
nels. As the water spreads during a rising
tide from the channel over the adjacent
shoulder it must slow down very much.
Where it slows down most of the plank
tonic oyster larvae drop down and settle
out, giving rise to the fringe reefs.

STRING REEFS

String reefs have fairly narrow. crests,
which may become exposed for a width of
10 m. when the tide is low. Crests are
straight or curved as garlands. Ma~y ~re

arranged in an en echelon series mallltalll
ing nevertheless a straight alignment. Oth
ers are more loosely arranged and form
various odd-shaped islands at low tide.

A straight series of crests is Panther Reef
in San Antonio Bay, Texas, which is 10 km,
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FIG. J58. Patch reef of Helgoland in the North Sea, composed chiefly of Os/rea edl/lis. (From data
given by Caspers, 1950.)

long and originates at Panther Point on the
bayward side of Matagorda Island. Tidal
channels separate several looped crests
called Long Reef, Halfmoon Reef, Grass
Island Reef, and Pier Reef. They form a
string reef 12 km. long across Aransas Bay
from St. Joseph's Island to Lamar Peninsula
on the Texas mainland. The longest string
reef known is nearly 42 km. long in a
straight line and forms a discontinuous
barrier separating Atchafalaya and East
Cote Blanche Bays on the Louisiana shore
from the open Gulf of Mexico. All these
were built by Cl'assostl'ca vil'ginica (Fig.
J56).

No true string reef is built by euhaline
oysters. String reefs are found only in
brackish lagoons or as barriers between sea
and brackish bays.

Most string reefs are at right angles to
the nearest shore, as first noted by GRAVE
(1901). Actually, the string reefs are nor
mal to the direction of tidal currents. These
in turn are guided by the shape of the la
goon and the placement of the passes to the
open sea. Lagoons that are long and
straight and have straight shores on both
flanks tend to establish regular tidal cur
rents parallel to the long flanks. In such
situations string reefs develop best and be-
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come arranged at right angles to the near
est shore. Many of them become partial
barriers across the lagoon. Good examples
are string reefs in the lagoons along the
Texas coast (Fig. J57).

PATCH REEFS

Patch reefs grow far from shore and have
irregular but fairly compact outlines. Their
sizes and locations depend mainly on avail
ability of an appropriate·substratum.

A good example is Helgoland Oyster
Bank in the German Bight of the North
Sea about 15 km. east of Helgoland Island
and 50 km. from the nearest mainland
shore. It covers an area of 800,000 sq. m.;
its larger east-west axis is 1,150 m. and its
north-south axis 750 m. long (CASPERS,
1950). The reef is 23-28 m. below sea level
and is built almost exclusively by Ostrea
edulis LINNE. The reef is now much de
pleted by over-fishing but nevertheless has
about 1.5 million full-grown and half
grown oysters (Fig. J58). ZENKEVITCH
(1963, p. 449) reports 14 million oysters on
the Gudaut bank of the east coast of the
Black Sea.

The distribution of sedimentary facies
and biocoenoses around Helgoland Oyster
Bank is characteristic for oyster banks of
nearshore oysters, and generalizations of
the local situation are in order. At the
north is Loreley sand bank, less than 10m.
below sea level, composed of coarse sand
and gravel. The sand bank is all that is
left of a former island.

Sea bottom slopes gently from the sand
bank southward and the bottom sediments
become successively finer grained. Thus
the bottom sediments are arranged in suc
cessive facies belts surrounding the sand
bank. The oyster bank is at the deeper,

down-slope end of the sand facies. Farther
down the slope the bottom sediments con.
sist of soft muds.

These muds are too soft for oyster larvae
to find a suitable substratum for attachment.
In contrast, the oyster bank sits on firm
sand mixed with soft mud, mollusk shells
and their fragments. '

On the muds south of the oyster bank
the oysters are replaced by the mussel My.
tilus edulis LINNE, because the mytilid
mussels have a <;ompetitive advantage over
oysters on a soft mud bottom, because they
can attach themselves by many separate
byssus threads anchored all around on
seaweeds and other objects. Vice versa,
oysters have the advantage wherever the
substratum is firm and has shells or shell
debris for the oyster larvae to settle on
(ZENKEVITCH, 1963, p. 442).

Up the slope the oysters are replaced by
other, unattached bivalves most of which
are forms that plow through or dig in the
sand. Many of them are venerids. They
have a competitive advantage over oysters
because they can adjust to shifting sands,
whereas oysters must have a stable and
firm substratum. Thus oysters are con
fined to a specified facies belt, where waves
and currents are too weak to induce shift
ing of the sands and too strong to let muds
accumulate. This belt must be a fair dis
tance away from shore and down the sea
bottom slope.

Salinities there stay below 34%0 because
of the slightly brackish western European
Continental Coastal Water Current. The
current is high in nutrients and turbidity,
follows the coast northward and northeast
ward, and originates from the influx of
many large rivers in Belgium, The Nether
lands, and West Germany.
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BEGINNINGS

ALLEGED OYSTERS FROM
PALEOZOIC

No Paleozoic fossils are known today
that are definitely identified as remains of
oysters or that can be shown to be their
direct ancestors. In the past, however, sev
eral authors have described remains claimed
by them to be oysters or ancestors of oysters.
The following list, possibly not complete,
enumerates them (Fig. J59).

aslrea eMlala STEININGER, 1831, from Eifel Mts.,
\\'. Europe. Description inadequate, no illustration
(see STEINI"GER, 1834, p. 366).

astrea materettla DE VERNEUlL, 1845, from
Magnesian Limestone (Perm.) near Itchalki on the
banks of Pyana River, Gorkiy (formerly Gouverne
ment Nishniy Novgorod), Russian Soviet Federated
Socialist Republic (VERNEUIL, 1845, p. 330-331, pI.
21, fig. 13a-c; NECHAEV, 1894, p. 188, pI. 7, fig.
1·2). This enigmatic form is now placed question
ably in A1111l11ieonc!la NEWELL, 1937, family Avi
culopectinidae, Pectinacea.

astrea nobilissima DE KONINCK, 1851, from Vise
Limestone (Visean), at Vise, Belgium. First, DE
KO"INCK (1851, p, 680, pI. 57, fig. 10) described
it as aSlrea, but later (DE KO"I"CK, 1885, p. 201
202, pI. 40, fig. 1-5) he made it the type species of
PachYPleria DE KONINCK, 1885, family Aviculidae.

Pac!lypteria has also been found in Carbonifer
ous limestones of Derbyshire and Yorkshire, Eng-
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FIG. J59. Alleged oysters from the Paleozoic.

1... OS/rea" patact/la WINCHELL, 1865, from sand
stone at base of Burlington Ls., Miss., at Burling
ton, Iowa, USA; 1a,b, inside and ?posterior or
?anterior views. (Original of figure by courtesy
of L. B. KELLUM, Museum of Paleontology,
Univ. Michigan.)

2..innt/licanclza? materCIIla (DE VERNEUtL, 1845)
from Magnesian Ls.. Perm., of P'yana River,
Gorkiy, USSR; 2a-c, lower valve, outside and
inside views; valve of young specimen (de Ver
neuil, 18~5).

3. Padypteria nabilissima (DE KONINCK, 1851)
from Vise Ls., L.Carb.(Visean), at Vise, Belg.
(3a-e) (de Koninck, 1885).

4. Palaeastrea sinica GRABAU, 1936, from Maping
Ls., Perm., of Kwangsi, China (4a,b) (Grabau,
1936).

5. Praeastrea ba/lemica BARRANDE, 1881, from Ko
panina F., U.Sil., of Jinonice-Butovice, Hajek,
Bohemia, Czech.; 5a,b, internal molds of RV
(KHZ, 1966).

© 2009 University of Kansas Paleontological Institute



Phylogeny-Beginnings N1051

land. A second species, P. ostrei/ormis MAILLEUX,
was described from the Frasnian of Belgium and a
third species P. gevini TERMIER & TERMIER, 1949,
from yellow sandy marls (late Visean) of Kerb en
Neggar, 65 km. NW. of Aouinet Legra in the west
ern Sahara. The genus was discussed by GEVIN
(1947), DECHASEAUX (1948), and TERMIER &
TERMIER (1949). The TERMIERS placed it in the
Pseudomonotinae. The Saharan species has a small
attachment area on the right umbo; the valves are
mostly equivalve, but one of the left valves col
lected has greater inflation; the hinge is rectilinear
and lacks teeth, has a depressed resilifer at the
anterior end, and the single muscle insertion is
subcentral; radial ribs and two auricles are present
in the young. Although this animal was attached,
it cannot be classed with the Ostreidae according
to DECHASEAUX and hardly can be an ancestor.
Such similarities between Ostrea and Pac1,ypteria as
are visible must be convergence features caused by
attachment. According to NEWELL (personal com
munication, 1963), Pachypte1"ia is a junior synonym
of Pseudomonotis BEYRICH, 1862, family Aviculo
pectinidae, Pectinacea (see p. N342). It is attached
by its right valve and has an aragonitic shell; it is
unlikely that it is an ancestor of oysters.

Ostrea pate1"cula WINCHELL, 1865, from sand
stone at base of Burlington Limestone (Miss.) at
Burlington, southeastern Iowa (Fig. J59,l). De
scribed by WINCHELL (1865, p. 124) and figured
by WHITE (1884, p. 288, pI. 34, fig. 1-2). Possi
bilities of contamination were good at Burlington,
which was at the time a major Mississippi River
port and railroad terminal (letter from B. F.
GLENISTER, February, 1962). Figure and descrip
tion are insufficient to recognize this form with
certainty as a mollusk, let alone to place it in the
Ostreidae. The type was deposited at the University
of Michigan, but cannot be found today (letter from
L. W. KELLUM, February, 1963).

Ostrea prisca HOENINGHAUS, 1829, from Vise,
Belgium. This is a nomen nudum in both publi
cations (1829, p. 14; 1830, p. 237).

Palaeostrea sinica GRABAU, 1936, from Maping
Limestone (Perm.) of Kwangsi, China. GRABAU
(1936, p. 28~-286, pI. 28, fig. I) claimed that this
fossil shell cannot be distinguished from a Mesozoic
oyster and made the separation purely on a strati
graphic basis. No information on the muscle im
print was given and the material at hand consisted
of a single valve resting on rock matrix and a
fragment of the umbonal part of another fossil
(Fig. J59,-I). It appears to be wholly unidentifi
able. This species is the type species of Palaeostrea
GRABAU, 1936, by original designation.

Praeostrea bohemica BARRA!'DE, 1881, and P.
bol,emica var. simplex BARRANDE, 1881, from Late
Silurian (Kopanina Formation) of Karlstejn
(formerly Karlstein), southwest of Praha, and
Lochkov and Dlauba Hora, Bohemia, Czechoslo
vakia. BARRANDE (1881a, p. 147, pI. 3, fig. 1-2,

and pI. 3, fig. 3-4, respectively; 1881b, p. 233-234)
(Fig. J59,5). The type species is P. bohemica by
monotypy, because simplex was regarded merely as
a variety by BARRANDE. JIih KRlz of the Charles
University, Praha, recently monographed the genus
(KHz, 1966). According to him, the genus is the
only one classed in the Praeostreidae KRlz (1966)
and assignable to the superfamily Mytilacea RA
F1NESQUE (1815). This Silurian-Lower Devonian
form cannot be considered as an ancestor of the
oysters.

EARLIEST KNOWN FOSSIL
OYSTERS

The most ancient fossils known today
that are undoubtedly oysters are Carnian
(Late Triassic).

Before 1880, several authors had de
scribed bivalves from earlier (Middle Trias
sic) beds which they, following general
practice, claimed were oysters and de
scribed as Ostrea or Ostracites. For exam
ple, GOLD FUSS (pt. 2, p. 1833-44) figured 10
species from the Muschelkalk (M.Trias.) of
Germany as Ostrea and ROEMER (1851, p.
312, pI. 36, fig. 19) described Ostrea wille
badessensis as a new species from an oolitic
limestone layer of the upper Muschelkalk
(Ladin.) quarried on the road from Clois
ter Willebadessen to Altenheerse, about 3
km. south of the town of Driburg on the
southeastern foothills of the Teutoburger
Wald, State of Nordrhein-Westfalen, West
Germany.

Later studies of various supposed oysters
from the Muschelkalk of Germany, how
ever, led to the realization that these sup
posed oysters were attached by their right
valves, rather than by left. The first one
to emphasize this observation and to con
clude that these bivalves could not be true
oysters was NOETLING (1880, p. 321-322).
His stand has found approval by many
authors since 1880 (PHILIPPI, 1898, p. 617;
WAAGEN, 1907, p. 172-175; Cox, 1924, p.
65-66) and is generally accepted today.

These observations led BITTNER (1901,
p. 72) to propose the genus Enantiostreon,
and many Mid-Triassic bivalves which had
been called oysters before were transferred
to it. SCHMIDT (1928) reviewed the entire
fauna of the Muschelkalk of Germany and
regarded Ostrea willebadessensis ROEMER
(1851) as one of the many variants of E.
difJorme (VON SCHLOTHEIM, 1820). He
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FIG. J60. Earliest fossil oysters known; Cryphaea from Triassic sea of Arctic.

1. C. keilllatti BOHM, 1904, Myoplloria Sandstone,
Cam., Bj\6rn\6ya Island; 1a-i, XI (Bohm, 1904).

2. C. skttld BOHM, 1904, Myophoria Sandstone,
Cam., Bj\6rn\6ya Island; 2a-d, XI (Bohm, 1904).

3. C. chakii MeL EARN, 1937, Pardonet Formation,
Carn.-Nor., Sikanni Creek, B.C., Canada; 3a-d,

placed the 10 supposed oysters described by
GOLDFUSS from the Muschelkalk in the
following genera: Enantiostreon BITTNER,
1901, family Terquemiidae; Placunopsis
MORRIS & LYCETT, 1853, ?Terquemiidae;
and Pseudomonotis VON BEYRICH, 1862
[=Prospondylus ZIMMERMAN, 1886], Pseu
domonotidae. To these one might add
AO'eta ETALLON, 1862 [=Dimyopsis BITT
NER, 1895 J, Plicatulidae.

X 1 (Stenzel, n. Specimen by courtesy of Shell
Oil Company of Canada, Ltd.).

4. C. arcttataejormis KIPARISOVA, 1936, Cam., Kor
kodon River, far eastern Siberia; 4a-d, XI (Ki
parisova, 1938).

Plicatulidae and Spondylidae living to
day are attached by their right sides, but
have strong interlocking hinge teeth. ~n
the other hand Enantiostreon, Placunopsls,
Pseudomonotis, and AO'eta are devoid of
interlocking teeth although they are. at
tached by their right valves as determmed
by the position of the adductor muscle
insertions.

The removal of the various Mid-Triassic
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bivalve species from true oysters to other
families has left only a few species that, for
lack of incisive investigation, are still car
ried as "Ostrea" by some authors. In short,
no bivalves are known from Mid-Triassic
or older beds that can be demonstrated to
have been attached by their left valves and
can be assigned to the oysters with com
plete certainty.

However, NAKAZAWA & NEWELL (1868)
have described two species of bivalves from
the Permian of Japan which they place
confidently in the family Ostreidae and
questionably in the genus Lopha sensu
latissimo. Unfortunately, the specimens
available are too poorly preserved to allow
one to distinguish the right from the
left valves with complete confidence. Thus
their generic and even their familial taxo
nomic positions are uncertain.

Only three oyster genera are known from
the Upper Triassic. However, not all of
them are closely related to each other and
thus they prove that even before Late Trias
sic time oysters had attained considerable
evolutionary divergence and that we have
not yet discovered any fossil remains rep
resenting the very earliest oysters and the
missing ancestors that were the links con
necting the Late Triassic genera. Or, the
Late Triassic oysters are really not so
closely related, because they are polyphy
letic, and the differences between the Late
Triassic genera are rather the consequences
of their polyphyletic origins rather than the
results of evolutionary divergence from a
common ancestor.

GRYPHAEA LAMARCK, 1801

The various species from Triassic depos
its described as Gryphaea and examined
independently and repeatedly by several
authors have diagnostic generic features of
Gryphaea and are quite correctly placed in
this genus (Fig. J60). One of them, namely
G. arcutaeformis KIPARISOVA (1936), is
quite similar to G. arcuata LAMARCK (1801),
type species of the genus, as was pointed
out by KIPARISOVA (1936, p. 100-102, 123
125, pI. 4, fig. 1-2, 4, 6-10; 1938, p. 4, 33-34,
38, 46, pI. 7, fig. 17-21, pI. 8, fig. 1-2, 11)
and affirmed by VYALOV (1946).

Triassic species of Gryphaea have been found at
the following places, arranged from east to west.
--1) Kolyma River drainage basin in Magadan-

skaya Oblast [Province], far eastern Siberia, USSR.
Described by KIPARISOVA (1936, 1938) and VVALOV
(1946) .--2) Bj~rn~ya [Bear Island], south of
Svalbard [Spitsbergen], Norway. Here Triassic
gryphaeas were discovered for the first time
(BOHM, 1904).--3) Ellesmere Island, Arctic
Canada (KITTL, 1907; TROELSEN, 1950; TOZER,
1961; TOZER & THORSTEINSSON, 1964).--4) Bor
den and Prince Patrick Islands, Queen Elizabeth
Islands, Arctic Canada (TOZER, 1961; TOZER &
THORSTEINSSON, 1964).--5) Rocky Mountain
foothills along the Peace and Pine Rivers, east
central British Columbia (McLEARN, 1937; WEST
ERMANN, 1962) and the region of the Sikanni
Chief River, B.C., Canada (McLEARN, 1946; 1947).
--6) Cedar Mts. in east corner of Mineral
County, west-central Nevada, USA. Here S. W.
MULLER discovered Gryphaea in the Luning For
mation (Carn.).--7) Gammaniura in the moun
tain group of the Monte Judica, about 40 km.
west of Catania, eastern Sicily. Several species of
Gryphaea have been described by SCALIA (1912)
from an oolitic limestone exposed there. Although
the species as described by SCALIA are mostly ill
founded, there is little room for doubt that the
genus is correct. No one seems to have investigated
this locality since 1912. The rock may be part of
the autochthonous Mufara Formation (U.Trias.) or
part of the Lavanche Olistostrome, a chaotic
qllochthonous sheet of blocks which are Cretaceous
to early Miocene in age (letter from Paolo Schmidt
de Friedberg of Novara, March 17, 1964). The
supposed Triassic age of the gryphaeas may be
erroneous.

Most of the Triassic gryphaeas have a circum
polar distribution and are from the Triassic sea
that occupied the Arctic region. Localities in
British Columbia and Nevada are from deposits in
oceanic passages connecting at the north with the
Triassic Arctic realm. The Sicilian locality must
be set aside as dubious until it has been rein
vestigated.

It is probably a safe conclusion that the Triassic
home and place of origin of Gryphaea was the sea
that during Late Triassic time occupied the Arctic
region and the seaways that opened into it. The
genus first showed up during the Carnian.

LIOSTREA DOUVILLE, 1904

Small, smooth oysters that probably are
representatives of Liostrea have been found
in many places in Rhaetian deposits (Zone
of Rhaetavicula contorta (PORTLOCK, 1843))
of Europe. Such an oyster has been re
ported from the upper part of the Sully
Beds (L.Rhaet.) at Cadoxton, Glamorgan
shire, southern Wales. It has been inade
quately described and only a single view of
one broken valve was figured as "Ostrea
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FIG. J61. Earliest fossil oysters known: Triassic-Liassic Liastrea hisingeri (NILSSON, 1832) from northwest
Europe.

1. "Os/rea stlblamellasa" DUNKER, 1846, Lias., Ger
many (West).-la-/. Specimens from vicinity
of Halberstadt, X 1 (Dunker, 1846).-lg-i. Spec
imens from vicinity of Hildesheim, Hettang.,
Zone of Scamnaceras angula/um, both valves
seen from right, left, and front, X 1 (Stenzel, n.
Specimen by courtesy of F. TRUSHEIM, Hann
over).

Bl'istovi ETHERIDGE ms." by RICHARDSON
(1905, p. 422, pI. 33, fig. 4). The species
remains nondescript, notwithstanding its
listing by ARKELL (1933, p. 97). Seemingly,
these oyster remains are stratigraphically
the earliest in England and Wales. One or
more species have been described from the
Kossener Schichten (Rhaet.) of the Alps

2. L. Ilisingeri (NILSSON, 1832), L. H6genas Series,
Hettang., Sklne, Sweden; 2a-c, X2 (Lundgren,
1878).

3. "Os/rea bris/avi" RICHARDSON, 1905, Sully Reds,
low. Rhaet.; Glamorganshire, Wales; 3a,b, ext.,
XO.8, X 1 (Richardson, 1905; Arkell, 1933).

and are widely distributed in homotaxial
formations of the Rhaetian in the Alps and
Carpathians (DIENER, 1923; KUTASSY, 1931)
(Fig. J61).

Triassic liostreas have been found (KI
PARISOVA, 1938, p. 33, pI. 7, fig. 16a-b;
VYALOV, 1946, p. 27-28, pI. 1, fig..la,~)
near the Arctic Circle in far eastern Sibena
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FIG. J62. Earliest fossil oysters known; Triassic Lop/w from Mesogena seas of Alps.

1. L. medicos/ata (WOHRMANN, 1889), Cardita
Oolite, Cam., X2 (Wohrmann, 1889).

2. L. montiscaprilis (KL!PSTEIN, 1843), St. Cassian
Formation, Cam.; 2a-j, XO.9 (Bittner, 1912).

3. L. calce%rmis (BROIL!, 1904), Pachycardia Tuff,
Cam.; 3a,c, X2; 3b,d, en!. (Waagen, 1907).

4. L. /laidingeriana (EMMRICH, 1853), Kossen For
mation and its homotaxial equivalents, Rhaet.;
4a,b, XI (Martin, 1860).

[Assignments of stratigraphic stages according to
DIENER and KUTASSY.]

at the Andesite Springs of the headwaters
of the Agidzha River, a tributary to the
Zyryanka River, Yakutsk Autonomous So
viet Socialist Republic. The liostreas are
accompanied there by Entomonotis ochotica
(KEYSERLING in MIDDENDORF, 1848) in in
terbedded gray limestones and calcareous
shales (Norian).

It is probable that the stratigraphically

earliest liostreas were Norian and were re
stricted to the Triassic sea that occupied
the Arctic realm. The earliest Liostrea in
Europe seems to be Rhaetian. Beginning
with the Rhaetian Liostrea was widespread
in Europe and the Mesogean territories.

What species names are to be applied to
the Rhaetian liostreas in Europe is debat
able (see p. N 1103 under Liostrea).
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LOPHA RODING, 1798 (SENSU LATlSSlMO)

Recognition of Lopha found in Triassic
deposits is difficult. Externally the lophas
are quite similar to some species of Enan
tiostreon, AU'eta, Placunopsis, and Pseudo
monolis. The former are attached by their
left and the latter by their right valves. The
distinction cannot be made unless location
of the adductor muscle insertion is clearly
visible. However, most specimens found in
Triassic deposits have tightly closed valves
(Fig. J62).

The following lophas are known from the Tri
assic.--I) L. calceoformis (BROILI) from the
Pachycardien tuff (Cam.) of the Seiser Alp
(BROlLl, 1904, p. 195, pI. 23, fig. 10-11). Origi
nally described from only two considerably cor
roded left valves it was redescribed from another
alpine locality by WAAGEN (1907, p. 116, pI. 34,
fig. 37-38) and critically reinvestigated (Fig.
J62,3). All valves described are unsatisfactory as
to preservation.--2) L. haidingeriana (EMMRICH)
from the Kossener Schichten (Rhaet.) from several
localities in the northern Alps, including the type
locality of the formation, 3 km. from the Bavarian
border in northeastern Tirol, Austria (EMMRICH,
1853, p. 377). The same species was described as
"Ostrea" marcignyana MARTIN (1860, p. 90, pI. 6,
fig. 24-25) from Rhaetian arkoses [Gres et Schistes
it A"ic/lla contorta] at Marcigny-sous-Thil, on the
left bank of the Arman~on River, and at Montigny
sur-Arman~on, Department Cote d'Or, eastern
France (Fig. J62,4). MARTIN (1865, p. 248) later
conceded that his species name was a junior sub
jective synonym of L. haidingeriana (EMMRICH,
1853), this correction has been accepted by later
authors (DIENER, 1923; KUTASSY, 1931). The
species has been found in southern Bavaria and
adjoining Austria, western Switzerland, the Car
pathian Mountains of Poland, the Bihar Moun
tains of northwestern Rumania. Very similar re
mains have been found in Burma (HEALEY, 1908,
p. 37, pI. 5, fig. 17-19).--3) L. mediocostata
WOHRMANN, 1889, p. 201, pI. 6, fig. 5) from the
"Cardita Oolith" (Carn.) from the Salzberg near
Hall in Tirol, Austria (Fig. J62,1).--4) L.
mOlltiscaprilis (KLIPSTEI:-i, 1843, p. 247, pI. 16, fig.
5) from the Kassianer Schichten (Carn.) of the
Monte Caprile [or Zissenberg] in the Lombardy
Alps, Ital~·. It was redescribed by WOHRMANN
(1889, p. 200, pI. 6, fig. 1-3) and BITTNER (1912,
p. 70, 74-75, pI. 6, fig. 14-18) (Fig. J62,2). The
latter pointed out that WOHRMANN had confused
the right with the left valve. The species has been
reported from Tunisia, Tripolitania, Sicily, Ba
yarian Alps, Slovenia, Hungary, the Jordan River
"alley, Singapore Island, and the Luning Formation
of Nevada, VSA.--5) L. parasitica (KRUMBECK,
1913, p. 47-48, pI. 3, fig. 4-7) from the Fogi Beds

(V.Trias., probably Nor.) of western Bum Island,
Molucca Archipelago, Indonesia.--6) ?L. blan
fordi (LEES, 1928) was described as "Ostrea"
(?Exogyra) from the Elphinstone Formation
(Nor.) in the Elphinstone Inlet in Muscat and
Oman, at the north tip of the Arabian Peninsula.
This is a V -shaped plicate form known only from
left valves.--7) ?L. tinierei (RENEVIER, 1864,
p. 80-81) was described as "Ostrea" from the right
bank of the Tiniere River, opposite the hamlet
Placundray near Les Chainees above Villeneuve at
the east end of Lac Leman, Canton Vaud, Switzer
land. It is a V-shaped form recalling ?L. blanfordi
(LEES) found in Rhaetian beds.

Triassic lophas are restricted to the Meso
gean and Pacific realms. They appeared
for the first time during the Carnian. They
are commonly associated with crinoids,
echinoids, brachiopods, sponges and corals,
even compound corals. They lived in warm
euhaline waters.

Although much of the Triassic and ear
lier deposits are yet to be searched for oyster
remains, data at hand indicate that the ear
liest, Carnian oyster genera were Gryphaea
(home and probable place of origin: the
Triassic Arctic realm) and Lopha (sensu
latissimo) (home and place of origin: the
Triassic Mesogean and Pacific realms).
Liostrea appeared later, in the Norian, in
the Triassic Arctic realm. Indications that
Liostrea might have evolved from Gryphaea
are certain anatomical similarities and its
later appearance and early restriction to the
Arctic realm, the home of Gryphaea.

Gryphaea did not spread from its home
area until the early Liassic. Gryphaea and
Lopha at first did not live side by side,
except in the oceanic connecting passage
(Luning Formation of the Cedar Mts. in
Nev., USA), where Arctic and Mesogean
faunas intermingled.

The great geographic distance between
the places of origin of Gryphaea and of
Lopha are believed to be indicative of di
phyletic origins of these two oyster genera.

DIPHYLETIC ORIGINS

Phylogenetic chains documented by in
numerable species described from countless
stratigraphic levels are fairly common in
the oysters so that one is tempted to build
up long phylogenies from these chains.
One must be cautious in selecting the links
between such chains, however.

In going from one link to the next, one
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must select the one species that is both in
correct stratigraphic sequence and among
all available species morphologically the
most similar to its predecessor species. In
ternal anatomical and morphological fea
tures are the more important ones in this
procedure (STENZEL, 1959), and one must
avoid a purely provincial outlook when
searching for a missing link, because oysters
are capable of spreading from one deposi
tional basin to another.

In this fashion the Gryphaeidae can be
traced from the Triassic species of Cry
phaea to their descendants living today:
Neopycnodonte cochlear (POLl) r=Ostrea
cochlear POLl, 1795, v. 2, p. 179,255,261],
living circumglobally in cool, deeper, eu
haline waters, and Hyotissa hyotis (LINNE)
[=Mytilus hyotis LINNE, 1758, p. 704, no.
207] and three more, congeneric species, all
living geographically separated from each
other in shallow, warm tropical, euhaline
waters. The Gryphaeidae, always euhaline,
never were rich in genera at anyone time,
and only two genera survive today.

Similarly it is possible to trace the Lophi
nae from the Triassic species of Lopha
(sensu latissimo) to their descendants living
today: L. folium ecomorph eristagalli
(LINNE) [=Mytilus crista galli LINNE,
1758, p. 704, no. 206] a euhaline, warm
water species, living in the western Indo
Pacific Ocean, which is the type species
of the genus, and several other species.
Thus, two separate phylogenetic stems
of oysters are traceable from their very
first appearance in the Late Triassic to
today. All known oyster species, fossil
and living, are either offshoots or parts of
these two separate phylogenetic stems. As
concerns tangible evidence documented by
fossil remains, the oysters are diphyletic.

The problem reduces itself to the ques
tion whether the very first oysters, that is,
pre-Late Triassic ones, were truly mono
phyletic or were diphyletic. Because re
mains of oysters that ancient have not yet
been discovered, the problem must be at
tacked by other means than fossil remains
and becomes subject to speculation. Certain
anatomical features of the Gryphaeidae are
significant in the question and are discussed
below. Other differences between the Gry
phaeidae and the Ostreidae are given in the
systematic portion (see p. N1096).

PELSENEER (1896, pI. 3, fig. 4-5, pI. 4, fig.
7-8; 1911, p. 94, pI. 9, fig. 8-9) was the first
to discover that in two living oyster species
now placed in the Gryphaeidae by me the
intestine passes through the pericardium
and through the ventricle of the heart itself.
This arrangement has been confirmed by
HIRASE (1930, p. 38), RANSON (1948b, p.
5), THOMSON (1954, p. 161), and HAROLD
W. HARRY (by anatomical dissection, 1966)
so that it is reliably documented in both
genera. In contrast, all representatives of
the Ostreidae that have been dissected have
the intestine bypassing the pericardium on
the dorsal side of the latter. Peculiar as it
may seem, the arrangement found in the
Gryphaeidae is not unusual for the Bivalvia.
The great majority of the Bivalvia have the
same arrangement (PELSENEER, 1906, p.
223).

This being so, one is forced to conclude
that it is the original arrangement in the
Bivalvia and in the ancestors of the oysters
as well. Thus it is the primitive arrange
ment in the oysters, as PELSENEER (1911, p.
93-94) pointed out, and the arrangement
of the intestine bypassing the pericardium
is an evolutionary achievement of later date
or an "advanced" feature.

Also, the living Gryphaeidae are probably
nonincubatory, because they all have a large
promyal passage. No direct observations on
incubation or on ejection of eggs are really
available for this family, but the promyal
passage has been demonstrated in all Gry
phaeidae which have been dissected and its
presence has been confirmed by HARRY
(dissections made in 1966). The tie-in of
promyal passage with nonincubatory prop
agation in the oysters appears to be reliable,
although reasons for it are obscure.

In the Ostreidae, some genera, notably
Ostrea, are incubatory. Again, the vast
majority of Bivalvia are nonincubatory and
only a scattering of genera have progressed
to incubation. Nonincubatory propagation
must be the primitive situation, so general
considerations demand, and the Gryphae
idae are primitive in this respect. In con
trast, the Ostreidae are in part incubatory
and must be regarded, in part at least, as
progressive in regard to propagation.

By and large, the living representatives
of the Gryphaeidae have retained more of
the primitive features than the rest of the
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oysters. This being so, one is perhaps justi
fied in expecting that most, and perhaps all,
features by which the Gryphaeidae differ
from the Ostreidae are primitive and were
present in the very oldest, Triassic, repre
sentatives of Gryphaea, even if those primi
tive features did not leave any recognizable
traces on the fossil shells. These primitive
features are: 1) nonincubatory mode of
reproduction, 2) presence of a promyal pas
sage, 3) penetration by the intestine of the
pericardium and ventricle of the heart, 4)
orbicular outline of the insertion of the
adductor muscle, and 5) position of this
insertion comparatively closer to the hinge
than in the Ostreidae. The last two are
visible on fossil specimens and for that rea
son assume extraordinary importance in
any phylogenetic inquiry.

The adductor muscle has many functions
indispensable to the survival of the individ
ual oyster (see p. N999). For that reason
it is so large and powerful and must be
capable of reacting instantaneously. In or
der to accomplish all these functions it must
be copiously and unceasingly supplied with
fresh oxygenated blood. However, heart
and circulatory system in the oysters are
rather poorly organized, and delivery of
fresh oxygenated blood is hardly efficient.
This inadequacy has been improved upon
in the oysters through the anatomical posi
tion of the heart: it is placed as close to
the muscle as possible and the artery sup
plying fresh oxygenated blood to the muscle
(posterior aorta of AWATI & RAI, 1931, p.
59, fig. 31, and YONGE, 1960, p. 48) is as
short as possible.

In other words, heart and adductor mus
cle are functionally tied together in the
oysters. If for some reasons of adaptation
the adductor muscle has to shift position
within the shell cavity, heart and pericar
dium must move with it irrespective of the
location of other organs in the shell cavity.
For instance, if there is need for the ad
ductor muscle to shift toward the venter,
that is, away from the hinge, the heart and
pericardium would shift in exactly the
same way so as always to stay adjacent to
the muscle, whereas the intestine would
remain unaffected and be left behind. If
this shift were to take place, heart and
pericardium would become disengaged

from the intestine. They would follow the
muscle and leave the intestine behind so
that the intestine would come to be on the
dorsal side of the pericardium. For some
~eason or other t~is i~ what happened early
m the phylogenetic history of the Ostreidae
but not in that of the Gryphaeidae, which
retained the original, primitive, arrange
ment of the oyster ancestors. The reason
for this shift of the muscle is unknown.
One might speculate that leverage of the
muscle becomes better the farther away it
comes to lie from the fulcrum, the hinge
axis. The shift must have enhanced lever
age of the muscle, and functions of the
muscle must have been made easier and
more efficient.

Whatever may have been the reason be
hind the shift of the muscle, it is obvious
that the anatomical position of the muscle
is clearly marked on fossil specimens by the
position of the muscle imprints. Or, fossil
oysters that have muscle imprints com
paratively close to the hinge (see STENZEL,

1959, p. 28, fig. 19, for exact measurements)
must have had the intestine passing through
the pericardium and ventricle of the heart
while they were alive. All Gryphaeidae,
including Triassic species, have such a
position of the muscle imprints. This must
be expected of them, if the observations on
the anatomy of their descendants, the living
species, are correct, and if our conclusion
that the arrangement found in the living
species is a conservative trait is correct.

On the other hand, the Triassic species
of Lopha, that is, the oldest known repre
sentatives of the Ostreidae, have muscle
imprints that have crescentic to reniform
outlines and are placed closer to the ventral
shell margin. It is to be expected that these
oldest known representatives of the Ostre
idae had the intestine passing by the dorsal
side of the pericardium. In other words,
this evolutionary achievement was already
an established fact in the Ostreidae during
Late Triassic time and must have happened
before that time.

During Carnian time, when first the
oysters showed up as recognizable fossils,
already two separate stems were discernible:
Ostreidae represented by various species of
Lopha and Gryphaeidae by various species
of Gryphaea. The two stems were already
far apart in anatomy and other important
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HYPOTHETICAL ANCESTORS

The roots of the phylogeny of oysters are
obscure, because they are not documen~ed

by fossils or perhaps because there are dIffi
culties in recognizing certain fossils as oys
ter ancestors. New discoveries of fossil re
mains may yet expand our knowledge. The
most promising area for such discoveries is
probably far eastern Siberia, where beds
older than Carnian may yield recognizable
remains of oyster ancestors.

Until such finds are made we must reex
amine ideas concerning characteristics and
appearances of these ancestors,. thus turn
ing to hypotheses and assumptIons. These
are presented here with full realization that
ultimately they may be refuted. At the
present stage of knowledge, however, new
hypotheses and ideas to stimulate investiga
tion are needed badly. This is the purpose
of the following hypotheses.

We may postulate that ancestors of the
Pseudomonotidae and kindred groups were
sedentary animals anchored by byssus
threads. Because they were not firmly
cemented to their substratum but only
anchored by fairly long byssus threads,
they were subject to waves and curr~nts

and were tossed about by them on occasIOn.
During such times the most stable, and
therefore the safest, position for them was
to lie on their sides (pleurothetic attitude).
Hydrodynamics of their environment made
more stable and safe bivalves possessing
one convex valve and the other one flat,
suited to lie on the seabottom. The adap
tive advantage of such different convexities
of the two valves is that an animal exposed
to water currents and anchored by byssus
threads but otherwise lying loose with the
flat valve on bottom is more stable than
would be an animal with two equally con
vex valves or one resting with the convex
valve on bottom and the flat valve on top.
This inequality of the valves indu.ced some
shifting of internal organs. Then It became
heritable and genetically fixed. It so hap
pened that the common a~cestor of th~

superfamilies Anomiacea, Llmacea, Pect.I
nacea, Pteriacea, and Ostreacea came to he
on its right side, and the right valve
became the flat one.

JACKSON (1888, p. 547-548, pI. 7, fig. 19)
convincingly showed that the unequal con-

features. So far no earlier intermediate
forms are known to us which one might
interpret as ancestors of both stems. Thus
further investigation of the phylogeny has
to rest on speculation. .

There are two possibilities to consider:
I) derivation was monophyletic, that is,
both stems descended from a single com
mon ancestor which would have to be clas
sified as an oyster; 2) derivation was diphy
letic, that is, each stem descended from a
different genus, but the two ancestral gen
era were not oysters. The two ancestral
genera were closely related to each o~her

and are to be found in the same extwct
family. At present, neither possibility can
be claimed proved or even pr?v.a?le.. How
ever, I believe the second posslblhty IS more
likely.

NEWELL (1960, p. 81) has indicated that
some of the late Paleozoic and Early or
Middle Triassic Pseudomonotinae resem
ble true oysters so closely as to suggest that
the former may indeed be ancestral to the
latter. Accordingly, the oysters may have
arisen either from a genus of the Pseudo
monotinae (monophyletic hypothesis) or
from at least two genera of the same
subfamily (diphyletic hypothesis). If the
monophyletic hypothesis is correct, ~here

would have to have been a long chaw of
transitional species starting With. an. ances
tral pseudomonotine genus, evolv~ng wto a?
ancestral oyster genus, progresswg by dI
chotomy and divergence in the two stems
discussed above. This phylogeny must have
been long drawn out, because in the Car
nian the divergence between the two stems,
at the end of the phylogenetic chains, was
quite large. Becau~e of its le~~th it is not
likely that the chaw of transltlonal oy~ter

species can have entirely escaped detection
by searching paleontologIsts. . .

On the other hand, if the dlphyletIc
hypothesis is correct, much of the diver
gence between the two stems was estab
lished by evolution within ~he confines of
the subfamily Pseudomonotwae. Thus ~o

lengthy chains of transitional oyster speCIes
were necessary to lead from the ~wo pseu~o

monotine ancestor genera to theIr respective
oyster descendants. Because each chain was
short they could have escaped detection
easily. This assumption seems to fit the
facts discovered so far.
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vexities of valves of oysters, with the left
valve normally more convex than the right,
are not merely a mechanical result of
the individual oyster's attitude during its
growth, as HYATT assumed, but must be
under genetic control. This important dis
covery proved that oysters fit quite well
with other superfamilies in this respect and
it is likely that the feature was inherited
by the oysters and kindred superfamilies
from common ancestors that were byssifer
ous and pleurothetic on the right side.

Although the other superfamilies men
tioned are pleurothetic, with the right valve
on bottom, oysters are cemented onto their
substratum and pleurothetic with the left
valve on bottom. This singular exception
is explained below by the hypothesis that
the oyster ancestors were originally pleuro
thetic with the left valve on top but later
reversed their attitude in giving rise to the
oysters.

Waves and currents exerted a consider
able pull which was transmitted through
the anchoring byssus threads to the byssus
gland and tissues surrounding it. The pull
tended to push these tissues forward, to
ward the anterior adductor muscle. Re
strictions thus exerted on this muscle led to
its gradual shift toward the hinge. In this
position the muscle became no longer as
effective as the other muscle and atrophied
by stages. On the other side, the posterior
adductor muscle remained unobstructed
and was free to shift to its most advan
tageous position and to take over more
and more of the functions of the other
muscle. Ultimately the animal became
monomyarian (SHARP, 1888; DOUVILLE,

1907, p. 97; 1913, p. 430). The presence of
a byssus comprised an obstacle to free
growth of the valve margins, and abyssal
notch had to develop at the place where the
byssus passed from the valve margins.

The hypothetical ancestor of the Ostre
acea and kindred superfamilies is be
lieved to have been byssiferous, mono
myarian, pleurothetic, inequivalve (right
valve flat, left convex), and to have been
sedentary, anchored by byssus threads.
It was nonincubatory; internally, the
intestine passed through the pericardium
and ventricle of the heart. It was
pleurothetic on the right side, had abyssal
notch at the margin of the valves, and the
byssus threads were fairly long.

Cementation of the shell to its substratum
probably was not so difficult an innovation,
because no great changes of internal organi
zation were required. This is attested to by
the fact that several branches of these mono
myarian bivalves attained cementation in
dependently. Cementation may have been
preceded by a gradual shortening of the
byssus threads. Adaptational needs may
have led to a shorter and shorter byssus,
until ultimately the shell was so closely
held that it could shift no more with refer
ence to its substratum and the growing
valve margins came into contact with the
hard substratum. At this point cementation
became easy.

Possibly cementation came about through
adaptation of the ancestral bivalves to life
on hard substrata. As long as they lived
attached to sea weeds and other flexible and
yielding objects, they needed many long
byssus threads which could find many wide
spread points of anchorage. When the ani
mals began to occupy hard, inflexible, or
unyielding substrata, a few anchorage
points and short byssus threads were suffi
cient and better.

Once cementation became a permanent
way of life, byssus gland and foot became
useless to the adult bivalve and were re
tained only in the larvae. The foot in the
adult stage disappeared completely except
for a pair of Quenstedt muscles (see p.
N965). The shell itself was free to grow
where the byssal notch had indented the
valves, and the notch disappeared.

There remains the question of reversal
of the pleurothetic attitude in the ancestor
of the oysters. The monomyarian bivalves
enumerated above, including the oysters,
have so many anatomical features in com
mon that it appears beyond doubt that
they are of monophyletic derivation. If
most of them are pleurothetic on their
right sides, it would seem that this attitude
is the original one among them, inherited
from their common ancestor, and that the
reversed attitude of the oysters is an inno
vation imposed upon the original attitude
of the oyster ancestor. From these consid
erations the hypothesis is derived that
oysters descended from ancestors that were
byssiferous and pleurothetic on their right
sides.

Perhaps reversal of the ancestral pleuro
thetic attitude has something to do with
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cementation. One innovation may have
favored or entrained the other. Among
bivalves that have one flat and one convex
valve, a great adaptive mechanical advan
tage accrues to bivalves cemented with the
larger, more capacious, more convex valve
on bottom. The upper valve has to be
lifted up by the animal every time it opens
its shell.

As long as these bivalves were only
loosely attached by byssus threads, and had
fairly light shells, hydrodynamics of the
environment precluded their lying with
the convex valve on bottom. However, as
soon as they became cemented, hydrody
namics of their environment lost influence
and mechanical advantage could prevail.
If oyster ancestors already had valves of
unequal convexity before they adopted ce
mentation as a way of life, thicker shells
and cementation of the more convex valve
at the bottom must have been an advantage
to them.

Several different branches of this group
of monomyarians came to achieve cementa
tion independently, but only those that ac
complished it with the more convex, left,
valve on bottom became oysters. The oth
ers, cemented with the right valve on bot
tom, never became biologically as successful
as the oysters.

If several different branches of this group
of monomyarians were able to achieve ce
mentation by the right valve independently,
it stands to reason that it was equally well
possible for more than one branch to do so
with the left valve. In other words, a poly
phyletic origin of the oysters is not impos
sible.

ATROPHY OF HINGE TEETH
Among the Bivalvia, mechanically strong

shells equipped with strong hinge plates
carrying large hinge teeth and correspond
ing sockets are developed in taxa that move
about actively and plow through the sand
or mud of the substratum. Such taxa have
for their locomotor organ a large turgid
foot activated by hydrostatic pressures of
the blood in the foot produced by powerful
muscles compressing the blood lacunae in
foot and mantle. To accommodate a large
foot when it is withdrawn into the shell,
these animals must have an inflated, copi
ous shell and must be able to open their

valves wide enough to extrude the turgid
foot.

When these animals plow through the
sand, silt, or mud of the substratum, the
valves, opened wide, easily could be
wrenched out of juxtaposition so that quick
shutting of the shell would be made impos
sible unless there are structures that effec
tively keep the two valves in their proper
juxtaposition and that guide them when
they are being shut. Such structures are of
two kinds: 1) interlocking serrate valve
margins, which are an auxiliary but less
effective means of guidance for the valves,
and 2) hinge teeth and sockets situated on
a support, the hinge plate, which are a very
effective means of preventing the valves
from wrenching out of correct juxtaposition.

Teeth and sockets must be large and
strong and their height (or rise from the
hinge plate) must be sufficiently large to
keep the valves in correct juxtaposition,
even when the animal opens its valves to
their fullest. In turn, high and strong
teeth and sockets require a strong hinge
plate for their support.

Animals that neither plow through the
substratum nor burrow into it do not really
need a large active foot. Their foot either
can atrophy or must modify to take over
functions other than plowing or burrowing.
The oysters have followed the former of
the two pathways of evolution. They have
no foot when they are adult, although their
larvae have a very active foot. Adult oysters
need not open their valves very much, be
cause they lack a foot and have no need for
teeth, sockets, and hinge plates. Conse
quently, oyster larvae, which have a foot
with a byssus gland, hinge plates, teeth, and
sockets, lose them very soon as they un
dergo metamorphosis and begin to assume
the adult shell form.

Reduction of teeth and sockets are fairly
easily accomplished during evolut,ion of the
oysters from their immediate ancestors, be
cause the latter themselves already had
weak dentition and were largely immobil
ized byssiferous monomyarian bivalves.

Quite a different evolutionary path was
taken by the rudists. Although they be
came attached like oysters, their hinge re
tained teeth and sockets and even enlarged
their height. However, rudists descended
from mobile bivalves with prominent teeth
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FIG. J63. The Gryphaea homeomorph Aetostreon imbricatum (KRAUSS, 1843), from Sundays River beds of
Uitenhage Series, L.Cret.(Neocom.), Sondags River, Cape Province, Republic of South Africa (Stenzel, n).

la,b. LV and RV views, ext., ca. XO.6.-lc. Um- 2a-c. LV, RV, and edge views, ext., ca. XO.6.-
bonal view, ca. Xl. 2d. RV ligamental area, ca. XO.1.

2. "Gryphaea" imbricata (KRAUSS) of SHARPE [Photographs by courtesy of J. D. TAYLOR and
(1853, pI. 23, fig. 3) (BMNH no. LL 15898).- British Museum (Natural History), London.]

and sockets. It was easier for them to re
tain and readapt their teeth and sockets
than to suppress them and to evolve entirely
new structures ensuring proper closures of
the valves.

EVOLUTION OF GRYPHAEA
AND HOMEOMORPHS

The phylogeny of Gryphaea has aroused
considerable interest and there is an exten-

sive literature on this and related subjects.
Good lists of references of this literature
are found in SCHAFLE (1929) and BURNABY

(1965). However, much of the literature is
repetitious, and several misconceptions h~ve
gained currency and even acceptance, with
out sufficient critical reexamination.

FEATURES IN COMMON
The following features are common to

the gryph-shaped oysters, that is, Gryphaea,
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some of its descendants, and its homeo
morphs (Fig. J63, J64, J65; see ]73, ]74, J80,
J81,J83, J84,J87).

1) Exceptionally small attachment area
at the tip of the left umbo,

2) Spirally inrolled growth pattern of
left valve,

3) Large and highly convex, spirogyral
left valve and small, flat or concave, oper
culiform right valve lacking a conspicuous
umbo,

4) Growth squamae closely appressed to
contour of left valve,

5) Lack of chamber formation in um
bonal part of left valve,

6) Lack of umbonal cavity under hinge
area of left valve, and

7) Presence of radial sulci dividing left
valve.
Most of these seven characteristics are sur
ficial or external.

Many authors have commented on the
extraordinarily small size of the attach
ment area at the tip of the left umbo in
gryph-shaped oysters (JACKSON, 1890, p.
317, pI. 24, fig. 22-24). From SWINNERTON'S
(1939, p. xliv and Iii; 1940, p. xcviii, fig. 8;
1964, p. 419-420) data one can calculate the
numerical average (2.1 mm.) of the maxi
mal diameter of the attachment area and
the average size (less than 4.5 square mm.)
of the area (Fig. J35). These figures per
tain to Gryphaea arcuata LAMARCK, 1801,
from clay shales in the Zone of Scamnoceras
angulatum (VON SCHLOTHEIM, 1820) in the
Granby Limestones (latest Hettang., Lias.)
south of Granby, Lincolnshire, England.

In Gryphaea itself no individual has been
found to lack an attachment area. How
ever, some species in other homeomorphous
genera are regularly free of an attachment
area (e.g., Odontogryphaea thirsae (GABB,
1861) (Fig. J64) from the Nanafalia For
mation (Sparnacian) of the northern Gulf
coastal plain (Ala. to Mexico) and possibly
other congeneric species).

Evidently, larvae of nearly all gryph
shaped oyster species were like those of
common oysters living today in that they
could not grow into adults without first
becoming attached to a firm substratum at
the proper time. After growing over the
substratum for a short period of time,
the gryph-shaped oysters built their shells
steeply upward and away from the sub
stratum. This happened early in life so

that the attachment areas remained very
small in most individuals.

Perhaps, the substratum was so small a
piece that the postlarval oyster soon finished
spreading over all of it and had to grow
freely upward. Or perhaps, the gryph
shaped oysters were genetically predisposed
to growing steeply upward from their bases
after they had spread over a small area on
the substratum. The latter idea is borne
out by certain individuals of G. arcuata
grown one on the other, such as the one
figured by SCHAFLE (1929, pI. 2, fig. 8) and
copied by many authors. In this example
the younger one of the two had really much
more of a substratal area available than it
managed to spread over. It is also possible
that the gryph-shaped oysters did not suc
ceed to spread over larger areas of their
substratum, because they were in competi
tion with encroaching mud or algal mats
covering the substratum around them while
they grew.

Whatever the situations may have been,
gryph-shaped oysters were able to grow to
final size without using a large attachment
area on a firm substratum. Some species
(e.g., Odontogryphaea thirsae), had evolved
even further and had attained the ability to
grow from planktonic larva to final size
without ever becoming attached.

The highly incurved growth pattern of
the left valves has always attracted atten
tion. THOMPSON (1917, p. 534) surmised
that the spiral curve of the lower valve in
G. arcuata approaches a logarithmic or
equiangular spiral. This suggestion has
been followed up by TRUEMAN (1922, p.
260-261), MACLENNAN & TRUEMAN (1942),
JOYSEY (1959, p. 313-314), HALLAM (1959),
and Bt:RNABY (1965). These authors have
found several flaws, when they tried to fit
specimens to mathematically constructed
logarithmic spiral curves. It is not surpris
ing that such flaws exist, rather it is sur
prising that individuals of Gryphaea in
growing freely came so close to fitting a
logarithmic spiral.

In some of the homeomorphs the curve
of the left valve is quite regular; in others,
notably in G. arcuata the regularity is ob
scured by many narrow transverse grooves
and rounded ridges caused by the expanded
end of the many growth squamae as seen
in thin section (see Fig. ]73,]). Finally, there
are those that have nearly rectilinear
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FIG. J64. Gryplzaea homeomorph Odolltogryplzaea tlzirsae (GABB, 1861) from oyster bed of Nanafalia
Formation, Wilcox Group (low. Eoc.) , near Shoal Creek, south of Camden, Wilcox County, Ala., USA

(Stenzel, n).
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stretches of the periphery and have one such
stretch leading over to the next one by a
bend, compo Texigryphaea roemeri (MAR
cou (see Fig. J87,lc).

The spiral growth pattern is difficult to
investigate with sufficient precision. Only
in the anteroposteriorly compressed later
Jurassic Gryphaeas and the early Creta
ceous Texigryphaeas is the periphery con
venient to define, because these have a
rounded keel. The others, including G.
arcuata, have hardly a keel so that the
course of the spiral is difficult to follow.
Also, the spiral is not two-dimensional,
making it difficult to obtain precise results.
JOYSEY and HALLAM pointed out. other dif
ficulties.

The left valves are highly convex in both
directions from dorsum to venter and from
anterior to posterior margin. In the latter
direction they are commonly more convex
than in the former. Their right valves are
flat and in many species they are concave
in one or another direction. The distribu
tion of the concave areas can be highly
complex in some species.

Growth squamae of the left valve gen
erally are tightly appressed to the contour
of the valve so that they are rather difficult
to see and the outer surface of the valve is
smooth. Even in the radially ribbed Eocene
genus Sokolowia the surface of the left
valve is smooth and free of outstanding
growth squamae, because crests of the ribs
and interspaces between them are smooth
in radial direction and growth squamae
are appressed. Smoothness and appressed
growth squamae are lost near the end of
growth in old individuals.

Sections through the left beak of G.
arcuata show no voids or shell chambers
there (see Fig. J73,2a) as in many other
homeomorphs. This situation is quite dif
ferent in ordinary oysters. If the latter
have a prominent left beak, they commonly
have many irregularly spaced shell cham-

FIG. J65. Gryphaea homeomorph Sokolowia buhsii
(GREWINGK, 1853) subsp. gamma (VYALOV), up.

Eoc., Turkestanian (Trk3 ) Central Asia, SSSR; LV
ext., XO.5 (Gekker, Osipova, and Belskaya, 1962).

bers filling in the space under the liga
mental area of the left valve.

Oysters that have great disparity between
the two valves and have a prominent left
umbonal region commonly have a pro
nounced umbonal cavity, or recess, under
the hinge plate or ligamental area of the
left valve. Good examples are Crassostrea
and Saccostrea. From time to time the um
bonal cavity is closed off by a thin shell
wall, resulting in a chamber. Continued

FIG. J64. (Continued from facing page.)

1. LV; la, specimen seen from right side, whitened
for photography, showing lack of attachment
area at beak, XI; 1b, external view of same
specimen, not whitened, showing traces of col
oration and many growth squamae at rooflike
terebratuloid fold, XI; 1c, oblique view of same,
whitened, XI; 1d, oblique view of same, not

whitened, showing very thin dorsal calcite cover
of muscle pad partly broken out so that false
convex dorsal margin of pad is suggested, Xl;
Ie, ventral view of same showing deep terebratu
loid fold, X 1.

2. RV; 2a-e, several views of specimen whitened for
photography, XL
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growth produces a series of such chambers,
arranged somewhat irregularly, infilling the
left umbonal region. The gryph-shaped
oysters, however, have a very shallow um
bonal cavity or none at all and chambers
are not developed in the left umbonal re
gion. Their left beak is solidly filled with
shell material.

Radial sulci are common features in these
oysters and are known from such diverse
taxa as Gryphaea (Gryphaea), G. (Bilo
bissa) , Texigryphaea, Pycnodonte, Odonto
gryphaea, and others. The sulci of the
Gryphaeinae and Pycnodonteinae are ho
mologous, but those of Olontogryphaea are
only analogous to the former. These sulci
are deeply incised in some species and shal
low in others. Their depth is a specific to
subgeneric feature. They set off flanges or
separate parts of the shell which serve to
concentrate and deflect the inhalant or ex
halant water current and are needed as im
provements to the sanitation of the animals.

PROBLEM OF FORM GENUS

Similarities between the various gryph
shaped oysters appeared so persuasive to
many authors that they rather uncritically
classed or described diverse species under
the generic name Gryphaea without mak
ing an effort to search for less obvious
features that might set apart one group of re
lated species from another. KITCHIN (1908,
p. 79) was first to express the idea: "It is
highly probable that the shells classed as
Gryphaea do not represent a homogenetic
group, but are polyphyletic in origin, in
cluding repeated offshoots from an ostrean
stock."

Accordingly two avenues of procedure
were open. Either accept Gryphaea as a
form genus or investigate the various gryph
shaped oysters so as to disentangle the
polyphyletic groups of species in order to
establish several separate monophyletic gen
era, each furnished with a nomenclaturally
valid name. The first avenue is not recom
mended. Temporarily it is a convenient
expedient allowing one to set aside pressing
problems and a cover for the lack of incisive
basic work on them. However, if the first
procedure is used, repeated often, and
maintained for decades, it discourages
searching inquiries into phylogenetic rela-

tionships among the various genera In

volved in homeomorphy.
At first KITCHIN (1908, p. 77-82) fol

lowed the second avenue and proved that
one of the homeomorphs, previously classed
by one author as "Gryphaea" and by an
other one as "Pycnodonta" (DOUVILLE,
1904a, p. 215), is really an exogyrine re
lated to Aetostreon latissimum (LAMARCK)
[=Gryphaea latissima LAMARCK, 1801, p.
399, =G. couloni DEFRANCE, 1821, =G.
sinuata JAMES SOWERBY, 1822, =Griphea
aquila BRONGNIART, 1822, in CUVIER &

BRONGNIART, p. 332]. This particular
homeomorph is Aetostreon imbricatum
(KRAUSS) (KRAUSS, 1843, p. 129; 1850, p.
460, pI. 50, fig. 2a-d) from the Sundays
River Beds, Uitenhage Series (Neocom.),
of the region around the Coega, Sondags,
and Swartkops Rivers near Port Elizabeth,
Cape Province, Republic of South Africa
(Fig. J63; see Fig. J92).

The species is rather variable. Some local
populations have a broader shell shape
(length to height ratio fairly large) and
obviously exogyrine coiling of the left beak.
These have been correctly classified as Exo
gyras by all authors who had such speci
mens at hand. In common with A. lalis
simum they all have many nonappressed
growth squamae on the left valve. Other
local populations have shells of small length
and large height looking like a tall hook
shaped Gryphaea. KITCHIN discovered that
their attachment area was not at the tip of
the left umbo as in Gryphaea, but was situ
ated on the posterior flank of the beak as in
the Exogyrinae. In addition, the left liga
mental area has its posterior bourrdet
greatly reduced in length so that it is a
narrow sharp ridge rising above the general
level of the ligamentaI area. The two fea
tures prove the species is one of the Exo
gyrinae.

Although in this case KITCHIN was suc
cessful in disentangling one of the homeo
morphs from the form genus and in show
ing the true affinities of the homeomorph,
he changed his mind (KITCHIN, 1912, p.
59-60) and reported:

He [Mr. PRINGLE] obtained a fine series of
shells [from the Lower Liassic of Fretherne, Glou
cestershire], which should prove of value in help
ing to elucidate the nature and origin of those
ostrean forms which have hitherto been roughly
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TABLE 1. Gryph-shaped Oysters.

N1067

Name
Subfamily & relation- Stratigraphic

ship to Gryphaea time range
Geographic
distribution

Aetostreon imbricatum (KRAUSS,
1843) (Fig. J63)

Gryphaea LAMARCK, 1801 (see Fig.
}74)

Odontogryphaea VON IHERING, 1903
(Fig. J64; see Fig. J127)

Pycnodonte FISCHER DE WALDHEIM,
1835 (see Fig. J80-J84)

Sokolowia BOHM, 1933 (Fig. J65;
see Fig. JI21-123)

Texigryphaea STENZEL, 1959 (see
Fig. J87)

Exogyrinae,
homeomorph

Gryphaeinae,
homeomorph

Ostreinae,
homeomorph

Pycnodonteinae,
descendant

Ostreinae,
homeomorph

Pycnodonteinae,
descendant

Neocomian

Late Carnian
Kimmeridgian

Late Maastrichtian
early Lutetian

Early Albian
Miocene

Late Lutetian
Auversian

Mid·Albian
Cenomanian

East and South
Africa

Nearly worldwide

Nearly worldwide

Nearly worldwide

Transylvania and
central Asia

Southwestern North
America

classed together as Gryphaea. Many of these speci
mens show well the transitional stages between the
ancestral simple oysters of flattened forms, with
prolonged attached stage, and the extreme mor
phological type characterized by a greatly reduced
attached stage and a strongly arcuate left valve....
He believes that the specimens comprised in this
collection contribute some valuable evidence in
support of this view that the features usually con
sidered to characterize Gryphaea are not those of a
long-lived genus but of a similar evolutionary stage
which has appeared repeatedly and independently
in various ostrean stocks. It is evident that in the
Lower Lias alone there were two or three separate
derivations for such forms. The evolution of
analogous gryphaeate stages was repeated in other
stocks in various Jurassic and Cretaceous hori
zons ....

Here he regarded Gryphaea as a stage
name or form genus. His statement marks
the turning point in the attitude some pale
ontologists took toward the problem. TRUE
MAN (1922, p. 264) epitomized this atti
tude:
Indeed it is extremely likely that these gryphaei
form shells have been evolved repeatedly during
the Jurassic and Cretaceous from species of Osttaea
rerror pro Ostrea l that are similar and are presum
ably closely related. In other words, U Gryphaea"
is a polyphyletic group, containing species evolved
along many different lines. Therefore, the name
Gryphaea can only be applied strictly to one of
these series, and each such series should receive a
separate generic name; but until more of these
characteristics are known, at least, it appears
undesirable to add to the existing confusion by
creating new names for each group. Indeed, as
homeomorphs in some of the series are almost or
quite identical, it would probably be impossible to
distinguish many of the genera even though names
were available.

SCHAFLE (1929, p. 79) agreed in regarding
"Gryphaea" as a nonhomogenetic group.
ARKELL (1934, p. 58-59) quoted TRUEMAN
with obvious approval.

Thus it came to pass that from 1922
onward many preferred to consider Gry
phaea as a collection of hardly distinguish
able genera, a so-called pseudogenus or
form genus (MORET, 1953, p. 31, 373 foot
note 2; SIMPSON, 1953, p. 183). It was
rather unfortunate that from that time on
no more concerted efforts were made to
disentangle monophyletic groups of species
from the form genus.

It is my contention that every effort
must be made to disentangle the various
monophyletic groups of species and to pro
vide each group with a valid name until
there are only monophyletic genera at hand.
This task has largely been completed, and
it is now possible, and highly advisable, to
regard Gryphaea as a monophyletic genus
tied to its well-known type species. This
monophyletic genus is clearly separable
from similar genera, be they its descendants
or its homeomorphs, and is definable on the
basis of features of anatomy, morphology,
and shell structure (Table 1).

KITCHIN (1912, p. 59) maintained that
among the lower Liassic gryphaeas there
were two or three separate derivations from
ostrean ancestors, that is, that the lower
Liassic gryphaeas were polyphyletic. In
more than 50 years no one has substantiated
this extreme viewpoint, believed to be er
roneous, and the lower Liassic gryphaeas
are regarded as diversified species of a
monophyletic genus.
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By reason of ICZN Opinion 338, the
monophyletic genus Gryphaea LAMARCK,
1801 (p. 398-399), has for its type species
G. arcuata LAMARCK, 1801 (=G. incurva
J. SOWERBY, 1815). The type species is
widespread in western Europe, from south
ern Sweden to northern Italy and the high
Tatra Mountains in southern Poland. The
species ranges stratigraphically from the
Zone of Scamnaceras angulatum (VON
SCHLOTHEIM, 1820) in the Hettangian to
the Zone of Caenisites (Euasteraceras) turn
eri (J. DE C. SOWERBY, 1824) in the Sine
murian. Extensive descriptions of the spe
cies were given by JONES (1865) and
SCHAFLE (1929, p. 26-37, pI. 10, fig. 7-17;
pI. 11, fig. 1-4,9).

ANCESTORS OF GRYPHAEA

DOUVILLE (1910, p. 118; 1911, p. 635)
apparently was the first to express himself
concerning the ancestry of Gryphaea. He
suggested that the group of simple oysters
of flattened shape with prolonged attach
ment stage found in Late Triassic and
Early Jurassic beds of western Europe is
the immediate ancestor of Liassic Gryphaea.
He bestowed the name Liastrea to the sup
posedly ancestral group and used Liagry
phea [errar pro Liagryphaea FISCHER, 1886
(=recte Gryphaea LAMARCK, 1801) 1 for
Liassic gryphaeas. This phylogenetic deri
vation has become a generally accepted
hypothesis. For example, PHILIP (1962, p.
337) and SIMPSON (1950, p. 153) have
accepted it.

Nonetheless, it never was more than an
assumption without good proofs. The bases
for the assumption, not explicitly stated,
seem to be two: 1) Liastrea is found in
western Europe in beds older than the
Gryphaea-bearing Lower Liassic beds and
in them it is the sole oyster genus present
in this region. If one looks for an ancestor
of Gryphaea in western Europe, Liastrea
appears to be the only oyster genus avail
able. 2) Liastrea has a simple, flattened
shape which, it seems logical to assume,
is more primitive than the spiral-shaped
Gryphaea. To this day it remains to be
seen whether these two ideas are sound.

PRINGLE and KITCHIN (1912, p. 59-60)
claimed to have discovered good proof for
this hypothetical phylogenetic derivation.

They claimed to have found in lower Lias
sic beds at Fretherne transitional evolution
ary stages connecting the two genera. Thus
they opened a lively discussion of these
supposedly transitional stages of evolution.
TRUEMAN (1922), in one of the first papers
to use statistical data and variation diagrams
in paleontology, strongly supported these
claims and published a graph in their sup
port (TRUEMAN, 1922, fig. 5). The graph
shows the amount of incurving of the left
umbonal region, called number of whorls
by TRUEMAN, in each of five collections
coming from five different stratigraphic
levels. The lowest one is based on a Lio
strea, the others on Gryphaea arcuata going
progressively higher up in the stratigraphic
section. MACLENNAN & TRUEMAN (1942)
furnished additional, improved graphs
based on specimens from Loch Aline, Ar
gyllshire, Scotland. The two papers were
acclaimed by many, for example, by PHILIP
(1962, p. 334), and regarded as the ulti
mate paleontologic proof that successive
evolutionary stages connected Liastrea, the
ancestor, with Gryphaea, the descendant,
in the stratigraphic section of the lower
Liassic of the British Isles.

Objections were raised early by SCHAFLE
(1929, p. 76, 78 and footnote 2) who ex
plicitly took issue with TRUEMAN in stating
that in southwestern Germany no transition
between the two genera can be found, al
though one could hardly deny close rela
tionships between them.

HALLAM reexamined statistically the sup
posed proof presented by TRUEMAN (1922)
and MACLENNAN & TRUEMAN (1942) with
the aid of specimens from various localities
in the British Isles. He found no such
transition connecting the two genera and
concluded: "While the presumption must
remain that the Jurassic Gryphaea evolved
in some way from an Ostrea-like ancestor
a convincing evolutionary series has yet to

be demonstrated" (HALLAM, 1959a, p. 107).
This contradiction added much to the in
terest in the question and m~re papers
(GEORGE, 1953; HALLAM, 1959b, 1960,1962;
JOYSEY, 1959, 1960; PHILIP, 1962; SWINNER
TON, 1932, 1939, 1940, 1959, 1964; TRUE
MAN, 1940; WESTOLL, 1950) discussed sev
eral aspects of the problem. Particularly,
the formulae and statistical methods em-

© 2009 University of Kansas Paleontological Institute



Phylogeny-Evolution of Gryphaea N1069

ployed so far were thoroughly criticized
and improved.

It was recognized that the amount of
incurving of the left umbonal region as
expressed through the number of whorls
was not a good measure, because it de
pended on the age or size of the individual
oyster. The larger the individual oyster,
the more of a coil or coils it has.

The progressive increase in number of
coils from lower to higher beds noted by
TRUEMAN (1922) does not necessarily indi
cate an increase in the tightness of the coil
ing, it may merely indicate a progressive
increase in the size or age of the individuals,
whereas the tightness of coiling was the
feature whose evolution supposedly had led
from Liostrea to Gryphaea.

Finally, the ultimate, most refined sta
tistical approach was used by BURNABY
(1965), who was able to use HALLAM'S
original samples. BURNABY proposed a new
method of measuring tightness of coiling,
thereby avoiding the influence of size on
the results. His study showed that there is
a slight trend from lower to higher beds
toward less tightly coiled left valves in
Gryphaea arcuata. The trend expresses it
self in a reduction of a few millimeters in
the length of the spiral periphery of th~

left valve as measured from the tip of the
umbo to an arbitrarily selected point on that
periphery at which the radius of the valve
spiral is 2.0 cm. Thus the increase of ap
parent coiling noted by TRUEMAN (1922)
is best explained by the increase in size of
the shells toward the upper part of the
section.

Because BURNABY proved that there is
no evolutionary tendency to tighter coiling
within the species Gryphaea arcuata, the
stratigraphically lowest specimens are no
less tightly coiled and no nearer to Liostrea
than specimens in higher beds. Therefore,
no likelihood of a transition between Lio
strea and Gryphaea is inferred. This con
clusion reinforces SCHAFLE'S observation,
and the hypothesis of derivation of one
genus from the other remains unproved and
unlikely.

In all these discussions of the hypothetical
derivation of Gryphaea from Liostrea vari
ous authors have made no use of the Trias
sic gryphaeas, although some have men
tioned them. SCHAFLE (1929, p. 78, footnote

1), who is one of these, refused to regard
the Triassic gryphaeas as true Gryphaea.
The reason for neglect of the Triassic
gryphaeas presumably was that no Triassic
Gryphaea is known in western Europe and
everyone has sought to find the ancestor in
beds beneath the Liassic Gryphaea-bearing
beds of this region.

Since TRUEMAN'S early work, more and
better Triassic gryphaeas have been de
scribed by KIPARISOVA (1936; 1938), Mc
LEARN (1937), VYALOV (1946), and others.
All of these fossils came from areas difficult
to reach, in the present-day polar region.
No wonder they were ignored by those
working on the ancestry of Gryphaea.

Triassic gryphaeas are smaller than the
large forms of Gryphaea arcuata from the
Liassic of Europe, but otherwise they are
similar and have features diagnostic of the
monophyletic genus Gryphaea. In par
ticular do G. arcuataeformis KIPARISOVA
(1936, p. 100-102, 123-125, pI. 4, fig. 1-2,
4, 6-10; 1938, p. 4, 33-34, 38, 46, pI.
7, fig. 17-21, pI. 8, fig. 1-2, 11) from late
Carnian to Norian beds on the left bank of
Korkodon River, a right-hand tributary of
Kolyma River in Magadanskaya Oblast
[Province J, far eastern Siberia, USSR, and
G. chakii McLEARN (1937, p. 96, pI. 1, fig.
8) from the Schooler Creek Group (Carn.
Nor.) in foothills along Peace River in
east-central British Columbia, Canada,
come close in morphology to G. arcuata
LAMARCK, 1801, from the Liassic of Europe.
To disregard the evidence they present or
to deny them a place in the monophyletic
genus Gryphaea would be a serious error.
They are the ancestors of the lineage of G.
arcuata, or are very close to the real ances
tors (Fig. J60).

The first appearance of Gryphaea arcuata
in the fossil record of western Europe was
investigated thoroughly by SCHAFLE (1929,
p. 32-35, fig. 5). He was obviously puzzled
by the abrupt appearance of this species,
without any antecedents known to him, in
the "Angulatenschichten," that is, in the
Zone of Scamnoceras angulatum (VON
SCHLOTHEIl\I) at the top of the Hettangian
Stage, early Liassic (cf. ARKELL, 1933, p.
117). HALLAM (1959a, p. 106-107) and
BCRNABY (1965, p. 258) recognized that
wherever G. arcuata first appears in the

© 2009 University of Kansas Paleontological Institute



N1070
Aorgou Rottweil

Bivalvia-Oysters

Tubingen Gmund Aalen-Ellwangen

Asteroceras stelfare
- --- ." :-....... f..;.:' ... ·_.... «( .... ~-

_ ~tuminoy - - - -" - Asteroceras stellar... "''''::.', . ro ~I!ore W

-Penocrlntlstu erculotus .. "'__ l;. e" _c.e.. ::"'." ..•.. ~C".~~';~..~;:-?:~~.. u
C,e. . (., -,...;J e. ~ /(, -.- ..~t~ Z<
t,mestonewlth~.., l.Jlc,.~ -L ".-",,-:: ...~ < w

Coroniceros bucklandi (..on I I e- E Tv :..!:;h .. ~~ ~ ~ <
I I ~,(. c.. (,). 1-> . e~ ~. < J:

Oed of co er roc ..; ,~ ~ ~ . __ ,--=:::::. ,ci,~ .....~ ~ w a..
y'beo, with Sc?mnoceros ..a~l~t ~ ~;-' ,,~, . - _~ ,. '" ' ' _:::::;.:.~ ~ ~

.:.'." '." ,. -- . --'~~.;. < C)

~ ~~.~ems
U -< I ( I I stellare

~ '" >1 C
Ill:<~
<:r T>7T
~ ~ =t==:
ll. Ill: .C< C)~,"'-'.

........
~ 0 S'f G. arcuata
~

:::--= G. obliquo -~~- finegrained sandstone

1- ....
~ ::;10
~ limestone with coorse quartz grelns ~

FIG, J66, First stratigraphic appearance of Gryphaea in western Europe (Schiifle, 1929).

fossil record of western Europe, it does so
with dramatic suddenness (Fig. J66).

An abrupt appearance of a marine spe
cies within a section of continuously depos
ited marine beds speaks against local or
provincial evolution of the species in the
same depositional basin; rather, it is indica
tive of immigration. It is to HALLAM'S

credit that he was first to suggest (HALLAM,

1962, p. 574), as one of the alternatives in
the problem of the origin of Gryphaea
arcuata, that the genus might have migrated
swiftly into the west European area follow
ing gradual evolution elsewhere.

The Triassic homeland or place of origin
of Gryphaea is the Arctic region: the
Kolyma River basin in far eastern Siberia,
Bjjilrnjilya Island, the Canadian Arctic Ar
chipelago, and British Columbia, Canada.
This sea basin was landlocked on all sides
except in the region of British Columbia
and Nevada, where it connected with the
Pacific basin. In this sea basin, the first
gryphaeas probably evolved from pseudo.
monotid or other ancestors. There Gry
phaea made its recorded appearance in the
Carnian. During the Triassic an isthmus
separated the Arctic sea from the sea in
western and central Europe. The isthmus
was in part responsible for the widespread
deposition of evaporites in western and
central Europe during the Triassic. Dur
ing early Liassic time the sea broke through
the isthmus, establishing connection be
tween the two seas and allowing marine
faunal exchanges to occur. It was then that
G. arcuata immigrated from the Arctic
region into the western and central Euro
pean sea. The spread of this species into
the new area was rapid, and its first fossil
record in the Scamnoceras angulatum Zone
marks the exact time it happened. Possibly

other species of Gryphaea immigrated III

the same way.
The environments in this sea were suit

able to Gryphaea so that the genus became
widely distributed there and produced
many species and individuals. The Early
Jurassic time was one of great flowering of
the genus in western and central Europe.

Gryphaea is one of the two oyster genera
to make an early appearance in the fossil
record. There are no fossil oysters known
that antedate it. To judge by its modern
descendants, Neopycnodonte and Hyotissa,
it must have had a "primitive" anatomy.
For these reasons it is believed that it is an
ancestral form of the oysters, or at least of
one branch of the stock, the Gryphaeidae.
Contrary to widespread opinion, the spiral
Gryphaea shape probably is not an "ad
vanced" feature, and Gryphaea possibly did
not descend from a simple, flat Ostrea-like
ancestor. It may have descended from a
spirally shaped genus of the Pseudomono
tinae or a related stock.

ADAPTATION AND ENVIRONMENT

SUBSTRATUM

Features that distinguish gryph-shaped
from other, normal oysters must be results
of adaptation to a special and rigorous
environment obviously different from the
usual environments in which oysters grow
today. Because there are no gryph-shaped
oyster species now living, it is not feasible
to draw conclusions from modern species
in order to explain the gryph shape. It
must be concluded that either the special
environment does not exist any more or
that present-day oysters do not occupy it
anymore, if indeed it exists. It seems un
likely that a formerly widespread sea-bot-
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tom environment that lasted for a long time
has vanished utterly. Perhaps, other more
efficient animals have displaced the oysters
from that environment.

Gryph-shaped oyster species show less
variability of shell shape than normal oys
ters. Elimination of the unfit as expressed
by shell shape must have been rather rigor
ous among gryph-shaped oysters.

A feature of the environment in which
gryph-shaped oysters thrived is its euhaline
salinity, for they were euhaline or very
nearly euhaline bivalves. Gryphaea itself
was associated in many places with ammo
nites, corals, echinoids, or other animals
indicative of euhaline waters. Its direct
descendants, the Pycriodonteinae, were
strictly euhaline and are so to this day, as
can be ascertained from those now living.
The genus Sokolowia, found in upper Eo
cene (=Biarritzian) deposits of Transyl
vania, Rumania, and centraL Asia, was
associated in the region of Cipu~-Gilau of
the Transylvanian basin with reliable indi
cators of euhaline waters, such as nummu
lites, echinoids, and brachiopods (MEszARos
& NICORICI, 1962).

Taxa that are either strictly euhaline
(e.g., Exogyrinae) or polyhaline to nearly
euhaline (e.g., Ostrea s.s., Flemingostrea)
have furnished offshoots that became ho
meomorphs of Gryphaea. On the other
hand, taxa that are normally brackish-water
oysters (e.g., Crassostrea) have not fur
nished them. In other words, oysters living
in brackish-water lagoons or estuaries never
evolved into Gryphaea homeomorphs. Gry
phaea, its descendants, and its homeo
morphs were always adapted to living in
euhaline or nearly euhaline waters of epi
continental seas. There they evolved, be
cause that is where the particular environ
ment they became adapted to existed. The
environment is not found in brackish la
goons and estuaries.

Sedimentary rocks in which fossil remains
of gryph-shaped oysters are found furnish
an important clue to the special environ
ment in which they lived and to which they
were well adapted. Nearly all of them
lived on sediments of low energy levels,
that is, on sediments deposited in fairly
quiet waters. Very few have been found
growing on pebbles, whereas such over-

growths are not rare among common oys
ters.

SCHAFLE (1929, p. 75) pointed out that
Jurassic gryphaeas are rarely found in sands,
especially pure, not muddy sands. Sedi
ments with which gryph-shaped oysters are
most commonly associated are clays, marls,
chalks, limestones, and glauconite marls.
Originally, before their diagenesis and con
solidation, these sediments were either soft,
water-logged oozes or contained various
amounts of small pellets composed of mi
nette iron ore or of authigenic minerals of
the glauconite group. These pellets are the
modified excrements of small mud-eating
animals. Most of the sediments are dark
colored, because they contain finely divided
iron-sulfide minerals (FeS2, pyrite, 6r mar
casite). For example, Texigryphaea roemeri
(MARCOU) is found in countless numbers
in the Grayson Clay (Cenoman.), a dark
gray, very sticky, carbonaceous, calcareous
blocky clay shale. Sokolowia buhsii (GRE
WINGK) forms a layer (KOCH, 1896) in a
thick, bluish gray, silty clay marl (late
Lutet.). Abundance and great prolifera
tion of species of Gryphaea during the Lias
sic of western and central Europe coincides
with occurrence of abundant dark, carbona
ceous clays in the stratigraphic section. In
later Jurassic deposits such clays are much
less abundant, and so are the gryphaeas.

Gryphaea, its gryph-shaped descendants,
and its homeomorphs lived mostly on sea
bottoms composed of soft, water-logged
oozes with small fragments of shells, and
their distinguishing features are adapta
tions to this environment. DOUVILLE (1911,
p. 635) was the first to recognize this.
TRUEMAN (1940, p. 81) mentioned it and
WESTOLL (1950, p. 490) recognized that
Gryphaea was adapted for life on uncon
solidated sea floors.

ATI'ITUDE DURING LIFE

The broader, more bowl- or basin-like
gryph-shaped oysters (with length/height
ratio fairly large, near 1) always had been
believed to have lived on the sea bottom
with their left valves on bottom and their
flat right valves nearly horizontal (ZEUNER,
1933b, p. 308). A different life attitude was
postulated for the narrow canoe-shaped
Gryphaea arcuata. Concerning this species,
PFANNENSTIEL (1928, p. 390, 408) claimed
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that the longest diameters of the shells
were kept close to horizontal and that the
left valves were beneath, resting on their
posterior flanges, on their posterior sulci,
and on the main bodies of left valves. Their
right, or opercular, valves opened out like
doors, their hinge axes being "more or less
vertical."

ZWNER (1933a) conducted experiments
with fossil Gryphaea shells lying on a very
fine-grained sediment in a flume trough.
He showed that currents would tend to
bury the shells part way in the sediment
with their left valves on bottom and their
greatest diameters nearly horizontal. The
shells would come to lie with their hinge
axes and flat right valves nearly horizontal.
Partly sunk into the soft substratum, they
would lie immobilized in quite stable posi
tions.

ZEUNER pointed out that PFANNENSTIEL
probably had been thinking of a firm un
yielding substratum into which the Gry
phaea arcuata shells could not sink and on
which the shells would roll around at the
slightest water current. The attitude PFAN
NENSTIEL described was the one that might
be assumed by shells free to roll around on
a firm, level substratum. In that case, the
shells always would be in labile positions,
but would become less labile if they came
to rest at a slight posterior tilt on their pos
terior flanges as outlined by PFANNENSTIEL.
In no case could the hinge axes become
vertical, however. The premise of an un
yielding substratum is rather questionable,
and the attitude postulated by PFANNEN
STIEL is incorrect. ZEUNER'S explanations
are well substantiated and must be accepted
with only minor modifications.

SIMPSON (1953, p. 284, fig. 35) showed
another interpretation of the life attitude of
Gryphaea arcuata in which both the longest
diameter of the shell and the flat right valve
are vertical but the hinge axis is horizontal.
The interpretation is probably a misunder
standing of data given by WESTOLL (1950).
The attitude would be extremely unstable.

It is now believed that the animals lived
partly sunk into the soft ooze lying with
their valve commissures nearly horizontal
(Fig. J67). In this position, the animal's
weight, shell and all, was about equal to
the weight of the ooze it displaced so that
the Gryphaea essentially floated in or on

the soft ooze. The animals must have
done vigorous self cleansing (see p. N1 001)
to keep the surrounding ooze from en
croaching. The fact that the incurved left
beaks of the gryph-shaped, oysters did not
enclose any fluid-filled chambers and had
no umbonal cavities perhaps may have
been an adaptation facilitating correct dis
tribution and balance of the load the ani
mals exerted on the ooze so that the grow
ing valve margins surrounding the inhalant
and exhalant water currents could remain
above the level of the ooze. All the gryph
shaped oysters had in principle the same
attitude in life.

ORIGIN OF GRYPH SHAPE

The origin of the gryph shape among
oysters was first explained by HENRI Dou
VILLE (1911, p. 635), whose very brief
exposition has been adopted, modified, and
expanded by later authors, notably by
PFANNENSTIEL (1928, p. 385-386), SCHAFLE
(1929, p. 74-77), and TRUEMAN (1940, p.
81-82). DOUVILLE'S explanation is well
founded, and the expanded exposition given
below is based on it.

Euhaline oysters adapted to ooze-covered
bottoms have much larger regions accessi
ble to them than brackish-water oysters,
for brackish-water regions form only a
narrow belt along coasts of continents,
whereas ooze-covered sea bottoms stretch
far and wide. However, ooze-covered sea
bottoms generally are devoid of firm sub
strata on which oysters can grow. Such
firm substrata as are available are mainly
small shells or their fragments. This sort
of bottom contrasts with the brackish and
shallow-water environments in which man
grove roots, large plant debris, or large
pieces of shells are plentiful for oysters to
grow on. The gryph shape is a mechanical
consequence of and an adaptation to this
sort of environment, that is, to life in
normal-salinity marine sea waters, deep
enough to be removed from strong wave
action and tidal currents and far enough
removed from shore to be outside the influx
of fresh or brackish waters, and to life on
bottoms covered with soft ooze on which
small particles offer the only firm substrata
for growing oysters. Such ooze-covered
sea bottoms normally are at somewhat
greater depth in calm waters with rather
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FIG. J67, Origin of the gryph shape of oysters as exemplified by an individual of Texigryphaea roemert
(MARCOU, 1862) from the Grayson Clay (Cenoman.), Texas, X 0.75 (Stenzel, n).
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stable salinities and stable but low tempera
tures.

From observations made on living oyster
larvae it is well known that they cannot
attach themselves successfully on mud-cov
ered surfaces, and many times it has been
demonstrated that oyster larvae are selec
tive as to the substratum to which they
choose to affix themselves. The larvae of
gryph-shaped oysters found extensive soft,
ooze-covered bottoms, on which they were
unable to settle, except wherever small parti
cles offered suitable substrata. The larvae
and postlarval oysters became adapted suc
cessfully to such substratum conditions so
that it became possible for gryph-shaped
oysters to occupy large areas of sea bottom
that were unfavorable to colonization by
other oysters. Successful they were as is
attested to by the vast number of individuals
of many species.

The very young postlarval oyster, later to
become gryph-shaped, first grew over the
small substratum and then grew upward
steeply, at an angle of circa 60-70° from the
horizontal (Fig. J67). By growing upward
so early and so steeply the young oyster
managed to bring that part of its shell mar
gins over which the inhalant water current
enters the mantle cavity into a position
where the sea water was better supplied
with oxygen and less polluted with mud
and hydrogen sulfide. The water film at
the immediate interface between water and
bottom sediment was poor in oxygen, be
cause hydrogen sulfide solutions rose from
the dark-colored ooze at the bottom. Most
of the ooze contained fair amounts of
finely divided organic matter, probably de
rived from dead plankton and the feces
and pseudofeces of the oysters themselves,
and the water in the pore spaces of the
ooze had hydrogen sulfide in solution (Fig.
J67).

As the young oyster built up its shell
steeply and was attached to a small particle,
which in turn rested on a soft and oozy
support, the young oyster shell soon reached
an unstable attitude and toppled over on
its ventral side. As it fell over, the left
beak with the small substratum particle
attached to it was lifted up off the ooze.
The moment when the young oyster shell
started to topple over depended on the
size or rather weight of the small particle

to which the oyster had become attached,
the yield point of the ooze beneath, the size
and weight of the oyster, the strength of
water currents, vigor of the shell move
ments made by the oyster, and many other
factors. Some young oysters must have
reacher an unstable attitude sooner than
others, and specific differences in shell
shapes may have had their influence.

After the young oyster had toppled over,
it continued to build up its shell steeply
and thereby shell growth changed direction.
This process was repeated several times
periodically, and in this fashion the lower
valve repeatedly changed direction of
growth so that it became convexly curved
and its beak became incurved.

The periodicity of this process is well
shown on many individuals of Texigry.
phaea roemeri (MARCOU, 1862) from the
Grayson Clay (Cenoman.) of Texas (Fig.
J67). In many individuals the shell is not
continuously and regularly curved, but
shows intermittent angular adjustments in
direction of growth. Each angular adjust
ment followed a toppling-over. The speci
men figured exhibits three major angular
adjustments and some minor ones. The
attachment area at the tip of the left beak
is roughly triangular and 6 by 10 mm. in
size. The original substratum is no longer
preserved and had disappeared already be
fore the shell was finally buried in sedi
ment, as attested to by a small colony of
Bryozoa, which grew over a small part of
the attachment area with many apertures
clearly visible. The sedimentary rock in
which this species is found is a dark gray,
very sticky clay shale containing the finely
divided iron sulfide minerals (FeSz) mar
casite or pyrite. The Grayson Clay contains
millions of specimens of this species, hardly
ever in clusters, and very many of them
show angularity of growth.

Other gryph-shaped species show a
smoother, more uniformly curved growth.
In these species the periodicity of toppling
over followed by building up was more
frequent and resulted in countless small
intermittent angular adjustments of growth
which produced a more uniformly curved
convex lower valve. It is conceivable that
in some species the two, toppling over and
building up, were combined into a smooth
and continuous process. The very smoothly
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curved left valves of many species of Pyc
nodonte may owe their origin to such a
smoothly functioning process.

Many factors may exert an influence on
the growth process and may tend to pro
duce smoothness of the lower valve. For
instance, vigorous repeated valve move
ments by the animal may keep the oyster,
with its shell, from ever attaining much of
an unstable attitude and may initiate ad
justments of attitude quite often. Also, the
ratio of weight of body and shell to that of
the small substratum piece, attached at the
left umbo, is important in this connection.

The very smoothly curved left valves and
the growth squamae closely appressed to
the contour of that valve are adaptations to
life on ooze. They reduce to a minimum
any hindrance to a passive adjustment or
slippage of the animal's position on the
ooze. Growth squamae extending out end
ing in frills, such as are found in common
oysters, would prevent adjustments of posi
tion.

During the periodic process of toppling
over and building up, the distribution of
weight undergoes a gradual shift. The in
curved left beak is produced gradually and
comes to lie successively higher and higher
above the plane of the valve commissure.
In this fashion a counterweight to the
growing ventral shell margin is produced.
The fact that the umbonal cavity of the
left beak in many gryph-shaped species is
filled in continuously with solid shell-layers
and that the left beak has no chamber
building must be of considerable influence
in making the umbonal region a more
effective ,counterweight as pointed out by
SCHAFLE (1929, p. 76). The gradual shift
in weight distribution tends to slow down
the frequency of toppling over and to
reduce the size of the adjustment of the
direction in which the left valve is growing.
These changes and the increase in size of
the shell cavity result in a gradual reduction
of dorsoventral curvature of the left valve.
The valve grows in a spiral rather than
along a circular path; at first, the radius of
curvature is small, but it gradually increases
in size so that the spiral opens up concomi
tantly. Ultimately, a stage may be reached
by an old oyster when no further adjust
ments of the attitude of the shell are neces-

sary. At this stage, the shell may grow
quite irregularly (see SCHAFLE, 1929, fig. 4).

Extreme- coiling of the left beak has been
suggested by TRUEMAN (1922, p. 265; 1940,
p. 84) as the cause of extinction in the
phyletic lineage culminating in Gryphaea
arcuata. Many individuals of this species
supposedly had continued to grow until
they reached a stage when the coiled apical
part of the left valve started to press against
the opercular right valve beneath. Thus
such advanced individuals encountered
gradually more and more difficulty in open
ing their shells to feed and propagate and
they became extinct. This idea of hypertely
has been adopted by some later authors
although no attempt to furnish proof has
been made.

One should be able to find many speci
mens with valves tightly locked, if this
manner of death had been widespread
enough to cause extinction. So far only one
author (HENDERSON, 1935, p. 558) has
claimed to have found such specimens.
These were collected at Hock Cliff, Fre
therne, on the left bank of the river Severn,
9 miles south of Glouster, England, but the
specimens have not been illustrated. Other
paleontologists who have collected at this
locality have not made such a claim, so
considerable doubt remains as to the reli
ability of the observation. So far all shells
illustrated in the literature or available for
study show a gap between the coil of the
left beak and the top of the right valve
beneath, provided sufficient care has been
taken to remove the sediment matrix com
pletely. The smallest gap seen is 1.5 mm.
but in most individuals it is 3 mm. or more.

Many gryph-shaped species, especially
those of Texigryphaea, have the left beak
coiled in a three-dimensional spiral so that
the tip of the left beak comes to lie well
behind the umbo of the right valve, where
this valve is thickest, and allows plenty of
space for the valves to open. However, in
Gryphaea arcuata the three-dimensional ar
rangement is much less marked, and the
spiral comes close to lying in one plane.
Nevertheless, even in this species some indi
viduals have the tip of the left beak turned
aside so that the thickest part of the right
valve at the hinge is not directly opposite
the tip of the left beak, if the hinge axis is
used as a reference axis. In addition, very
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old and large individuals of gryph-shaped
species tend to cease growing in a strictly
regular spiral and during growth their
hinge axis tends to shift ventrally away
from the coil of the left beak. This shift
allows the left ligamental area to grow in
height chiefly and provides more clearance
between the two apical parts of the shell.
This sort of growth pattern is different than
that postulated by TRUEMAN for extreme
individuals of G. areuata, but has been
clearly depicted by SWINNERTON (1940, p.
lvi, fig. 7d), whereas TRUEMAN'S postulate
has not been illustrated.

It is commonly not realized to what slight
extent live oysters open their valves during
feeding. Data gathered from Crassostrea
virginiea by W. J. DEMORAN of the Gulf
Coast Research Laboratory, Ocean Springs,
Mississippi, in August, 1962, show that a
living oyster, with shell 106 mm. high,
opens its valves 3.5 mm. at their ventral
margins, at the best. The largest size of G.
arcuata listed by SWINNERTON (1940, p.
lxxxvi) is 51.5 mm. and the large~t speci
men available here, graciously sent by Prof.
SYLVESTER-BRADLEY, is 75 mm. high. G.
arcuata has a much smaller shell cavity and
a smaller right valve in proportion to the
height of its shell than Crassostrea. C0nse
quently, it would open its valves to a les~er

extent than a Crassostrea of the same sh{'ll
size. It is evident that the largest G.
areuata, 75 mm. high, would have to open
its valves less than 2.5 mm. at the ventral
margins, that is, at the side opposite the
coil of the left beak. Directly under the
coil the amount of clearance must have
been much smaller and must have been in
proportion to the distances from the hinge
axis, around which the right valve pivots.
Calculations show that a clearance of less
than 0.6 mm. between the coil of the left
valve and the top of the right valve at its
thickest point would suffice to let the largest
G. arettata open its valves with ease and
comparably to living C. virginiea.

Another argument against TRUEMAN'S
idea is that the onset of the impinging of the
coiled apical part of the left valve onto the
top of the right valve beneath must have
been rather gradual. During this protracted
period of time. the incessant opening and
closing of the valves, which live oysters do
during feeding, must have made the two
valves rub against each other. The rubbing

must have resulted in considerable wear of
the areas affected and must have resulted in
increasing the clearance between the two
valves there. It is hardly conceivable that
growth and progressive coiling of the lower
valve could have been faster than the wear
produced by the rubbing together of the
two valves, particularly so in old and large
individuals. It should be noted that no
specimens of Gryphaea arcuata have been
described showing friction scars on the
apical regions of' the valves. On the con
trary, the individuals are neatly preserved
and intact at those places.

TRUEMAN (1940, p. 84) himself discussed
one objection to this idea. He pointed out
that the sealing of the shell would first
show up in aged individuals of the species,
and would, therefore, have no harmful ef
fect on survival of the species. Sealing of
the shell could have .been the direct cause
of extinction only if the extreme coiling
were to show up in nearly all individuals
before they could patticipate. in reproduc
tion. However, living oysters attain sexual
maturity as early as 21 days after fixation,
and young oysters have been found to con
tain ripe eggs when they were merely 1.25
by 1.20 cm. in size (see p. NI002). Of
course, no one has ever found much of a
coil developed on such small individuals
of Gryphaea arettata.

In summary, it is not likely that Gry
phaea arettata, or any other extremely coiled
gryph-shaped oyster species, suffered from
hypertely and became extinct because of
starvation or inability to reproduce caused
by impinging valves. It is more probable
that this species became extinct because it
was in direct competition with at least four
other species of the genus living in the same
seas.

GRYPHAEA AND DESCENDANTS

After gryphaeas migrated during the
early Liassic from the Arctic realm into
the sea covering western and central Eu
rope, the chief flowering period of the
genus began. Numerous species evolved;
their fossil remains are found in the Euro
pean Jurassic wherever the sedimentary en
vironments were favorable. Among the lat
est species in that area were Gryphaea
dilatata J. SOWERBY, 1816 (see ARKELL,
1932-36, p. 160-170, text figs.) from Coral-
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lian beds of England, also recorded as far
east as Lithuania (KRENKEL, 1915, p. 300
301) and the Negev Desert in Israel, and
G. lituola LAMARCK, 1819 (see LEMOINE,
1910, fiche 201-201a) from Oxfordian and
Kimmeridgian beds of France and Eng
land. The disappearance of Gryphaea in
the highest Jurassic beds of western Europe
is probably not so much caused by extinc
tion as by lack of suitable environments in
this area.

ARKELL (1934, p. 64) noted several sepa
rate branches or lineages among the Jurassic
gryphaeas and named them Bilobata, Dila
tata, and Incurva. However, he did it in a
manner admittedly unacceptable in formal
zoological nomenclature. The three names
remain unavailable. Chains of successional
species were recognized early (SCHAFLE,
1929, p. 79; ZWNER, 1933b, p. 317; DE
CHASEAUX, 1934). Some of the phyloge
netic sequences are reliably reconstructed,
because successive species are connected
by forms transitional between species
(CHARLES, 1949; CHARLES & MAUBEUGE,
1952a; 1953a; 1953b). Four lineages were
recognized among species in the strati
graphic section from Hettangian to Bajo
cian of the Paris Basin, including Belgium,
northern France, and Luxembourg by
CHARLES (1949) and CHARLES & MAUBEUGE
(1952a). However, they refrained from
giving formal subgeneric names to them,
though they selected a type species for each.
According to CHARLES & MAUBEUGE these
lineages originated during the Jurassic, but
it is quite possible that some of the differ
entiation took place in the Late Triassic.
In any case, they furnish no argument
whatsoever in favor of polyphyletic origins.

Among later species of Gryphaea in
Jurassic deposits, certain traits seemingly
foreshadow transitions to Texigryphaea and
Pycnodonte. These traits are a broad and
deep posterior sulcus dividing the left
valve, an ill-defined smooth rounded radial
keel running down the main body of the
left valve, a slight amount of compression
of the left valve in anteroposterior direction,
a three-dimensional spiral growth pattern,
a more opisthogyral left beak, and sharp
radial grooves or gashes on the right valve.
These are traits that are considerably en
hanced in Texigryphaea and Pycnodonte of
the Cretaceous. Why should such traits
make their foreshadowing appearance on

Late Jurassic species of Gryphaea, unless
Texigryphaea and Pycnodonte are the di
rect Cretaceous descendants of Gryphaea?

HILL & VAUGHAN (1898), in reviewing
Lower Cretaceous gryphaeas of the Texas
region, described species most of which
are nowadays classified as T exigryphaea
(STENZEL, 1959). They were strongly con
vinced that the texigryphaeas were de
scended from Jurassic gryphaeas (HILL &

·VAUGHAN,1898,p.32).
In a phylogenetic diagram (HILL &

VAUGHAN, 1898, p. 65, fig. 2) they showed
only Cretaceous species from the Texas
region. For this reason Jurassic ancestors
were omitted and the oldest known species
from Cretaceous rocks of the Texas re
gion, named "Gryphaea" wardi HILL &
VAUGHAN, 1898, was entered as the group's
primogenitor.

"Gryphaea" wardi (HILL & VAUGHAN,
1898, p. 49-50, pI. 1, fig. 1-16; STANTON,
1947, p. 27-28, pI. 14, fig. 1-3, 6-11, 13) is
from the Glen Rose Limestone (Alb.) of
western Travis County, central Texas. Its
stratigraphic level is about 350 feet (=100
m.) below the top of the formation, which
is truncated by a transgressive regional
disconformity at the base of the overlying
Walnut Formation (mid-Alb.). The latter
formation contains countless T exigryphaea
mucronata (GABB, 1869) [called G. mar
coui by HILL & VAUGHAN; it is not the G.
mucronata of HILL & VAUGHN]. The 350
feet of beds between the two is barren of
fossil oysters, so that HILL & VAUGHAN'S
statement that "the two undoubtedly grade
into each other" cannot be correct.

HILL & VAUGHAN'S diagram and state
ments have misled later authors to accept
G. wardi as the ancestor of Texigryphaea,
and as proof that the latter descended from
a line of simpler ostrean ancestors, mean
ing ancestors that were more primitive than
Texigryphaea and were Ostrea-like, not
showing any strong homeomorphy with
Gryphaea s.s. (KITCHIN, 1912, p. 593;
ARKELL, 1934, p. 60; TRUEMAN, 1940, p.
83; GEORGE, 1962, p. 11-12). These authors
considered G. wardi as one of the last spe
cies in a line of simpler ostrean ancestors.
ARKELL identified it as a Catinula, a genus
that had its acme in the Jurassic.

All shells of G. wardi are quite small,
much smaller than any full-grown Texi
gryphaea from beds above the Glen Rose
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Limestone. The largest at hand is 29.6 mm.
long and 255 mm. high. They have orbicu
lar muscle imprints, vesicular shell struc
ture in both valves, vermicular ridgelets
on the commissural shelf of the upper
valves, and corresponding pits on that of
the lower valves. These features securely
place the species in the subfamily Pyeno
donteinae and remove it from Catinula and
from Gryphaea. The attachment area of
the species is large; in the largest specimen
at hand it is 28 by 24 mm. Because of the
large attachment area on the left valve,
there are equally large areas on the right
valve covered with xenomorphic sculpture.
The shell rises steeply from the attachment
area as in many of the Gryphaeidae. There
are scattered rounded radial ribs on the left
valve visible where the valve rises steeply
from its attachment.

"Gryphaea" wardi is a neotenous species
of Pycnodonte (Costeina) and takes its
place with the other radially costulated
pyenodontes such as P. (C.) costei (Co
QUAND) (1869, p. 108, pI. 26, fig. 3-5, pI.
38, fig. 13-14) from Santonian beds of
Martigues, France. It is not considered to
be a direct ancestor of Texigryphaea, but
is a separate lineage of the Pycnodonteinae.

Whatever its generic assignment may be,
it is not a simple or primitive ostrean, but
a fairly advanced species of the Gryphae
idae. As such it differs much from Liastrea,
the alleged ancestor of Gryphaea, so that
the two can not be united as a persistent
oyster stock of similar primitive oysters
from which Gryphaea and its homeomorphs
are supposed to have evolved by iterative
evolution. Rather, Gryphaea itself is the
ancient monophyletic root-stock of one of
the two branches of oysters, namely the
Gryphaeidae; several mutually unrelated
genera similar to Gryphaea have evolved at
various times either from Gryphaea itself
(Gryphaea descendants) or from a few not
gryphoidally incurved unrelated genera of
the Ostreidae (Gryphaea homeomorphs).

Texigryphaea probably evolved directly
from Gryphaea, but the series of transi
tional species linking the two at the turn
from Jurassic to Cretaceous is largely in
complete. Texigryphaea first appeared in
abundance as an immigrant with the inva
sion of the sea that deposited the mid
Albian Fredericksburg Group (including

the Walnut Formation) in southwestern
North America. The last of the Texigry
phaea species is T. roemeri (MARCOU, 1862)
from the Grayson Clay (Cenoman.) of
Texas and northeastern Mexico (STENZEL,
1959, p. 22, fig. 1-2, 6, 13, 17a,b). The
most extreme species is T. navia (HALL,
1856, pI. 1, fig. 7-10; STANTON, 1947, p. 27,
pI. 19, fig. 1-2), which has the most promi
nent keel and is more oblique and more
compressed than the other species. It is
from the Kiamichi Formation (mid-Alb.)
and synchronous beds in southwestern
North America. Geographic distribution of
the genus is distinctly provincial. Pycno
donte shares vesicular shell structure with
Texigryphaea, and probably both had a
common ancestor which descended from
Gryphaea. The most ancient Pycnodonte
species known today are P. (Costeina)
wardi (HILL & VAUGHAN) and P. (Phy
fZraea) vessiculosa (]. SOWERBY, 1822) (see
WOODS, 1913, p. 374-375, pI. 55, fig. 10-14,
pI. 56, fig. 1), which made its earliest
appearance in the Shenley Limestone
(I.Alb.) of Leighton Buzzard, Bedford
shire, and in Bed 3 of the Folkestone
Beds (I.Alb.) of Folkestone, Kent, En
gland (letter from R. CASEY, July, 1961).
One of the latest species is P. queteleti
(NYST) from lower Oligocene beds of
Zuid Limburg, Netherlands (ALBRECHT &
VALK, 1943, p. 121-122, pI. 12, fig. 405-407).

Whereas Texigryphaea never produced
more than a few provincial species, Pycno
donte became prolific in species and attained
worldwide distribution. In the Miocene it
gave rise to Neopycnodonte, which is rep
resented today by a living species of circum
global distribution. Hyotissa, also living
today, is probably one of the descendants
of Pycnodonte.

The descendants of Gryphaea, the Gry
phaeidae, had their acme in the Cretaceous,
and have gradually dwindled since that
time. Today, they are a small group of
only two genera.

SPECIATION
Speciation, or the making of a species,

takes place among oysters chiefly in twO
ways: by successional speciation (HUXLEY,
19-13, p. 172-173, 385-386) and by geo
graphic separation.
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SUCCESSIONAL SPECIAnON

FIG. J69. Stratigraphic distribution of four succes
sional species composing Cubitostrea sellae/ormis
stock in Gulf Coastal Plain of North America

(Stenzel, 1949).
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Successional speciation among oysters
was demonstrated by STENZEL (1949) on
the stock of Cubitostrea sellaeformis (CON
RAD, 1832), consisting of four widespread
mid-Eocene species distributed along east
ern and southern shores of North America
(Fig. J68, J69). Each species is distin
guished readily by its morphologic shell
features. Transitions between them are not
found, because the four species are sepa-

the ancestor species into two or more sepa
rates. Then, lack of gene exchange allows
the separate populations to drift apart
genetically. It produces two or more de
scendent species from one ancestor species.
The phylogenetic diagram depicting this
sort of speciation has a dichotomous, tri
chotomous, or polychotomous arborescent
configuration.
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Successional speciation is the very slow
and gradual transformation of a large inter
breeding population composing a species
into a successor species. Time is the main
factor at work. It produces a single file of
successive species, and the phylogenetic
diagram depicting this sort of speciation is
a single unbranched line (Fig. J68).

Geographic separation divides a species
of extensive geographic range by a barrier
and breaks the interbreeding population of

~;;}I main shell body

FIG. J68. Evolution and successional speciation in
the Cubitostrea sellae/ormis (CONRAD) stock, mid
Eoc., Gulf and Atlantic Coastal Plain, N. Am.,
XO.5 (Stenzel, 1949). [Outlines of LV of large
specimens in each species arranged in stratigraphic

sequence.]
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FIG. pO. Full-grown shell of Cubitostrea sellaeformis from Archusa Marl of Cook Mountain (Wautubbee)
Formation, mid.Eoc., near Wautubbee, Clark County, Miss., USA, XO.6 (Stenzel, 1949).

Eight major imbrications, numbered 1-8, probably
indicate an age of eight years for this individual.
Oblique posterior view seen at approximately 45°

rated by nonmarine deposits containing no
oysters or by recognizable disconformities,
indicating absence of any deposits.

Among several distinguishing features is
the size of each species. A size increase
from one species to the next is demonstrable
by measuring the maximal sizes (maxima
of heights of the shells) obtainable in ex
tensive collections (e.g., Cubitostrea sellae
formis (CONRAD, 1832), 18.2 em. (Fig.
]70); C. smithvillensis (HARRIS, 1919), 14.7
em.; C.lisbonensis (HARRIS, 1919), 8.6 em.;
C. perplicata (DALL, 1898), 6.4 em. (Fig.
J43; see Fig. J1l6, J1l7)).

The lineage became extinct with Cubito-

to hinge axis, showing very large posterior auricle
and very twisted valve commissure. RV largely

hidden by LV; RV stippled.

strea sellaeformis, which is an index fossil
of the Cook Mountain Formation and its
lateral contemporaneous extensions (Fig.
]70).

Because successional speciation involves
the entire interbreeding population com
posing a species, no evolutionary laggards
are left and it is impossible for two such
species to exist side-by-side simultaneously.
If such a situation had been in existence at
any time, the two species would have inter
bred readily and the distinctions between
them would have disappeared thereby. As
a consequence, successional speciation pro
duces reliable chronologie time markers
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and the species can be used as index fossils
in stratigraphy.

Two obvious shortcomings affect their
use, however. Because transformation in
so large an interbreeding population can
proceed only very slowly (MAYR, 1942, p.
236), the chronologie time span of each
species is fairly large. Therefore, succes
sional oyster species have no great resolving
power in stratigraphic chronology.

As illustration of this conclusion, oyster
species used in Mesozoic stratigraphy and
derived by successional speciation have
much larger time spans than ammonites
associated with them. An oyster species of
this sort runs through several ammonite
zones. Gryphaea arcuata LAMARCK, 1801,
is found in at least three ammonite zones
of the Liassic (CHARLES, 1949, p. 40;
ARKELL, 1933, p. 120-149).

Nevertheless, STEPHENSON (1933) used
species of Exogyra s. s. with good success
as zone and index fossils to divide the
Upper Cretaceous strata of the Atlantic
and Gulf Coastal Plains and to trace the
zone of Exogyra (Exogyra) cancellata
STEPHENSON (1923, p. 182, pI. 50, fig. 5-6)
for at least 4,000 km.

STENZEL (1949, p. 42-45) proved that all
deposits containing Cubitostrea sellaeformis
from Maryland to Mexico were part of the
Cook Mountain Formation or its equiv
alents and belonged to the middle of the
Claiborne Group. Thereby he proved that
the Santee Limestone of South Carolina,
which contains this species, had been mis
placed in the Jackson Group.

The second shortcoming is the provincial
distribution of oysters. Oyster stocks un
dergoing evolution as successional species
must remain in a geographically circum
scribed province. The Cubitostrea sellae
formis stock is found only from Virginia
to the Gulf of Mexico, that is, along the
ancient eastern and southern coasts of North
America. Contemporaneous beds in the
Paris or London Basins do not have it.
Exogyra cancellata is found only along the
ancient eastern and southern coasts of the
Late Cretaceous North American continent,
but is absent from contemporaneous depos
its of the Western Interior of North Amer
Ica.

GEOGRAPHIC SEPARATION

This well-known cause of speciation
(MAYR, 1942) affects mostly shallow-water
oyster species living along shores and can
become effective in several ways. Change
in climate can make a stretch of the geo
graphic range of a species uninhabitable
to this oyster and divide the range into
two separate parts. Or, tectonic events or
falling sea level may raise a land barrier
splitting the range into two.

For instance, the land bridge connecting
North America with South America is a
comparatively recent result of tectonic
movements in Central America. Previously,
the Pacific Ocean communicated with the
Gulf of Mexico through a sizeable gap, and
most probably a species of Crassostrea
ranged through the gap from the western
coast of North America to the Gulf of
Mexico and the eastern coast of the conti
nent. As the gap closed, the range of the
species became divided, and two separate
species arose from the separated popula
tions: C. corteziensis ( HERTLEIN, 1951 )
ranges from Panama to the head of the
Gulf of California and C. virginica from
Yucatan to the Gulf of St. Lawrence. The
two are daughter species of a common
Pacific-Atlantic ancestor species of Miocene
and Pliocene age. This is a case of dichot
omy by geographic separation.

An interesting case of polychotomous
phylogeny is the stock of Crassostrea gry
phoides (VON SCHLOTHEIM, 1813, p. 52), a
gigantic oyster (see p. NI027) of very great
west-east range during Miocene time, which
has aroused interest since 1763 because of
its large size (RUTSCH, 1955). This reef
forming brackish-water ancestral species has
received many formal names based on local
races and variants in shell shape and has
been found in Miocene deposits of the
Tethys Sea and its branches from Portugal,
Spain, and Morocco in the west to Czecho
slovakia, Austria, Cilicia in Asia Minor,
and Somalia (AZZAROLI, 1958, as Somali
dacna lamellosa, see Fig. P02) and into
Japan in the east. It is evident that these
occurrences from Portugal to Japan are all
of the same species, because they fall into a
former continuous open west-east seaway
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of Miocene time, the ancient Tethys Sea,
along which climates were fairly uniform
and warm, varying from tropical to desertic.
Neither climate nor land barriers existed
to prevent this species from spreading the
full length of the seaway.

Toward the end of Miocene time and
later, tectonic events produced several land
barriers across the former seaway, breaking
it up into separate sea basins, gulfs, or bays.
The separate populations left behind in
these broken remnants of the Tethys Sea
gave rise to three, or possibly more, local
species of Crassostrea: C. angulata LA
MARCK, 1819, on the shores of Spain, Por
tugal, and Morocco; C. cattuckensis (NEW
TON & SMITH, 1912) [=C. madrasensis
PRESTON, 1916] on Indian Shores; and C.
gigas (THUNBERG, 1793), China, Japan, to
Sakhalin Island (see p. N1037-NI038). At
least two of these three daughter species
have retained the ability to grow to extra
ordinary size, a feature that so characterizes
their ancestor C. gryphoides.

The earth movements that raised the
land barriers and broke up the ancient
Tethys Sea were synchronous. They were
part of widespread tectonic disturbances
that were synchronous as far as geologic
evidence indicates. Therefore, the three
above-mentioned species presumably arose
simultaneously. This idea is contrary to
the belief that one species can give rise to
three descendent species only by two suc
cessive dichotomies.

Some aspects of the geologic history of
the stock of Crassostrea gryphoides have
been discussed by DOLLFUS, DOLLFUS &
DAUTZENBERC, and RUTSCH (1915; 1920,
p. 465-471; 1955). Many formal species
names have been proposed and are nomen
claturally available for this species. Some
of the names were published in the same
work by VON SCHLOTHEIM (1813). The
species name used here has been selected by
RUTSCH, whose decision as the first re
viser must be respected according to Code
(1961,1964) Article 24 (a)(i).
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HISTORICAL REVIEW
LINNE, 1758

LINNE (1758) described only seven living
species that today are regarded as true
oysters, but he described them under three
generic names: Ostrea, with three species
of true oysters; Anomia, with one; and
Mytilus, with three. On the other hand
his concept of the genus Ostrea was very
broad, including 32 nominal species now
distributed among four bivalve families
(DODGE, 1952).

He distinguished four subdivisions in
his genus Ostrea, of which the fourth,
namely "Rudes vulgo Ostreae dictae"
[=the Rough ones, commonly called oys
ters], was obviously intended as the typical
core of the genus but still contained nine
species. Of these nine, only three are re
garded today as true oysters, one of them
is unrecognizable, and the remaining five
are placed in other families. One of the
three true oysters is Ostrea edulis, which
was made the type species of the genus by
ICZN Opinion 94 (Oct. 8, 1926) and
placed on the Official List.

Obviously, LINNE'S concepts of his genera
Ostrea, Anomia, and Mytilus had many
points needing corrections. Such correc
tions were made by BRUGUIERE and LA
MARCK.

BRUGUIERE, 1791

Early death took the author before his
work could be finished. His text is incom
plete, none covering the Testacea or shelled
animals, but he published 189 engraved
plates. On these well-arranged plates, at
tc-mpt was made to group together on each
plate only those species that the author re
garded as closely related. For example, pI.
187 has five figures depicting oysters that
ha\'e serrate valve commissures; pI. 189
contains six figures of oysters that have a

shell devoid of radial ribs but have a
strongly curved left beak of either exo
gyroidal or gryphaeoidal spiral curvature.
The pI. 178-189 have as their headings
"Huitre Ostrea" and a line at their bottom
reads: "Histoire Naturelle, Vers Testaces
a Coquille Bivalve irregulaire" [Natural
History, Shell-bearing Worms with irregu
lar Bivalved Shell]. These plates depict
what BRUGUIERE considered to be the
genus Ostrea. It obviously included van
ous genera of true oysters and some Mal
leidae and Pectinidae.

Nevertheless, BRUGUIERE'S work fore
shadows LAMARCK'S (1801) classification.
For instance, pI. 189 foreshadows LA
MARCK'S Gryphaea, and the species illus
trated on it were given species names and
listed under that genus by LAMARCK. The
importance of BRUGUIERE'S work rests on
his status as a precursor of LAMARCK. His
classification is based on superficial, purely
external morphology.

LAMARCK, 1801

As BRUGUIERE'S successor in Paris, LA
MARCK (1801) used BRUGUIERE'S unfinished
work judiciously to propose new genera.
Thus he used Plate 189 of BRUGUIERE
(I 791) to distinguish the genus Gryphaea.
By and large, he relied on a few superficial,
external features to discern genera.

Nowhere is this as apparent as in his
treatment of Gryphaea LAI\IARCK, 1801.
From the species described or listed by him
under this genus, it is obvious that the
definitive feature used to distinguish this
genus from other oysters was its hooked
left beak. It made no difference whether
the beak was spiral gryphoidally-that is,
mainly orthogyrally-or spiral exogyroid
ally-that is, mostly opisthogyrally. There
fore, exogyrine oysters were included in his
original list of species and in his concept
of Gryphaea.
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LAMARCK, 1819

LAMARCK gave BRUGUIERE credit for hav
ing separated the scallops from the oysters,
both of which LINNE had included in one
taxon, Ostrea of LINNE, 1758, and for rec
ognizing them as natural taxa and defining
their principal limits. He himself sepa
rated Vulsella, Podopsis, and Cryphaea
from Ostrea, as defined by BRUGUIERE, and
thereby restricted Ostrea more closely to its
natural limits. Restrictions and sharpened
definitions of genera involved are indeed a
major part of his accomplishments.

The oysters (les Ostracees) were divided
by LAMARCK into two subdivisions: 1)
ligament semi-internal, shell foliaceous, at
taining often great shell-wall thickness, and
2) ligament internal, shell thin or paper-

These uncertainties have remained unre
solved, although good topotype materials
are available at Maastricht. As a con
sequence, authors have hesitated to use
Planospirites, although it is a good exo
gynne genus.

FIG. ]71. Crassostrea angulata (LAMARCK, I ~ I Y),
species living on southwestern coasts of Europe,
I X I (after Delessert, 1841). [Lectoholotype of
Gryphaea angulata LAMARCK, 1819.J-1. RV int.
2. LV int.-3. Both valves viewed from posterior

side.

The original list of species of Cryphaea
LAMARCK, 1801, included also C. angulata
LAMARCK, 1801, a nomen nudum attached
to an undescribed living southern European
species. It remained a nomen nudum until
1819. It was based on a freakish left valve
(DELESSERT, 1841, pI. 20, fig. 3a-c) which
had grown curved so that the umbonal
region became curved over to the right side
and was vaguely similar to the incurved left
beaks of fossil Gryphaeas. This one feature
led LAMARCK to judge that the species must
be placed in the same genus with these
fossils (Fig. J71), which had been known
for many years to pre-LINNEAN authors as
gryphites (the postfix -ites was customarily
used for taxa exclusively fossil). Because
LAMARCK thought now to have discovered a
living species of gryphites, he decided to
coin a generic name without that postfix
and invented the new generic name Cry
phaea. However, LAMARCK'S "Cryphaea"
angulata is now Crassostrea angulata (LA
MARCK).

LAMARCK (1801, p. 400) also described
the new genus Planospirites and its sole
species P. ostracina, based on a single right
valve collected by FAUJAs SAINT-FoND (1799
[1802? J) at St. Pietersberg south of Maas
tricht, Zuid Limburg, Netherlands, from
the "tuffeau de Maestricht," a crumbly,
porous lime grainstone of Maastrichtian
age (see Fig. J96). There, the two valves
of the species are found very rarely in
natural juxtaposition, and left valves are
much rarer than right ones. For that rea
son only a right valve was obtained and
described by LAMARCK, and he was so
puzzled by it that he described it as a
univalve shell, that is, a gastropod, under
"Genres incompletement connus." The
type specimen has been figured by FAUJAS
(1802?, pI. 22, fig. 2) and by JOURDY (1924,
p. 7-8, pI. 1, fig. 1). The figure given by
FAUJ AS has been called Ostracites haliotoid
eus by VON SCHLOTHEIM (1820, p. 238).

Actually left valves were probably avail·
able to FAUJ AS and to LAMARCK, but were
not recognized as belonging with the right
valves, because the two are so different and
occur disconnected. The left valve of an
exogyrine oyster figured by F AUJ AS (1802?,
pI. 28, fig. 5) under the name "rastellum"
quite probably is a left valve belonging with
Planospirites ostracina (see Fig. J96,1).
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like. Subdivision 1) contained Gryphaea,
Ostrea, and Vulsella; subdivision 2) Pla
cuna and Anomia. Ostrea itself was divided
into two unnamed sections: A) Valve
margins simple or undulate but not plicate
and B) valve margins distinctly plicate,
corresponding mainly to the Lophinae of
today.

To Gryphaea were assigned 12 species,
one living and 1I extinct; to Ostrea section
A) 32 living and 18 extinct species; to
Ostrea section B) 16 living and 15 extinct
species. Altogether, LAMARCK described or
listed 94 nominal species now known to
represent oysters, but many species were
overnamed. For instance, Ostrea edulis
LINNE, 1758, was described under at least
four species names, and Crassostrea virgin
ica (GMELIN [I 791]) received three names:
borealis, canadensis, and virginica, all three
under Ostrea section A). Because of the
great variability of oysters, such cases of
overnaming were to be expected.

More serious were errors in generic as
signments. Anomia anomialis (LAMARCK,
1819) from the Calcaire Grossier (Lutet.)
near Paris, France (CLERC & FAVRE, 1910
18, pI. 28, fig. 102-105, and pI. 29, fig. 106
107) [=A. tenuistriata DESHAYES, 1832, V.
1, p. 377] was originally described as Ostrea
section A) anomialis. Pycnodonte vesicu
laris (LAMARCK, 1806) from the Chalk
(Campan.) at Meudon near Paris, France,
was described under two names, as Podop
sis gryphoides LAMARCK, 1819 (CLERC &
FAVRE, 1910-18, pI. 14, fig. 46-47) and as
Ostrea section A) vesicularis LAMARCK,
1806 (CLERC & FAVRE, 1910-18, pI. 26, fig.
94-95). Another oyster was described as
Chama laevigata LAMARCK, 1819 (CLERC &
FAVIl.E, 1910-18, pI. 36, fig. 263); it is the
same as Ch. haliotoidea+Ch. conica JAMES
SOWERBY, 1813 (v. 1, p. 6, pI. 25, fig. 1-5
and p. 69, pI. 26, fig. 3) from St. Mary
Donhead, Wiltshire, Eng., probably from
Cenomanian beds. It is best to call it Plano
spirites haliotoidea (SOWERBY). In this case,
LAMARCK probably was influenced in his
generic assignment by SOWERBY'S work.

RAULIN & DELBOS, 1855
The classification proposed by RAULIN &

DELBOS, 1855, was restricted to oysters found
in the Tertiary beds of the Aquitaine region

of France. It was explicitly designed to
take care of the considerable number of
species found there. Accordingly, they not
only recognized the three widely accepted
taxa Exogyra, Gryphaea, and Ostrea as
subgenera, but also introduced new minor
subdivisions, which they called variously
"coupures" or "groupes" or "sections,"
wherever the number of closely related
species threatened to become too large and
unwieldy. In this fashion, they acknowl
edged one of the major functions of classi
fication, namely, to bring order out of chaos
and to provide a logical hierarchy.

The criteria used by RAULIN & DELBOS
as bases for their classification were those
they judged to be least variable, if one
studies a variable series of shells of a given
species. They were two: 1) morphology
of the ligamental area (configuration de la
surface ligamentaire) which in their defini
tions they called beak (crochet) for short,
and 2) external ornamentation of the shells.
They noted that the proportions of the
three subdivisions of the ligamental area
maintain great constancy in a series of
shells of a given series, but that these pro
portions are much diversified among the
various species. They remarked that previ
ous authors had attached no great impor
tance to this feature. In discussing external
ornamentation, they mentioned that the
two valves have either congruent or incon
gruent ornamentation. RAULIN & DELBOS
were the first to use a structural feature
that is quasi-internal (i.e., the ligament) as
a basis of classification within the oyster
family. Their methods were quite modern
in that they took into account individual
variability. These methods were the first
attempt among oyster paleontologists to re
linquish the typological approach to classi
fication.

Under Ostrea (Ostrea) only eight sec
tions were named. RAULIN & DELBOS re
sorted to names in the plural and con
sistently referred to them in the plural.
Because of the consistent use of the plural,
these names are not available for formal
nomenclature (Code Article 8D). For each
of the eight sections they designated a type
species through tautonymy, and each sec
tion was defined by a brief descriptive text.
Their classification of the "famille des Os-
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tracees," conslstmg of the single genus
Ostrea, is as follows:

Classification of Ostrea by Raulin & Delbos
(1855)

Genus OSTREA
Subgenus OSTREA (EXOGYRA)

Section A: smooth species
Section B: plicate or costate species

Subgenus OSTREA (GRYPHAEA)
Section A: smooth species
Section B: plicate or costate species

Subgenus OSTREA (OSTREA)
Vesiculares: The two valves smooth, beak

short
Laterales: left valve smooth, concentric

growth imbrications ("plis") on the right
valve

Virginicae: left valve has slightly crinkled or
plicated growth imbrications, beak much
prolonged

Edules: radiating plications on the left valve,
right valve smooth, beak large and short

Flabellulae: radiating plications on the left
valve, right valve smooth, beak narrow
and small

Cornucopiae: costae on the left valve, right
valve smooth

Undatae: rounded costae on the two valves
Carinatae: angular plications on the two

valves

Judging by their type species and defini
tions, the eight new sections of Ostrea
(Ostrea) may be interpreted in modern
terms as follows: Vesiculares, Pycnodonte
FISCHER DE W ALDHEIM, 1835; Laterales,
Gryphaeostrea CONRAD, 1865; Virginicae,
Crassostrea SACCO, 1897; Edules, Ostrea
LINNE, 1758, S.S.; Flabellulae, Cubitostrea
SACCO, 1897; Cornucopiae, Saccostrea DOLL
FUS & DAUTZENBERG, 1920; Undatae, dubi
OUS; Carinatae, Lophinae VYALOV, 1936.

It can be seen from dates given above that
RAULIN & DELBos were largely ahead of
their time and defined but did not formally
name well-founded genera, which were
named by others many years later.

MISCELLANEOUS AUTHORS,
1758-1886

Several generic names that are nomencla
turally acceptable and turn out to be useful
were introduced in the years following
LINNE'S (1758) work. Nearly all of them,
however, were incidental introductions. not
based on any improved methods of de-

scription or discernment of generic features'
thus they did nothing to advance method~
employable in classifying oysters. The ex
ceptions are Exogyra SAY, 1820, Amphi
donte FISCHER DE WALDHEIM, 1829, and
Pycnodonte FISCHER DE WALDHEIM, 1835.

Planospirites LAMARCK, 1801, had been
the first exogyrine oyster genus to receive
a name, and Exogyra SAY, 1820, was the
second one. The former remained a dubi
ous taxon for a long time and even was
considered to be a gastropod. Also, LA
MARCK failed to give an illustration of his
genus. These facts militated against an
understanding of the significance of this
genus.

In contrast, Exogyra SAY, 1820, was well
described and illustrated, so that it attained
acceptance right away and became the lead
ing genus of its subfamily. Additional
exogyrine genera were introduced by
BAYLE, 1878, but the lack of descriptive
definitions of them slowed down their gen
eral acceptance by later authors.

FISCHER DE W ALDHEIM was the first to
note chomata on the commissural shelves
of oysters. Both Amphidonte and Pycno
donte were named on the basis of chomata
and their arrangement (see Fig. J80, J93).
Thus he was the first to call attention to
an internal shell feature important in clas
sification. Succeeding authors paid little at
tention to these features until IHERING
(1907) and SUTER (1917).

Gryphaeostrea CONRAD, 1865, was pro
posed in somewhat careless fashion. Only
through the efforts of MEEK (1876, v. 9, p.
11) was CONRAD persuaded to furnish a
descriptive definition. Perhaps, the situa
tion is explainable by CONRAD'S rather ad
vanced age (62 years in 1865). At the
time CONRAD seems to have been influenced
by the theory of evolution and searching
for genera that might be interpreted as evO
lutionary missing links. For these he used
combination names such as Gryphaeostrea
and Ostreanomia. Gryphaeostrea probably
was so named because he believed it to be
transitional between Gryphaea and Ostrea.
1£ this was his assumption, it was erroneous.
The name is rather unfortunate (see Fig.
J98).

Pernostrea MUNIER-CHALMAS, 1864, was
based on material misunderstood by its
author, who believed it to be related to
both Perna and Ostrea or at least similar
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to both (see p. N975, Nll04, Fig. J78).
Nevertheless, the author must be com
mended for trying to use the structure of
the ligamental area to discern genera and
their limits.

FISCHER, 1880-87

FISCHER'S Manuel de Conehologie fur
nishes a convenient summary of the efforts
of conchologists and paleontologists since
LINNE (1758) and must have been an im
portant and very useful book in its time.
His descriptions of the various taxa in the
Ostreidae were careful, although the classi
fication given by him suffered by his re
fusal to take note of internal shell features
and by his corresponding reliance on ex
ternal, conchological features in nearly
every case in this family. Only in the case
of Exogyra, which he treated as a subgenus
of Ostrea s.l., did he use a feature that is
quasi-internal. The topography of the liga
mental area in Exogyra was very well de
scribed.

He recognized as genera: Ostrea, Helig
mus, Naiadina, and Pernostrea. The fol
lowing were accepted as subgenera of
Ostrea: Ostrea, Chalmasia, Aleetryonia,
Gryphaea, and Exogyra. His classification
is vitiated by the inclusion of Heligmus,
Chalmasia, and Naiadina, which are now
placed in other families. His scheme over
emphasized the apparent (but not real)
differences between Ostrea and Pernostrea
and undervalued those between Ostrea,
Exogyra, and Gryphaea, which he renamed
Liogryphaea. As long as classification was
based almost exclusively on external fea
tures, too few generic characteristics were
taken into account to allow proper evalua
tion of the taxa. Such internal features as
the muscle imprints were easily available
on simple inspection, and so was the vesicu
lar shell structure, but they were ignored.

FISCHER started a new nomenclatural
trend by proposing Liogryphaea as a new
section of Ostrea (Gryphaea). It was
erected for Gryphaea arcuata LAMARCK,
1801, as type species by monotypy (see p.
NI099). The unfortunate effect was that
many oyster biologists then started using
Gryphaea for the living genus, which cor
rectly must be called Crassostrea SACCO,
1897 (STENZEL, 1947; GUNTER, 1950; GUN
TER, 1954). The nomenclatural question

has been settled by ICZN Opinion 338
(March 17, 1955) in which Liogryphaea
was rejected officially.

SACCO,1897

In his great monographic treatment of
the Tertiary faunas of the provinces Pie
monte and Liguria in northwestern Italy,
SACCO (I897a, p. 99-102, and 1897b, p. 3-30,
pI. 1-9) minutely described many species
and proposed four new subgenera of Ostrea
(Crassostrea, Cubitostrea, Cymbulostrea,
and Gigantostrea) , all based on the usual
external conchological features. Although
RAULIN & DELBOS, 1855, had already sepa
rated the Edules from the Virginicae, SACCO
made a clear distinction between Ostrea S.s.
and Crassostrea by giving them formal sub
generic names and good descriptions (see
Fig. JI0l, ]109). His Cubitostrea is a well
defined monophyletic taxon, for which he
gave a phylogenetic tree of the species from
the mid-Eocene through Pliocene. Cym
bulostrea does not differ from Ostrea s.s.
sufficiently to deserve naming (see Fig.
]111). Gigantostrea is the same as Pyeno
donte except that it has a more irregular
shell growth pattern than most well-known
species of Pyenodonte (see Fig. J81). How
ever, the two respective type species are
quite similar in their shell growth pattern.

Crassostrea and Ostrea s.s. were distin
guished by him on a subgeneric level only.
Today we know that the biologic differ
ences are much larger, making a generic
distinction between them necessary. How
ever, it is remarkable that a valid distinction
between the two taxa can be made without
the help of any neontological information,
that is, purely on the basis of paleontological
data.

Gryphaeostrea, which SACCO called Exo
gyra (Aetostreon?), was very well discussed
by him (see Fig. J98). A phylogenetic
tree was outlined for species from the Cre
taceous to the Miocene. The phylogeny
probably is correct. In other words, SACCO
was the first frankly to outline phylogenetic
trees for oyster species, and these phylog
enies are a credit to his work.

DOUVILLE, 1886-1936

The features of oysters valuable in classi
fication were reported in several papers by
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DOUVILLE (1886-1936). In most of these
studies~ oysters were treated only inciden
tally, but the results of his work turned out
to be quite important.

In the first study (DOUVILLE, 1886), he
examined the Gryphaea homeomorph Aeto
streon imbricatum (KRAUSS, 1843) from
the Neocomian of the Kingdom of Choa,
now a part of Abyssinia (Fig. J63). In
order to find its correct systematic position
among oysters, he investigated the ligament
and ligamental areas and demonstrated the
structural differences in these features be
tween Ostrea s.l. (=Ostreinae of today),
Gryphaea s.l. (=Gryphaeinae), and Exo
gyra s.l. (=Exogyrinae). He traced the
evolution of the exogyrine ligament and
ligamentaI areas from the Jurassic to the
Cretaceous. Thereby he laid the founda
tion for definition of the Exogyrinae, which
has been accepted by later authors. Dou
VILLE'S (1886) conclusions concerning
Aetostreon imbricatum (KRAUSS, 1843)
were followed by KITCHIN (1908) (see p.
NI066-NI067).

In a later paper (DOUVILLE, 1911), he
reviewed the various phyletic branches of
the Exogyrinae and their stratigraphic dis
tributions. Although this study is not
strictly devoted to classification, it clearly
shows his ideas of oyster taxonomy. He dis
tinguished Liogryphaea FISCHER (=Gry
phaea of today) and listed species from
the Hettangian to the Oxfordian. To judge
from the species listed by him, he very well
recognized Pycnodonte, but unfortunately
used the then-current, emended name Pyc
nodonta.

In one of his last publications DOUVILLE
(1936b) turned to the study of shell struc
ture. He was the first to recognize that
vesicular shell structure was an important
diagnostic feature of supraspecific impor
tance. Thus he laid the foundation for all
future work on the Pycnodonteinae (see
p. N986-N987, N1105).

IHERING, 1907; SUTER, 1917

IHERING was second after FISCHER DE
W ALDHEIM to pay serious attention to the
chomata as a means of classifying oysters.
To accommodate the many extinct and
li\'ing Argentinian species of Ostrea, which
he was studying, he proposed the subgenus

Eostrea IHERING (1907, p. 42) to include all
species of Ostrea having chomata on the
internal valve borders. Without designat
ing a type species he included in Ostrea
(Eostrea) the Eogene species from Pata
gonia, without naming any of them spe
cifically, and the two living Argentinian
species O. puelchana D'ORBIGNY, 1842 (Pale
ontologie v., p. 162), and O. spreta D'OR
BIGNY, 1846 (Mollusca v., p. 672) [=0.
equestris SAY, 1834]. COSSMANN (1916, p.
12) pointed out that all species included by
IHERING in Eostrea were really members of
Ostrea s.s., presumably because Ostrea s.s.
has the same sort of chomata. lREDALE
(1939, p. 394) designated O. puelchana as
the type species of Eostrea and since this
species is doubtless well placed in Ostrea
S.S., IHERING'S Eostrea is a junior subjective
synonym of Ostrea (see Fig. JIB).

SUTER (1917, p. 86), who was well aware
of IHERING'S publication and CoSSMANN'S
criticism, sought to save the basic idea
underlying IHERING'S attempt at classifying
Ostrea by proposing the subgenus Ano
dontostrea to include all species of Ostrea
lacking chomata. Without designating a
type species he included in Ostrea (Ano
dontostrea) nine species, among them "0.
angasi [angassi] SOWERBY," which later was
designated as the type species by FINLAY
(1928, p. 264) (Fig. J36).

This oyster, Ostrea angassi G. B. SOWER
BY (1871, pI. 13, fig. 28), lives around Tas
mania and along the south coast of Australia
from the Clarence River in northeastern
New South Wales to the Swan River at
Perth, Western Australia. However, this
species, too, has chomata (THOMSON, 1954,
p. 144) and falls into Ostrea s.S., so that
Anodontostrea must be a junior subjective
synonym of Ostrea s.s. (see Fig. JIB).

Just why SUTER overlooked the chomata
in this case is not known. The species has
only a few chomata. Older specimens pos
sibly have obsolescent chomata, easily over
looked. Thus all these efforts come to
naught, although the underlying idea that
chomata are a feature important to classifi
cation is sound.

JOURDY, 1924

General JOURDY gave in this monograph
(JOURDY, 1924) an excellent summary of all
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knowledge about exogyras published be
fore 1924.

His investigation of the hinge and liga
mental areas of exogyras revealed that there
are unmistakable peculiarities differentiat
ing them from other oyster species and from
individual oysters that fortuitously have
spiral opisthogyral ligamental areas. The
structural differences make it quite certain
that exogyras differ profoundly from other
oysters and must be a phylogenetic unit.
They cannot be placed under Ostrea, as had
been done by DESHAYES, D'ORBIGNY, Co
QUAND, and others, who recognized only
one grand genus Ostrea sensu latissimo.

JOURDY discussed evolution of the hinge
structure of the exogyras from the simpler
beginnings in the Jurassic to its most
evolved stage in the Late Cretaceous, which
he called "stade anodonte" and "stade
monodonte," respectively. The distinction
is based on the appearance of an auxiliary
interlocking structu.re, consisting of a broad,
shallow, pitted or striated depression on the
left and a corresponding striated protuber
ance on the right valve, situated on the
dorsal ends of the commissural shelves near
the posterior margins of the curved spiral
ligamental areas. This structure had been
described by STEPHENSON (1914, p. 47)
(see Fig. J90).

JOURDY emphasized the structural unity
of all exogyras and thereby laid the founda
tion for regarding them as a distinctive
taxon, ultimately to be recognized as a sub
family by VYALOV (1936).

In adding information on Jurassic Exo
gyrinae to the seven "groupes" which PER
VINQUIERE (1912, p. 173-174) had distin
guished among Cretaceous Exogyrinae of
France and North Africa, JOURDY came to
the conclusion that eight phyletic branches
are discernible among the Exogyrinae. For
these he did not propose any formal names,
but showed where the older names Aeto
streon, Rhynchostreon, and .Ceratostreon
would fit in, and for each phyletic branch
he named several member species.

JOURDY (1924, p. 31, 96-97, pI. 4, fig. 2
and pI. 11, fig. 1, left row), without men
tioning the genus Gryphaeostrea CONRAD,
listed and discussed a few Miocene species
of that genus, particularly G. ricardi (Coss
MAN & PEYROT, 1914) from early Burdi-

galian beds at Saucats, Gironde, France. He
called them all Exogyra and claimed that
they showed generic features of Exogyra
s.l. clearly enough to prove that they should
be included in Exogyra, although their ge
neric position has been contested.

ORTON, 1928; NELSON, 1938;
GUNTER, 1950

For many years, oyster biologists were so
preoccupied with their studies of local
biological phenomena in living commercial
oysters that they did not participate in dis
cussions of generic classification. Rather,
they remained content to classify all oyster
species as "Ostrea." However, during that
period, one after another biological differ
ence between the common commercial
oyster species was encountered. Finally, it
became obvious that numerous biological
differences demonstrated the presence of
two distinct groups of species and that these
demanded recognition in classification as
separate taxa.

ORTON (1928) was first to enumerate the
biological differences between the two
groups. He recognized that these differ
ences were profound enough to demand
separate generic or subgeneric names. He
distinguished a "Type I" taxon and stated
that it has a subcircular shell outline, large
eggs, larviparous propagation [he meant
incubatory, instead], and monoecious sex
uality, that it spawns at temperatures
around 15°C., and that its several species
flourish in temperate regions. He listed
only three species under "Type I," one of
which was Ostrea edulis LINNE. "Type II"
oyster species, he noted, have a dorso
ventrally elongate shell, small eggs, and
nonlarviparous adults [he meant nonincu
batory]; individual oysters are dioecious
(hermaphroditic) and spawn around 20°C.;
the various species flourish in tropical or
subtropical regions. Under "Type II" he
listed three species, of which one was O.
virginica GMELIN.

By now it has been shown that both
groups are dioecious and protandric alter
nating hermaphrodites. However, among
incubatory oysters their successive sex
phases overlap so much that at first it
was difficult to prove that sex phases are
successive ~nd overlap very much, rather
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than that they are contemporaneous
throughout (see p. N961).

NELSON (1938, p. 55) pointed out that
Crassvstrea virginica lives in the Gulf of
St. Lawrence region of Canada, where in
dividuals growing in intertidal situations
freeze solid for four to six weeks in the
winter. Therefore, "Type II" oysters could
not all be called tropical to subtropical. Al
though the geographic distributions were
very poorly stated by ORTON, some real,
fundamental differences distinguish geo
graphic ranges of the two groups (see p.
NI037-NI038).

ORTON was so impressed by these differ
ences that he proposed radical changes in
names for the species: Ostrea edulis to
Monoeciostrea europa and O. virginica to
Dioeciostrea americana. lREDALE (1939,
p. 394) designated O. edulis as the type
species of Monoeciostrea, making this taxon
a junior objective synonym of Ostrea. STEN
ZEL (1947, p. 173) designated O. virginica
as the type species of Dioeciostrea, thus fix
ing it as a junior objective synonym of
Crassostrea. In this fashion ORTON'S radi
cal nomenclature was eliminated.

ORTON'S proposals had been based on an
erroneous philosophy of nomenclature. Ge
neric names need not be coined in manner
reflecting generic descriptions. After all,
they are merely devices for information re
trieval from the scientific literature. Actually
the names proposed by ORTON turned out
to be misleading, because it is now known
that all oysters are dioecious r=hermaphro
ditic 1, as was pointed out by GUNTER (1950,
p.440).

In summarv, ORTON'S work was the first
attempt, and ~ successful one, to infuse bio
logical information into the pool of basic
data on which classifications are based. As
such it was very important, and incidental
data and ideas of his that turned out to be
unacceptable are unimportant and were
corrected very soon. To the surprise of
many, the conchological and paleontological
differences between the two taxa noted be
fore ORTON'S work (1918) was published
were found to be quite reliable guides to
classification. The result of this experience
was to produce considerable confidence in
the reliability and validity of conchological
and paleontological investigation methods.

The chief result of ORTON'S studies. name-

ly, that oyster species are divisible into two
natural groups was fully supported by NEL
SON, who added to it by showing that "Type
1" oysters lacked a promyal passage, where
as "Type II" oysters have such a passage,
which he called promyal chamber. He be
lieved that the differences between the two
deserved recognition in taxonomy on the
genus level (NELSON, 1938, p. 55) and sug
gested Ostrea for "Type I" of ORTON and
Gryphaea for "Type II." In selecting the
latter name he followed FISCHER (1880-87).
At this stage, the question of proper ge
neric names came to the fore.

GUNTER (1948, 1950) extensively dis
cussed this question and several other prob
lems concerning the family with STENZEL,
who had just published his nomenclatural
synopsis of the Ostreidae (STENZEL, 1947)
and was in a position to help. GUNTER
(1948) checked STENZEL'S conclusions in
dependently and published his concurrence
with them. GUNTER (1950) reiterated these
nomenclatural conclusions and added much
information on features that separate the
two groups of oyster species. In a table he
contrasted the two with the aid of ten
characters, also adding several more species
to "Type I" and "Type II." Through STEN
ZEL (1947) and GUNTER (1950) the correct
generic name, Crassostrea, for C. virginica
(GMELIN) became widely known to oyster
biologists and has now been adopted by
most of them.

ARKELL, 1934; ARKELL & MOY
THOMAS, 1940

In a study of oysters of the Fuller's Earth
(Jur.) in western Europe, ARKELL (1934)
proposed a new, experimental system of
classification and nomenclature for some
of the Jurassic and Cretaceous oysters. His
revolutionary system was based on then
prevailing ideas of phylogeny of Gryphaea
and its descendants. His premise was that
"it has long been realised that all the
Mesozoic species of oysters conveniently
called Gryphaea do not form a mono
phyletic group or genus in the ordinary
sense of the word" (ARKELL, 1934, p. 58).
He fully approved the ideas concerning
Gryphaea as a polyphyletic form-genus pro
pounded by KITCHIN and TRUEMAN (com
pare p. NI062-N1078). ARKELL considered
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Experimental "Rationalised" Classification of Jurassic and Cretaceous Oysters
Proposed by Arkell (1934)
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OLD NAMES

Pycnodonta 11larcolli (HILL & VAUGHAN)

Pycnodonta wardi (HILL & VAUGHAN)

Gryphaea dilatata SOWERBY

Ostrea (Catinllla) ali11lena COSSMANN

Gryphaea bilobata SOWERBY

Ostrea (Catinttla) 1Ilatisconensis LISSAJOUS

Ostrea (Catinttla) knorrii VOLTZ

Ostrea (Liostrea) subrugttlosa MORRIS & LYCETT

Ostrea (Liostrea) hebridica var. elongata DUTERTRE

Ostrea (Liostrea) Ilebridica FORBES

Ostrea (Liostrea) actt1llinata SOWERBY

Gryphaea incllrt'a SOWERBY

Ostrea (Liostrea) irregttlaris VON SCHLOTHEIM

Ostrea (Liostrea) liassica STRICKLAND

Pycnodonta corrugata (SAY)!

1 Added by ARKELL " Moy-THOMAS (1940, p. 404).

it needful to reconcile nomenclature of vari
ous Jurassic and Cretaceous gryphaeas with
these ideas by proposing experimental
nomenclature which he claimed to be
"rationalised" (ARKELL, 1934, p. 64) and
better than the conventional one. His
scheme is outlined in the tabulation above.

This experimental nomenclature did
away with the hierarchy of old names that
followed the Code and consisted of names
for genus, subgenus, and species. The "ra
tionalised" names proposed in their stead,
admittedly under disregard of the Code,
consisted of trinomina: 1) the single genus
Ostrea, 2) a name representing lineages,
written as a subgenus of Ostrea, and 3) a
stage-designation. Only three stage-desig
nations were admitted: virgula, catinula,
and gryphaea, based merely on external
shell form. ARKELL was convinced that
the phylogeny of every lineage progressed
in this fashion: Shape like virgula (an exo
gyrine species) to shape resembling that of
a Catinula, to shape similar to a Cryphaea.
However, no real proofs of such iterative
phylogenies exist. The idea was strictly an
assumption.

ARKELL & Moy-THOMAS (1940) are the
only. authors who gave serious considera
tion to ARKELL'S (1934) scheme, even add
ing one more "rationalised" name. No
other authors adopted or explicitly approved
the scheme. The new subgeneric names
were declared unavailable by STENZEL

"RATIONALISED" NAMES

Ostrea (Marcotti) gryphaea
Ostrea (Marcoui) catinllla
Ostrea (Dilatata) gryphaea
Ostrea (Dilatata) catinttla
Ostrea (Bilobata) gryphaea
Ostrea (Knorrii) catinula mut. 1Ilatisconensis
Ostrea (Knorrii) catinllla
Ostrea (Actt1llinata) catinllla
Ostrea (Actt11linata) virgttla mut. elongata
Ostrea (AcIl11linata) l'irgllla mut. hebridica
Ostrea (Actt1llinata) vlrgttla
Ostrea (InCltrl'a) gryplzaea
Ostrea (lncttrva) catinttla
Ostrea (lncurt'a) l·irgllla
Ostrea (Conttgata) gryphaea"

(1947), because they did not fulfill Article
13(a) of the Code in that (after 1930) the
two authors failed to give characters dif
ferentiating the taxa.

The basis of the ARKELL revolutionary
system of oyster classification is presumed
iterative evolution in the Gryphaeidae.
Such iterative evolution never was more
than an assumption, however, and there
fore, it furnished an insecure basis for an
elaborate classificatory system. If it can be
shown that the concept of iterative evolu
tion does not apply, the whole system col
lapses. It is better to stay with the con
ventional system, because the latter is by
experience very flexible and adaptable to
various interpretations of phylogeny and
evolution. Rather use an imperfect but
adaptable conventional system than propose
a scheme that at the moment seems less im
perfect, but requires profound reconstruc
tion whenever one conceives new ideas of
phylogeny and evolution.

VYALOV, 1936, 1937, 1948a

VYALOV (1936, 1937) deliberately set out
to . reso'lve the major problems of oyster
class.ification. The principal taxonomic
character which he selected for use is struc
ture of the upper valve. In addition, he
planned to distinguish sculpture patterns,
form of the beaks, and general shape of the
shell. Accordingly, he divided oysters into
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four subfamilies: 1) Ostreinae-both valves
convex, lower valve smooth or costulated,
upper valve smooth, containing 2 genera,
14 subgenera, and 11 sections; 2) Gryphaei
nae-lower valve convex and smooth or
costulated, upper valve flat or concave, con
taining 2 genera, 5 subgenera, and 6 sec
tions; 3) Lophinae-both valves radially
sculptured, valve commissure plicate or un
dulate, containing 1 genus, 3 subgenera,
and 7 sections; 4) Exogyrinae-umbones of
both valves spirally inrolled, umbonal spire
of upper valve not produced beyond valve
outline and turned downward, forward, or
upward, containing 3 genera, 3 subgenera,
and 4 sections. All together he recognized
61 taxa above species rank and below that
of subfamily. Of these, 27 taxa were given
new names.

VYALOV (1936, 1937) provided each
taxon with a very short descriptive defini
tion and a type species, so that his 27 new
names were available immediately. How
ever, for two of the older taxa, Crassostrea
and Gryphaeostrea, he listed wrong type
species. The former was corrected by him
later (VYALOV, 1948a, p. 23, footnote).

VYALOV succeeded in collecting quite a
few obscure generic names that had entered
the literature before 1936. However, a few
such names were omitted (viz., Alectryone/
la, Odontogryphaea, Planospirites, Sacco
strea). Omission of obscure names hidden
somewhere in the literature cannot be
criticized severely, for no matter how thor
ough a search may be no assurance can be
given that one has· found all available
names. A serious omission, however, was
Pycnodonte, which he did not mention in
1936, because he concluded, unfortunately
incorrectly, that it is a junior subjective syn
onym of Gryphaea s.s., as explained in a
later work (VYALOV, 1948a, p. 28).

VYALOV did not follow the Code in every
case. For example, he placed Ostreonella
ROMANOVSKIY, 1890, as a section under the
genus Liostrea DouvILLE, 1904, and ar
ranged SokolotlJia BOHM, 1933, as a section
under the genus Fatina VYALOV, 1936. In
the latter case, he evidently realized the
close affinities of the two respective type
species, but presumably he wished to con
serve his Fatina, instead of subordinat
ing it under SokolotlJia, which has clear

priority as a name. In my opinion the two
taxa are synonyms not separable even on
the section level.

VYALOV'S major classification method was
ingenious in a way, for his use of the upper
valve to diagnose major divisions of oysters
is eminently effective in certain cases. For
example, some exogyrine forms have spiral
lower valves which are confusingly similar
to those of some gryphaeine oysters; among
them the upper valves are the key to their
distinction. However, this diagnostic fea
ture by itself is insufficient in other cases.

VYALOV used too few diagnostic attri
butes, and for that reason his classification
became quite uncertain on generic and
lower levels. He did not make serious use
of the structures of hinges and of liga
mental areas. Although he discussed out
lines of muscle imprints in his later work
(VYALOV, 1948a, p. 9, 17-18), he never men
tioned them in his earlier work and did not
recognize them as a diagnostic character,
nor did he use vesicular shell structure. The
cho~ata of oysters and vermiculate wrin
kles of the Pycnodonteinae, as well, were
disregarded. He interpreted the latter as
"not a generic, and in the majority of the
cases not even a specific character" (VYA
LOV, 1948a, p. 27), in spite of the fact that
these features had already been di~cussed

and used successfully by others.
Small wonder that the Pycnodonteinae

were not recognized by VYALOV as a taxon
and that the various genera of the Pycno
donteinae were scattered about: Giganto
strea as a subgenus of Ostrea; Labrostrea as
a section of Liostrea (Liostrea); Biauris,
Circogryphaea, and Phygraea as sections of
Gryphaea (Gryphaea); and Pycnodonte
suppressed as a junior subjective synonym
of Gryphaea s.s.

In several other cases, disruption of a
well-definable genus or of a set of related
genera ensued from his classification. The
genus Crassostrea was broken into Ostrea
(Crassostrea) and O. (Angustostrea). The
very closely related genera Flemingostrea
and Odontogryphaea were widely se\?arated
as Ostrea (Flemingostrea) and as tne n,ew
section Sinustrea of Liostrea (Liostrea).

The Gryphaeinae, as defined by VYALOV
on the basis of external valve morphology,
without regard as to vesicular shell struc
ture, vermiculate wrinkles, and outline and
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position of the muscle imprint, are obvi
ously a polyphyletic collection of various
gryphaeine oysters, Gryphaea homeo
morphs, and Gryphaea descendants. In this
subfamily he placed Sokolowia (=Fatina),
which is a Gryphaea homeomorph and an
ostreine oyster. Sokolowia is closely related
to Turkostrea, which VYALOV placed cor
rectly as a subgenus of Ostrea. The place
ments of Soko1owia and Turkostrea, far
apart, are another one of many dislocatioRs
of evolutionary lineages. Although polyphy
letic origins were a well-known problem
already in 1936, no attempt was made to
unravel any of them. Such wide separa
tions of phylogenetically closely related
lineages are the real test of validity of a
classification. The more severe they are
and the greater their number, the more
does a classification producing them differ
from a natural or phylogenetic arrange
ment. Separations of phylogenetically
closely related taxa normally should be
come eliminated and their total number,
both those recognized as such and those yet
undiscovered, should become smaller as
successive authors improve classification by
using more and more criteria and by per
fecting the methods they employ. It is
desirable to discern more criteria of classi
fication, but VYALOV reduced their number
in comparison with preceding authors.

VYALOV actually increased the number of
disruptions because 44 percent of the tax
onomic names recognized by him were
newly established ones and because he used
an insufficient number of criteria and failed
to use internal or structural criteria so that
too great a weight came to rest on purely
external shell features. The fact that he
distinguished 79 percent more taxa than
had been recognized before him and that
he had to resort to sections to subdivide
subgenera clearly indicate that he made too
many taxonomic divisions.

Because of the great number of taxa dis
tinguished and newly proposed by him,
~YALOV'S classification was received with
out enthusiasm (BEURLEN, 1958; RANSON,
1943b, p. 162; 1948b, p. 2-3). Indeed, sev
eral of the type species selected by VYALOV
for new taxa are insufficiently known spe
cies, so that the taxa based on them are in
doubt.

In defense of VYALOV'S classification it
must be pointed out that he (VYALOV,
1948a, p. 5) was not at all convinced that
he had succeeded in taking into account all
peculiarities of the oysters or that no modi
fications of his classification would be re
quired in future. According to him, the
ultimate, unshakable classification cannot
be built by a single investigator in a few
years of study.

To summarize, VYALOV deserves credit
for recognizing for the first time that taxo
nomic differences among the oysters are
profound enough to require breaking the
family into subfamilies. However, the basic
philosophy of his work, namely that a
single feature can serve as principal cri
terion for subdividing oysters, cannot stand
the test.

Because VYALOV'S early work (1936) was
so brief (only four pages), need for ampli
fication was obvious, and was given later
(VYALOV, 1948a). The two cited works
are similar in all essential features. How
ever, the later publication included two
additional taxa: Rygepha VYALOV, 1946,
a section of Gryphaea s.s. and Solidostrea
VYALOV, 1948c, supposedly a subgenus of
Ostrea. Here VYALOV (1948a, p. 33) gave
a compelling reason for including Gryphae
ostrea in the Exogyrinae. Although other
authors before him had placed that genus
either near Exogyra or even included it in
the latter, Gryphaeostrea had remained
dubious as to systematic position. VYALOV
emphasized that the umbonal part of the
upper valve is spiral in an exogyroidal
fashion in this genus.

STENZEL, 1947

At the beginning of his studies on oysters,
STENZEL set out to acquire the nomencla
tural tools needed for thorough work. He
endeavored to collect all names that various
authors had applied to supraspecific taxa
among oysters and to ascertain their type
species, as well as where these had been
found and described (STENZEL, 1947). Al
though handicapped by poor library facili
ties, he managed to round up 116 such
names.

Many of these were found to be vitiated
on purely nomenclatural grounds, because
they had been proposed in a nomenclatur-
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ally illegal fashion or because they were
homonyms of earlier names, unjustified
emendations of earlier names, or junior
objective synonyms. All together, objec
tions of these sorts reduced the list to 80
nomenclaturally available and potentially
usable names.

JAWORSKI (1951) reviewed STENZEL'S
synopsis favorably and corrected his own
conception of Heterostrea JAWORSKI, 1913,
pointing out that it was not applied to an
oyster, instead was a subjective synonym
of Myoconcha SOWERBY, 1824 (see Fig.
JI47). BWRLEN (1958) criticized both
VYALOV (1936, 1948a) and STENZEL (1947)
for their extreme splitting of the Ostreidae
into many supraspecific taxa. Evidently he
misunderstood the intent of STENZEL'S sy
nopsis. STENZEL (1947, p. 165) had made
it clear that his synopsis was intended to
provide no more than the nomenclatural
tools and not to judge which names were
justified or not from a biological point of
view. In spite of BEURLEN'S objection to
the surfeit of available names, he added
one more (Nanogyra BEURLEN, 1958) to
the 116 names.

At that, STENZEL failed to find about
eight names published before 1947 and
misinterpreted the type species of Aeto
streon. Also, by following FRANCIS HEM
MING'S (1944) interpretation of what con
stitutes definition, description, or indication
of a generic name, STENZEL withheld no
menclatural priority from Lopha RODING,
1798, in favor of Alectryonia FISCHER DE
WALDHEIM. 1807. The new Code does not
allow this conclusion.

THOMSON, 1954

In his study of living Australian oyster
species, THOMSON (1954) furnished mod
ern descriptions and a classification founded
on both purely conchological features of the
hard parts of the mantle/shell and biologi
cal features of the soft parts. Internal anat
omy, as far as known, was discussed, and
two identification keys-one founded on
soft parts and another one on shell features
(THOMSON, 1954. p. 162-163)-were con
structed. The interdisciplinary approach
made the study modern and highly in
formative.

In classifying materials at hand THOM-

SON followed RANSON (1943) and distin
guished only three genera: Ostrea LINNE,
Crassostrea SACCO (for RANSON'S Gry
phaea), and Pycnodonte FISCHER DE WALD
HElM (for Pycnodonta). If one makes
allowance that the classifications of RANSON
and of THOMSON are dedicated to "lump
ing," they are quite correct and informative.

An important part of THOMSON'S (1954)
paper was correction of generic names pro
posed by lREDALE: The type species of
Saxostrea was given as Crassostrea com
mercialis (IREDALE & ROUGHLEY, 1933),
now regarded as a geographic subspecies of
Saccostrea cuccullata (VON BORN, 1778). The
type species of Pretostrea was given as
Ostrea folium LINNE, 1758 (=0. bresia
IREDALE, 1939), and it was shown that O.
folium and Mytilus crista galli LINNE are
one and the same polymorphic species.
Thus Pretostrea is a junior subjective syno
nym of Lopha and Dendostrea (Fig. J47;
see Fig. Jl29, J130).

METHODS AND PRINCIPLES
Many authors have expressed dismay

when they noticed that they were unable
to identify and classify oysters readily and
correctly. Most of them had been accus
tomed to use only a few selected specimens
per species, that is, to employ typological
methods of classification, so that they failed
to have at hand sufficiently large and di
verse samples of species they were study
ing. Several such situations gave rise to
embarrassing errors. A case in point is
FINLAY'S (1928a,b) proposal of the generic
name N otostrea (see Fig. Jl44) introduced
either without enough material at hand
to describe both valves or perhaps not
caring to describe more than one valve.
At any rate he confounded one side with
the other (BOREHAM, 1965). No wonder
that Notostrea, 40 years later, remains
doubtful and valueless. The first prerequi
site in oyster classification is availability of
ample material.

Even when specimens are numerous,
problems of species identification generally
remain. An example is the question posed
by THOMSON (1954): Are the morphs
commonly called Lopha cristagalli (LINNE,
1758), Dendostrea folium (LINNE, 1758),
and Ostrea (Pretostrea) bresia bEDALE,
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1939, really three separate species repre
senting different genera or are they merely
morphs of one and the same polytypic spe
cies, as THOMSON maintained? The first
two of these three are quite common, and
study specimens of them abound in most
museums. THOMSON (1954) claimed to
have seen transitional morphs linking the
three, whereas other authors have either not
seen any or overlooked them, in spite of
abundant materials available. The question
is not yet settled, although I am inclined to
assume that THOMSON'S idea of only one
polymorphic species is sound, because his
careful work is based on more extensive
local observations made under favorable
conditions. Similar suspicions have been
voiced by other authors concerning other
supposedly separate species.

Questions of species identity and synon
ymy are only too numerous among the
oysters. Some questions have major im
portance in generic classification. In par
ticular, the type species must be elucidated
fully first, else the genus would remain
obscure. Examples of such questions are
the three species discussed above (see also
under Lopha, p. Nl1S7) and Striostrea
procellosa ("VALENCIENNES" in LAMY), the
type species of Striostrea VYALOV, 1936.
Credit for solving the latter problem must
be given to RANSON (1949, 1951). The
case was reinvestigated by me at Paris and
RANSON'S conclusion as to the identity of
Ostrea procellosa with O. margaritacea LA
MARCK, 1819 (p. 208), was fully confirmed
(see Fig. P07, JI08). Only then it was
possible to form an opinion as to the
taxonomic. status and morphologic features
of Striostrea, which had been proposed in
1936 without sufficient knowledge of its
morphology and of the synonymy of its
type species. It is hoped that ultimately,
through the concerted efforts of various
authors, all type species of oysters will be
come well described so that then it will
become possible to allocate firm taxonomic
positions to all generic names and genera
involved. However, the Code allows new
genera to be introduced with much less
effort than it takes to elucidate the taxo
nomic features of their type species, so that
an early end to this task is not in sight.

Classification and taxonomy of oysters,
on the various hierarchical levels above

species and superspecies, seems extraordi
narily difficult and open to divergent inter
pretations. For this reason, it cannot be
claimed that the classification proposed here
is unshakably correct. In support of it,
however, is the fact that more data, partic
ularly of neontological and phylogenetic
sorts, were gathered and built into it than
in any other classification.

To improve on any extant classification
one must adduce more observational data,
gain knowledge of more taxonomic charac
ters, and be able to make a keener evaluation
of their significance and reliability. The
best way to obtain more data is to use both
paleontological and neontological observa
tions to limits of present-day knowledge.

Not all observational taxonomical char
acters are equal in usefulness or importance
to classification. However, one cannot
know in advance which characters are
more important than others. Only trial and
error can establish their relative importance,
which really is arranged in a hierarchy,
largely obscure at the beginning, as com
plicated as the taxonomy that is to be built
from the characters. The great problem is
to guess at their respective importance be
fore one has built a system of classification
on them. Certain rules are of some help in
evaluating the importance of a taxonomic
character. Those used by me in study of
oysters are as follows.

1) A feature is judged to gain in impor
tance, the more its changes require shifts
in the position of internal organs. For
example, shifts of the intestine with respect
to the pericardium seem to have great sig
nificance. All oysters in which the intestinal
tract runs through the pericardium and
ventricle of the heart (viz., Hyotissa, Neo
pycnodonte) must differ considerably from
oysters in which the intestinal tract bypasses
the ventricle and pericardium at their dorsal
side (viz., all other living oysters).

2) Internal features are commonly more
important than external ones. As example,
the shape and position of insertion of the
adductor muscle are internal features and
therefore probably quite important. The
reason is that a given relative position of the
insertion could not be accomplished origi
nally without other internal organs having
to change shapes or outlines or having to
shift their positions to make room. In other
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words, rule 2) is an extension or application'
of rule 1). In classification of oysters, the
shape and position of insertion of the pos
terior adductor muscle is judged to have
great importance.

3) Shell structure is more important than
most other features. For instance, all oysters
with vesicular shell walls (viz., Pycnodon
teinae) must form a closely knit taxon,
whether defined as a single genus or a sub
family. Shell structure outranks other taxo
nomic characters. For example, Hyotissa
has a plicate valve commissure and vesicular
shell-wall structure. The former character
would appear to entitle it, so to say, to be
placed in the Lophinae, all of which have
plicate commissures. This is rejected be
cause shell-wall structure is considered to
outrank and overrule the plicate commis
sure. The shell wall, vesicular in Hyotissa,
requires that this genus be placed in
the Pycnodonteinae, as RANSON (1941) has
demonstrated.

4) Correlated features, that is, characters
that constantly or prevailingly make appear
ance together, are more important than non
correlated ones. For example, the group of
oysters, mostly fossil, which are now called
Pycnodonteinae, have several apparently un
related characters that always show up to
gether. These are: vesicular shell walls,
vermiculate chomata on both valves, orbic
ular outline of adductor muscle insertion,
and a rather high position of the muscle
insertion between hinge and opposite valve
margin. These various characters are un
related in the sense that apparently no

reason can be cited to explain why one
character should entrain others. For in
stance, why should vesicular shell-wall
structure have any influence on shape of
the insertion of the adductor muscle? Be
cause these characters appear to be inde
pendent of each other, although making
their appearance together, they are regarded
as good indicators of monophyly.

OUTLINE OF CLASSIFICATION
The following outline summarizes taxo

nomic relationships, geologic occurrence,
and numbers of recognized genera and sub
genera in each suprageneric group of oysters
from suborder to subfamily. A single num
ber refers to genera; where two numbers are
given, the second indicates subgenera addi
tional to nominotypical ones.

Main Divisions of Ostreina

Ostreina (suborder) (52;13). U.Trias.-Rec.
Ostreacea (superfamily) (52;13). U.Trias.-Rec.
Gryphaeidae (22 ;6). U.Trias.-Rec.

Gryphaeinae (6;2). U.Trias.(Carn.}-U.Jur.
(Portland.).

pycnodonteinae (4;3). L.Cret.-Rec.
Doubtful genus (I). Paleog.
Exogyrinae (11;1). M.Jur.(Bajoc.}-Mio.

Ostreidae (27;4). U.Trias.-Rec.
Ostreinae (14; 1). L.Cret.-Rec.
Lophinae (6;3). U.Trias.-Rec.
Doubtful genera (7). U.Cret., low.Oligo.-Eoc.

Chondrodontidae1 (1 ;3). L.Cret.(Alb.}-U.Cret.
(Campan.).

?Lithiotidae1 (2). L.Jur.(L.Lias.}.

1 Included in Ostreacea for convenience.

SYSTEMATIC DESCRIPTIONS

INTRODUCTION
For the first time, it is now recognized

that oysters, as commonly understood
(Ostreidae AUCTORUM), are not a mono
phyletic family, but are very probably di
phyletic. Accordingly, two families are dis
tinguished in the Treatise: 1) Ostreidae
(sensu stricto), emended here to exclude
the subfamilies Gryphaeinae VYALOV, 1936,
Pycnodonteinae STENZEL, 1959, and Exogy
rinae VYALOV, 1936, and 2) Gryphaeidae
VYALOV, 1936, which is composed of the
three above-mentioned subfamilies.

The Gryphaeinae, furthermore, are re
vised as shown by STENZEL (1959). For
the second family listed above the designa
tion Gryphaeidae VYALOV, 1936, must be
used according to the Code; although VYA
LOV (1936) merely proposed Gryphaeinae.

The distinction between the two families
is based on 1) hinge structure of the prodis
soconch, 2) shape and position of the im
print of the posterior adductor muscle, and
3) the course of the intestine with reference
to the heart. Characters 2) and 3) are
linked, as explained above (p. NI095).
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Hyotissa

FIG. J72. Prodissoconch hinges of the Gryphaeidae,
X 240 (Ranson, 1967) .-1. Hyotissa "yotis (LINNE,
1758), living, IndoPacific. - 2. Neopycnodonte
cochlear (POLl, 1795), living, Atlantic, Mediter-

ranean, and IndoPacific.

valve forms filled with solid shell matter,
no chambers except in Exogyrinae. Pris
matic shell layer thin in most genera, absent
in a few. Ligamental area of lower valve
never very high except in Exogyrinae..
[Strictly euhaline and stenohaline; most
genera never form true oyster reefs in which
conspecific individuals grow mainly on one
another.] U. Trias.-Rec.

Neopycnodonte2

Subfamily GRYPHAEINAE Vyalov, 1936
[Gryphaeinae VYALOY, 1936, p. 19, <m<nd. STENZEL, 1959,
p. 16; Grypha~inac VYALOV, 1937 was placed on OffiCial LISt
by ICZN, Opin. 356; evidently Gryphaeinae VYALov. 1936,

had been overlooked]

Commissural shelf less well defined than
in Pycnodonteinae, lacking chomata; no
vesicular shell structure. U.Trias.(Carn.)
U./ur.(Portltmd.).
Gryphaea LAMARCK, 1801, p. 398 [Official List,

ICZN Opin. 338] [·G. armata; SD ICZN, Opin.

Family GRYPHAEIDAE Vyalov, 1936
[nom. transl. STENZEL, herein (t'x Gryphaeinae Vy,UOV,

1936, <m<nd. STENZEL, 1959)]

Nonincubatory. Prodissoconch hinge on
planktonic larvae carries uninterrupted al
ternating series of equal tooth precursors
and corresponding sockets (Fig. J72).
Promyal passage extensive, reaching close
to pallial isthmus; intestine passing through
pericardium and ventricle of heart. Pos
terior adductor muscle orbicular in cross
section placed closer to hinge than to oppo
site valve margin, ventral border of its
insertion on LV elevated above general
surface of valve. Valves highly unequal in
most genera to subequal in others. Radial
posterior groove on LV absent, more or less
deep, or reduced to a mere flexure of
growth lines, or obscured in later forms.
Attachment area of LV tiny to small in
most genera, average to large in some.
Umbonal cavity of LV very shallow except
in Exogyrinae; LV beak of highly inequi-

Mantle open all along margins except at
point of palliobranchial fusion, devoid of a
pallial line except one genus (Saccostrea,
see p. NI134), which has a disjunct line of
pallial muscle insertions. Outer edge of
gills fused to mantle; shell cemented to a
firm substratum by left valve except in the
case of a few species which never become
attached to a firm substratum (see p.
N995-N996); postlarval shell foliaceous, in
equivalve ranging from extremely inequi
valve in some genera to slightly so in others,
edentulous, ligamental area divided into
three parts, resilifer in middle. U.Trias.
Rec.

Superfamily OSTREACEA
Rafinesque, 1815

[nom. trans/. $CHWEICCER, 1820, p. 712 (t"x family Ostreacia
RAFINESQUE, 1815)] [Diagnosis and other materials for this
superfamily prepared by H. B. STENZEL (except Chondrodon
tidac, furnished by tL. R. Cox and H. B. STENZEL, and

Lithiotidae, which was prepared by tL. R. Cox) 1

Suborder OSTREINA Ferussac, 1822
[nom. corral. NEWELL, 1965 (t"x order Ostraces FiRUSSAC.

1822)] [Diagnosis by N. D. NEWELL]

Monomyarian; foot and byssus lacking in
adults; generally cemented by LV; shell
chiefly, but not exclusively, calcitic, folia
ceous; gills eulamellibranch; pallial line
entire. U.Trias-Rec.
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FIG. ]73. Shell structures in Grypha~a (Grypha~a) arcuata LAMARCK (1801), from Lower Jurassic (Lias.)

of England (Stenzel, n).

1. Appressed growth squamae ending in terminal
expansions that produce concentric growth welts
on LV; thin section at right angles to hinge axis
and commissural plane in ordinary light, show-

ing irregular foliated shell structure on inner
part and calcitic crossed-lamellar structure on
outer part of valve, X2.

2a. Thin section of shell cut at right angles to hinge
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338] (=Gryphoea Bosc, 1802, p. 307 (nom.
van.); Gryphaeigenus RENIER, 1807, p. 7 (rejected
ICZN, Opin. 427); Gryphites VON SCHLOTHEIM,
1813, p. 52 (nom. van.); Griphaea, Grip/lOea DE
BLAINVILLE, 1821, p. 533 (nom. null.); Griphea
BRONGNIART, 1822, in CUVIER & BRONGNIART,
(nom. null.); Gryphea BRONGNIART, 1823, p. 10
(nom. null.); Liogryphaea FISCHER, 1886, p. 927
(rejected ICZN, Opin. 338) (obj.); Gryphaae
WHITE, 1887, p. 20 (nom. null.); Liogryphea
DOUVILLE, 1904a, p. 273 (nom. null.) (rejected
ICZN, Opin. 338); Ghyphaea SCALIA, 1912, p.
21 (nom. null.); Lyogryphaea COUFFON, 1918, p.
116 (nom. null.); ft/rogryphaea, Incurva ARKELL,
1934, p. 62 (nom. neg.); Gryphae~ JAWORSKI,
1935, p. 885 (nom. null.); Rygepha VVALOV,
1946, p. 34 (type, Gryphaea skuld BOHM, 1904, p.
17; aD); Liogriphaea VVALOV, 1948a, p. 36
(nom. nt/II.); Liographaea CHARLES, 1949, p. 35
(nom. null.); Liogryphanaea KRACH, 1951, p. 355
(nom. null.); Grt/phea, Griphea CIRIC, 1951, p. 65
(nom. null.); Cryphaea ZAPRUDSKAVA, 1953, p. 23
(nom. null.)] (non Gryphaea FISCHER, 1886, p.
927 (=Crassostrea SACCO, 1897)]. Shell medium
sized to large (up to 16 cm. long and 14 cm.
high), LV ranging from high and narrow (H
(height] about 178 percent of L (length]) in
some species to orbicular to horizontal-oval (H
about 70 percent of L) to bilobate-oval (H about
80 percent of L) to bilobate-triangular in others,
orthocline to very slightly opisthocline, convex
and capacious, ranging from highly convex to
broadly convex in horizontal cross section; not
compressed and devoid of median radial keel.
LV with radial posterior sulcus ranging from
evanescent to deeply sunken, posterior flange
poorly or well set off from main body of valve
(bilobate forms), and beak small, pointed, opis
thogyral to nearly orthogyral, highly inrolled with
tiny attachment scar in some species to less in
rolled and with large attachment scar in others;
LV smooth or with low smooth irregular concen
tric growth welts or with low smooth regularly
spaced concentric undulations, mostly with ap
pressed or rarely nonappressed growth squamae,
either devoid of radial ribs or furnished with
them (Fig. ]74). RV concave, vertical-oval to
spatulate, orbicular, horizontal-elliptic, or bilobate,
truncated by hinge, without ribs or having few

narrow radial gashes or threads, and having ap
pressed or nonappressed growth squamae. Resili
fer ranging in size from as long as to 5 times
length of each bourrelet of ligament, excavate in
LV and flat to very slightly excavate in RV.
Umbonal cavity beneath hinge plate on inside of
LV largely filled in by thickened shell (Fig. ]73,
2a); commissural shelf well developed but without
chomata. Adductor muscle imprint orbicular to
oval, with dorsal margin clearly convex and ven
tral edge projecting obliquely upward into shell
cavity. U.Trias., Boreal Prov.(B.C.-Can.Arctic
Bear I.-Far NE.Sib.)-USA(Nev.); L.fur.{Het
tang.)-U.fur.(Kimmeridg.), worldwide.
G. (Gryphaea). Small to large. LV lacking radial

ribs, costellae, or threads, with evanescent to
shallow radial posterior sulcus and posterior
flange not detached. U.Trias., Boreal Prov., Nev.;
L. Jur.(Hettang.)-U. Jur.( Oxford.), worldwide.
--FIG. ]74,3. -G. (G.) areuata LAMARCK, L.
Jur.(Lias.), Eng.; 3a-d, RV, various views, ara·
gonite of adductor muscle pad leached, Xl;
3e-g, entire shell, various views, X 1 (Stenzel,
n). (Specimens by courtesy of P. C. Sylvester
Bradley.] (See also Fig. J60.)

G. (Africogryphaea) FRENEIX, 1965, p. 32 (-Lio
gryphaea eostellata DOUVILLE, 1916, p. 58; aD]
(=Afrieogryphaea FRENEIX & BussoN, 1963, p.
1632 (nom. nud.)]. Small to medium-sized,
outline tending to higher than long and truncate
at umbo because of large attachment area and
earlike extension of valves at posterior flank of
hinge line. Radial posterior sulcus broad and
deep; posterior flange well detached, ending in
small projecting divergent lobe. LV with some
what irregular, strong and large radial ribs. M.
Jur.{Bathon.)-U. lur.(Callov.), N. Afr.(Alg.-Tu
nisia) -Sinai Penin.-Ethiopia-Arabia.--FIG.]74,1.
-G. (A.) eostellata (DOUVILLE), M.Jur.(Bathon.),
Massif of Moghara, Sinai Peninsula; la,b,e, LV,
both sides and ext.; le,d, RV into and ext. views,
all XO.7 (Douville, 1916).

G. (Bilobissa) STENZEL, n. subgenus, herein (-G.
bilobata J. DE C. SOWERBV, 1840, p. 4; aD] (=
Bilobata ARKELL, 1934, p. 64 (nom. nud.)].
Small to medium-sized. Radial posterior sulcus
deep; posterior flange well detached. No radial
ribs, costellae, or threads. (Bilobissa is possibly
ancestral to Texigryphaea.] M.Jur.-U.Jur.,Eu.--

FIG. ]73. (Continued from facing page.)

axis and commissural plane viewed under
crossed nicols, showing umbonal region solidly
filled, X I.

2b. Lithified ligament from same thin section (2a)
under ordinary light, X20. (The ligament re
mains attached to LV but has pulled away
from RV, allowing sediment to ooze between
ligament and RV.]

le. Upturned growth squamae near ventral margin
of RV in same thin section (2a) in ordinary

light, showing foliated calcitic shell structure
ending in thin strips of prismatic shell layers
(light-colored), X20. (Black areas are opaque
mineral aggregates, possibly pyrite or black
clay.]

(Specimens courtesy of P. C. SVLVESTER-BRADLEV,
Univ. Leicester, England. Thin sections made under
supervision of OTTO MAJEWSKE, Shell Development

Co., Houston, Texas.]
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FIG. ]74,2. °G. (B.) bilobata J. DE C. SOWERBY,
M.Jur.(Bajoc.), Inferior Oolite, Eng.; 2a-d, sev
eral views of holotype, XO.7 [photographs by
courtesy of British Museum (Natural History)].

Catinula ROLLIER, 1911, p. 272 [OOstrea knorri
VOLTZ, 1828 (=0. knorrii VOLTZ, 1828, p. 60)
(non 0. knorr; DEFRANCE, 1821, p. 27, suppressed

ICZN, Opin. 360, =0. knorrit VOLTZ, ICZN Offi
cial List, Opin. 360); SD ARKELL, 1932, p. 149,
180] [=Cat;nulus LISSAJOU, 1923, p. 142 (nom.
van.), 0. (Knorrii) ARKELL, 1934, p. 64 (nom.
van.)]. Very small (up to 35 mm. high). LV
deep, capacious, scoop-shaped, orthoeline to opis
thoeline at 70 degrees to hinge axis, commonly

30 3b

FIG. ]74. Gryphaeidae (Gryphaeinae) (p. NI097, NI099).
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FIG. ]75. Gryphaeidae (Gryphaeinae) (p. N1100-NII02).

higher than long (H 95 to 170 percent of L.
averaging 125 percent); commonly less wide than
high (W [width] 20 to 75 percent of H, averag
ing 45 percent); attachment area tiny to very
large (10 by 11 mm., even up to 17 mm.); LVs
with large attachment area growing steeply up
ward from substratum to form straight or convex
profile without geniculation, others with tiny
attachment area higher, less deep, obliquely spatu
late, and less scoop-shaped, growing out at first
fairly flat, but later bending abruptly and convexly
to attain convex, geniculate profile; LV with many

narrow, crowded, rounded, divaricating, irregular
to fairly regular, discontinuous to subcontinuous,
radial costae and some nonappressed growth
squamae. RV flat, operculiform, fitting into LV,
elliptic in those with large attachment area, grad
ing to oblique-spatulate, pointed at umbo, smooth
to ribbed, though less prominently than LV.
Resilifer about twice length of each bourrelet;
ligamental area mostly less high than long (2-3
mm.). Adductor muscle imprint orbicular to
only faintly convex at its dorsal margin. Com
missural shelf well developed, extending all around
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valves in some individuals, lacking chomata. M.
lllr., Eu.-N.Am.(La. subsurface).--FIG. 175,1-4.
·C. knorri (VOLTZ), Bathon., Schiinmatt near
Basel, Switz.; la-d, specimen with both valves,
various views; 2a-d, LV, various views; 3, RV,
ext.; 4a-d, LV, various views, all X3 (specimens
courtesy Naturhistorisches Museum, Basel. Sten
zel, n).

[Nomenclature has been discussed hy STENZEL (1947, p. 171)
and SYLVESTER-BRADLEY (1952). Species lacking- ribs have
heen included in Cot;nu!a by some authors. but presumably
they helong [0 a suhgenus of Co/inaJa as yet unnamed.
COlinula probably evolved through neoteny from a costellate
Gryphn~a. SYLVESTER· BRADLEY (1958) gave a statistical de
scription of the type species.}

Deltoideum ROLLIER, 1917, p. 566 [·Os/rea sower
byana BRONN, 1836, p. 316 (nom. mbs/. pro O.

del/oidea J. SOWERBY, 1816, p. I I I, in SOWERBY &

SOWERBY, non LAMARCK, 1806, p. 160, =0. delta
SMITH, 1817, p. 18); SD ARK ELL, 1932, p. 149
(footnote)]. Medium-sized to large (to 17 em.
long and 21 em. high), shell very flat, bilaterally
much compressed (to 5.5 em. wide), outline
spatulate to triangular, pyriform, or crescentic;
many individuals with narrow, prominent bran
chitellum pointed toward rear in less extreme
spatulate forms, but turning up toward dorsum in
extreme more crescentic forms. LV as flat as RV,
with low broad smooth irregular concentric undu
lations and few poorly appressed growth squamae;
attachment area small to large, covering much of
valve. RV very similar to LV, but in some spe-

FIG. )76. Gryphaeidae (Gryphaeinae) (p. NlIU2-NI 103).
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cies having short (7 0101.), narrow (0.5 0101.),
rounded radial threads separated by flat wide (1.6
0101. or more) interspaces. Ligamental area flat;
LV and RV resilifers very shallowly excavate;
anterior bourrelet generally flatter and longer (by
as much as 50 percent) than posterior one. Ad
ductor-muscle imprint in some individuals with
very slightly concave dorsal margin flanked by
well-rounded convexities; position of imprint close
to posterior valve margin and closer to hinge than
to ventral valve margin. No chomata. Ligamental
area of older individuals rather high, with sub
parallel anterior and posterior margins, but in
many shrinking in length as age advances, so that
area constricts as it grows. Some old individuals
no longer grew as to size of shell cavity but
merely shifted it in ventral direction leaving behind
many growth foliations which flank anterodorsal
and posterodorsal valve margins. [ROLLlER'S claim
that Deitoidelllll was attached by its RV is in error
as ARKELL (1935, p. xvi) pointed out. Specimen
figured by BAYLE (1878, pI. 132, fig. 1, as
Ostreulll SIIbdeltoidelllll PELLAT), examined by
me at the Ecole des Mines, Paris, has large attach
ment area on LV and corresponding xenomorphic
features on RV. aRIA (1933, p. 71-72) believed
that DeltoideI/ill delta and Gryp/zaea dilatata J.
SOWERBY, 1816, occurred together and had to be
regarded as variants of one species. Thus Del
toideulll, if accepted as a genus, presumably would
be a descendant of Gryplzaea. ARK ELL (1932-36,
p. xvi-xvii) did not agree with these conclusions,
but regarded DeltoideI/ill as a synonym of Lio
strea. Liostrea, Pernostrea, and DeltoideI/ill are
probably close relatives.] M.Il/r.(Batlzo/l.)-V.fl/r.
(Portland.), Eu. (Eng.-France-Ger.-Pol.-USSR)
Saudi Arabia.--FIG. ]76,1-5. "D. delta (SMITH)
(=Ostrel/Ill SIIbdeltoidel/lll PELLAT in BAYLE,
1878), U.Jur. (low.Kimmeridg.), LeHavre, France;
1,2, LV int., RV int., XO.5 (Bayle, 1878); 3, RV
with LV, ext. (holotype of Ostrea lael'illSCIIla J. DE
C. SOWERBY, 1825), XO.5; 4,5, LV ints., XO.5
(3-5, Arkell, 1932-36).

Liostrea DOUVILLE, 1904b, p. 546 ["Ostrea SIIb
lamellosa DUNKER, 1846; aD] [=Liostrea Dou
VILLE, 1904a, v. 3, pt. 4, p. 273 (nom. impaf.)
(type, O. lamellosa DUNKER, /lOIll. /lud., err. pro
SIIblamellosa; aD)] [=Lioster VOLKOVA, 1955, p.
146 (nom. nl/ll.)]. Small (up to 3 Col. long and
5 Col. high), subequivalve but preponderantly
inequivalve; outline irregular but tending to
spatulate, margins tending to converge toward
umbo; some individuals slightly crescentic. LV
variable, mostly capacious and highly convex in
anteroposterior direction, much less so dorsoven
trally; attachment area fairly large for so small a
shell, correspondingly large bulging xenomorphic
area on RV umbo. RV variable, gently convex to
flat or slightly concave beyond xenomorphic area.
Both valves carry low concentric swellings and
simple irregularly spaced growth squamae, very

Liostreo

FIG. Ji7. Gryphaeidae (Gryphaeinae) (p. Nl103).

poorly or not at all appressed. Radial posterior
sulcus of LV absent in some but present in many
individuals, well developed, deep, and broad;
posterior flange not detached. Sulcus appearing
rather early in some individuals, that is, near
attachment area. Resilifer about twice as long as
each bourrelet. [Type species is highly vari
able and long-ranging stratigraphically (Rhaet.
Sinemur.). The following names are believed to
be synonyms (SCHAFLE. 1929, p. 16-20): Ostrea
Izisingeri NILSSON, 1832 (p. 354, pI. 4, fig. 2,3);
O. irregl/laris MUNSTER in GOLDFUSS, 1833 (v. 2,
pt. 4, p. 20, pI. 59, fig. 5); O. SIIblamellosa
DUNKER, 1846 (p. 41, pI. 6, fig. 27-30); O.
a/lomala TERQUEM, 1855 (p. 329, pI. 25, fig.
4-4b, not 5-5c); O. liassica STRICKLAND in TATE
& BLAKE, 1876; and possibly O. bristovi RICHARD
SON (ex ETHERIDGE, MS.), 1905 (p. 422, pI. 33,
fig. 4). The first name has clear priority. The
species has thin shell walls in northern parts of its
geographic range and thick ones in the southern
parts (France). Orbicular muscle adductor im
print, radial posterior sulcus on LV, lack of
chomata, and absence of umbonal cavity place the
genus firmly in the Gryphaeinae. It is perhaps a
descendant of Gryplzaea rather than its ancestor, as
commonly assumed.] V.Trias.(Nor.), Far E.Sib.:
V.Trias.( Rlzaet.) -11/1'., Eu.(Mesogaean region).
--FIG. J77,1. L. hisingeri (NILSSON, 1832)
(=Ostrea a/lomala TERQUEM, 1855), Lias., Lux-
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embourg; 1a-c, X 1.4 (Terquem, 1855). [See also
Fig. J61.]

Pernostrea MUNIER-CHALMAS, 1864, p. 71 ["Perna
bachelieri D'ORBIGNY, 1850, p. 341 (="Ostrea
luciensis D'ORBIGNY, 1850, p. 315, no. 341; valid
name determined by first reviser, STENZEL, 1947,
p. 180, Code Art. 24a); SO FISCHER, 1864, p.
364]. Size medium to large. Outline oval to
orbicular to rectangular. Similar to Liostrea but
larger and has longer cardinal area. M.lur., W.
Eu.(Alps-Pol.-Rumania)-Greenl. -- FIG. 178,1-3.
"P.luciensis (D'ORBIGNY); 1, Bathon., Luc, France;
type, XO.3 (Boule, 1913); 2a,b; Forest Marble of
Pound Pill, Eng.; types of P- wiltonensis (LYCETT,
1863), XO.3 (Lycett, 1863); 3a-d, Callov., St.
Scolasse-sur-Sarthe, France; types of Perna bache
lieri (D'ORBIGNY, 1850), XO.3 (Munier-Chalmas,
1864). [See also Fig. JI5.]

[Because of page precedence P. luci~nsis is the preferred
name of the type species. The fact that the generic name
is constructed on the basis of a misconception should not
mitigate against its usc, sec Anicle 18 (a) of Code.

Compare discussion under Multiple Resilifers, p. N974. If
Liostr~a and PunoSlr~a were synonymous as claimed by
ARKELL (1932-36). L;ostr~a would have to fall as a junior
synonym.]

Praeexogyra CHARLES & MAUBEUGE, 1952b, p. 1I8
["Ostrea aCltminata J. SOWERBY, 1816, v. 2, p.
82; 00]. Shell tiny to small (largest diameter to
about 7 em.), outline variable, but commonly
much higher than long (common proportion 2.5:1
or 3: I), crescentic or ovate to strap-shaped with
zigzag edge along their heights in some. LV
slightly convex, RV Rat to slightly concave; both
covered on outside by many straight very fine
radial threads, which may be absent, however,
and by fairly even-spaced prominent concentric
growth squamae separated by wide smoother
interspaces. Attachment area at umbonal tip of
LV rather small. [ARKELL (1934) described the
type species and corrected its involved synonymy.
Because of its numerous affinities to Catinula
CHARLES & MAUBEUGE regarded Praeexogyra as a
subgenus of Catinula. They assumed that Prae-

Gryphaeidae (Gryphaeinae) (p. NI 104).
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Proeexogy ro

FIG. J79. Gryphaeidae (Gryphaeinae)
(p. N1104-N1105).

exogyra formed the transition between Catinula
and true Exogyras of the Upper Jurassic. They
pointed out that Praeexogyra has a resilifer that
is generally arched opisthogyrally, but never
twisted.] M. lur. (Bajoe.-Bathon.), Eu. (Eng.
France-Ger.-Switz.).--FIG. J79,1-8. ·P. aeumi
nata (J. SOWERBY), Bathon.(Lower Fullers Earth),
Eng.; 1-5,8, LV views, 6,7, RV views (Arkell,
1934). (1 and 2 are syntypes of J. SOWERBY
Collection, British Museum (Nat. History)].

Subfamily PYCNODONTEINAE Stenzel,1959
[Pycnodonteinac:' STENZEL, 1959, p. 16]

Commissural shelf well defined, delim
ited proximally by circumferential curb;
chomata short to long, branching and ver
miculate; vesicular shell structure present.
No prismatic shell layer except in N eopyc
nodonte. L.Cret.-Rec.

Pycnodonte FISCHER DE WALDHEIM, 1835, p. 118
119 [·P. radiata; aD] [=Pyenodonta G. B.
SOWERBY, JR., 1842, p. 35 (nom. van.); Pyeno
dontes HERRMANNSEN, 1849, p. 373 (nom. null.);
Pyenodunta G. B. SOWERBY, JR., 1852, p. 259
(nom. null.); Pyenondota COSSMANN & PISSARRO,
1906, pI. 45 (nom. nt/II.); Cretagryphaea ARKELL,
1934, p. 62 (nom. nt/d., not available acco(ding
to Code Art. lid, nom. subst. pro Pyenodonta
FISCHER); Pyehnodonta ROMAN, 1940, p. 355 (nom.

1 Pycnodonteinae STENZEL, 1959. is derived from Pycno
donu. The form enjoined by the zoological Code (Art.
29). Pycnodontinae. was avoided because the names
Pycnodontidae and Pycnodontinae already were used in the
Pisces. To avoid confusion and homonymy STENZEL (1959)
adopted the pattern given as example accompanying Code
Art. 55a. in this way deriving the name Pycnodonteinae.

null.)]. Small to large (up to 16 em. long). LV
mostly highly convex; attachment area small to
quite large; LV umbo incurved, either rises barely
above hinge line or well above it, species with low
umbo subcircular or semicircular in outline, some
have long straight dorsal margins continuing in
auricles (as in type species), species with promi
nent raised umbo vertical-oval or prosocline
oblique-oval to horizontal-oval in outline and lack
auricles, species with either of 2 last-mentioned
outlines have concave geniculate posterodorsal
margins. Commissural shelf prominent; chomata
either long and straight (as in Crenostrea) or
short to long (up to 13 mm.) and arborescent
and vermiculate. Radial posterior sulcus ranges
from absent to broad and shallow or broad and
deep. Growth squamae nonappressed to very
closely appressed. Radial ribs on LV' may be
absent, gently undulatory and short in some
species, or small irregular unequal round-topped
and well defined (as in Costeina). Concentric

Pycnodonte

FIG. J80. Gryphaeidae (Pycnodonteinae)
(p. NII05, NII07).
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Pycnodonte

Pycnodonte

FIG. l8I. Gryphaeidae (Pycnodonteinae) (p. NII05, Nl107).© 2009 University of Kansas Paleontological Institute
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puckers or welts parallel to growth lines present
or absent on LV. A few Paleogene species have 1
to 3 sharply raised hyote spines on otherwise
smooth LV. RV flat to concave, commonly carries
sharp radial gashes. [Many authors have assumed
that P. (Pyenodonte) radiata (U.Cret., Crimea) is
the same species as P. (Phygraea) vesieularis (LA
MARCK) (l806a, p. 160) from the Chalk (Cam
pan.) at Meudon, near Paris, France. In outline,
shape, and sculpture they are so dissimilar that
this conclusion seems to be erroneous.] Cret.
Mio., cosmop.
P. (Pycnodonte) [=Ostrea (Gigantostrea) SACCO,

1897, p. 14 (type, G. gigantiea (SOLANDER) in
BRANDER, 1766, p. 36: OD); O. (Gigantostraea)
SACCO, 1897, p. 15 (nom. null.); O. (Biauris)
COSSMANN, 1922, p. 211 (type, O. (B.) SlIbhip
popodium (ARCHIAC), 1850, p. 439; OD); Gry
phaea (Grypllaea) sec. Cireogryphaea VYALOV,
1936, p. 19 (type, G. sinzowi NECHAEV, 1897,
p. 53; OD); Biaums, Cireographaea HAAS, 1938,
p. 294 (nom. null.); Cireogryhaea VYALOV,
1948a, p. 36 (nom. null.)]. LV umbo rising
barely above long straight dorsal margin; auricles
present; outline subcircular to semicircular; cho
mata arborescent and vermiculate; radial ribs
absent to low, short, and gently undulatory;
concentric puckers and welts absent or present;
no well-defined radial riblets. Cret.-Mio., world
wide.--FIG. J80,1 *P. (P.) radiata FISCHER
DE WALDHEIM, 1835, U.Cret., Crimea; 1a. LV
ext.; 1b, LV umbo and hinge; Ie, both valves
seen from right side; 1d, RV umbo and hinge;
all XO.5 (Fischer de Waldheim, 1835).--FIG.
J81,1,2. P. (P.) gigantiea (SOLANDER in
BRANDER, 1766) (="Ostrea (Gigantostrea)"
SACCO, 1897), Eoc.(Barton.); Barton Cliff, Eng.;
1a,b, LV ext. and into views; Ie, RV int.; 2a,b,
both valves, ext.; all XO.5 [photographs courtesy
of t L. R. Cox, British Museum (Nat. History)].
--FIG. J82,1,2. P. (P.) subilippodium (D'AR
CHIAC, 1850) (="Ostrea(Biauris)" COSSMANN,
1922), Eoc.(Barton.), Trabay, France (la,b) and
Biarritz and vicinity, SW.France (2a-It); 1a,b,
RV int., ext., X I (d'Archiac, 1850); 2a,b,e, RV
int., ext., edge view; 2e,d, RV int., ext.; 2j,g,
LV ext., int.; 2h, RV int.; all Xl (Cossmann,
1922).--FIG. J82,3. P. (P.) sinzowi (NE
CHAEV, 1897) (="Grypltaea (Grypllaea) section
Cireogryphaea" VYALOV, 1936), Paleoc. below
Kamyshin on Volga R., USSR; 3a-e, LV ext.,
int., section along mid-axis, Xl (Nechaev,
1897).

P. (Costeina) VYALOV, 1965, p. 5 [*P. (C.)
eostei COQUAND, 1869, p. 108; OD] [nom. subst.
pro Avia VYALOV, 1936, p. 19, non NAVAS,
1912]. As P. (Pyenodonte) but has many long,
narrow, discontinuous, dichotomous, rounded ra
dial riblets on LV only. eret., USA(Texas)-Eu.
(France)-N.Afr.--FIG. J83,2_ *P. (C.) eostei
(COQUAND), U.Cret.(Campan.), Maadid, Alg.;
LV ext., XO.9 (specimen collected and donated

by C. W. DROOGER, Rijks-Universiteit te Utrecht,
Neth. Stenzel, n).

P. (Crenostrea) MARWICK, 1931 [*Ostrea (Creno
strea) wuellerstorfi ZITTEL, 1864, p. 54; OD].
LV umbo prominent, rising well above hinge
line; no auricles; LV outline vertical-oval; pos
terodorsal valve margin not geniculate; chomata
strong, straight, most not branching; radial ribs
short, gently undulatory; many variable promi
nent concentric puckers and welts on LV.
[When MARWICK established Ostrea (Crenostrea)
he gave O. wuellerstorfi as type species. The type
specimen of that species has arborescent and
vermiculate chomata so that it must fall into
Pyenodonte.] Oligo., N.Z.--FIG. J84,1. *P.
(C.) wuellerstorfi (MARWICK), up.Oligo.(Dun
troon.), North Island (l a), Oligo. (Forest Hill
Ls.), Southland (Snowdrift quarry) (l b-d); la,
holotype, LV int., X 0.5 (cast of holotype fur
nished by courtesy of O. PAGET. Naturhistorisches
Mus., Wien, Austria); 1bod, LV ext., int., post.,
XO.6 (specimen by courtesy of C. A. FLEMING
and Mrs. A. U. E. SCOTT, N.Z. Geol. Survey)
(Stenzel, n).

P. (Phygraea) VYALOV, 1936, p. 19 [*Gryphaea
(Grypllaea) sec. Phygraea jrallSeheri VYALOV,
1936 (=Ostrea (G.) eseheri FRAUSCHER, 1886,
p. 53, non MAYER-EYMAR, 1876, p. 29, =G.
pseudol,esieularis GUMBEL, 1861, p. 659); OD]
[=Phrygaea STENZEL, 1947, p. 180 (nom.
null.)] . LV umbo prominent, rising well above
hinge line, no auricles, LV outline vertical-oval
or procline oblique-oval to horizontal-oval, 2
last-mentioned outlines inequilateral, with pos
terodorsal margin concave and geniculate. Cho
mata shorter and less elaborate than in P.
(Pyenodonte). Concentric puckers and welts
feeble; radial ribs few or absent. Growth
squamae mostly very closely appressed and sur
face of LV rather smooth. Cret.-Mio., world
wide.--FIG. J83,1. *P. (P.) pseudol'esieularis
(GUMBEL), up.Paleoc., Haunsberg north of Salz
burg, Aus.; 1a-g, LV ext., both valves left side,
right side, both valves left side, right side, RV
ext., RV int., XO.9 (Stenzel, n). [All specimens
by courtesy of FRANZ TRAUB, Mlinchen, GeL;
1b-e are plaster cast of specimen of pI. 2, fig.
la,b of TRAUB, 1938.] [=Gryphaella CHEL
TSOVA, 1969, p. 62 (type, Gryphaea similis PUSCH,
1837, v. 1, p. 34; OD).]

Hyotissa STENZEL, n. genus, herein [*Mytilus hyotis
LINNE, 1758, p. 704, no. 207; OD]. Medium
sized to large (up to 28 em. long and equally
high), valves tending to be subequal and similarly
sculptured, LV slightly more convex and capacious
than RV, outline variable, mostly suborbicular to
vertical oval, more rarely subspatulate and some
what falcate; attachment area large to very large.
Shell commissure plicate in free-growing indi
viduals, commissural plications originating from
crude irregularly dichotomous strong radial plicate
ribs, tops of which are mostly well rounded and
crossed by prominent nonappressed growth
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10 lb
Pycnodonte

3c 2h

FIG. J82. Gryphaeidae (Pycnodonteinae) (p. Nl105, Nl107).

2g

2f

squamae nsmg here and there into prominent
hyote spines. Chomata long, vermiculate, and
arborescent, in many places breaking up into
tubercles. Distortions of shell shape and sculpture
caused by large attachment area common and
extensive. [The oldest known species is H.
semiplQ/la 0. DE SOWERBY, 1825) (v. 5, p. 144,
pI. 489. fig. 3), U.Cret., W.Eu., common at Ciply,
Belg. The genus is strictly euhaline, stenohaline,

and stenothermal, a member of the compound
coral biocoenosis. Only about 4 geographically
separated, closely related species live today. The
type species has been placed erroneously in Lopha
by some authors; full credit for recognizing its
true affinities must go to RANSON (1939-41,
1941).J U.Cret.(Turon.)-Rec., worldwide.-
FIG. J85,1. -H. hyotis (LINNE), living, Nosi Be,
Madag.; la-c, ext., int., and edge views of young
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individual with many tubular hyote spines, X 0.5
(Stenzel, n).--FIG. J85,2. H. "yotis forma
sinensis (GMELIN, 1791), living, Nosi Be, Madag.;
2a-d, views of older specimen without tubular
spines, with insertion of adductor muscle outlined
by pencil in 2c, XO.5 (Stenzel, n). [All speci
mens obtained by courtesy of R. TUCKER ABBOTT,

Acad. Nat. Sci. Philadelphia.] [See also Fig. J27.]
Neopycnodonte STENZEL, n. genus, herein [·Ostrea
coclzlear POLl, 1795, v. 2, p. 179 (=Peloris
gracilis+Peloriderma cochlear POLl, 1795, v. 2, p.
255); OD]. Medium-sized (to 9 em. high), shell
walls fragile, very thin, partly translucent, outline
variable, many auriculate. LV deep, capacious;

'\
I

ifJ i
, lit
/

,.

orbicular muscle imprint

2

proximal margin of commissural shelf

Phygraea

~ onochomoto

I

)

10

1d

FIG. J83. Gryphaeidae (Pycnodonteinae) (p. NI 107).
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attachment area small to fairly large, situated
commonly on region behind umbo; posterior
half of LV rising vertically from substratum attach
ment so that hinge axis is at 45° to level of
attachment; LV mostly smooth, devoid of imbrica
tions, but older individuals have paper-thin folia
ceous imbrications near valve margin, and these
diverge at 30° to 45° from valve contour, imbri-

cations of some individuals drawn out into long
scalelike hyote and spoon-shaped extensions.
Auricles on either side of hinge common, folia
ceous, imbricate, extensive (to 2 em.), irregular
in outline. LV with 7 to 10 gentle, rounded,
irregular radial plications of unequal length and
cross section; fairly deep, well-rounded radial
posterior groove sets off small posterior flange that

)
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FIG. J84. Gryphaeidae (Pycnodonteinae) (p. Nll07).
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FIG. J85. Gryphaeidae (Pycnodonteinae) (p. NII07-Nll09).

carries 2 plications, but is absent in some indi
viduals and commonly rather difficult to discern.
Commissural shelf of LV only in dorsal half of
valve, disappearing completely on ventral half.
Adductor muscle imprint large, its diameter about
0.25 of valve height. Chomata on LV up to 2
mm. long, smooth, very subdued, hardly detect
able in some individuals, restricted to within I
cm. distance from hinge. RV flat to concave,
with scaly imbrications along margins parallel
with contour of valve, showing fibrous prismatic
structure where broken. Few sharp radial gashes
as in Pycllodonte. Commissural shelf of RV nearly
complete around periphery. [The type species,
which is the only living species, has circumglobal
distribution. It is strictly stenohaline and euhaline

in oceanic waters at 12° to 14°C. and depths of
27 to 1,500 m. The genus descended from
pycllodollle and Miocene species are transitional
between the two genera. Anatomy of the soft
parts has been described by PELSENEER (1896,
1911), and HIRASE (1930, p. 37-41).] Mio.
Rec., worldwide.--FIG. )86,1,2. ON. cocMear
(Pou), (="Ostrea Iliranoi SPICER & BAKER,
1930"), dredged from 50 fathoms (91.4 m.) in
Kagoshima Bay, Japan, whitened for photography
except 1a; 1a-c, LV int., int., ext.; 1d,e, same
specimen RV ext., int.; 2a-c, another specimen,
LV int., ext., both valves, all X 0.75 (Stenzel,
n). [Specimens from Bernice P. Bishop Museum,
Hawaii, USA.]--FIG. J86,3. ON. cochlear
(Pou) (="Pycnodonta floribllnda" MONTEROSATO,
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FIG, J86,
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1916, holotype) from 50-60 m. depth near Pa
lermo, Sicily; 3a,b, cluster, both sides, XO.75
(Monterosato,1916).

Texigryphaea STENZEL, 1959, p. 22 [·Gryphaea

roerner; MARCOU, 1862, p. 95 footnote (=G.
rnltcronata HILL & VAUGHAN, 1898, p. 63, non
GABB, 1869, p. 274; =G. graysonana STANTON,
1947, p. 28); aD] [=Ostrea (Marcoui) AR-

Texigryphaea

Labrostrea

~
·--~7fr ,

.... .' ." " ". .'. ~ ~ '..'

FIG. J87. Gryphaeidae (Pycnodonteinae) (p. Nll 13-Nll 14).

© 2009 University of Kansas Paleontological Institute



N1114 Bivalvia-Oysters

KELL, 1934, p. 64, nom. nud.; O. '(Corrugata)
ARKELL & Moy-THOMAS, 1940, p. 404, nom.
nlld.]. Small to medium-sized (to 11 cm. high),
LV ranging from high and narrow or vertical·
oval, bilobate-oval, or bilobate-triangular to au·
riculate, orthocline to considerably opisthocline,
highly to broadly convex in horizontal cross sec
tion, not compressed to much compressed in
obliquely anteroposterior direction, mostly pro
vided with median radial keel; radial posterior
sulcus deeply sunken and posterior flange well set
off from main body of valve; beak small, pointed,
mostly opisthogyral, highly inrolled and with
tiny attachment area. LV generally smooth, but
with some poorly appressed growth squamae and
few short rounded radial ribs near keel in some
species. Umbonal cavity of LV filled with solid
shell deposits; no chambers. RV concave, trun
cated at hinge, without ribs but having some
narrow radial gashes; valve margins reflexed so
that it comes to lie countersunk in LV when
shell is closed. Chomata straight, rarely branch·
ing, rarely vermiculate. Differs from Gryphaea
in its vesicular shell structure, well-defined
commissural shelf, chomata, deep radial posterior
sulcus, and well-detached posterior flange. [When
STENZEL (1959) proposed Texigryphaea as a new
subgenus of Gryphaea, he failed to notice the
vesicular shell structure, because the vesicles are
filled in with secondary calcite. RANSON (1941, p.
64) had already recognized vesicular shell struc
ture in one species of this genus, which he called
"Pycnodonta TlIcllmcarii MARCOU." Because of
this structure the taxon cannot be placed in the
Gryphaeinae. Late Jurassic species of G. (Bilo
bissa) are transitional between Gryphaea and
Texigryphaea so that it seems likely that the latter
is a descendant of G. (Bilobissa). Texigryphaea
was stenohaline and strictly euhaline and lived on
bottoms composed of clay or lime mud. It is a
provincial genus restricted to southwestern North
America from Kansas southward. It formed ex
tensive shell banks composed of countless individ
uals.] L.Cret.( Alb.)-U.Cret.(Cenoman.), Mexico
SW.USA.--FIG. J87,1. "T. roemeri (MARCOU),
Cenoman. (Grayson Marl), Texas (near Spring
Valley, McLennan Co.); la-d, L side, R side, post.,
umbo:lal views, X I (Stenzel, n).--FIG. J87,2.
T. tllclImcarii (MARCOU, 1851), M.Alb.(Kiamichi
F.), Texas (near Tahoka, Lynn Co.); 2a,b, LV
post. and \'entral views, X 0.7 (Stenzel, 1959).
--FIG. )87,3. T. mllcronata (GABB, 1869), mid.
Alb. (Walnut F.), Texas (Tennessee Valley, Bell
Co.); 3a,b, post. and \'entral views, X 0.7 (Stenzel,
1959). [See also Fig. )9.]

Doubtful Genus: Labrostrea VVALOV, 1945, p. 200
[ • L. labm m.. 00]. Labrostrea was introduced
by VYALOV in 1936 and 1937 as a new section of
Liostrea s.s. with a brief definition, but the type
species had not yet been described in 1936. It was

orbicular adductor muscle pod

Exogyra

FIG. J88. Exogyra (Exogyra) costata SAY (1820),
LV from Coon Creek Tongue of Ripley Formation
(Maastricht.) of Coon Creek, McNairy County,
Tenn., USA, showing perfectly preserved orbicular
adductor muscle pad composed of aragonite, X 0.9
(Stenzel, n). [Pad is outlined with pencil. Speci
men courtesy of Geology Dept., Louisiana State

Univ.]

reintroduced by VYALOV (1945, p. 200-201), at
which time the type species was described for the
first time. Thus one might argue that Labrostrea
remained a nom. nud. until 1945. However,
STENZEL (1947, p. 176) argued that the definition
of Labrostrea should be regarded as sufficient to

cover its sole species and should be accepted as
the description of the type species too. VYALOV
(1948a, p. 26, 35) emphasized the sharply de
fined circumferential commissural shelf and the
well set-off deep central shell cavity in the LV of
this section and based his definition of it on these
features. Such features are characteristic of the
Pycnodonteinae and it is probable that Labrostrea
will ultimately find its place among them. How
ever, it is not known whether the type species
has vesicular shell structure; therefore Labrostrea
must remain of dubious taxonomic position.
Paleog., USSR.--FIG. J87,4. "L. labrtlm, Tuar·
Kyr, Transcaspian Reg.; 4a-d, LV int., LV ext.,
LV int., LV int., Xl (Vyalov, 1945).
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Subfamily EXOGYRINAE Vyalov, 1936
[Exogyrinae VVALOV, 1936, p. 20]

Larva attached to substratum by its left
anteroventral valve margin; postlarval
growth either regularly spiral throughout
life or regularly spiral only for early part
and then straight, as in Ostrea. Attach
ment area medium-sized to large, except
in few species of Exogyra 5.5., some species
of Rhynchostreon, and in Ilymatogyra, all of
which lack attachment areas. Ligamental
area very short but long in anatomical
height; regularly spiralled either through
out life or for early part at least; posterior
bourrelet reduced in length so that it forms
narrow ridge, in many shells quite sharp,
along side of resilifer groove; anterior
boundary of resilifer indistinct, because
sloping anterior bourrelet grades impercep
tibly into resilifer. Adductor muscle im
print orbicular, or nearly so (Fig. J88). M.
lur.(Bajoc.)-Mio.

The Exogyrinae are classed with the
Gryphaeidae, because of the outline of the
adductor muscle imprint and its position
close to the hinge. The first to give a good
description of the peculiar features of the
ligamental area in the oysters now called
Exogyrinae was GOLDFUSS and first to trace
its evolution was DOUVILLE (1886, p. 230
232).

Tribe EXOGYRINI Vyalov, 1936
[nom. transl. STENZEL, herein (ex Exogyrinae VYALOV, 1936)

="Gruppa I." MIRKAMALOV, 1963, p. 152]

Postlarval growth and ligamentaI area
regularly spiral throughout. M.fur.(Bajoc.)
V.eret.(Maastricht.).

The Tribe Exogyrini became extinct
with the end of the U. Cret. (Maastricht.).
However, an Eocene species was described
from Fergana, Central Asia, USSR, namely
Exogyra ferganensis ROMANOVSKIY, 1879.
This species has recently been restudied
and assigned to the exogyrine genus Am
phidonta [recte Amphidonte] by GEKKER,
OSIPOVA, & BELSKAYA (1962, V. 2, p. 139).
Nevertheless, this Central Asian species
does not have a posterior bourrelet that
is reduced in length to form a narrow
ridge as in the true Exogyrini, and its
adductor muscle insertion is clearly reni
form as in the Ostreidae so that there is
no doubt that it is an ostreine and not
an exogyrine oyster. It is an Exogyra

homeomorph and is believed to be a de
scendant or member species of the ostreine
genus Ferganea. It remains an incontrD
verted observation that all the tribe Exo
gyrini became extinct with the end of the
U. Cretaceous (Maastricht.).
Exogyra SAY, 1820, p. 43 [*E. costata; M]

[=Exegyra BENETT, 183Ia, p. 122 (nom. null.);
Exogira MATHERON, 1843a, p. 262 (nom. van.);
Exagyra FISCHER DE WALDHEIM, 1848, p. 464
(nom. null.); Exogera DESMAREST in CHENU,
1859, v. 4, p. 33 (nom. null.); Exoyra SEGUENZA,
1882, p. 180 (nom. null.) (obj.); Costagyra
VYALOV, 1936, p. 20 (type, E. olisiponensis
SHARPE, 1850, p. 185; 00); Fluctogyra VYALOV,
1936, p. 20 (type, Ostrea trigeri COQUAND, 1869,
p. 119; 00); Nutogyra VYALOV, 1936, p. 20
(type, O. journeti COQUAND, 1862, p. 229; 00)].
Small to large, mostly medium-sized (largest
diameter of largest known specimen 21 cm.).
Shell very inequivalve, RV flat to concave, LV
tumid, convex, much larger than RV. Attach
ment area variable, large in most species, very
small in few; spirally curved umbonal half of
LV qmvex and rather tumid, except in species
with small attachment area, spiral keel obtuse and
rounded, never prominent, evanescent in old age,
hardly noticeable in most individuals. LV outline
orbicular to oval, margins in most species convex
throughout except for dorsalmost part of posterior
margin which may be rectilinear or concave; very
few species somewhat falcate in outline, with
much of posterior part of the LV margin gently
concave (see Fluctogyra). Anterior part of RV
exterior with many crowded concentric upturned
growth squamae parallel to anterior valve mar
gin; posterior part of RV with flat-lying foliaceous
growth squamae. LV with wide commissural
shelf delimited by rounded curb in species that
lack chomata or by narrower rounded curb and
adjoining shallow gutter in species that have
chomata. Anterior set of LV chomata consisting
of 3 mm. long straight parallel radial ridgelets
separated by grooves, all closely spaced; posterior
set consisting of 7 mm. long, transverse, vermicu
late ridgelets covering entire width of commissural
shelf near hinge, this part of shelf sigmoidally
curved so that it forms inward and upward
projecting platform covered with vermiculate cho
mata in some specimens (Fig. J89, J90). RV
margin reflexed to form commissural shelf which
allows valve to become countersunk into LV. ante
rior margin reflexed at about 70 0

• Quenstedt mus
cle imprint, visible only on RV, narrow, elongate,
and about 1 mm. removed from posterior end of
resilifer. Sculpture of LV, and to lesser extent of
RV, consisting of foliaceous growth squamae
alone or in combination with various patterns of
radial costae which include hyote spines or rows
of successive transverse bulges on crests of radial
costae. Cret., N.Am.(Gulf Mexico area-Atl. Coast-
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al Plain-Utah)-S. Eu.-N. Afr.-Angola-Nigeria-W.
Asia-India.

fFluctogyra VYALOV, 1936, proposed as a section of
Exogyra, supposedly is characterized by vague radial
undulations. Such costules are present also on E. (E.)
~rralicoslala STEPHE>lSON (1914, p. 49, pI. 15, fig. 4, pI. 16,
fig. 1-2), which cannot be separated from Exogyra s.s.
However, the type species of Fillctogyra differs from
Exogyra 5.5. in somewhat elongate falcate outline oC LV
margin, which seems an unimportant distinction.-
Costagyra VYALOV, 1936, also proposed as a section of
Exogyra, carries chamata and has a few projecting radial
ribs on R'! (REESlDE, 1929) (Fig. )91). Although it is
very close to Exogyra 5.5., it may be a valid minor
5ubdivision.--Some apparently isolated species of Exo*
gyro have LV with a very small attachment area, a not
so tumid, rather slender umbonal tip end, and a greater
number of spiral volutions. It is puzzling that some indi
viduals have no chomata, whereas others nave well
developed ones.]

E. (Exogyra). Sculpture of LV and to a lesser
extent that of RV consisting of I) unfrilled rough
foliaceous growth squamae, 2) weak discontinu
ous irregular radial ribs that are rounded and
separated by interspaces as wide as or wider than
these ribs, 3) strong continuous dichotomous
radial ribs that are round-topped and separated
by interspaces as wide as or much narrower than
the ribs, 4) radial series of transverse rounded
bumps, or 5) hyote spines developed from crests
of· radial ribs. erel., N.Am.-S.Eu.-N.Afr.-Angola
Nigeria-W.Asia-India.--FIG. J89,1. ·E. (E.)
cos/ala (SAY), U.Cret. (Maastricht" Corsicana
Marl, Navarro Gr.), Texas (San Geronimo
Creek, Medina Co.); 1a,b, 'shell ext. from LV and

2b

FIG. J89. Gryphaeidae (Exogyrinae) (p. NlI15-Nl1l7).
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posterior bourrelet

proximol margin of
commissural shelf

Exogyra

FIG. J90. Vermiculate chomata on projecting plat
form at posterodorsal terminus of commissural
shelf in Exogyra (Exogyra) *costata SAY, 1820,
from Navesink Marl, U.Cret.(Maastricht.), New

Egypt, N.J., USA; XO.8 (Stenzel, n).

RV sides, XO.7 (Stephenson, 1941).--FIG.
J89,2. E. (E.) trigeri (COQUAND, 1869) [="Exo
gyra section Fluctogyra" VYALOV, 1936], U.Cret.
(Cenoman.), France (LeMans); 2a,b, LV ext.,
LV int., XO.7 (Bayle, 1878). [See also Fig. J24
J26, J88, J90.]

E. (Costagyra) VYALOV, 1936, p. 20 [*E. olisipo
nensiJ SHARPE, 1850, p. 185; OD]. Distin
guished from Exogyra s.s. by 7 to 12 flat-topped
RV radial ribs that proiect beyond periphery of
valve; radial ribs on LV narrow, separated by
wide, concave interspaces. Rib pattern highly
variable. According to REESlDE (1929) some
variants of type species lack radial ribs. Cho
mata present. V.Cret.( Cenoman.-Turoll.) , S.Am.
(Colom.) -Mexico-USA (Utah) -N. Afr.-Angola-S.
Eu. -- FIG. J91,1. * E. (C.) olisiponensis
(SHARPE), U.Cret.; la,b, up. Turon., Alcantara
near Lisbon, Port., figured types, X 0.4 (Sharpe,
1850); lc, Cenoman., Tunisia; XO.4 (Pervin
quiere,1912).

Aetostreon BAYLE, 1878, pI. 139 explanation [*Gry
phaea latissima LAMARCK, 1819, p. 199; SD
DOUVILLE, 1879] [=Actostreon EBERZIN (ed.),
1960, p. 89 (nom. null.).] Medium-sized to
large (up to 16 em. high and 13 em. long),
inequivalve; LV deep, RV flat or even concave.
LV with spiral, well-defined, although rounded
keel, commonly surmounted at intervals by elon
gate knobs and broad, shallow well-marked
groove, which runs subparallel with keel and is
about 1-2 em. from keel on posterior side of

valve; groove separating gently convex posterior
/lange from main body of LV. Both valves lacking
costae, but with many poorly appressed growth
squamae; LV also with low concentric swellings
parallel to growth lines. Spiral beak of LV not
projecting much beyond outline of RV. No
chomata. RV somewhat countersunk into LV,
because its anterior margin is somewhat re/lexed,
although not as much as that of Exogyra s.s.; RV
with a concavity extending from umbo to bran
chitellum. L.Cret.(Valangin.-Alb.) , Eu.(Spain
France-Eng.-Switz.) -Afr. (E. Afr.-Madagascar)
Caucasus.--FIG. J92,1_ *A. latissimum (LA
MARCK), Apt., France (W;lssy, Departement
Haute-Marne); la-c, LV ext., LV ext., shell ext.
from RV side, all XO.7 (Bayle, 1878). (See also
Fig. J63).

[STENZEL'S (1947, p. 168) conclusion that Aetas/rean must
date from BAYLE in DOUVILLE, 1879, is no longer correct

FIG. J91. Gryphaeidae (Exogyrinae) (p. NII17).
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in view of changes made in the zoological Code (1964).
STENZEL (l947, p. 169) also erred in concluding that the
correct name of the type species is A. aquila (BRONGNIART

in CUVIER & BRONGNIART, 1822). Gryphaea latissima

LAMARCK (I801, p. 399) was neither figured nor described
but validated by reference given to illustrations "N. Bourg,
Petrif. pI. 14, no. 84, 85 Esp. foss." These illustrations
in BOURGET clearly depict a broad cxogyrine shell. PU,VIN-

attachment area

Ceratostreon

Ceratostreon

FIG. J92. Gryphaeidae (Exogyrinae) (p. NIl17-NIl19).
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QUlEIU: (191Ob) figured LAMAl\CK'S two syntypes, which
obviously belong to two different species, one broad and
large, the other narrow and small. Only the former
corresponds to the figures in BOURCET. PEIlVINQUlER.E erred
in stating that "the reference to the figure in Bourget
applies as well to the small [syntype]." Relying on this
statement STENZEL (1947, p. 169) was mistaken in con
cluding that the corf(~ct name of the type species is
A~tostuon aquila (BRONCNIART). Rather. the type species
is A~tostr(on latissimum (LAMARCK, 1801) and some of its
synonyms or very closely relaud species are Grypha(Q
cou/oni DEFRANCE, 1821 (=Grypha(Q sinuata J. SOWn,BY,
1822; Griphea aquila BRONGNlART, 1822).]

Amphidonte FISCHER DE WALDHEIM, 1829, p. 31
[·A. humboldtii FISCHER DE WALDHEIM, 1829,
pI. I, fig. 1-4; SD FISCHER, 1886, p. 927]
[=Amphidonta ANONYMOUS, probably BRONN,
1831, p. 335 (nom. van.); Amphiodonta AGASSIZ,
1846, p. 18 (nom. van.); Amphitonde SCHAUROTH,
1865, p. 166 (nom. null.); Amphydonta VYALOV,
1948c, p. 13 (nom. null.)]. Similar to Aetostreon
but with many chomata, commonly along entire
periphery of both valves and spiral keel that is
not prominent, well rounded, and not built up as
ridge above LV surface, its growth squamae less
prominent and tending to be smoother. Cret.,
USSR; L.Cret.(up.Alb.), N.Am.(Texas).--FIG.
J93,1. •A. humboldtii (FISCHER DE WALDHEIM),
U.Cret.(Cenoman.),USSR; la-c, LV ext., LV int.,
RV int., XO.6 (Fischer de Waldheim, 1837);
ld,e, LV ext., RV int., XO.6 (Mirkamalov, 1964).

Ceratostreon BAYLE, 1878, pI. 133-134 explanations
[·Exogira spinosa MATHERON, 1843, p. 192
(=Ostrea matheroniana D'ORBIGNY, 1848, p. 737;
Ceratostreon matheroni BAYLE, 1878, pI. 134, fig.
1-2, Ill-II); SD DOUVILLE, 1879] [=Ceratostrea
HAAS, 1938, p. 294 (nom. van.)]. Medium
sized (up to 10 em.); outline narrow, elongate
and crescentically curved or comma-shaped to
ovate with umbonal region forming larger end.
Shell inequivalve. AtIachment area generally
large. Both valves keeled, but merely in sense
that each has 2 different slopes which meet along
spirally disposed crest that is much obscured by
surface sculpture that crosses it; anterior slope
narrower, descending steeply to anterior valve
margin; posterior slope larger, descending more
gently to posterior valve margin, flat or concave
on RV, gently convex on LV. Many dichotomous,
unequal, rounded costae and equally large and
rounded interspaces on both valves; costae of type
species short, discontinuous, and rising at their
ends into prominent spines, particularly at places
where costae cross keel; in other species costae
are continuous and less spinous, costae in many
consisting of series of contiguous transverse puck
ers. Chomata slender and well developed, 1-5
mm. long, situated along all periphery of the
valves. L. Cret.(Apt.-mid. Alb.), N. Am.(Mexico
Texas-Okla.-Kans.)-S. Am.(Colom.); Cret.(Neo
com.-Senon.), Eu.-N. Afr.--FIG. J92,2. .c.
spinomm (MATHERON), U.Cret., France (Royan,
Departement Charente-Inferieure); 2a,b, LV int.,
ext., XO.7; 2c,d, shell ext. from LV and RV sides,
XO.7 (Bayle, 1878).--FIG. J92,3. C. texanum

Amphidonte

FIG. J93. Gryphaeidae (Exogyrinae) (p. NII19).

(ROEMER, 1852), mid.Alb.(Up. Walnut Clay),
Texas (Coryell Co. near Mound); 3a,b, shell ext.
from LV and RV sides, XI (Stenzel, n). [See
also Fig. J45.]

[O'ORBIGNY failed to explain why he changed the species
name from spinosa to mathaoniano; possibly he was aware
that already an Ostracit~s spinoSl/s VON SCHlOTHEIM, 1813,
p. 73, and an Ostrea spinosa F. A. ROEMER, 1835, p. 58
were available. No proof is found to indicate that these
homonyms are congeneric; therefore MATHERON'S name is
retained in preference to the others. STENZEL'S (l947, p.
171) conclusion that C~atostreon must date from Dou
ViLlE, 1879. is no longer correct in view of changes in the
zoological Cod< (1964).]

Ilymatogyra STENZEL, n. genus, herein [·Exogyra
arietina ROEMER, 1852, p. 68; OD]. Small (larg
est diameter up to 4 em.). Shell shape resembling
elevated corkscrew spiral, highly inequivalve,
LV corkscrew-shaped, RV countersunk, slightly
convex, operculiform. Tip of LV umbo carrying
small smooth semi translucent pointed cap set off
by deep groove, cap made by postlarval calcite
infilling of prodissoconch, which, because of its
original aragonitic composition, has been leached
and has disappeared. No atIachment area present.
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Umbonal part of LV devoid of ribs for about 3
mm. from tip, covered beyond by about 35 equal
wrinkled dichotomous radial costules, which dis
appear before size of 10 mm. is reached (Fig.
J32). Rounded, but well-defined keel evanesces
in later growth. Many individuals with concavity
on posterior slope of LV, this concavity extending
in spiral to posterior valve margin where it origi-

nates from concave part of LV margins situated
close to adductor muscle. LV margin of late
growth stages has several tongue-shaped protru
sions separated by rounded sinuses; these show
best on growth lines. RV with orbicular or
indented reniform outline and reflexed valve
margws, because of which it is countersunk into
LV opening, its spiral nucleus carrying calcitic

radial

1b

10

Vu Itogryphaea

Ilymatogyra

1c

FIC. J94. Gryphaeidae (Exogyrinae) (p. NllI9-NII21, NI124).
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1m

30

I

Nanagyra

Nanagyra

FIG. J95. Gryphaeidae (Exogyrinae) (p. N1l21-NII22).

umbonal cap, similar to Ihat of LV, and smooth
early coil forming boss at indentation of reniform
outline; remainder of RV covered by countless
concentric upturned crestlike growth squamae.
U. Cret.(Cenoman.), NE. Mexico-USA(Texas
Okla.).--FIG. J94,1. *1. arietina (ROEMER),
Grayson Marl, C.Texas; 1a-c, bivalved specimens,
various views, X2; id, LV, X2 (Stenzel, n). [See
also Fig. J32.]

[The genus is monotypic. Its features indicate adaptation
to an ooze bouom Jacking firm fragments for attachment.
The sediment in which it is found is a sticky clay now
(Grayson Marl or Del Rio Clay). A detailed description of
the type species was given by BOSE (1919).]

Nanogyra BWRLEN, 1958, p. 206 [*Cryphaea nana
J. SOWERBY, 1822, V. 4, p. 114; 00] [=Palaeo
gyra MIRKAMALOV, 1963, p. 152 (type, Exogyra
virgilIa GOLDFUSS, 1833, p. 33, non Ostrea virgilIa
DEFRANCE, 1821, p. 26, nom. nlld., =Exogyra
striata (WILLIAM SMITH, 1817) fide ARKELL,
1933, p. 440, footnote 9)]. Shell small (greatest
diameter of large individuals 3 cm.), greatly
variable in shape and outline, inequivalve; LV
globular to moderately convex, its outline sub
orbicular or subtrigonal, elliptical, ovate, to

comma-shaped, all specimens spirally twisted, but
shape and degree of spirality varying considerably
from one to another; LV bilobate in some indi
viduals, because spiral groove divides it into 2
unequal lobes; spiral groove ending in sinus at
valve margin Iacated dorsal of branchitellum and
producing lingulate outline that is fairly common.
RV flat to partly concave or gently convex, its
outline varying from suborbicular to ovate,
comma-shaped, or auriform to lingulate at bran
chitellum. LV covered with fine radial ribs or
rough concentric growth squamae that have local
puckers or constrictions in some places. RV with
few major growth squamae except along anterior
valve margin, which has many crowded upturned
growth squamae. Spiral beak of LV coils tightly
over ligamental area so as to obscure it largely.
In contrast to Exogyra, ligamental area of Nano
gyra is much more variable as to spirality, 2
bourrelets being about equal in length, and
posterior one not narrower than anterior. /lir.
(Bajoc.-Portland.) , Eu. (Eng.-Scot.-France-Ger.
Pol.-Switz.) -India-Arabia (Yemen) -Afr. (Ethiopia
Somalil.-E.Afr.).--FIG. J95,2,3. "N. nana 0.
SOWERBY), up.Oxford.(U.Calcareous Grit), Eng.
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FIG. J96. Gryphaeidae (Exogyrinae) (p. N1122).

(Ringstead Bay, Dorsetshire) (2a-h, 3c), up.
Kimmeridg. [Shotover Grit Sands-Zone of Pee
tinatites pectinatlls (PHILLIPS)], Shotover Hill,
Oxfordshire (3a,b); 2a-h, RV ext., int., RV
exteriors, X I; 3a-c, LV ext., int., int., Xl
(Arkell, 1932) .--FIG. J95,1. N. striata (WIL
LIAM SMITH, 1817) (=Exogyra ,·irgllia GOLDFUSS,
1833, ="Paleogyra" MIRKAMALOV, 1963), low.
Kimmeridg., France, various localities; 1a-m, LV

ext., LV ext., shell right side, LV ext., both valves
left side, left side, left side, LV int., both valves
right side, LV ext., LV ext., both valves right side,
LV into on cluster, X I (Jourdy, 1924).

[ZIEGLER (1969) regards N. v;rgula as a descendant of
N. nana so that it is v~ry likdy that the two arc con.
generic.J
[Best descriptiqn of the type species and excellent synon
ymy were given by A'KELL (1932), p. 175-180, pI. 17, fig.
2-21; pI. 18, fig. 3-11; pI. 19, fig. 4, 4a and 'ex' fig. 48).
The fact that the posterior bourrdet of the ligamental
area is not reduced to a narrow strip is indicative of the
primitive status of the ligament. according to BEUJ.LI.N,
who regarded Nanogyra as the link between Jurassic
Liostr~a and Cretaceous Exogyra. BEURU:N pointed out
(1958, p. 205) ,he following primi'ive fea,ures of Na••
gyro: small size; under-developed spirality of the left
beak; spiral of beak rardy makes one complete valutian;
absence of inward and upward projecting platform covered
with vermiculate chamata that is an extension of the
commissural shelf found in Exogyra s.s. It is probable
that the spiral groove dividing the LV of Nanogyra into
two unequal lobes is homologous to the spiral groove of
Grypha~a. If correctly interpreted, this condition would
speak for the derivation of the Exogyrinae from the
Gryphaeinae.]

Planospirites LAMARCK, 1801, p. 400 [·Planospirites
ostracina LAMARCK, 1801 (=Exogyra planospirites
GOLDFUSS, 1863, text v., pt. 2, p. 37, nom. van.); M]
[=Plqnospirigenus RENIER, 1807, pI. 8, rejected
ICZN, Opin. 427]. Shell medium-sized to large
(greatest diameter to 15 em.), oudine oval; shell
very inequivalve; LV deep and basin-shaped, RV
very flat; attachment area rather large, covering
entire bottom of LV which has steeply upstand·
ing to vertical anterior wall rising from attachment
area and carries few irregular wavy radical costae.
RV devoid of any costae, at its anterior margin
with narrow spiral band composed of thin
crowded subparallel upturned successive growth
squamae. LAMARCK had only separate LVs and
RVs of the type species, not realizing that they
belonged together. He described only the RV
under the name P. ostracina, therefore, classing it
as a univalve. U.Cret.(Maastricht.}, W.Eu.-
FIG. J96,1-3. ·P. ostracina, Neth.(St. Pietersberg
south of Maastricht); 1, LV into (type of FAUJAS
SAINT-FOND, pI. 28, fig. 5, as Rastellum, specimen
loaned by courtesy of C. A. VAN REGTEREN
ALTENA, Teyler's Museum, Haarlem, Neth., no.
5137), XO.7; 2a,b, RV ext., into (topotype), Xl;
3, RV ext. (monotype of LAMARCK, Museum Natl.
d'Histoire Nat. Paris), XO.7 (1,2, Stenzel, n; 3,
JOllfdy, 1924). -

Rhynchostreon ~AV~::, 1878, pI. 138 explanation
[·R. chaperi BAYLE, 1878, pI. 138, fig. 1·5
(=Gryphaea sttborbiculata LAMARCK, 1801, p.
398; G. coltlmba LAMARCK, 1819, v. 6, pt. 1, p.
98; R. sttborbiculattlm (LAMARCK); SD DOUVILU,
1879)] [=Rhyncostreon HILL & VAUGHAN, 1898,
p. 25, 29, nom. null.]. Medium-sized (up to 13
em. high), highly inequivalve; LV smooth and
highly convex, especially so in anteroposterior
cross section; LV beak narrow, so greatly elevated
above hinge that valve height exceeds length
(generally height is 108 percent of length, but
may reach 143 percent), highly incoiled (up to
2 volutions), opisthogyral although it is more

Planaspirites
20

© 2009 University of Kansas Paleontological Institute



Systematic Descriptiol1s-0streil1a-Ostreacea Nl123

nearly orthogyral than LV beak of other genera
in the Exogyrinae. Surface of LV very smooth,
with faint and smooth growth wrinkles and
closely and smoothly appressed growth squamae.
Rounded keel present on LV only in its earli
est growth stage, when about 1 em. high; keel
more noticeable in individuals having many fine
radial costules, which are also restricted to earliest
growth stage. Broad and shallow radial sulcus
starting on LV in mature growth stage, easily
overlooked. Attachment area absent or very
small, at best 9 by 13 mm. in size. RV sub
orbicular to horizontal elliptical, longer than

high, flat in dorsoventral direction, concave in
anteroposterior direction and devoid of costules,
with flat spiral umbo and smooth with smoothly
appressed growth squamae, no reflexed growth
squamae at anterior valve margin. Mature to
old individuals have broad gentle terebratuloid
fold at ventral margin. Adductor muscle imprint
orbicular. Ligamental area very narrow. No cho
mata. [Although many authors use the species
name columba, the earliest available name is
suborbiculatum.] U.Cret.(Cenoman.-Turon.), N.
Am. (Mexico-Texas-N.Mexico-Colo.-Minn.-Va. sub
surface) -Eu. (Eng.-France-Ger.-Czech.-Pol.-Hung.-

Rhynchostreon

LV ...............

/'
~

RV

(
... ,

ld

1f

FIG. J97. Gryphaeidae (Exogyrinae) (p. N1l22-N1l24).
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USSR-Spain-Port.-Sardinia-Switz. - Aus.) - Asia (In
dia-Syria) .--FIG. J97,1. •R. SlIborbictliattlm (LA
MARCK, 1801), Turon., France (Mosne, Departe
ment Indre-et-Loire); I a-d, whitened for photog
raphy, various views, XO.7; Ie, same specimen,
not whitened, post. view of umbonal region show
ing beekite silicification centers, X 2; If, same
specimen, whitened, same view, showing absence
of attachment area and roughness caused by local
silicification, X2 (Stenzel, n; specimen from
Naturhistorisches Mus., Basel, Switz.).

Vultogryphaea VYALOV, 1936, p. 19 ['Ostrea vllitllr
COQUAND, 1869, p. 118 (=Rhynchostreon vllitllr
BAYLE, 1878, pI. 141, fig. 1-2); 00]. Shell
medium-sized (greatest diameter about 11 em.),
shell very inequivalve. LV Qeak incurved, narrow,

opisthogyral, with small (4 by 7 mm.) attach
ment area; with rounded well-developed keel,
which persists from early growth stage onto
about midgrowth when it broadens and becomes
one of several spine-bearing radial keels. At
about midgrowth 3-6 rounded radial keels arise
and become more prominent with age, bearing
stout hyote spines at irregular intervals, strongest
of these several keels located posteroventrally
and ending in tail-like projection at branchitellum.
This keel is posterior neighbor of hyote-spine
bearing keel that develops out of the early juvenile
keel. RV smooth, deeply concave, carrying few
widely spaced shallow radial grooves. V.eret.,
Eu.(France).--FIG. J94,2. ·V. vlJittlr (Co
QUAND), low. Chalk, France (Bonneuil-Matours,

2b

Gryphaeostrea

./

FIG. J98. Gryphaeidae (Exogyrinae) (p. N1l25).
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Departement Vienne); 2a,b, LV ext. views, XO.7
(Bayle, 1878).

[All specimens seen were fitled with hard light-colored
limestone so that their incerior could not be observed.
The features of the ligament area of the LV were seen
only obscurely in only one specimen and seemed to be as
in Exogyra. For this reason and because of the opistho~

gyral turn of the beak of the LV it is believed that this
is an exogyrine oyster genus. VVALOV (1936) had placed
it as a new subgenus of Farina, which is not closely
related [Q it. It is a monotypic insufficiently known
genus.]

Tribe GRYPHAEOSTREINI Stenzel, new tribe
[nom. subst. STENZEL, herein (pro "Gruppa II" MJRKA

MALOV, 1963, p. 152) 1

Postlarval shell growth and ligamental
area uniformly spiral only in first part of
adult life, changing by abrupt angulation
to more or less rectilinear growth in later
life. In later part of shell posterior bourre
let is no longer a narrow ridge but is as
long and high as the anterior one. L.Cl'et.
(Apt.)-Mio.
Gryphaeostrea CONRAD, 15 April 1865a, unnum

bered errata page following p. 190, nom. correct.
['Cryphaea el'eI"Sa MELLEvILLE, 1843, p. 87;
M] [=CrypllOeostrea CONRAD, 25 February
1865b (nom. nt/d.); Cryphostrea CONRAD, 1866,
p. 3 (nom. l'an.)]. Small (less than 3.5 em.)
although some species reach 3.9 by 6.5 em. size.
LV highly convex and capacious, its commissural
shelf well developed but without any chomata;
deep umbonal cavity overhung by hinge plate;
attachment area large in many species, small in
some, restricted in position to posterior or postero
dorsal flank of valve and inclined at 45 0 to 90 0

roughly to anteroposterior direction. LV beak
opisthogyrally spiral; anterior wall of LV spirally
curved and rising up obliquely or vertically from
substratum; LV smooth, lacking radial ribs or folds
except in few last surviving species; smooth
growth lines give way to squamae in last stages
of growth; angular to spoonshaped shelly claspers
grow out periodically from growth squamae of
LV to provide additional attachments. RV flat;
outline oval to spatulate or triangular, devoid of
claspers and chomata; its umbo flat, growth
squamae simple, smooth, devoid of frills, folds,
ribs, or plicae, and spaced regularly apart starting
close to umbo. RV considerably smaller than
LV, leaving wide (up to 0.7 em.) margin on
LV uncovered in bivalved fossil specimens. On
both valves ligamental area is deep narrow
spiral groove which abruptly widens and straight
ens out near end of individual growth. L.Cret.
(t/p.Apt.) -Mio.(Torton.) , Eu.(Eng.-France-Neth.
Belg.-Ger.-Denm.-Sweden-Switz.-Spain-Italy- Aus.
Bulg.-USSR) - Afr. (Moroc.-Alg.-Tunisia-Libya
Egypt-Congo-Somali!. -Madag.); L. Cret. (Alb.)
Oligo. (Rt/pel.) , N.Am.(N.J. to Mexico).--FIG.
J98,1. ·C. eversa (MELLEVILLE), 10w.Eoc.

(Thanet.), France (Paris Basin); la-f, LV int.,
ext., another specimen LV ext., other specimens
RV int., ext., RV ext., all X2 (photographs cour
tesy of N. J. MORRIS, British Museum, Natural
History).--FIG. J98,2. C. sp. (=C. l'omer
STEPHENSON, 1941, non MORTON, 1828), U.Cret.
(Maastricht., Corsicana Marl), Texas(Bowie Co.);
2a-e, LV ext., int., RV ext., int., ext., all X I
(Stephenson, 1941).--FIG. J98,3. C. plicatella
(MORTON, 1833), up.Eoc. (Jackson), Miss. (Shu
buta); 3a-f, LV ext., int., int., RV ext. (3 speci
mens), all X I (Harris, 1946).

[STENZEL (1947. p. 175) found that the type species was
originally designated through monotypy. Many authors
have classed the genus among the exogyras (see COSSMANN
& PEWOT. 1914, p. 197; JOURDV, 1924, p. 31. 96-97, pI. 4.
fig. 2; GLIBERT & VAN DE POEL, 1965. p. 56), whereas
STENZEL (1959. p. 31) had argued that it must be ex
cluded from the Exogyrinae. This opinion is no longer
maintained. Gryphaeostrea is easily recognized as a
genus, because of the configuration of the ligamentaI area
and the regularly spaced concentric RV squamae. Only the
tribe Flemingostreini has similar concentric RV squamae.
Gryphaeostrea is the only genus of the Exogyrinae to
survive the end of the Cretaceous Period. The last surviv·
ing species were G. ricardi (COSSMANN & PEYROT, 1914, p.
197, pI. 20. fig. 29-36) from the early Burdigal. of Saueats,
Departement Gironde. south of Bordeaux. France, and G.
miotaurinensis (SACCO, 1897, p. 30, pI. 9, fig. 15-33) from
the Helvetian of the Colli di Torino, northern Italy,
which is reported by AZZAROLI (1958, p. 1l0, pI. 27, fig.
7·9) as widespread in the Miocene (Burdigal. to Tonon.)
of Somalia, Cirenaica, and Venetia. In North America the
last species. as yet undescribed, are found in the Cooper
:\farl (Ludian) and Marianna limestone (Rupelian) of
South Carolina and Mississippi according to F. STEARNS
MACNEIL (personal communication). These last species
have radial ribs on the left valve.]

Gyrostrea MIRKAMALOV, 1963, p. 152 ["Exogyl'a
tttl'kestanensis BOBKovA, 1949, p. 180; OD].
Small to medium-sized, outline quite variable,
commonly oval, length to height ratio about I: 1.5,
but wish irregularities. LV highly convex, lacking
radial keel, but surface rough with growth
squamae; some species without radial ribs, few
with rough rounded irregular or continuous ribs
well separated from each other. RV flat, with
many conspicuous growth squamae, which stand
up freely on anterior half of valve. Entire shell
rather rough looking. Spiral beak tending to
become detached from general contour of shell
by unrolling. V.Cret.( Cenoman.-Ttl1·on.), C.Asia
(Tadzhik Basin-Gissar Mts. region-Pamir Plateau
Altai Range-Fergana-Afghanistan) - Italy - Tunisia
Palestine-Madag.-N. Am. (Mexico-Texas). [C.
cal'tledgei (BOSE, 1919) is the Mexico-Texas spe
cies. ]--FIG. J99,1. "C. tttrkestanensis (BoB
KOVA), Turon., USSR(Fergana, C.Asia); la-c,
types of BOBKovA, both valves, left side, right side,
post. view; X I (Bobkova, 1961; photographs
by courtesy of KH. KH. MIRKAMALOV).--FIG.
J99,2-4. C. akl'abatensis MIRKAMALOV, 1966,
Turon., USSR(Gissar Mts., C.Asia); 2, LV int.,
3a,b, both valves, left side, right side, 4a,b, both
valves, left side, right side, all X I (Stenzel, n).
--FIG. J99,5. C. longa (BoBKovA, 1961),
Turon., USSR(Tadzhik Basin, C.Asia); 5a,b, LV
ext., int., X I (Stenzel, n). [Specimens of Fig.
J99,2-5 were whitened for photography and were
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obtained by courtesy of KH. KH. MIRKAMALOV,

Tashkent, USSR.]
(The genus was reproposed as new in MIIlKAMALOV, 1966,
p. 43.44. The type species was redescribed carefully by
BOBKOVA. 1961, p. 114·117, pI. 25, figs. 1·4; pI. 26, figs.
1-5) who named it .. Exogyra /ttrk~stan(nsis (BORNEMAN,

1935, n. mse.)." If the unexplained n. mse. stands for
nomen manuscripWrn, BORNEMAN'S authorship lacks stand
ing in nomenclature.]

SUPPOSED GRYPHAEIDAE HERE
REJECfED FROM FAMILY

Acutostrea VYALOV, 1936, p. 18, was proposed as a
new section of Liastrea (Liastrea). It is here
regarded as a taxon of the.. Ostreidae-Ostreinae
and must, therefore, become independent of

Gyrostreo

FIG. J99. Gryphaeidae (Exogyrinae) (p. NI125).
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Liostrea, which is retained in the Gryphaeinae.
See genus Acutostrea on p. N1128.

Anulostrea VYALOV, 1936, p. 19, was proposed as
a new subgenus of Liostl·ea. It is not securely
placeable in any scheme of classification, because
all the known specimens of the type species have
their valves closed tightly, and nothing is known
of the internal features. There are indications
that it may ultimately find its place arnong
the Flemingostreini-Ostreinae-Ostreidae. See p.
N1l67.

Curvostrea VYALOV, 1936, p. 18, was proposed as a
new section of Liostrea (Liostrea). However, it is
not placeable in any scheme of classification, be
cause all the figured specimens of the type species
have their valves closed, and nothing is known of
the internal features. See p. N1168.

Fatina VYALOV, 1936, p. 19, was proposed as a new
genus of the Gryphaeinae. However, it is a
junior subjective synonym of Sokolowia J. BOHM,
1933, p. 104-105, which takes precedence by
reason of priority. The type species of Fatina
was originally described as a variety of the type
species of Sokolowia so close are their relation
ships. Sokolowia is a homeomorph of Gryphaea,
but falls into the Ostreinae-Ostreidae without
doubt, see p. N1146.

Ferganea VYALOV, 1936, p. 19, was proposed as a
new genus of the Gryphaeinae. It is here re
garded as a genus of the Ostreidae (Ostreinae),
see p. N1l43.

Kokanostrea VYALOV, 1936, p. 19, was proposed as
a new subgenus of Liostrea. However, outline and
position of the adductor muscle imprints show
that the two taxa are not closely related and that
Kokanostrea is one of the Ostreinae. It has
been placed, with some hesitation, in the tribe
Flemingostreini, see p. N1153.

Mimetostreon BONARELLl & NAGERA, 1921, p. 21,
was introduced as a subgenus of Gryphaea, but it
must be placed near or in Maccoyella ETHERtDGE,
1892, see p. N346.

Odontogryphaea IHERtNG, 1903, p. 193-227, was
proposed as a new subgenus of Gryp/wea, but
must be placed in the tribe Flemingostreini
Ostreinae-Ostreidae, see p. N1l53. It is a homeo
morph of Gryp/wea.

Quadrostrea VYALOV, 1936, p. 18, was proposed as
a new section of Liostrea (Liostrea) , but the
holotype specimen of the type species has the two
valve!> closed, and its interior is inaccessible. Its
shape is reminiscent of Flemingostrea, but its
systematic position remains unknown. see p,
N1169.

Vultogryphaea VYALOV, 1936, p. 19, was proposed
as a new subgenus of Gryphaea, but all the speci
mens seen were filled with hard limestone so that
their interior could not be studied. It is here
tentatively placed in the Exogyrinae, see p. N1124.

Family OSTREIDAE Rafinesque, 1815
[Official List, nom. correct. GRAY. 1833, p. 777 ,(pro tam.
Ostreacia RAFINESQUE, 1815, p. 148: see ICZN, 1955, Opin.
356, p. 105) I [=Les ostracees LAMARCK, 1809, p. 317 (ver
nac~lar): Ostraceen OKEN. 1817, p. 1167 (vernacular); Os
traces CUYlER, 1817, p. 456 (vernacular); fam. Ostreacea
SCHWEIGGER, 1820, p. 712; fam. Ostracea DE BLAINVILLE.
1825, p. 519 rejected ICZN Opin. 356: Ostre~dae FLEMING,
1828, p. 392 rejected ICZN Opin. 356: tam. Ostraceae
MENKE, 1828, p. 57: tam. Ostreae EICHWALD, 1829, p. 287:
Ostracidae D'ORBIGNY, 1837, p. 100; fam. Ostreinae AGASSIZ,

1846, p. 266: tam. Ostreana BRONN, 1862, p. 474: Ostrei
deae EICHWALD, 1871, p. 23] [non suborder Qstracea DAUT-

ZENBERG, 1900, p. 222]

Nonincubatory or incubatory. Prodisso
conch hinge of planktonic larvae bearing on
each valve four subequal tooth precursors
and their corresponding sockets split by
long smooth median gap into two equal
groups. Promyal passage present in nonin
cubatory and absent in incubatory genera.
Intestine passes by dorsum of pericardium
and does not pierce heart. Posterior adduc
tor muscle reniform or crescentic in cross
section, placed nearly centrally or closer to
opposite valve margin than to hinge; its
insertion on lower valve not elevated. Valves
subequal to highly unequal, with large to
small attachment areas, no radial posterior
groove. Umbonal cavity very deep to shal
low to absent; chambers common. Prismatic
shell layer present, may be conspicuous.
[Several genera are euhaline, other brackish
water inhabitants; many form true reefs.]
U.Trias.-Rec.

Subfamily OSTREINAE Rafinesque, 1815
[nom. transl. VYALOV, 1936, p. 20 (ex Ostreidae RAFINESQUE,

1815) ]

Nonincubatory or incubatory. Promyal
passage present in nonincubatory and absent
in incubatory genera. Chomata present or
absent; without pustules on interior surface
along the valve margins, which generally
are devoid of plications but rarely are ir
regularly plicate so that very little, if any,
conformity is found among individuals.
L.Cret.-Rec.

NONINCUBATORY GENERA

Living representatives of this informal
group of oysters are non incubatory and have
a promyal passage in the exhalant chamber
of the mantle cavity (Fig. JII). Their shells
commonly have a more or less extensive
umbonal cavity under the LV hinge plate.
Extinct genera of the group are recognized
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Acutostrea

FIG. JIOO. Ostreidae (Ostreinae) (p. NIl28).

by their LV umbonal cavity and similarity
to living Crassostrea.

Acutostrea VYALOV, 1936, p. 18 [OOslrea aculiro
slris NILSSON, 1827. p. 31 (=0. inmr/la NILSSON,
1827. p. 30; O. CIIr/lirostris NILSSON, 1827, p. 30;
O. scaniensis COQUAND, 1869, p. 44; O. amti·
mstris NILSSON in VYALOV, 1936, p. 18, nom.
null.); ODJ. Medium-sized (up to 9 em. high);
outline very variable, mostly elongate-spatulate,
straight or more commonly falcate; subequi
valve to inequivalve. LV beak commonly
pointed, straight or variously curved, projecting
beyond that of RV; LV ligamental area acuminate,
high triangular; length of resilifer commonly
twice that of adjoining bourrelet; deep umbonal
cavity of LV overhung by hinge plate. LV com
missural shelf with rounded gutter in which pits
of chomata are located, both gutter and chomata
well developed from hinge to region of adductor
muscle, but fading out beyond. LV with many
undulatory growth squamae and in some indi
viduals few (about 6) wide low weak radial
costae. RV lacking costae, but having concentric
growth squamae. Except for chomata and smaller
size resembles Crassostrea. V.Crel., Eu.·N.Am.
--FIG. JI00,1. °A. inctlr/la (NILSSON, 1827),
AClinocamax mamillatllS Zone, Sweden; 1a-c, LV
int., LV ext., LV int., X I (Hennig, 1897).

[HENNIG (1897, p. 11-14, pI. I, fig. IS, 17, 21·23, 25·28)
redescribed the typc species, pointed out that NILSSON had
described it under 3 species names, and selected O. in·
(urva as the name to use. This decision of the first cc·
viewer must be accepted. The genus is reminiscent of
CraSSOJtr~a and is believed to be the ancestor of Crassos
tr~a. VYALOV proposed AcU/oSlr~a as a section of Lios/r~a

(Lioslr~a). However. Aculos/r~a has radial costae, as
HENNIG pointed out, and an adductor muscle imprint that
is clearly concave at its dorsal margin (see HENNIG, pI. 1,
figs. 22, 28).J

Crassostrea SACCO, 1897, p. 15 [Official List, ICZN
Opin. 338J [OOstrea (C.) tJirginica (GMELlN)
[1791], p. 3336; ODJ [=Gryphaea FISCHER,
1886, p. 927 (non LAMARCK, 1801) (type, G.
angulala LAMARCK, 1819, p. 198; OD); C. (Euo·
strea) JAWORSKI, 1913, p. 192 (ob;.); Crasostl'ea
KOCH, 1929, p. 6 (nom. null.); Dioeciostrea OR
TON, 1928, p. 320 (type, D. americana, nom.
wbst. pro C. tJirginica (GMELlN); OD); Dioeeio·
straea THIELE, 1934, p. 814 (nom. null.); Angus·
tostrea VVALOV, 1936, p. 18 (type, O. angusta
DESHAYES, 1824, p. 362; OD); Grassostrea VVA
LOV, 1948a, p. 23 (nom. null.); SomalidfUna Az
ZAROLl, 1958, p. 115 (type, S. lamellosa =C. gry
phoides (VON SCHLOTHEIM, 1813); M); Crassotrea
MIYAKE & NODA, 1962, p. 599 (nom. null.)J.
Small to very large (to 60 em. high), outline very
variable among individuals but very high, slender
spatulate forms with subparallel anterior and pos
terior margins seeming to preponderate. Surface
rough, with many nonappressed, irregularly spaced
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growth squamae, simple or frilled along free ends;
rounded, steep-sided radial ribs on some individ
uals, more common on LV than RV, such ribs
tending to project beyond general outline of mar
gins (Fig. J44); some shells with inconsistent
variable radial undulating ribs ending at ventral
margins with undulating valve commissure.
Chambers common and LV with well-developed
umbonal cavity (Fig. J13). No chomata. Ad
ductor muscle imprint close to posterior valve
margin and closer to ventral margin than to
hinge; its outline with 2 fairly sharp corners,
dorsal margin nearly straight. Slender-spatulate
forms having LV ligamental area higher than
long with subparallel anterior and posterior

boundaries, both flanked by many growth folia
tions (Fig. J8), such forms possessing strongly
convex resilifer and convex ligamental area on
RV (Fig. JI4). L.Cret.-Rec., worldwide.--FIG.
JI0l,1, ·C. virginica (GMELtN), living, Texas
coast; 1a-d, specimens from Port Lavaca, LV ext.,
LV int., RV ext., RV int.; 1e-h, specimens from
Galveston Bay, LV ext., LV int., RV ext., RV
int., all specimens whitened for photography,
XO.3 (Stenzel, n).--FIG. JI0l,2. C. angusta
(DESHAYES, 1824) (="AngtlStostrea" VYALOV,
1936), 10w.Eoc. (Cuis., Sables de Cuise), France
(Cuise-Lamothe); 2a,b, LV int., RV int. (holo
type of DESHAYES at Ecole des Mines, Paris), XO.7
(Stenzel, n).--FIG. JI02,1. C. gryphoides (VON

Ftc. JI01. Ostreidae (Ostreinae) (p. NI128-NlI29, NI131).
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FIG. JI02. OSlreidae (Oslreinae) (p. N1l28·Nl129, NIBl).
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margin of insertion of adductor muscle

insertion pit of
Quenstedt muscle

..

1e

insertion pit of Quenstedt muscle

insertion of adductor muscle

la

Pseudoperna

crushed RV covering umbonal cavity of LV

1c

FIG. J103. Ostreidae (OsIreinae) (p. NI131-NI134).

SCHLOTHEIM, 1813) (="Somalidacna lamellosa"
AZZAROLl, 1958, holotype), Mio. (Serie del Gu
ban), Somalia (hills on left bank of Wadi Me
rero); la,b, RV hinge view, post. view, XO.4
(Azzaroli, 1958). [See also Fig. J8, J14, J44, and
]71.]

[Many authors have classed CraSIOSlr~a as a subgenus of
Ostua. However, species of these: two genera will not at
all interbreed in nature or in the laboratory. but within
each genus the various species can be made: to crossfertilize
(GALTSOFF & SMITH, 1932; DAVIS, 1950). The northern
species of Crassoslr~a are the only known oysters that can

survive freezing solid for several weeks in winter. The
genus is euryhaline and thrives in very low salinities (17
per mille) as well as in devated ones (42 per milJe)
(BREUER, 1962).J

Pseudo~rna LOGAN, 1899a, p. 95 (or 1899b, p.
215-216) [nom. correct. NEAVE, 1940, V. 3, p.
996 (pro Pseudo-perna LOGAN, 1899)] [-P. ru
gosa LOGAN, 1899a (=P. attenuata + P. orbicu
laris + P. torta LOGAN, 1899a, + P. wilsoni
LOGAN, 1899b=Ostrea congesta CONRAD in NICOL
LET, 1843, p. 169); SD STENZEL, herein]. Small
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(to about 4 em. high and 3 em. long), outline
highly irregular wherever neighboring individuals
impinge on each other, otherwise tending to ovate
and spatulate, with widest part of oval at about
0.25 to 0.3 of height above ventral margin. At
tachment area very lIat and large, leaving only
about 1 em. of freely grown edges on LV of
larger individuals, these free edges tending to
grow up vertically from substrate on anterior and
posterior valve margins, but more obliquely at
ventral margin of LV. Deep umbonal cavity in
LV under thin hinge plate and very shallow resili-

fer groove. Free edges of LV lacking costae, er.
ratically wavy, their growth squamae appressed.
RV irregular but mostly free of costae and gently
convex because of their smooth xenomorphic con
figuration. Chomata very small and numerous,
slightly elongate at right angles to valve margin,
missing in many because of abrasion. U.Cret.,
N.Am.--FIG. Jl03,1. ·P. congesta (CONRAD,
1843), Coniac.-Santon. (Smoky Hill Chalk), Kan.
sas (Logan Co.); I a, fragment of lIat prismatic
calcite shell layer of an Inoceramus overgrown by
individuals of P. congesta; large individuals are

FIG. Jl04. Ostreidae (Ostreinae) (p. NI134-NI135).
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bivalved, but their RVs have been crushed down
into the hollow of the LV through compaction of
the chalk; Ib-e, four RV ints., X2 (Stenzel, n;
specimens by courtesy of D. F. MERRIAM, State
Geo!. Survey of Kansas, Lawrence, Kans.).

[It is not known which on~ of the two articles by LOGAN

is the earlier one, both are dated June, 1899. However,
all nominal species given by LOGAN under Pseudo-perna
3CC junior synonyms of Os/rea congesta CONRAD. All speci·
mens of the typc species are firmly grown onto very flat
fragments of the prismatic calcite layer of lnouramus or
are free specimens that have broken off from them. Most

insertions of disjunct
pallial line muscles

attachment area
on rock surface

FIG. JlOS. Ostreidae (Ostreinae) (p. Nl134-N1l3S).
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Saccostrea
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FIG. JI06. Ostreidae (Ostreinae)
(p. NI134-NI135).

features of the species arc believed to be caused by crowding
and adaptation to growth on ooze-covered sea bottoms on
which the only solid substrates available were fragments
of Inoceramus shells. The genus is similar to Crassos/r~a.

but never grows large and the shells carry many chamata.
It is a monotypic genus possibly descended from eras
sostr('Q. Specimens of the type species from the general
type area were made available through the courtesy of Dr.
D. F. MERRIAM of the State Geological Survey of Kansas.]

Saccostrea DOLLFUS & DAUTZENBERG, 1920, p. 471
['Ostrea (Saccostrea) saced/us DUJ ARDIN, 1835,
p.272 (=0. cuccul/ata BORN, 1778, p. 100, =0.

cucul/ata BORN, 1780, p. 114); M] [=Saxostrea
IREDALE, 1936, p. 269 (type, S. commercialis
IREDALE & ROUGHLEY, 1933, p. 278; OD); Sano
strea MIYAKE & NODA, 1962, p. 599 (nom. null.)].
Small to medium-sized, outline variable, but di
visible into normal ostreiform ecomorphs with
spatulate or vertical-oval to irregular form and
abnormal rudistiform ecomorphs with small,
operculiform RV and large, slender conical to
cornucopia-like LV carrying very high, slender
ligamental area. LV has large attachment area,
and grows preferentially on bare rock surfaces or
mangrove, carries many rough nonappressed
growth squamae and 10 to 30 rough irregular
rounded dichotomous radial folds extending into
small protruding lobes. Umbonal cavity in aver
age very deep; LV umbonal region full of cham
bers and curved cross walls. RV flat, much cor
roded through bacterial decay, free of folds but
carrying many scaly growth squamae of conchio
lin. Both valves with strong chomata, which
commonly encircle entire valve. Nonincubatory.
A distinct pallial line of separate small muscle
insertions connects Quenstedt muscle with pos
terior adductor muscle imprints. Differs from
Crassostrea in its deeper umbonal cavity, strong
chomata, and tendency to conical rudistiform or
cornucopia-like shapes. Mio.-Rec., circumglobal
in tropical climates.--FIG. JI04,l; JI05,1.4;
Jl06,1. ·S. cuceul/ata (BORN, 1778); J104,l, ru
distiform ecomorph living on rocks at Keppel Bay,
Queensland, Australia (="Ostrea comucopiae
formis" SAVILLE-KENT, 1893); la,b, LV ext., two
views; lc,d, LV, two views into umbonal cavity;
Ie, RV ext., showing corroded surface; If, RV int.,
all X 1 (Stenzel, n) [possible types of SAVILLE
KENT loaned by courtesy of D. F. McMICHAEL,
Australian Museum, Sydney]; JI05,/ ,2, ostreiform
ecomorph, living, Australia (="Saxostrea com
mercia/is" IREDALE & ROUGHLEY, 1933); la,b, LV
ext., int.; 1c,d, RV ext., into (outline of adductor
muscle pad and some catachomata are outlined by
pencil line); 2a,b, LV ext., int.; 2c,d, RV ext.,
int., all X 0.7 (Stenzel, n) [specimens donated by
D. F. McMICHAEL]; JI05,3,4, rudistiform eco
morph living on rocks at Keppel Bay, Queensland,
Australia (="Ostrea comucopiaeformis" SAVILLE
KENT, 1893); 3a-c, post. view, oblique post. view,
right side; 4, LV ext., showing spirally twisted
ligamental area, all X 1 (Stenzel, n) [possible
types of SAVILLE-KENT loaned by courtesy of
D. F. McMICHAEL, Australian Museum, Sydney];
J106,1, Mio., C.France (Pontlevoy, Departement
Loir-et-Cher) (="Ostrea saccd/us" DUJARDIN,
1835); la-f, LV ext., int., umbonal cavity, LV
ext" int., ant. views, X 1 (Stenzel, n) [speci
mens donated by GEORGES LECOINTRE, La Chapelle
Blanche, Departement Indre-et-Loire, France; both
whitened for photography]. [See also Fig. J7.]
[LECOINTRE (personal communication) regards S. sacul/us
(\1io., S. France) as equivalent to S. cuccullata; not evc:n
deserving 5ubspecific distinction. This conclusion is. sup
ported here. The spelling cuccullata is orthographIcally
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~rroneous but must be retained, because it is older by two
years than fhe emended (It(lIl1ala. The rudistiforrn cco
morphic growth pattern has evoked comment (FISCHER,
1880·87, fig. 684; KLINGHARDT, 1922, 1929) without d<vel·
oping explanation of iu causes. The best account of
living ccomorphs of the typc species and their ecology has
been given by MACNAE & KALK (1958). The ostrciforrn
ccomorphs grow on sea cliffs exposed to wave action. The
rudistiforrn ccomorphs grow in crowded situations not
exposed to strong wave action. Some authors (THOMSON,
1954, p. ISO) have regarded Sauoi/TcO or Saxostr(Q as a

junior synonym of Crossoslua. This is bdicvcd to be
erroneous, because the two can be distinguished consistently
by shell features and because eggs of S. (uauliata have
no effect in stimulating ejaculation of sperm from ripe
males of CraHostr~a virginica and species of these two
genera cannot be made to crossfertilize each other (GALTS
OFF & SMITH, 1932).J

Striostrea VYALOV, 1936, p. 17 [·Osirea (S.) pro
cellosa, "VALENCIENNES" in LAMY, 1929, p. 71

FIG. }l07. Ostreidae (Ostreinae) (p. NI135-NI137).
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(nom. subst. pro O. multistriata HANLEY, 1845, p.
106, non DESHAYES, 1830, p. 294) (=0. marga
ritacea LAMARCK, 1819, p. 208); aD]. Small to
large (to 20 cm. high), with successive growth
forms consisting of young ostreiform individuals
represented by type specimens of O. procellosa, and
older, larger, rudistiform individuals corresponding
to lectoholotype of O. margaritacea. 1) O. procel
losa form irregular, commonly flattish, generally
less than 3.5 cm. wide, up to II cm. long and equal
ly high, with rather variable outline approaching
suborbicular and rounded-triangular. RV covered
by many thin, readily dehiscent, conchiolin-rich
imbricating layers that have prismatic shell struc
ture and carryon their tops many narrow (1.3
mm. or less wide) dichotomous flat-topped radial
riblets separated by narrower interspaces, riblets
converging and diverging irregularly from place
to place, producing shaggy appearing surface, be
coming less abundant and less prominent in later
growth stages. Wherever imbricating layers have
peeled olf, surface is smooth and carries paper
thin iridescent appressed or nonappressed growth
squamae. LV irregular, with large attachment
area; where grown free from substrate having
crowded delicate paper-thin noniridescent non
appressed somewhat undulant growth squamae
that produce very foliaceous surface. Internal face
of both valves nacreous and iridescent. Adductor
muscle imprint reniform, well rounded, twice as
long as high, with dorsal boundary concave and
fully rounded at ends; outline similar to that of
Os/rea s.s. Position of imprint central, as in Os
/rea s.s., but in individuals with deep umbonal
cavity tending to be more ventral. Chomata vari
able, absent in some, medium-sized in others,
coarse and thick in many. Umbonal cavity mostly
shallow, generally clearly defined. Conchiolinous
fringe at margin of RV extensive (up to 2 cm.
wide). 2) O. margari/acea growth form large (up
to 20 cm. high), generally slender, rudistiform,
highly inequivalve, twisted spirally, sigmoidally,
or otherwise. LV tall, slender, twisted conical,
with very high ligamental area; RV flattish, ir
regular, concave or slightly convex from dorsum
to venter; its ligamental area mostly lost through
corrosion. Exterior of LV, where not destroyed by
erosion, crowded with delicate paper-thin non
iridescent nonappressed somewhat undulating
growth squamae that produce very rough foliace
ous surface. Outer face of RV generally devoid of
any remnants of conchiolinous prismatic shell lay
ers, but riblets less crowded where preserved and
less prominent than in O. procellosa form. Other
wise, RV covered with many appressed or non
appressed growth squamae without riblets. Inter
nal faces of both valves nacreous and iridescent.
Adductor muscle imprint of LV variable, from
reniform and similar to that of O. procellosa form
to nearly twice as high as long, commonly with
concave dorsal margin and small well-rounded
horns; its position on LV close to posterior valve

Striostreo

FIG. n08. Ostreidae (Ostreinae)
(p. NI135-NI137).

margin; on RV farther from ventral margin than
on LV. Chomata variable, absent in some indi
viduals, as few as 3 in others, better developed on
RV than LV. Umbonal cavity excellent (up to 2
cm. deep), with many paper-thin cross walls that
produce chambers. Ligamental area of LV long
(to 3.7 cm.) and very high (to 13 cm.), divided
into much larger, sunken-in, flat-bottomed resili
fer and 2 subequal flat-topped bourrelets. Well
defined groove (2 mm. wide) delimiting anterior
and posterior margins of ligamental area. Non
incubatory; promyal passage extensive. Riblet
bearing layers usually lost owing to their delicate
nature. Differs from Crassostrea in its reniform
adductor muscle imprints, chomata, nacreous and
iridescent interior, very foliaceous shell structure,
and rudistiform growth pattern. Mid.Eoc.(Gosport
Sand), N.Am.(Ala.); Rec., SE.Afr.-Madag.-C.Am.
(W. coast-Baja Calif.-Panama).--FIG. Jl07,],2;
n08,]. ·S. margaritacea (LAMARCK, 1819), liv
ing, S.Afr. (Knysna Lagoon); procel/osa growth
form (=Ostrea nlllitistria/a HANLEY, 1845 (non
DESHAYES, 1830) =0. procel/osa "VALENCIENNES"
in LAMY, 1929) 0107,], and JI08), rudistiform
growth form (=0. margarifact'a LAMARCK, 1819)
0107,2); JI07,]a,b, LV ext., int., Xl; JI07,1c,
RV ext. showing radial riblets, X2; JI07,1d, RV
int. showing nacreous luster, Xl; Jl07,2a-t', LV
ext., LV ext., LV int., RV ext., RV into showing
nacreous luster, X 0.6 (Stenzel, n); Jl08,1, very
"oung (5 mo.) specimen showing numerous radial
riblets, X 3.3 (Ranson, 1951).
[Until 1949, o. proal/ola and o. margari/Qua had been
regarded as separate species (LAMY, 1929, p. 71,272). RAN
SON (l949d, p. 251) first recognized that both names are
applicable to a single species which he chose to call
GryphQ~a margaritaua. Latcr (RANSON, 1959) he: described
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it and figured both growth forms. My study of specimens.
including the types of both, deposited in Paris collections
(Mus. Nat!. d'Hist. Nat.), showed that these can be ar
ranged in a continuous growth series leading from onc
growth form to the other, thus proving that they belong
to a single species. On describing O. mult;rtr;ata HANLEY

(1845) incidentally indicated that his material, which
came from Africa, consisted of young oysters only. KOll·

RINGA (1956) described and figured both growth forms as
CrassoJl,.~a (Grypha~a) margaritaua without mentioning
the name O. proal/oia and its identity problem. His work
has yielded the best description of the biology of the typc
species. VYAlOV (1936) cannot have been aware of the
rudistiform terminal growth form when he proposed SIr;·
oslr~a as a subgenus of OI/T~a. Because S/r;os/r~a is non·
incubatory J has an extensive proffiyal passage. and has Quite

I,

lb

~eommissural

, shelf

Ostrea

.'

eonehiol in sea les

FIG. Jl09. Ostreidae (Ostreinae) (p. Nl 138-Nl 139).
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FIG. JII O. Ostreidae (Ostreinae)
(p. NI138-Nl139).

different conchological features than the incubatory Ostr((J
the two genera cannot be close relatives.] .

INCUBATORY GENERA

Living representatives of this informal
group of oysters are incubatory and lack a
promyal passage in the exhalant chamber of
their mantle cavity. Commonly, their shells
have no umbonal cavity, or only a very
shallow one beneath the LV hinge plate.
Extinct genera of the group are recognizable
by the less capacious LV and absence or
shallowness of an umbonal cavity in it. The
sculpture pattern is commonly similar to
that of Ostrea, in which the LV has radial
ribs and the RV lacks them.

Ostrea LINNE, 1758, p. 696 [Official List, ICZN
Opin. 94 and 356] [-a. edulis; SD ICZN, Opin.
94] [=Ostracites GESNER, 1758, p. 39 (non
binom.); Ostreum DA COSTA, 1776, p. 249 (nom.
van.) (ob;.); Peloris POLl, 1791, p. 33 (type, O.
edulis LINNE; SD GRAY, 1847, p. 201) (obj.);
Ostracites GMELlN, 1793, p. 404 (rejected ICZN,
Opin. 296); Peloriderma POLl, 1795, p. 255 (nom.
subst. pro Peloris POLl, 1791) (obj.); Ostracarius
DUMERIL, 1806, p. 168 (nom. van.); Ostreigenus
RENIER, [1807] (rejected ICZN, Opin. 427); as
traea G. B. SOWERBY, JR., 1839, p. 75 (nom.
van.); Peloridoderma AGASSIZ, 1846, p. 277 (nom.
subst. pro Peloriderma POLl, 1795) (obj.); as
treites HERRMANNSEN, 1847, p. 177 (nom. subst.
pro Ostracites AucTT.); Ostreola MONTEROSATO,
1884, p. 4 (type, Ostrea stentina PAYRAUDEAU,
1826 [1827], p. 81; OD); Cymbulostrea SACCO,
1897b, p. 12 (type, Ostrea cymbula LAMARCK,
1806, p. 165; OD); Ostrea (Eostrea) IHERING,
1907, p. 42 (type, Ostrea puelchana D'ORBIGNY,
1841, p. 672; SD IREDALE, 1939, p. 394); Ostrea
(section Anodontostrea) SUTER, 1917, p. 86 (type,
as/rea angassi G. B. SOWERBY, JR., 1871, v. 18, pI.
13; SD FINLAY, 1928, p. 264); Ostrea (Euostrea)
DOUVILLE, 1920, p. 65 (non JAWORSKI, 1913, p.
192) (type, Ostrea edulis LINNE; OD); Mono
ecios/rea ORTON, 1928, p. 320 (nom. van.) (obj.);
Ostroea TOLMER, 1928, p. 91 (nom. null.); Osrea
TZANKOV, 1932, p. 78 (nom. null.); Monoecio
straea THIELE, 1934, p. 814 (nom. van.); as/rea
(Ostrea) section Bellostrea VYALOV, 1936, p. 17
(type, Ostrea bellovacina LAMARCK, 1806, p. 159;
00)]. Medium-sized to large (to 18 em. high
and 20 em. long), variable outline, but average
shells tending to be roughly orbicular with hardly
prominent umbones obtusely pointed and Banked
by small to very large auricles or lacking them,
posterior auricle, if present, much larger than an
terior one. Width about 0.25 of height, resulting
in rather Bat shell. RV Bat to gently convex, cov

ered by many fragile Battish conchiolinous growth
squamae, peripheral conchiolin fringe extensive
(up to 1.5 em. wide), so that calcareous part of
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RV is much smaller than that of corresponding
LV, as conspicuous as in some fossil bivalved speci
mens. Concentric undulations absent or present,
never conspicuous on RV. LV slightly convex,
hardly ever deeply cupped, covered by many long
unequal rounded radial ribs interrupted by free
standing frilled delicate growth squamae less abun
dant than those on RV; some concentric undula
tions present. Although radial rib patterns differ
much from species to species, no hyote spines are
developed on them. Ligamental areas commonly
longer than high, forming triangles of long base
lines. Chomata always present, but differing in
prominence from species to species, few (4 or 5)
in some, inconspicuous and tuberculiform (see
Fig. JIB), abundant and conspicuous in others,
forming elongate ridgelets (see Fig. J31) arranged
all around periphery. Adductor-muscle imprint
reniform; both ends well rounded, with length
about 4 times height; more centrally located than
in other genera. LV mostly without umbonal
cavity. Typical species tend to have large round
flat shells with flat commissures, whereas others
have small vertically elongate shells with twisted
or irregularly plicate commissure. [Genus is in
cubatory. Diagnostic features are outline and posi
tion of adductor muscle, chomata, Hattish shape
of shell, absence of umbonal cavity, and different
ornamentation of opposing valves.) Cret.-Rec.,
worldwide except in polar regions.

[Thne is some confusion concerning the type species of
Anodontostua SUTER., 1917. SUTEIl was under the impres·
sian that the New Zealand oyster's name: was OSlr~a angasi
$oWERBY (,~cu angassi). which he listed as the first species
under Anodontos/ua. It now appears (HOLLIS, 1963, p.
2·8) that name: rather refers to the: closely similar 50mh
Australian oyster, whneas the: New Zealand oyster is to be
called O. lutra,ja HUTTON, 1873.]

O. (Ostrea). No plications along valve margins;
chomata few and inconspicuous. Cret.-Rec.,
cosmop.--FIG. Jl09,I,2. • O. (0.) edulis
LINNE, living, Eng.; Ia-d, LV ext., int., RV
ext., int., XO.7; 2a-d, LV ext., int., RV ext.,
int., X 0.7 (Stenzel, n) [specimens donated by
E. J. DENTON, the Laboratory, Citadel Hill, Ply
mouth, Eng.; Ia,Ic,2a, and 2c whitened for
photography). --FIG. J110,I. O. (0.) bello
vanna LAMARCK, 1806 (="Oslrea (Ostrea) sec
tion Bellostrea" VYALOV, 1936), Eoc. (Thanet.;
Sables de Bracheux), France (Butte de la Justice
at Bracheux near Beauvais); monotype of LA
MARCK at Museum de Geneve, Switz.; Ia-e, LV
ext., int., RV ext., int., ant. view, X 1 (Clerc &
Favre, 1910-18).--FIG. Jl11,I. O. (0.) cym
bula LAMARCK, 1806 (="Cymblliostrea" SACCO,
1897), Eoc. (Lutet.), France (Grignon, Depar
tement Seine-et-Oise, near Paris); 1a-c, RV ext.,
LV int., LV ext., Xl (Cossmann & Pissarro,
1904-13).--FIG. J112,I,2. O. (0.) stentina
PAYRAUDEAU, 1826 (1827) (="Oslreola" MON
TEROSATO, 1884), living, Egypt (Port Said, Medit.
Sea); Ia-b, LV ext., int., Ic-e, RV ext., ext., int.,
Xl; 2a,b, LV ext., int., 2c-e, RV ext., ext., int.,
Xl (Stenzel, n) [Ia,b,d,e, and 2a-e whitened

FIG. J111. Ostreidae (Ostreinae)
(p. NI138-NlI39).

for photography).--FIG. JI13,I. O. (0.)
pile/chana D'ORBIGNY, 1841 (="Ostrea (Eo
strea)" IHERING, 1907), living, Brazil (Rio
Grande do Sui); Ia-d, LV ext., int., RV ext.,
int., XO.7 (Stenzel, n).--FIG. JI13,2. O.
(0.) lutraria HUTTON, 1873 (=Ostrea (Ostrea)
"section Anodontostrea" SUTER, 1917), living,
N.Z.(Foveaux Strait), 2a-d, LV ext., int., RV
ext., int., X 0.7 (Stenzel, n).

O. (Turkostrea) VYALOV, 1936, p. 18 [·0. tur
keslanensis ROMANOVSKY, 1878, p. 112 (=0.
strictiplicata RAULIN & DELBos, 1855, p. 1158);
OD) [=? Goridzella HAAS, 1938, p. 294, e".
pro Gorizdrella VYALOV, 1936, p. 17 (type, Os
trea gorizdroae VYALOV, 1937b, p. 16-18; OD);
Gorizdrella VYALOV, 1936, p. 17 (nom. ntld.);
Gorizdrella VYALOV, 1948a, p. 34; Turcostrea
VYALOV, 1948b, p. 60 (nom. null.)). Differs from
O. (Oslrea) in having strong chomata and many
strong continuous, fairly narrow radial ribs on LV
and tendency of ligamental area to turn in opis
thogyral spiral fashion. Low.Eoc.(Ypres.)-Mid.
Eoc.(Alaisk'). Mesogean region (N.Afr.-C.Asia).
--FIG. JlI4,I-4. ·0. (T.) strictiplicala RAULIN
& DELBos, 1855 (=0. tllrkeslanensis ROMANOV
SKIY, 1878), mid.Eoc.(Alaisk.), C.Asia(USSR,Uz-
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bek.); 1a.d, both valves, left side, right side, ant.
view, umbonal view, Xl; 2a,b, both valves, left
side, right side, Xl; 3, LV ext., Xl; 4, both
valves, right side showing beekite silicification
centers, X 1 (Stenzel, n) [all specimens whitened
for photography and donated by D. P. NAIDIN,
Moscow State Univ., USSR].--FIG. J115,1. O.
(?T.) gorizdroae VYALOV, 1937 (="Ostrea
(Cymblliostrea) section Gorizdrella" VYALOV,
1936, nom. nlld.), Paleog., USSR (Fergana);
la-e, LV ext., LV ext., RV ext., LV ext., int.,
XO.9 (Vyalov, 1937). [See also Fig. J30 and
J31.]

(Valves are commonly thick·walled. This thickening is
attributed to the prevailingly hot climate and calcium·

rich environment. ASTltE (1922) gave an account of the
variants of the type species in the western Mesogean re
gion. YA.Ne KIEH (1930) reviewed the evolution of O.
(Tur~oJ/T~a) j~to Sokolowia. His claim that O. strictipli.
cola 1$ an .caclter ~ame for O. /tIrk~stanens;s is accepted
here. notwithstanding the fact tholt Russian authors do
not (VYALOV, 1936, etc.; GEKKER, OSIPOVA, & BELSKAYA

1962). Gorizdrd/a VVALOV, 1936, was proposed as a sc:c~
[ion of OS/r~a (Cymbffloj/r~a) and accompanied by a brief
definition and the citation of a type species. However at
the time the type species was a nom~n nudum. It ~as
later described in VYALOV, 1937b. HAAS listed Goridulla
evidently an error pro Gorizdrdla; he defined it and gav~
a type species indirectly by reference to VYALOV, 1936.
HAAS, 1938, is thus the first nomenclaturally acceptable
introduction of this taxon. To judge by the figures given
in VYALOV, 1937b, O. gorizdroa~. the type species, is based
on young and small oyster specimens (Fig. IllS,l)
which cannot be classified without recourse: to additional,
more full·grown specimens. They might be the young
of an Ojtr~a (Tltrkoj/r~a).J
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FIG. JI12. Ostreidae (Ostreinae) (p. NI138·Nl139).
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Ostrea
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FIG. JI13. Ostreidae (Ostreinae) (p. Nl 138-Nl 139) .

N1141

Cubitostrea SACCO, 1897a, p. 99 [*Ostrea cubitw
DrSHAYES, 1832, p. 365; 00]. Small to medium
sized (largest dimension of LV up to 8 cm.),
outline curved, crescentic to crescentic-triangular.
Crescentic species generally thin-walled, with flat
to slightly convex RV, those tending to triangular
shapes thick-walled, with RV strongly convex on
outside but almost flat on inside. LV obscurely
keeled; keel crescentic, located nearer to concave
posterior than to anterior valve margin, which is
broadly rounded in crescentic species, angulate in
triangular ones, angulation indicating position of

inhalant pseudosiphon and widest part of gills
during life. Branchitellum much produced and
narrowly rounded. Posterior auricle present on
LV of some species. Adductor muscle imprint
comma-shaped to reniform, located approximately
halfway between hinge and branchitellum. LV
with concentric growth squamJe Jnd high, nar
rowly rounded, dichotomous or intercJlating, long
radial ribs separated by deep, shJrply rounded in
terspaces narrower than ribs. RV without ribs,
having only appressed concentric growth sqUJmae.
Margins of LV strongly crenated by concavities
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beneath radial ribs, but margins of RV smooth.
Short row of chomata on each side of hinge. Eoc.
(Lutet.-Auvers.) , N.Am.(Gulf Coast-Ad. Coast);
Eoc., Patag.; Eoc.( Lutet.)-Oligo., Eu.--FIG.
J1I6,1. ·C. cubitus (DESHAYES), Eoc.(Auvers.),
France (Crepy-en-Valois, Departement Oise); LV
ext., Xl (Stenzel, Krause, & Twining, 1957).-
FIG. JI16,2; J1I7,1. C. perplicata (DALL, 1898),
mid.Eoc. (U.Tallahatta F.), USA (Ala., Catons
Bluff on Conecuh R., Covington Co.); J1I6,2a-d,
RVs ext., X I; J1I6,2e-h, RVs int., X I (all topo-

types) (Stenzel, n); J1I7,1a, both valves, right
side, X2; JlI7,1c-g, LVs ext., XI; JlI7,lb,h,i,
LVs int., X I (all topotypes) (Stenzel, n). [See
also Fig. ]17, }43,1, and FO.J

[Close relationship between this genus and Os/rea is proved
by the rib patterns of the \'Jlves and the ,hamata. For this
reason it is believed that the genus was incubatory. The
two opposing valves differ much in size, LV extending a
good distance beyond the periphery of the RV (see Fig. Jl7
and p. N977) , indicating that the latter had extensive mar
ginal conchiolin fringes while the animal was alive. A spe
cial provincial stock of this genus evolved on the cast and
south shores of North America into the weird C. sd/ae-

FIG. J1I4. Ostreidae (Ostreinae) (p. N1139-N114U).
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·F. sewerzowii (ROMANOVSKIY); JlI8,la-c, LV
with broken ventral margin, ext., int., post. views,
XI; J1l8,2a,b, RV ext., int., XI; JlI8,3a,b, RV

FIG. J116. Ostreidae (Ostreinae)
(p. NIHI-N1l43).

~.
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2e
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.'

?Turkostreo

FIG. J1l5. Ostreidae (Ostreinae)
(p. N1139-Nll 40).

form is (CONRAD, 1832), which had a large, heavy, twisted,
saddle·shaped, and auriculate shell (Fig. )70). Evolution
of this provincially isoJat(:d stock has b(:~n elucidated by
STENZEL (1949). compare p. NlO79.]

Ferganea VYALOV, 1936, p. 19 [·Gryphaea sewer
zowii ROMANOVSKIY, 1883, p. 251, nom. nud.=
G. sewerzowii ROMANOVSKIY, 1884, p. 54-55, pI.
12, figs. 1-3; OD]. Small to medium-sized (to
12 em. high), mostly roughly squamate. LV high
and narrow (H is about 120 to 200 percent of L),
highly convex in horizontal cross section, convex
in dorsoventral direction, compressed in artero
posterior direction but devoid of a radial keel or
radial sulcus; beak large, pointed, prosogyral to
nearly orthogyral, somewhat inrolled and with
small attachment area; umbonal region of LV
thickly filled with shell material so that there is
no umbonal cavity. RV flat to lightly convex,
exterior covered with many projecting growth
squamae; outline ovate, higher than long (H is
123 to 132 percent of L). Chomata small, present
only in well-preserved specimens. Some species
developed a loosely spiraled orthogyral ligamental
area, more rarely the spiral twist was stronger in
the older, umbonal part of the shell. [These forms
were described as Exogyra jerganensis ROMANOV
SKIY, 1879, p. 153-154, text fig. 2, which was
later assigned to Amphidonta [reete Amphidonte]
because of its chomata (GEKKER, OSIPOVA, &
BELSKAYA, 1962, v. 2, pI. 15). However, their
ligamental area does not have a narrow, crest
shaped posterior bourrelet, and the adductor mus
cle insertion is clearly reniform so that there is no
doubt that Ferganea jerganensis (ROMANOVSKIY,
1879) is not an exogyrine oyster but aD ostreine
Exogyra homeomorph.] O/igo.(Stlmsarskiy Ya
rtls), C.Asia-USSR.--FIG. J1l8,l-6; J1l9,2-4.

10
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ext., int., XI; JlI8,4, LV oblique view onto inser
tion of post. adductor muscle, X I; JII8,5a,b, RV
ext., int., X I; JI 18,6a,b, broken LV int., post.,
X I (Stenzel, n) (all specimens whitened for pho
tography; specimens from Paleont. Inst. Akad.
Nauk SSSR, collected by R. F. GEKKER); JI 19,2-4

(="Gryphaea (Ferganea)" VYALOV, 1936); J119,
2a,b, LV int., ant., JII9,3, LV int.; JII9,4a,b, RV
ext., int., all XO.75 (Romanovskiy, 1884).

Platygena ROMANOVSKIY, 1882, p. 46-47, 58-60
[-Ostrea asiatica ROMANOVSKIY, 1879, p. 150; M)
[=Platigena BORNEMAN, BURACHEK, & VYALOV,

FIG. JII7. Ostreidae (Ostreinae) (p. NI141-NII43).
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1934, p. 260 (nom. null.)]. Medium-sized to
large and f1attish, width about 0.16 to 0.25 of
height; outline roughly orbicular; old shells higher
than long. LV gently convex, RV even less con-

vex. Outline of valve cavity in LV banjo-shaped
(resembling guitar-shaped valve cavity of Sokolo
wia) , with slender subparallel-sided dorsal neck
and suborbicular ventral banjo body. Space on

FIG. J1I8. Ostreidae (Ostreinae) (p. N1I43-N1l44).
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either side of banjo neck filled out with former
temporary anterodorsal and posterodorsal valve
margins left behind during growth of shell. Later
growth restricted to continued gradual shift of
shell cavity in ventral direction without increase
in size of cavity, which in LV is very shallow,
without umbonal cavity or overhang at hinge
plate. Adductor muscle imprint reniform, ,its
longer axis tilted, nearly central in location. No
chomata. Numerous growth squamae, many of
which are frilled in harmony with nearly con
tinuous small radial ribs. Up.Eoc.(Rishtan.) , C.
Asia-USSR-Afr. (Sudan-Libya) .--FIG. JI20,1. - P.

Odontog ryphaea

asiatica (ROMANOVSKIV), USSR; 1a-e, LV ext.,
int., RV int., part of ext., both valves post. view,
XO.48 (Romanovskiy, 1882).

[Plalyg~na is similar to Ddloid~ttm, from which it differs
in central location of the reniform muscle imprint. The
genera evidently are only superficially similar. Platyg~na

resembles Sok,%wia, but differs in its flatness. lack of shell
twists, and in being not at all a Grypha~a homeomorph.
Its very shallow shell cavity proves that it never had a
large gonad lodged within it. Therefore, it must have
been an incubatory oyster that produced few eggs. Close.
ness to OJ/r~a is proved by its reniform muscle imprint.]

Sokolowia J. BOHM, 1933, p. 104 [-Gryphaea
bullsii GREWINGK, 1853, p. 114 (=Gryphaea es
terhtizyi PAVAV, 1871, p. 375, pI. 8-9); 00]

FIG. J119, Ostreidae (Ostreinae) (p. NI143-NI144, NI153-N1154).
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[=SOkolol,ia BORNEMAN, BURACHEK, & VYALOV,
1934, p. 260 (nom. lIan.) (obj.); Fatina VYALOV,
1936, p. 19 (type, Gryphaea esterhazyi PAVAY,
liar. beldersaiensis GORIZDRO, 1915, p. 22; OD);
Kafirnigania GEKKER, OSIPOVA, & BELSKAYA, 1962,
v. 2, p. 115 (type, K. orientalis; OD»). Small to
large (to 15 cm. long and 21 cm. high), highly
inequivalve, homeomorphous with Gryphaea; LV
umbonal region extending beyond RV; outline tri
angular. Chomata well developed. Adductor mus
cle imprint reniform, centrally placed. LV with
ventral margin convex, evenly curved, and marked

at each end by prominent corner, anterior and
posterior margins straight to concave. In all
young to mature individuals length about same as
height or larger (H 75 to 100 percent of L). With
advancing age LV tends to quit growing in length
but continues growing in ventral direction so that
valve becomes much higher (H up to 172 percent
of L), losing triangular outline and prominent
corners. LV convex from umbo to venter and
even more so from anterior to posterior; beak
small, pointed, incurved, reaching over to right
side. Attachment area mostly small. Surface cov-

FIG. J120. Ostreidae (Ostreinae) (p. NII44-NI146).
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ered partly or entirely by many subequal, parallel,
even-crested, strong to obsolescent radial ribs; no
free-standing growth squamae on umbonal half
of valve. Valve cavity guitar-shaped in outline
even in very high, old shells, because anterior and

attached calcified byssus plug af Anamia

posterior valve margins are pinched in. Umbonal
cavity filled in with shell deposits. RV flat to
concave, with triangular outline like that of LV
but truncated at umbo by ligamental area, which
stands vertical to commissural plane; devoid of

FIG. JI21. Ostreidae (Ostreinae) (p. N1l46-N1l50).
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ribs, but with prominent growth squamae and
may have auricles. Eoc.(Turkestan.) (=up.Lutet.
+Aullers.). Rumania (Transylv.) -C.Asia.--FlG.
Jl21,I. ·S. buhsii (GREWINGK), USSR (Fergana);
la-d, both valves, post. view, left side, right side,
umbonal view, XO.7 (Stenzel, n)_ [Specimen
whitened for photography; from Paleont. Inst.
Akad. Nauk SSSR, collected by R. F. GEKKER_]
--FIG_ JI22,1. S. be/dersaiensis (GORIZDRO,

1915) (="Fatina"), USSR (Fergana); la-d, both
valves post. view, left side, right side, umbonal
view, X I (Stenzel, n). [Specimen whitened for
photography; from Paleont. Inst. Akad. Nauk
SSSR, collected by R. F. GEKKER.]--FIG.
JI23,1. S. orientalis (GEKKER, OSIPOVA, & BEL
SKAYA, 1962) (="Kajirnigania"), USSR (Baba
Tag); la,b, LV ext., both valves from right side,
XI (Gekker, Osipova, & Belskaya, 1962).

Id

Sokolowia

auricle

I c

LV

FIG. J122. Ostreidae (Ostreinae) (p. N1146-NlI50).
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10

Sokolowio

FIG. ]123. Ostreidae (Ostreinae)
(p. N1146-N1150).

[Sok.%wia is interpreted to be a descendant of Ostrea
(Turkostreo) , which in turn descended from Os/reo (Os
/rea). Evolution was quite rapid and produced a Gryphaeo
homeomorph (YANG KIEH. 1930; GEKKER. OSIPOVA & BEL
5KAYA. 1962). The slock was a provincial offshoot from
Os/rea, 5.5. and retained some generic characters of Os/rea
5.S., namely, reniform muscle imprints and discrepant
sculpture of the valves. When VYALOV proposed FOlino as
a new genus in 1936 he placed Sok%wia BOHM, 1933, un
der it as a mere section of Fatina (Fat ina}. Such a pro
cedure is not sanctioned by the Code, which on grounds
of priority requires that Fatino be placed under Sokolowia
(Sokolowia). VYAlOV was correct in estimating the differ·
ence between the two forms to be slight. In fact, they are
so Iiule that the type species of Fa/ina is best regarded
as merel}' another species of Sokolowia and the two names
treated as subjective synonyms. The same conclusion ap
plies to Kafirnigania. It seems unlikely that more than one
genus could evolve from Os/rea LL in the same province,
in the same extensive sea basin, and in the same sedi
mentary environments, without separating geographic bar
riers. It has been generally overlooked that Sokolowia
es/erhazyi (PAVAY) was first described and figured as
Cryphaea buhsii GREWINGK, 1853, from [he vicinity of
!':cmekeh and Surt, in the eastern part of the Elburz Moun
[:tins in northern Iran. The species is readily identifiable
from this earlier description, which is nomenclaturally
available. Therefore, the prior valid synonym is the name
given by GREWINGK.]

Tribe FLEMINGOSTREINI Stenzel, new tribe

Consists of the genera Flemingostrea,
Odontogryphaea, Ostreonella, and possibly
Kokanostrea. A nulostrea and Quadrostrea
ultimately may find place in this tribe, but
now are insufficiently known. Odontogry
phaea is a Cryphaea homeomorph.

The following are common features of
this tribe: 1) V-shaped or terebratuloid fold
on valve commissure at ventral valve mar
gins; LV arched up toward left side to form
rooflike fold; RV with semicircular or
tongue-shaped ventral extension that reaches
over to left side fitting into corresponding

sinus of LV. 2) Adductor muscle imprints
longer than high, with straight to concave
dorsal margins and imprints located rather
close to ventral and posterior valve margins.
3) Shell walls exceptionally thick (up to 3.5
em.) in umbonal half of valves. 4) Resilifer
one to three times as long as each flanking
bourrelet of ligamental area. 5) Ligamental
area commonly rather long but low, its ends
producing shoulders on shell. 6) Attach
ment area never large, very small to absent
in Odontogryphaea; no tendency of one in
dividual to grow upon another. Terebratu
loid fold makes it~ appearance at fairly ad
vanced stage of growth, commonly when
shell reaches a height of about 2 em. At
that place growth changes its direction, and
a prominent smooth hump in shell profile is
the result. U.Cret.(Cenoman.)-Mio.
Flemingostrea VREDENBURG, 1916 [OOstrea (Flem-
ingostrea) flemingi D'ARCHIAC & HAIME, 1853,
p. 275; 00] [?=Solidostrea VYALOV, 1948a, p.
24 (type, Ostrea hemiglobosa ROMANOVSKIY, 1884
(in 1878-90), p. 26; 00)]. Medium-sized to
large; overall shape flattish; valves subequal,
neither highly convex nor compressed in antero
posterior direction. LV umbo not prominent or
hook-shaped, terebratuloid fold broad and gen
tle, arising gradually at later growth stage than
rooflike fold does in Odontogryphaea; no radial
sulcus delimiting fold on its posterior flank which
has gradual slope. Calcite prisms long and well
developed in prismatic shell layers (see Fig. J20).
Many species with regularly spaced concentric im
brications on RV recalling Gryphaeostrea; imbri
cations composed of prismatic shell layers and
separated from each other by smooth concentric
bands with sigmoidal profiles. Chomata present
or absent. Ligament growing rapidly in length,
but not in height in early years resulting in some
what shouldered appearance of RV with shoulders
at ends of ligamental area approaching rectangular
shape. [Flemingostrea has several features that
distinguish it from other genera of the tribe: 1)
LV umbo not prominent and not beaked, 2) shell
not as highly convex as in Odontogryphaea and
not compressed anteroposteriorly at any stage, 3)
shell shape less globose, tending to be flattish, 4)
valves more nearly equal in size, 5) terebratuloid
fold appearing later and very gradually, 6) flanks
of terebratuloid fold remaining poorly delimited.
These features are more primitive than correspond
ing ones in other genera of the tribe, because they
more nearly approach those of the normal, average
ostreine prototype. Therefore, Flemingostrea is
regarded as the ancestor of the tribe. Its acme
was in Late Cretaceous time]. U.Cret.(Cenoman.)
Mio., S.Am.(Peru)-N.Am.(Gulf Mexico-AtI.Coast
NE.Mexico -Texas -Ark.-Miss.-Ala.-Ga.-N.Car.- N.J.
Utah) -Eu. (Belg.) -Afr. (Alg.-Egypt-Sudan -Senegal-
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Flemmgostrea

1a

lb insertion of
Quenstedt muscle ------------- u ---~

supporting buttress under resilifer

FIG. J124. Ostreidae (Ostreinae) (p. NII50, NII52-NII53).
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Madag.) -Asia(Pak. -Afghan.) -C.Asia -VSSR (Tad
zik Basin-Gissar Mts.-Transalaii Mts.). - Fig.
J124,1-3. F. slIhspallllala (FORBES, 1845) (=Os
Irea owenana SHUMARD, 1861), V.Cret. (Maa
stricht.); la,b, Nacatoch Sand, Navarro Gr., near

2c

Greenville, Hunt Co., Texas, LV ext., int., XO.7;
2a-c, Nacatoch Sand, near Corsicana, Navarro Co.,
Texas, RV ext., int., post., X 0.7; 3a-c, Ripley F.,
near Braggs, Lowndes Co., Ala., RV ext., int.,
post., all X 0.7 (1,2, Stephenson, 1941 ;3, Stenzel,

FIG. J125. Ostreidae (OsIreinae) (p. N1150, N1l52-N1153).
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n). [All specimens whitened for photography.]
-FIG. Jl25,1,2. F.? hemiglobosa (ROMANOVSKIY,
1884) (=Ostrea gigantica Cox, 1938 (non SOL
ANDER, 1766), =Ostrea (Solidostrea) (VYALOV,
1948c), Eoc. (Suzakian Stage); la,b, Tash Kur
ghan, N. Afghan., LV ant., ext., XO.5 (Cox,
1938); 2a-d, Tadzik Basin, USSR, LV ext., int.,
RV ext., int., X05 (Vyalov, 1948c). [See also
Fig. J20.]

{Solidostr~a was described as new a second time, by Vy
ALOV, 1948b, p. 13-19, pI. 3-7. The type species has some
superficial resemblance to "Gigantostrea" gjgantica 50
LANDER in BRANDER, 1766 (rule Pycndonte (Pycnodonu)
gigaotica) and Cox in CIZANCOURT & Cox (1938, p. 39-42,
pI. 5, fig. 5a,b) described specimens of F/emingostrea?
hemig/ohesa from Afghanistan under the former name in
spite of his observations that they lacked vesicular shell
structure and had a reniform adductor-muscle imprint.
The two differ greatly, because Pycnodonu and its junior
synonym Gigantostrea- have orbicular muscle imprints and
vesicular shell structure. So[idostrea is presumably a junior
synonym of Flemingostrea. because the type species of
both have the characteristic well-spaced concentric undu
lations of sigmoidal cross section, each one ending in a
growth squama, a very thick shell wall of the LV, and a
humped profile of the LV, noted and well-figured by Cox.]

Kokanostrea VYALOV, 1936, p. 19 ["Ostrea koka
nensis SOKOLOV, 1910, p. 73; OD]. Small (up to
3.5 cm. high), highly inequivalve; outline oval
with umbones at small end. LV highly convex,
profile hook-shaped, with prominent hump about
IS mm. from umbo which is acute or bluntly cut
off, not prominent and not Gryphaea-like, but
prosogyral; tendency to form wing at anterior
valve margin. RV operculiform, flat to concave.
Chomata present. Adductor muscle imprint semi
circular, longer than high, located closer to pos
terior and ventral valve margins. Both valves
devoid of radial ribs, both with uniformly spaced
smooth concentric growth squamae. Eoc.(Turke
stan.} (upLutet. + AUtlers), C.Asia. -- FIG.
1126,1. "K. kokanensis (SOKOLOV); la-c, both
valves, oblique post. view, LV int., RV int., XI
(Sokolov, 1910).

[Information on this genus is scanty and its taxonomic
position is open to question. VYALOV (1936, p. 19) gave
the following definition for it: Beak well developed, gry
phoidally inrol1ed; ligamental area inclined toward ante
rior; posterior slope of shell steeper than the anterior one.
He placed it as a suhgenus of Liostrea, as did GEKKER,
OSIPOVA, & BELSKAYA (1962). However, because of differ
ences in outline and position of the adductor muscle im
prints, the two taxa evidently are not closely related. Ko
k~no:trea is possibly a member of the Flemingostreini; in
dications for this placement are the humped and hooked
profile of the LV. recalling Odonwgryphaea and the out
line and position of the adductor muscle (mprint.]

Odontogryphaea IHERING, 1903, p. 194 ["Gryphaea
consors var. rostrigera IHERING, 1902, p. 113 (=
G. (Odontogryphaea) rostrigera IHERING, 1903, p.
212; aD] [=Sinustrea VYALOV, 1936, p. 18
(type, Ostrea (Flemingostrea) morgani VREDEN
BURG, 1916, p. 197; OD); Sinostrea HAAS, 1938,
p. 294 (nom. tlan.)]. Small to medium-sized (up
to 13 em.), composed of lamellar and prismatic
layers; vesiculaf' and chalky layers absent. Outline
orbicular or oval to triangular, umbo at small end.
No auricles near hinge. Shell subequivalve to in
equivalve, but in most species not highly inequi
valve. Valve commissure twisted, with terebratu-

Kokanastrea

Ie

FIG. Jl26. Ostreidae (Ostreinae) (p. N1153).

loid fold at venter. LV convex and capacious,
with prominent beak mostly somewhat opistho
gyral, rarely prosogyral, incurved unevenly in
hook-shape. In nearly all species beak does not
reach through plane of valve commissure to right
side of shell. LV compressed in anteroposterior
direction in most species in early growth stage;
developing rather abruptly rounded rooflike radial
fold at beginning of later growth stage; fold de
limited on its posterior flank by radial sulcus. RV
never really operculiform, simply convex in early
growth stage, convex along line from umbo to
mid-ventral margin except at tonguelike ventral
end, which may be slightly concave and fits into
rooflike fold of LV. RV slightly convex to deeply
concave in transverse (anteroposterior) direction.
Umbonal cavity of LV filled with solid shell ma
terial, and LV quite thick-walled from tip of
umbo to adductor muscle. Ligamental area usu
ally longer than high; resilifer is 1.5 to 2 times
as long as either flanking bourrelet. Chomata to
both sides of ligament, very extensive in type
species, placed so close to valve margins of RV
that their growth tracks are visible on the outside.
Posterior adductor muscle imprint never orbicular;
placed close to venter. Imprint outline different in
each valve, one on left side longer and more reni
form to ribbon-shaped. Surface features of both
valves similar, consisting of foliaceous growth
squamae irregularly spaced, but farther apart in
early growth stage. Radial costae, either absent or
small, developed only on rooflike fold of LV as
discontinuous fine frills of crowded foliaceous
growth squamae. U.Cret.(Maastricht.)-Eoc.,
France (Paris Basin, Thanet.; Corbieres, Sparnac.
Llltet.)-S. Asia(Baluch.)-S. Am.(Patag.)-N. Gulf
Mexico(Ga.-Ala.-La.-NE.Mexico). -- FtG. Jl27,
1-3. "0. rostrigera (IHERING), Eoc., Arg. (Pata
gonia, Chubut Terr.); 1, LV int.; 2. RV int.; 3a-c,
both valves, oblique left ventral view, oblique
right ant. view, ant. view, all XO.75 (Ihering,
1903).--FIG. J119,1. O. morgani (VREDENBURG,
1916) (="Liostrea (Liostrea) section Sinllstrea"
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VVALOV, 1936), U.Cret. (Maastricht.) , NW.Pak.
(Des VaHey, Baluch.); both valves, left side,
XO.75 (Vredenburg, 1916). [Set' also Fig. J9,
J34, J64.]

[VREDENBURG was unaware of Odonlogrypha~a and did not
separate this genus from Flemingostrea which he regarded
as a subgenus of Ostrea, showing thereby that he was not
impressed by the: homeomorphous similarities with Cry·
phaea. VYALOV (1936, 1948a) was unaware: of Odonto
gryphaea. Therefore, he proposed a new taxon, Sinus/rea,
as a section of Liastrea (Liastrea) where he also placed
Ostreonella as a section. Thus both were somewhat re
moved from F/emingostrea, which he left standing as a
suhgenus of Ostrea, following VREDENBURG. All three were
placed in the Ostreinae in spite of the Gryphoeo-like: beaks
in some of the species. His apparent reason, not expressed
in print, for not placing Sinustr~a in the Gryphaeinae was
that the Gryphaeinae, according to him, must have a flat
or concave upper valve, an astute observation in this case.
Indeed, Odontogrypha~a has a RV that is convex in its
early adult growth stage, presumably because it is de
scended from Fl~mingostr~a. which has a similarly convex
RV. Both are clearly members of the Ostreinae, although
Odontogrypha~a is a homeomorph of Grypha~a.--Some

species, notably Odontogryphaea thirsa~ (GABB, 1861, p.
329) from the Nanafalia Formation (Thanet.) oL the Wil-

cox Group in Alabama, lack imprints of former attachment
at their left umbones. They must have grown from larval
to adult stage without becoming attached to a firm sub
strate. The feature is probably the result of their adapta
tion to a substrate lacking places of firm attachment. (See
Fig. )34 and )64.) J

Ostreonella'RoMANOVSKIV, 1890, p. 101[-0. prima;
OD] [=Ostronella NIKITIN, 1894, p. 171 (nom.
null.)]. Small (to 5 cm. high), overall shell
shape biconvex lenticular when young to globose
when old. Valves almost equal, highly inflated,
highly convex, somewhat compressed anteropos
teriorly so that they may become wider than long
(length is 75 percent, width 95 percent of height).
LV umbo not prominent, not hook-shaped, with
small attachment area. Terebratuloid fold ob
scure in young; poorly delimited at its flanks,
rising rather slowly, gradually, and fairly late
during growth; ending in U-shaped semicircular
hollow at valve commissure. Concentric growth
squamae on both valves evenly and regularly

resilifer bourrelet

tonguelike ventral tip of RV

fitting into terebratuloid fold of LV

FIG. Jl27. Ostreidae (Ostreinae) (p. N1l53-N1l54).
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insertion pit of
Quenstedt muscle

leoched growth tracks
of anachomata

"r<'-' - ./"~<I/If! , •...

umbo

FIG. J128. Ostreidae (Ostreinae) (p. N1154-N1157).

spaced, separated from each other by smooth
concentric bands that have sigmoidal profiles;
growth squamae so delicate that they are mostly
broken off. As a result the successive smooth con
centric bands appear to merge forming a wavy
"wash-board" surface. Chomata present. In old
individuals the shell wall is very thick from the
umbo to the adductor muscle. U.Cret.( Campan.),
USSR (Gissar Mt. Range, near Shirabad town,
Uzbek.)-C.Asia.--FIG. 128,1. ·0. prima, Gissar
Mt. Range, USSR; 1a-e, both valves, left and right
sides, ventral, ant., post. views; If,g, LV int.,
post.; 1h,i, RV oblique post. and ant. views of an
extremely humped and thick-walled individual,
all X 1.3 (Stenzel, n). [All figures except Ie
whitened for photography; specimens by courtesy
of KH. KH. MIRKAMALOV, Tashkent, and D. P.
NAIDIN, Moscow State Univ., SSSR.)

[The genus is monotypic and so unusual that ROMANOV

SKIY remarked that it does not have much resemblance to
OS/rea. He is to be commended for recognizing that it is
an ostreid genus. BORNEMAN, BURACHEK. & VVALOV (1934,
p. 255) noticed that the convexity of the right valve,

which ROMANOVSKIY had regarded as a generic character
setting the genus apart. was fairly variable and ranged
from very strong to weak. Therefore. they felt justified in
doubting its value as a generic character setting Os/reonella
apart from other smooth-shelled oysters. VVALOV in his
elaborate scheme of classification of the Ostreidae (1936, p.
18; 1948a. p. 35) lowered the rank of Os/reo.ella to that
of a section and placed it under Liastrea (Lias/rea) Dou·
VILLE (1904a, p. 273) in the subfamily Ostreinae VVALOV,

1936. This arrangement has been followed by other authors
in the USSR but is nonetheless faulty both as to nomen·
clature and phylogenetic systematics. First, it conflicts
with Code Art. 23(e) (i). A subgenus or section of a genus
dating from 1890 cannot legally be placed under a genus
dating from 1904. If the two taxa are truly so closely
related that one must be placed under the other, Os/reo
nella, having nomenclatural priority, would have to stay
as a genus and Liostrea would have to be subordinated as
a subgenus or possibly as a section. Second, Lios/rea and
Ostreondla are not at all closely related, notwithstanding
the opinions and arguments of VYALOV (1936; 1948a) and
BOBKOV' (1961, p. 42). Aside from the convexity of the
RV, Ostreondla has several other generic features separat
ing it from Liostrea.---Comparison of the type species of
the two shows the following definitive differences: Lios/rea
has orbicular muscle imprints situated halfway between
hinge and ventral valve margins, or even nearer to the
hinge; although the shell and its valve commissure are
variable and somewhat irregular, in average the valve com
missure is a flat plane and chomata are absent on the
commissural shelves. It is one of the Gryphaeinae as
redefined by SnNZEL (1959, p. 16). In contrast, Ostreo·
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ndla has reniform muscle imprints, longer than high in
outline; they are pbced rather close to the ventral valve
margins. Its vJlve commissure, particularly in older, more
inflated individuals, is heteroclite, that is, no longer a
flat plane. For this reason, the valve commissure describes
an "5" curve (BOBKOVA, 1961, p. 40), when seen from the
posterior side. A broad semicircular terebratuloid fold is
well shown on older, more infb.ted shells. The differences
between Lios/reo and OSlreonella in regard to outline and
position of the adducw( muscle imprints are proof that the
internal soft anatomies of the two were quite different.
Furthermore, Ostreont'lla h:lS YJlves approaching equal con
vexities so that the general shell shape in younger indi
viduals is like a biconvex lens and in older, more inflated
individuals it appro:lches globose. The umbonal half of
the shell, extending from umho to region of the adductor
muscle, has greatly thickened (I5 mm.) shell walls, whereas
the other, ventral, half of the shell has walls of normal
thickness (2 mm.). Without doubt OSlreonella is one of
the Ostreinae as redefined (SHNZEL, 1959, p. 16) and a
member of the Flemingoslrea stock.--VvALov's scheme
of classific3.tion fails to take notice and make use of any

of internal features of the shell, such as structure of shell
walls, outline and position of the adductor muscle im
prints, and morphology of the ligamental areas. Rather it
is based on external morphology alone. For this reaso~ it
places side by side genera having superficial external simi
larities but not really related. Liostr(Q and Ostuondla
are examples. The position VYALOV gave to Ostr(on(lla
served only to obscure its true relationships. Recognition
of these had to wait until a better, objective, detailed re.
description of its type species became available. In pro.
viding lhis, however, BOBKOVA (1961, p. 39·43, pI. 3, fig.
1-5, pI. 4, fig. 1-5) chose to follow VYALOV'S classification
and again called it "Liostr(o" prima (ROMANOVSKIY), but
she pointed out that two North American species, "Lio.
""a" thirsa< (GABB. 1861) (see HEllPRlN, 1884, p. 311,
pI. 63. fig. 3·6: STENZEL, 1959, fig. 9, 15·16, 18·19; see
Fig. )34 and )64) and "L." o/<a.a (STEPHENSON, 1945, p.
72-74, fig. 1-7), are quite similar to it. Although BOBKOVA
relegated these two species to Liostr(a they furnish impor.
tant dues to true affinities of Ostr(ondla. BOBKOVA may
be credited as the first to recognize close relatives of
Ostr(ondla prima and to open the way for the present

FIG. J129. Ostreidae (Lophinae) (p. N1l57-NI158).
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evaluation of this baffling genus. Fortunately, several speci
mens wefe kindly furnished to me by Prof. KH. KH.
MIRKAMALOV of Tashkent.-Thc two North American
species have been critically re-examined (STENZEL, 1945a,b;
1959, p. 32·33, fig. 3·19). The former was found to be a
species of .Odontogryph~~a !HERING, 1903, and 15 rath~r
similar to ItS type species; the latter was found to fit In
the genus Flcmingostr~a VREDENBURG, 1916.]

Subfamily LOPHINAE Vyalov, 1936
[Lophinae V"ALOV, 1936, p. 19]

Incubatory. Attachment area medium
sized to large; some genera provided with
shelly claspers that grow out at intervals to
lock onto substrate. Valves subequal in size
and convexity, and with similar rib patterns
consisting of regular, subequal, fairly sharp
crested plicae which produce a regularly
plicate valve commissure; pattern not greatly
variable in individuals of the same ~pecies.

Innumerable very small, slightly elongate
tubercles are scattered over interior faces of
valves, especially near their margins (Fig.
J129,2). U.Trias.-Rec.

Lopha RODING, 1798, p. 168 [·Mylilus crislagalli
LINNE, 1758, p. 704; SD DALL, 1898, p. 672]
[=Aleelryonia FISCHER DE W ALDHEIM, 1807, p.
269 (type, A. rara, =Mylilus crislagalli; SD GRAY,
1847, p. 201); Alee/l'ionia FISCHER DE WALDHEIM,
1808, Tab. 5 (nom. van.); Dendoslrea SWAINSON,
1835, p. 39 (type, Ostrea folium LINNE, 1758, p.
699; SD HERRMANNSEN, 1847, V. I, p. 378);
Dendoslraea SDWERBY, 1839, p. 38 (nom. van.);
Dendroslraea SWAINSDN, 1840, p. 389 (nom. van.);
Dendroslrea AGASSIZ, 1846, p. 118 (nom. van.);
Aleclronia LOGAN, 1898, p. 485 (nom. null.);
Aelryonia DOLLFUS, 1903, p. 271 (nom. null.);
Alcelryonia BOSE, 1910, p. 105 (nom. null.);
Aleelryouia STRAUSZ, 1928, p. 277 (nom. null.);
Osirea (Preloslrea) IREDALE, 1939, p. 397 (type,
O. (P.) bresia, =Lop!Ja erislagalli (LINNE));
Aleklryonia VYALOV, 1948a, p. 29 (nom. null.);
Aleelryossia SALISBURY & EDWARDS, 1959, p. 128
(nom. null.)]. Small to medium-sized (to about
II em. long); both valves convex, subequivalve,
with 6 to more than 50 sharp radial plicae the
pattern of which is not greatly variable in each
subgenus. Trias.-Rec., mostly trop. and partly
subtrop., worldwide.
L. (Lopha). The subgenus has two distinct eco

morphs. Ecomorph 1 [commonly called Lop!Ja
crislagalli (LINNE) (=Lop!Ja S.S. AucTT.)] grows
on mangrove or on each other or on other bi
valves, for example, Chama. Shell small to me
dium-sized (to II em. long); both valves convex,
equivalve; shape roughly globular to irregular
with 6 to 9 or even 12 deep sharp radial plicae,
angles of which decrease from near hinge to point
farthest away from it according to RUDWICK'S rule
(see RUDWICK, 1964, and p. NI025-NI026). Sur
face of both valves roughened by countless small,

FIG. J130. Ostreidae (Lophinae)
(p. NI157-N1158).

low, rounded, almost equal-sized protuberances,
which are elongate and arranged in obscure paral
lel radial rows disposed at right angles to incised
growth lines (Fig. ]129,1). No imbricating
growth squamae. Hollow recurved compressed
hyote spines arise intermittently from crests of
some plicae; some spines recurved as claspers for
support of LV on substrate. Ecomorph 2 [called
Dendoslrea folium (LINNE), 1758, p. 699, by
some authors] grows on stems of Gorgonacea or
sea fans (Fig. J47). Small (to 8.5 em. high);
both valves convex, equivalve; shape lanceolate
to ovate, with many sharp radial plicae. Surface
without any protuberances, but with many fine,
closely set growth squamae; hollow recurved
hyote spines arise intermittently from crests of
plicae, several of them serving as claspers for
LV embracing stem of gorgonacean. Many in
dividuals with xenomorphic sculpture consisting
of rounded longitudinal ridge extending from
umbo to opposite end of RV, corresponding to
gorgonacean substrate. Mio.-Rec., trop. and
partly subtrop., worldwide.--FIG. J129,1 ,2. L.
(L.) folium (LINNE, 1758), ecomorph I, called
L. crislagalli (LINNE, 1758), living, Indo-Pac.;
1a,b, specimens from Ponape 1., Carolines, growth
group on Chama shell (la), surface sculpture on
ext. (lb), XO.7, X3; 2, specimen from Guam
,howing band of small tubercle'shaped anacho
mata along margin of commissural shelf of RV,
X 1.3 (Stenzel, n). [Specimen by courtesy of
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H. A. LOWENSTAM, California Inst. Technology,
Pasadena, Calif.)--FIG. J130,1. L. (L.) folillm
(LINNE, 1758), ecomorph called Ostrea (Preto
strea) brezia by IREDALE, 1939, living, Australia;
la,b, right side, posteroventral view, XO.8 (Car
ter, 1968). [See also Fig. J47.]

[Many authors. SWAINSON included, mistook the gorgona·
ecan stems on which ccomorphs 2 grow for mangrove
roots, hence the name tree oyster or D~ndoJlr~a SWAIN
SON. 1835 (an obvious error pro Dendrostua). Indeed,
when kept in a museum and dried out, the stems are
blackish and wrinkled, resembling tree stems or roots
with wrinkled blaekish bark. THOMSON, 1954 (p. 146-149,
and leeter of 14 Dec. 1966) was the first to discover that
Os/rea folium LINNE, My/illl! cr;stagalli LINNE, and Oslrea
(Pre/os/rea) bresia IREDALE, 1939, are names for morphs
of the same polymorphic species. Although his idea is in
opposition to those expressed by many other workers
(LA MY, 1929, p. 244-246, 254-256; DODGE, 1952, p. 190
191, 205), it is accepted here, because his work is based
on extensive observations made on live oysters. According
to THOMSON the morphs generally identified as Lopha
cTlstaga//i live in intertidal situations and those identified
as Ostrla folium live subtidally on Gorgonacea (Fig. J47).
The former are found in the tropical Indo-Pacific; the lat
ter are found, in addition, in the tropical and subtropical
W. Atlantic, Caribbean, and Gulf of Mexico. If THOMSON'S
interpretation and synonymization are accepted, the three
above-given species names become subjective synonyms.
THOMSON as the first reviser of this situation selected
Lopha folium (LINNE) as the name designated for the
biologic species, because it has priority and page prece
dence over the other two names. Thus the three genus
group names are subjective synonyms from a nomencla
tural point of view. Present-day rules (Cod~. 1964) do
not support the conclusion of STENZEL (1947, p. 177) that
Lopha is unavailable as of 1798 and that Allc/ryonia
FISCHER DE WAlDHEIM, 1807, must be used in its stead.
Until RANSON (1941) corrected the generic assignment,
Hyo/issa hyo/is (LINNE) had been regarded as a Lopha
(see HnlAsE, 1930, p. 23). However, there is no question
that Hyotissa is not closely related.]

L. (Abruptolopha) VVALOV, 1936, p. 20 [-Ostrea
abrllpta D'ORBIGNV, 1842, p. 59; 00). Medium
sized (to about 10 em. high), outline pyriform,
both anterior and posterior valve margins con
cave, but each surmounted by short, subequal
auricle; valves subequal and with same pattern
of plicae, consisting of many (more than 50)
narrow angular even-crested radial plicae which
diverge from umbones and are iaterrupted at 3
to 5 places by abrupt angulations of shell profile
where valves stopped growing in height but con
tinued to accumulate wall thickness. Cret., S.Am.
(Colom.).--FIG. J131,1. -L. (A.) abTllpta
(D'ORBIGNV, 1842), Maastricht.; la-c, types of
D'ORBIGNV, RV ext., profile, profile, XO.7 (D'OR
BIGNV, 1842).

L. (Actinostreon) BAVLE, 1878, explanation to
pIs. 132, 143 [-Ostrea solitaria J. SOWERBV, 1824,
v. 5, p. 105, pI. 468, fig. 1; SO DOUVILLE, 1879).
Shell size small to medium, about 6-\0 em. high.
Shell close to equivalve, outline mostly elongately
oval and slightly crescentically curved, a slight
posterior auricle is common; adult shells have
about 25 narrow, dichotomous slightly curved
plicae with narrow but not angular crests. /111'.
Cret., W.Eu.-N_Am.--FIG. J132,l. -L. (A.)
solitaria 0. SOWERBV), U.Jur.(Sequan_, Trigonia
clal'ellata Beds, Glos Oolite Series), Eng. (Wey
mouth, Dorsetshire); la-h, topotypes, RV, LV,

Abruptolopho

FIG. Jl31. Ostreidae (Lophinae) (p. N1l58).

ant. view of both valves, LV, RV, post. view of
both valves, LV, RV, XO.5 (Arkell, 1933).

Agerostrea VVALOV, 1936, p. 20 [-Ostracites lin
glllatlls VON SCHLOTHEIM, 1813, p. 112 (=Ostrea
larva LAMARCK, 1819, p. 216); 00). Small to
medium-sized (to 12 em.), outline falcately
curved, flanks tapering gently from umbo to op
posite end; anterior flank convex, posterior one
concave, both nearly vertical to generalized com
missural plane; auricles at either end of hinge
present or absent. Commissure folded into high
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and narrow plicae (up to 4 cm. high), ending in
acute or rounded points (up to 20). Central field
of valves flat, lacking costae or plicae. Many
small rounded tubercles on commissural shelf.
Adductor muscle imprint comma-shaped, situated
close to hinge. V.Cret.( Campan.-Maastricht.) ,
worldwide.--FIG. J133,1. •A. ungulata (VON

S~HLOTHEIM), Maastricht., Neth. (St. Pietersberg
near Maastricht); 1a·e, LV ext., LV int., ant.
side, RV int., LV int., all X 1.5 (adductor muscle
insertion is outlined by pencil line on lb) (Sten
zel, n).

[AgaostT('Q s~r:ms to be connected by transition species
with Arctostua, which is probably its ancestor. It differs

1f

19

FIG. Jl32. Ostreidae (Lophinae) (p. NI158).
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from the latter in lacking ribs or plications on the central
fic:Ids of the valves, in lacking hyote spines arising from
crests of the plicae. and in being less compressed from
one flank to the other. The lineage appears to have died
out with the end of the Maastrichtian.]

Aiectryonella SACCO in BELLARDI & SACCO, 1897a,
p. 99 [·Ostrea plicatula GMELIN, 1791, p. 3336,
no. 111; OD]. Small (up to 9 em. long), outline

semicircular or crescentic so that outside curve,
from hinge to branchitellum, approximates semi
circle or well-curved loop, and distance on pos
terior side from hinge to branchitellum is very
short. Highly inequivalve; LV deep, RV flat or
rarely slightly convex; attachment area large to
very large, in many individuals showing imprints

auricle

margin of insertion
of adductor muscle

Agerostreo

FIG. J133. Ostreidae (Lophinae) (p. NII58-NII60).
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TO VENTRAL MARGIN odductor muscle pod

FIG. J134. Surface configuration on patches of fingerprint shell structure on RV of Alectryondla plicatula
(same as Fig. J135,Id), X5.5 (Stenzel, n). [Specimen whitened for photography.]

of compound corals. Both valves have about 14
to 22 continuous, commonly well-rounded, very
nearly equal radial plications separated by inter
spaces of same size and equally well rounded,
most plications not anastomosing, but widening
toward the valve margins, and accompanied by a
very few intercalated plications; growth squamae
very few but irregular concentric growth wrinkles
numerous. Adductor muscle imprint somewhat

higher than long, obliquely distorted, and slightly
concave at its dorsal margin, both of its horns
well rounded and not prominent. RV margins
bearing slightly elongate pustules in band 3 to 5
mm. wide; LV margins without pits except near
hinge. Many individuals have an umbonal cavity
in LV. Quenstedt muscle imprint in pit placed
less than 1 mm. from ventral margin of ligament.
Fingerprint shell structure often visible on internal
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adductor
muscle pad
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Bivalvia-Oysters

I

~r
,r LV

Alectryonella 2b

pustules

FIG. J135. Ostreidae (Lophinae) (p. N1l60·N1l61, N1l63·N1l64).
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surfaces of the valves (Fig. J134). ?Mio., Plio.-Rec.,
tropical SW.Pac.--FIG. JI35,1,2. ·A. plicatt<la
(GMELIN), growing on compound hexacoral, Mad
ag.(Nosi-Be); 1a-d, LV ext., int., RV ext., int.,
XO.75; 2a,b, LV int., RV int., XO.75 (Stenzel,
n). [Specimens by courtesy of R. TUCKER AB
BOTT, formerly of Acad. Nat. Sci. Philadelphia;
all whitened for photography.] [Se-e- also Fig.
J29.]
[Interpretation of this genus depends entiedy on undcr~

standing of the typc species, which is attainable in manner
explained as follows. When SACCO (l897a) selected "'A/a·
lTyon~//a plicQ/uta (Gm. Lk.)" as the type species of his
new subgenus A/~clTyondla, he made it quite clear through
the authorships indicated that the particular species he had
in mind was LAMARCK'S interpretation of Os/r~a plico/ufa
GMELIN (1791, p. 3336, no. Ill). LAMARCK'S concept of
this species can be analyud. because fortunatdy the speci
mens studied by him 3rc preserved at the Laborawire de
Malacologie of the Museum National d'Histoire Namrelle
in Paris. There they were studied by me in September
1962 with the generous aid of GILBERT RANSON. The six
type lots of Omea p/ieatu/a LAMARCK (1918, p. 211) con
tain several different species. Which one of the species
should retain the name plicatula LAMARCK can be solved
only by a judicious selection of a lectoholotype from among
his specimens. LAMARCK himself recognized that more than
one so-called variety were represented among his types, for
he closed his description with the words: "It ... offers
a quantity of varieties which to distinguish would be
more detrimental than useful to science." Some of the
type lots arc labeled var. [bJ. var. [c J. and var. [d]. and
these designations apparently go back to LAMARCK. If a
lectoholotype is to be selected, it is evident that all the
type Jots which arc labeled var. [b]. var. [c]' and var. [d]
were regarded by LAMARCK as atypical and should be ex
cluded from consideration at the start. This restriction
narrows the selection down to one stiff cardboard to which
are glued two well-preserved bivalved specimens. This
same cardboard was liSled by LAMY (1929-30, p. 82-89) as
the "ler carton" and bears two labels "os/r~a plicatula"
and "huitu plicatul~/os/T~a plicatula" in LAMARCK'S hand
writing attached to its back; in addition, the front of the
cardboard is labeled "Os/ua/Ostua plicatula Lamk/Nelle
Hollande (individus nommcs par LAMARCK)." The two
specimens are much alike and certainly are of the same
species. Also, they correspond to the figure given by
CHEMNITZ (1780·95, V. 8, pI. 73, fig. 674). as LA MY has
pointed out. This fact is rather important, because GMELIN
had not illustrated his species, but had defined it by a
short Latin description and two references to illustrations
in older publications, one of which was this figure in
CHEMNITZ. By restricting LAMARCK'S specific name to the
two types of the "ler carton" of LAMY, one succeeds in
establishing the identity of "Die faltenvoHe Auster" of
CHEMNITZ with OstT~a plicawla GMElIN and with O. pli
call1la LAMARCK. At the same time one takes into account
LAMARCK'S own revision of his type materials as implied
by the way in which he had separated the materials into
several so· called varieties. The larger one of the two type
specimens of the "Ier carton" is herewith selected as the
lectoholotype of OstT(a plica/ula LAMARCK, 1819. Its di
mensions are: largest dimension 7.66 em., dimension at
right angles to the largest 6.11 em., and width 2.66 em.
These dimensions, measured in 1962, are somewhat differ
ent than those given by LAMY, who probably did not use
calipers. The peculiar finger-print shell structure is visible
on the inside of both valves in both specimens. The struc
ture is believed to be a definitive feature of this species,
even though it was not noticed, or at least not mentioned
by CHEMNITl, GMElIN, LAMARCK, LAMY, and several other
amhors. The same structure was seen in the foHowing
additional museum specimens, which are regarded as rep
resenting Os/na plica/ula GMELlN, 1791: (l) Ostr~a lacua
G. B. SOWERBV (1871, pI. 21, figs. 48 a.b), I specimen,
Acad. Nat. Sci. Philadelphia. (2) O. cumingiana DUNKER
(DUNKER in PHILIPPI, 1845-47, Os/r~a issue, p. 81-82, and
pl.), 10 specimens from Indochina, Mus. Natl. d'Histoire
Nat. (Paris). DUNKEIl'S own description mentions this
pecul iar structure, and it is obvious that the 10 specimens
are correctly identified as DUNKER'S species. The Phila
delphia specimen is most likely correctly identified and
may have been identified originally by SOWERBY himself,
because some: of the older specimens at Philadelphia were
obtained from SOWEll.BY or REEVE. GILBERT RANSON agreed

10

Comeleolopho

1c

FIG. J136. OSlreidae (Lophinae) (p. NI164).

in September 1962 that the )0 specimens Jabeled O. cumin
giana are the same species as the twO types of the "Jer
carton" of O. plicQwla LAMARCK, 1819. The type species
is incuhatory (AMEMI\'A. 1929).] [Circumstances relating
10 designation and identificalion of the type species of
AI~ctryondlQ GMElIN as recorded and interpreted by STEN-
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ZEL have been reported clearly by him in foregoing text
now published at his insistence. STENZEL, thinking that his
discussion is adequate, has not accepted suggestion of the
Editor that the systematic fixation of Alutryonella can be
most simply and firmly established by designating now a
neotype specimen-say from one of the lots of LAMARCK'S

Ostrea plicatula (l819)-to serve as holotype of O. plicatula
GMELlN, 1791. type species of A/ectryone/la by original
designation.-R. C. MOORE.]

CameIeo1opha VVALOV, 1936, p. 20 [·Ostrea ca
me/eo COQUAND, 1869, p. 149; OD]. This taxon
proposed as a section of Lop/w s.s. includes small
shells (to 6 em. high) with outlines orbicular or
oval to spatulate and rounded; auricles generally
absent, never large. Both valves have 12 to 20

la

Nicaisolopha

angular, narrow-crested, dichotomous and inter
calating radial ribs that continue to commissure.
RV flat, LV convex to gibbous. U.Cret.(Ceno
man.). N.Afr.(Alg.).--FIG. Jl36,l. ·C. ca
me/eo (COQUAND), Bou Saada, Subdivision de
Setif; la-d, outlines of 4 individuals, X 1 (Co
quand, 1869).

Nicaiso1opha VVALOV, 1936, p. 20 [·Ostrea nicaisi
VVALOV, 1936, nom. null. (=0. nicasei COQUAND,
1862=0. e/egans BAVLE in FOURNEL, 1849, p.
366, non DESHAVES, 1832, v. 1, p. 361); OD].
Medium-sized (to 10 em. long and 11 em. high),

FIG. Jl37. Ostreidae (Lophinae) (p. N1l64-NI165).
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outline orbicular or ovate to spatulate, with great
est length very near ventral margin and height
about 110 to 130 percent of length; flattish, width
25 to 40 percent of height, and subequivalve; LV
very similar to RV but slightly more convex and
capacious. Attachment area variable, very small
to large; neanic part of shell smooth, orbicular,
and only slightly convex at diameter of 2 to 4
em.; marginal commissural folds beginning to
develop at end of this growth stage, such folds
few (4 to 7 large ones at ventral margin, small
ones elsewhere), well rounded at their crests.
Radial folds similar on both valves, not dichoto
mous, undulatory, round-crested and separated by
equal, rounded interspaces, ending at commissural
folds. Growth squamae slightly raised in later
growth stages. Adductor muscle imprint reni
form, deeply concave at its dorsal margin, about
twice as long as high, placed slightly ventral of
valve center. Ligamental area low and long, its
height is about 40 percent of length; LV resilifer
shallowly excavated and slightly longer than bour
relets; RV resilifer flat. No chomata. [Nicaiso
lopha was defined by VYALOV as a section of
Lopha s.s. as follows: "Sculpture consists of
vague folds."] V.Cret.(Turon.-Maastricht.) , Eu.
(Port.) - N.Afr. (Alg. -Tunisia-Egypt) -Mexico-S.Am.
(Peru).--FIG. J137,1. ·N. nicasei (COQUAND,
1869), Campan., Alg. (M'zab-e1-Messai and other
locaL); 1a-h, 5 individuals, XO.7 (Coquand,
1869).

RasteIJum FAUJAS-SAINT-FoND, 1799 [?1802], p.
167 [·Ostrea macroptera J. DE C. SOWERBY, 1824,
v. 5, p. 105; SD WINKLER, 1863-67, p. 251]
[=Rostellum PERVINQUIERE, 1910a, p. 119 (nom.
null.) (non MORCH, 1850, p. 26)]. Small to large
(largest diameter up to 24 cm.), almost equivalve,
sculpture same on both valves, outlines crescentic
to triangular-crescentic, latter accompanied by large
triangular auricles anterior and posterior to liga
ment producing long straight hinge line; posterior
auricle commonly larger one. Shells with crescen
tic outline long-tapering, curved like comma or
hook, semicircular or almost full circle, with con
vex anterior and concave posterior flanks that
tend to be vertical to commissural plane or nearly
so, resulting in narrow roof along mid-axis of
valves. Attachment area mostly large. Adduc
tor muscle large and subtriangular to comma
shaped in cross section, located rather close to
hinge, i.e., less than half of shell height from
hinge. Roofs of valves with many branching di
chotomous costae, subdued to well-developed;
costae turn into sharp plicae on reaching steep
flanks and descend straight down flanks without
any dichotomy. Crests of plicae either smooth or
raised at intervals into narrow hyote spines. Valve
commissure has many (100 or more) interlocking
zigzags, the tips of which are acute-angled;
grooves between plicae end in projecting acute
tips and plicae end in corresponding recesses.

FIG. J138. Ostreidae (Lophinae) (p. NII65).

M./ttr.( Cal/ol',) -V.Cret.( Maastricht.), worldwide.

[The confused nomenc!:ltllral history of this generic nJme
has been discussed by PERVINQUIERE, 1910a, 1911, and
STENZEL, 1947. (See also discussion herein, p. SI201.)]

R. (Rastellum). Shell outline tending more to
triangular crescentic than to crescentic with
parallel flanks. Plicae mostly without hyote
spines. M.//lr.( Cal/olJ.) -v .Cret.( MaastriclJl.) ,
worldwide.--FIG. Jl38,1. •R. (R.) macrop
tertlm (J. DE C. SOWERBY), Maastricht. (Tuffeau
de Maestricht), Neth. (St. Pietersberg, S. of Maa-
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stricht.); la,b, LV int., LV oblique ant. view,
on rock matrix of Maastricht grainstone, XI
(Stenzel, n). [Specimen loaned by courtesy of
C. O. VAN REGTEREN ALTENA, Teyler's Museum,
Haarlem, Neth., no. 11046, type of FAuJAs
SAINT-FoND [?1802], pI. 28, fig. 7, as Raste!
lum. See also Fig. Jl53,4-5.]

R. (Arctostrea) PERVINQUIERE, 1910a, p. 119
[OLop/w (Arcostrea) carinata LA"ARcK, 1806a,
p. 166; OD] [=Arctostraea JOURDY, 1924, p. 17
(nom. van.); Artostrea VYALOV, 1936, p. 20
(nom. null.); Arcostrea CHARLES & MAUBEUGE,

rock matrix

1951, p. 114 (nom. nltll.)]. Shell outline tending
to crescentic with both flanks parallel and very
steep; outlines long-tapering and curved like
comma, hook or semicircle to almost full circle;
steep flanks (up to 5 cm. tall) on each valve.
Plicae rise at their crests at intervals to form
slender hyote spines, which in some grow into
long tubules. Commissure very serrate; serrae as
many as 3 per cm. of commissure length. Tips of
zigzags sharp-pointed, long, and narrow. [Dis
tinction between R. (Rastellum) and R. (Arct
ostrea) is uncertain.] Cret.(U.Alb.-L.Cenoman.),

LV

Arctostrea

FIG. J139. Ostreidae (Lophinae) (p. NI166-NI167).
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3e

"Anu lostreo II

FIG. J141. Genera Uncertain (p. NI167-N1168).

figures from copies furnished by courtesy of RUTH
TURNER, Museum of Comparative Zoology, Har
vard Univ., Cambridge, Mass.]

Anulostrea VYALOV, 1936, p. 19 [·Ostrea bour
guignati COQUAND, 1869, p. 86; OD). Proposed as
subgenus of Liostrea. All specimens figured by
COQUAND have valves closed, so that nothing is
known of the interior, and the affinities of this
taxon remain unknown. General outline of the
shell, approaching rectangular, well-developed

[An interesting study of the functional morphology of
Arctostrea was made by CAllTER, 1968.]

worldwide.--FIG. J139,1,2. ·R. (A.). carina
tum (LAMARCK), Cenoman., France; 1a-b,
oblique umbonal view, ant., X I; 2a-c, LeMans,
both valves post., right side, ant., X I (holotype)
(1, Stenzel, n; 2, Pervinquiere, 191Ob). [Speci
men loaned by courtesy of Naturhist. Museum,
Basel, Switz.]

FIG. J140. Genera Uncertain (p. N1167).

"Anomiostreo"

NOMINA DUBIA AND GENERA OF DUBIOUS
TAXONOMIC VALUE OR POSITION

Listed below are generic names published
for Ostreidae AUCTORUM which were ob
scurely described and are difficult to recog
nize or interpret. Their type species were
not available for this study.

Anomiostrea HABE & KOSUGE, 1966, p. 323 [·Os
strea pyxidata ADAMS & REEVE, 1848, p. 72 (non
BROCCHI, 1814, p. 579, =0. pyxidata BORN, 1778,
p. 93); OD). Described as follows: "The shell
is small, thin, orbicular, dark green to pale yellow,
inequivalve. The upper valve is flat, divergently
ribbed and has the ovate white muscular scar
situated near the center of its inner surface. The
lower valve attached to the coral is deeply con
caved, forming a cup-shape and crenulated at the
margin by the ribs on the surface and its muscular
scar is distinctly elevated by the white callus. The
ligament is small and short. This is a unique
anomia-like oyster found on the branches of corals
in the Philippines and rather commonly collected
at Samboanga, Mindanao by Mr. Ichiro Yama
mura. No related species has been reported until
today." Figure and description given are not
sufficiently informative.--FIG. J140,1. •A. pyxi
data (ADAMS & REEVE, 1850), Philip.I.; 1a-c, both
valves, seen from right(?) side, X I (1 a, Adams
& Reeve, 1850, pI. 21, fig. 19; 1b,c, G. B. Sow
erby, Jr., 1870-71, v. 18, Ostraea sp. 16). [All
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FIG. J142. Genera Uncertain (p. N1l68).

shoulders at ends of the ligament, and regularly
and widely spaced concentric growth squamae sep
arated by smooth intervals are all reminiscent of
Flemingostrea, but the specimens figured are too
small to show the fold of the commissure at the
venter of the shell, which would be diagnostic.

U.Cret.(Coniac.-Santon.) , N. Afr. (Tunisia) - Eu.
(France).--FIG. ]141,1-3. ·A. bourguignati (Co
QUAND), Coniac.-Santon.; 1a-c, Alg.(Setif), both
valves, left side, right side, ant. view, Xl; 2a-c,
France (Saint-Paterne), both valves, left side,
right side, ant. view, Xl; 3a-e, Tunisia (R'fana
near' Tebessa), both valves r;ght side, left side,
ant. view, both valves right side, post. view, Xl
(COQUAND, 1869).

Curvostrea VYALOV, 1936, p. 18 [·Ostrea redi"i"a
COQUAND, 1869, p. 154; OD]. All figured speci
mens of this small species have valves closed,
so nothing is known concerning muscle imprints
and other internal features. Thus the taxon re
mains largely unknown and cannot be classified.
--FIG. JI42,l,2. ·C. redi"i"a (COQUAND), U.
Cret.(Cenoman.); 1a-d, France (Saint-Andre near
Goudargues, Departement du Gard), LV ext.,
LV ext., both valves left side, right side, Xl;
2a-j, Alg. (Bou-Saada), LV ext., both valves left
side, right side, both valves right side, both valves
right side, ant. view, both valves right side, both
valves right side, LV, RV, Xl (Coquand, 1869).

Margostrea VYALOV, 1936, p. 20 [·Ostrea merceyi
COQUAND, 1869, p. 93; OD]. Proposed as section
of Lopha s.s. with the following definition: "Shell
not incurved, with a very large median smooth
surface; beyond, the sculpture presents only one
undulation or crenelations at the shell margins."
U.Cret.( Santon.), Eu.(France).--FIG. JI43,1,2.
·M. merceyi (COQUAND); 1, Parnes, RV ext., Xl;
2a-g, Tartigny, Departement Oise, LV ext., int.,
RV ant., RV int., LV int., ext., RV int., Xl (Co
quand, 1869).

[Only one unlabeled specimen possibly referable to the
type species was found in collections of the Ecole des Mines
in Paris. The central unribbed area of RV evidently is
xenomorphic in this bivalved specimen, because its LV has
a correspondingly large attachment area. It is also evident
from figures published by COQUAND that all specimens of
the type species are young and grew on an elong<!-te and
conve:x, that is, more or less cylindrical, substrate. In
these figures the RVs have an unribbed convex central area
and the LVs have the corresponding concave attachment
area. Therefore, the central unribbed areas are xeno·
morphic and cannot be diagnostic for supraspecific taxa.
For this reason the species too remains unrecognizable; it
is perhaps a lophine oyster. However, even that guess is
dubious, because WOODS, 1913, p. 381, listed Ostrea meruyi
COQUAND in the synonymy of Ourea semiplana J. DE C.
SOWERBY, 1825, =Hyo"tissa semiplana 0. DE C. SOWERBY,
1825). Thus Margostrea must be set aside as indetermi·
nate.]

Notostrea FINLAY in MARWICK, 1928, p. 432
[·Ostrea mbdentata HUTTON, 1873, p. 34; OD].
Only one valve, best illustrated by BaREHAM
(1965, pI. 13, fig. 2-3, p. 48), has been figured.
Contrary to statements by FINLAY (l928b, p. 266)
this lectohototype is a LV, not RV. Descriptions
given and material available so far are insufficient.
BOREHAM'S illustrations seem to show vermiculate
chomata. If it turns out that the shell wall has
vesicular shell structure, Notostrea would fall into
the Pycnodonteinae as a rather unusual monotypic
genus. Low. Oligo. ( Duntroon.) , N. Z. -- FIG.
J144,l. ·N. srtbdentata (HurroN), Broken River,
Trelissick Basin; 1a,b, holotype, LV ext., int., X2
(Stenzel, n). [Plaster cast by courtesy of C. A.
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Morgostreo

FIG. J143. Genera Uncertain (p. N1l68).

FLEMING and Mrs. A. U. E. SCOTT, New Zealand
Geo1. Survey, Lower Hutt, N.Z.]

Pulvinostrea VVALOV, 1936, p. 17 [·Ostrea (Gym
bulastrea) f!uctuosa MAVER-EvMAR, 1889, p. 3;
00]. Described as a section of the subgenus
Ostrea (Gymbulostrea): "Beak pointed, shell high,
the sculpture consists of some distant, interrupted
costae." The type species was described but not
figured by MAVER-EvMAR, who placed it in the
"series of Ostreae Polyphemi." It was redescribed
by OPPENHEIM (1903, p. 32-33, pI. 1, fig. 12-12b)
from a single LV which had been identified by

FIG. J144. Genera Uncertain (p. N1l68).

MAVER-EvMAR and deposited at Munich. Although
this is believed to be the type, or one of the types,
some serious discrepancies between it and the de
scription given by MAVER-EvMAR were noted by
OPPENHEIM (p. 33), so that a mixup of labels is
not improbable. Although MAVER-EvMAR de
scribed both valves, no RV was available to
OPPENHEIM. Eoc., Afr.(Egypt).--FIG. }l45,l.
?P. fluctuosa? (MAVER-EvMAR) (=Ostrea (Gym
bulastrea) section PultJinostrea VVALOV, 1936),
Libyan, Nobka; la-c, LV ext., int., post., Xl (Op
penheim, 1903). [Labeled as a type specimen by
MAVER-EvMAR, 1889, but possibly erroneously.]

[Because: MAYER·EYMAIl stated that the upper valve is devoid
of ribs and the lower valve has 9 radial ribs, it is likely
that this species falls into the general group of genera and

? Pulvinostreo

FIG. J145. Genera Uncertain (p. N1l69).

subgenera that cluster around Ostr(Q s.s. For the rest. the
material available to MAYER·EvMAR, OPPENHEIM, and VYA·
LOV is too inadequate to permit onc to establish a species
firmly, let alone a supraspecific taxon.]

Quadrostrea VVALOV, 1936, p. 18 [·0. tetragona
BAVLE in FOURNEL, 1849, V. 1, p. 367; 00]. De
scribed as a section of Liostrea (Liostrea): "Beak
slightly prominent, cardinal margin straight, shell
angular." The holotype of the type species at the
Ecole des Mines in Paris is a bivalved specimen
with valves closed and interior filled with matrix
and inaccessible. Its systematic position remains
unknown. U.Gl'et.(Senon.), Afr.(Alg.).--FIG.
JI46,1 . • Q. tetragona (BAVLE), Campan., M'zab
el-Messa"i and other local.; la-c, two individuals,
X 1 (COQUAND, 1869).
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scribed as an Ostrea. All the specimens of the
, type species that were available to CRAGIN are

preserved at the University of Texas in Austin,
Texas; they are all anomias and Holoeraspedum
is here questionably regarded by Cox as a junior
synonym of Plaetlnopsis (p. N380).

Lithiotis GUMBEL, 1871, p. 48-51 ['L. problema
tiea; M]. Since GUMBEL described it, believing it
to be a lime-secreting alga, many authors have
discussed its systematic position and some believed
it to be an oyster close to Crassostrea. It is now
placed in the Lithiotidae REIS, 1903, near the
Spondylidae (see p. NI200).

Ostreinella COSSMANN in COSSMANN & PEYROT, 1914,
p. 398-400 [.Liostrea (Ostreinella) negleeta (MI
CHELOTTI), 1847, p. 81, pI. 3, fig. 6, not fig. 3;
OD]. Originally described as a subgenus of Lio
strea it was recognized by GLIBERT & VAN DE
POEL, 1965, p. 6, as a member of the Vulsellidae
[Malleidae] (see p. N331).--FIG. Jl48.1. '0.
negleeta (MICHELOTTI), Mio. (Burdigal.), SW.
France (Aquitaine); 1a-d, loose valves, X2 (Coss
man & Peyrot, 1913-14).

Palaeostrea GRABAU, 1936, p. 284-286, pI. 28, fig.
1 [·P. siniea; OD]. This incompletely described
fossil is wholly unidentifiable and probably not an
oyster, see p. NI051. [See also Fig. J59,4.]

Praeostrea BARRANDE, 1881a, p. 147, pI. 3, fig. 1-2
and 3-4 [·P. bohemiea; M]. The taxon is now
placed as a junior synonym of Vet/oda BARRANDE,
1881, in the family Antipleuridae NEUMAYR, 1891,
Superfamily Praecardiacea HORNES, 1884 (see p.
N247, p. NI051). It has been restudied by IUiz,
1966. [See Fig. J59,5.]

FIG. J146. Genera Uncertain (p. N1l69).

GENERA ERRONEOUSLY ASSIGNED
TO OSTREIDAE

The following genera originally were de
scribed as or suspected to be Ostreidae
AUCTT., but found to belong to other fami
lies.
Heterostrea JAWORSKI, 1913, p. 192-195, pI. 6-7

['Crassostrea (Heterostrea) steinmanni; M]. He
terostrea was originally believed to be a primitive,
dimyarian, ancestral stage (Stadium in German)
of Crassostrea. It was found in the Jur. (M.
Bajoc.) of Chunumayo, Peru. JAWORSKI (1951)
laIer removed iI from Ihe Ostreidae and placed it
in Myoconcha SOWERBY, 1824, p. 5, 103, near
M. unguis WHlDBORNE (1883, p. 530, pI. 18, fig.
21), family Pleurophoridae, subfamily Myoconchi
nae NEWELL, 1957 (p. N547).--FIG. J147,1.
'Myoeoneha steinmanni (JAWORSKI) [="Crasso
strea (Heterostrea)"]; 1a-e, RV int., LV int., ext.,
XO.4 (Jaworski, 1913).

Holocraspedum CRAGIN (1893, p. 190-191) ['Os
strea anomiaejormis ROEMER, 1849, p. 394; OD].
CRAGIN correctly placed this genus in the Ano
miidae, although the type species had been de-

UNAVAILABLE GENERIC NAMES

The generic names listed below have been
found to be unavailable according to the
present Code.
crist. VON SCHLOTHEIM (1820, p. 240-245). This

abbreviation written in lower-case letters was used
in connection with 9 species names of the genus
Ostrao'tes. The list was headed by the vernacular
"D. Cristaciten. (Hahnenkamme) "; the abbrevia
tion was not explained. Later VON SCHLOTHEIM
(1823, p. 82) used "cristaeit." instead in connec
tion with two of these species. STENZEL (p.
NI2l0) has shown that these abbreviations stand
for Cristaeites and were meant to be a subgeneric
name. Cristao'tes VON SCHLOTHEIM is a nomen
oblitum, because until STENZEL'S investigation no
one had recognized it as a subgenus or spelled it
out correctly. Because STENZEL is the first re
viser, his conclusion that crist. and cristaeit. are
unavailable is to be followed notwithstanding that
VOKES (1967), p. 193, listed Cristao'tes VON
SCHLOTHEIM as valid nomenclaturally.

Acuminata ARKELL (1934, p. 64).
Bilobata ARK ELL (1934, p. 64).
Corrugata ARKELL & Moy-THOMAS (1940, p. 404).
Cretagryphaea ARKELL (1934, p. 62).
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Ostreinello

FIG. )148. Malleidae (Os/reinel/a) (p. Nl170).

Dilatata ARKELL (1934, p. 64).
Incurva ARKELL (1934, p. 64).
Jurogryphaea ARK ELL (1934, p. 62).
~norrii ARKELL (1934, p. 64).
Marcoui ARKELL (1934, p. 64).
Virgula ARKELL (1934, p. 64).

These ten names were proposed as "rationalised
names" admittedly under disregard of the zoologi
cal Rules. They were called "name of the lineage,"
that is, they were meant to designate monophyletic
groupings of some sort.. However, each lacked
definition or indication as required by the Code
and remained unavailable.

Neogryphaea VVALOV & SOLUN (1957, p. 197).
Pseudogryphaea VYALOV & SOLUN (1957, p. 197).

These two names were proposed as hypothetic,al
names for as yet undescribed genera. They lack
species and definitions. Contrary to the listing by
VOKES (1967, p. 196-197), they are unavailable.

Neogyra CHELTSOVA (1969, p. 9).
This name is a nom. nudum in CHELTSOVA. It

Ie

alleged
ante ri or adduc tor -'FJ'--r----;l~!i

muscle insertion

Myoconcho

10

FIG. J147. Permophoridae (Myoconclza) (p. NlliO).
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was attributed by her to VYALOV & SOLUN (1957),
but no such name is to be found there.

Sdikia DE GREGORIO, 1884, p. 48 [*Ostrea (Sdikia?)
bonfornellensis; OD]. Sdikia was proposed as a
subgenus of Ostrea; the only species was described
but not illustrated and was listed with a question
mark as shown above. Species and genus were

based on a single valve only and remain unrecog
nizable. In view of the question mark the species
listed cannot be accepted as the type species (Code,
Art. 67h). Thus Sdikia remains a nominal genus
without included species, besides being unrecog
nizable. ?U.Mio., Italy (Buonfornello).
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FAMILIES DOUBTFULLY RELATED TO OYSTERS

Family CHONDRODONTIDAE Freneix,
1959

P..1aterials for this family prepared by t L. R. Cox
and H. B. STENZEL]

Oyster-like. suborbicular, subtrigonal or
linguiform, commonly elongated dorsoven
trally, compressed, thick-shelled, inequi
valve, sessile, attached by more strongly con
vex LV, which FRENEIX & LEFEvRE (1967)
considered to be RV; both valves radially
plicated or smooth; dimyarian, with distinct
pallial line well separated from valve mar
gins; edentulous; umbonal angle of each
valve very acute and occupied by triangular

plate resembling ligament area of Ostrea; in
LV this plate is continued ventrally by a
projecting linguiform process, recess below
receiving dorsally pointed hooklike process,
which projects from wall of RV, these proc
esses interpreted as chondrophores between
which internal ligament extended (i.e., it
was attached to undersurface of process of
LV); posterior adductor scar located on shell
wall; shell subnacreous. [Usually occurs in
rudist-bearing limestones.] L.Cret.(.llb.)
U.Cret.{Campan.).

DOUVILLE (1902) observed symmetri
cally arranged markings (Fig. JI49,lc) on
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upper part of plate occupying umbonal an
gle and considered these to be bifid anterior
adductor insertions. STANTON (1947) re
jected this interpretation, pointing out that
a muscle located in this position would be
ineffective, and stated that he had observed
no comparable markings in specimens of
Chondrodonta from Texas.

FRENEtX & LEFE.VRE (1967) placed this
enigmatic family in the Pectinacea, as did
STANTON (1947), who carefully discussed
the evidence and all published opinions to
the contrary. STENZEL believes that the
Chondrodontidae do not fit in the Os
treacea.

Chondrodonta STANTON, 1901, p. 301 [·Ostrea
munsoni HILL, 1893, p. lOS; OD]. Characters of
family. L.Cret.( Alb.)-U .Cret.(Santon.-Campan.),
N.Am. (Texas-Mexico)-Eu.(France-Port.-ltaly-Dal
matia) -SW .Asia (Turkey-Syria-Israel-Sinai-Iran)
E.Afr.(Somalia) .
C. (Chondrodonta). Ligament simple, not subdi

vided. L.Cret.( Alb.)-U.Cre/.(Tt/ron.), N.Am.
(Texas-Mexico) -Eu. (France-Port.-Italy-Yugo.)
SW.Asia (Iran-Lebanon-Israel-Sinai) -E.Afr. (So
malia).-FIG. JI49,la,b. C. (C.) joannae CHOF
FAT), U.Cret.(Turon.), Port.; la, LV ext., XO.7
(Choffat, 1902); I b, dorsoventral sec. perpendicu
lar to commissure through dorsal part of both
valves (LV on left, umbonal region at top),
X 1.5 (Douville, 1902).

C. (Freneixita) STENZEL, herein [nom. st/bst. pro
Chondrella FRENEIX & LEFEvRE, 1967, p. 764
(non PEASE, 1871, p. 465)] [·Os/rea desori CO
QUAND, 1869, p. 117; OD]. Internal ligament
subdivided into more superficial part inserted in
RV on upper face of chondrophore in umbilical
region. V .Cret.(Cenoman.-Tt/ron.), Eu.(France
Italy-Yugo.).--FIG. JI49,Ic. ·C. (F.) desori
(COQUAND), U.Cret.(Cenoman.), France (Angu
Ierne); dorsal part of LV int. showing (near top
of figure in middle) markings interpreted by
DOUVILLE as bifid adductor scar and (middle of
figure) linguiform process regarded as chondro
phore, x2 (Douville, 1902).

C. (Cleidochondrella) FRENEIX & LEFEvRE, 1967,
p. 765 [·C. (Cleidochondrella) elmalienJis; OD].
Lamina of internal ligament, developed only in
RV, is inserted into into of double chondrophore,
lower part of which grows hollow as a cupula,
whereas upper part is opercular. V.Cret.( Santon
Campan.), Turkey(Taurus Mts.).
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Douville, Henri
(I) 1902, St/r Ie genre Chondrodonta Stanton;

Soc. Geo!. France, Bul!., ser. 4, v. 2, p.
314-318, p!. I!.
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FIG. J149. Chondrodontidae- (p. NI198).
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sodontes (pars)]: 84eme Congo des Soc.
Savantes de Paris et des Departements,
Comptes Rendus, Dijon 1959, Sec. des Sci.,

Sous-Sec. de Geologie, Colloque sur Ie Cre
tace superieur franpis, p. 175-248, Gau

thiers-Villars (Paris).

---, & Lefevre, Roger
(3) 1967, Dmx up~ces nouvelles de Chondro

donta et Neithea (Bivalves) dt/ Senonim drl
Tat/rus Lycien (Tt/rqt/ie): Soc. Geol.
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France, Bull., ser. 7, v. 9, p. 762-776, pI.
26-29a (Oct.).

Pease, W. H.
(4) 1871, Cataloglle of the land-shells inhabit

ing Polynesia, with remarks on their synon
ymy, distribution, and variation, and de
scriptions of new genera and species: Zool.
Soc. London, Proc. 1871, no. 29, p. 449-477.

Stanton, T. W.
(5) 1947, Stlldies of some Comanche pelecypods

and gastropods: U.S. Geol. Survey, Prof.
Paper 211, 256 p., 1 text fig., 67 pI., 2
charts.

? Family LITHIOTIDAE Reis, 1903
[nom. Lal;"~ udditum el transl. Cox, herein (pro "Unter
familie Lithiotiden" REIS, 1903) J [Materials for this family

prepared by t L. R. Cox]

Large, thick-shelled, oblong, much elon
gated dorsoventrally, compressed, slightly to
moderately inequivalve, with general re
semblance to Crassastrea [Ostreidae 1but at
tached possibly by RV, which is more con-

vex than LV; umbones very acute, curved
in some specimens, either to front or rear;
hinge edentulous; ligamental area large,
greatly elongated dorsoventrally, differing
from that of Ostreidae in absence or narrow
ness of median groove for fibrous ligament;
monomyarian, commonly with thin internal
buttress in each valve passing from lower
margin of ligamental area to posterior mar
gin of adductor scar; ostracum formed of
lamellar calcite together with prismatic cal
cite developed as intercalated layers or as
masses of radially disposed crystals sur
rounding tubular vesicles. L./ur.(LLias.).

The shells included in the genera Lithia
tis and Cachlearites occur in very hard lime
stone, from which no perfect specimens
have yet been extracted. The account here
given is based on observations and recon
structions of REIS, who considered that these
genera were related to the "toothless spon-

20Ccchleorites

Ie

Lithictis

FIG. J150. Lithiotidae (p. N1200).
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dylids," that is, to the group of genera in
cluded herein in the new family Terquemii
dae (p. N380). BOHM (1892) strongly con
tested this view, maintaining that REIS'S
observations were unreliable and that both
genera were founded on a single species
not separable from the Ostreidae. The ma
terial examined by the compiler of the pres
ent account has proved inadequate to allow
him to express any strong opinion on the
matter. Prismatic calcite and internal ves
icles occur in some shells belonging to the
Ostreidae, but the absence or narrowness of
a median groove on the ligamentaI area
seems to distinguish the present forms from
that family.

Lithiotis GUMBEL, 1874, p. 48 [-L. problematica;
M]. Moderately inequivalve; ligamental area stri
ated in dorsoventral direction but without median
groove for fibrous ligament; internal buttresses
weak or absent; interior of wall of umbonal cavity
formed of calcite prisms all oriented perpendicu
larly to its surface; minor tubular cavities, extend
ing dorsoventrally and similarly surrounded, pres
ent withil) other parts of shell wall. L.luf.(L.
Lias.), Eu.(N.Italy-Croatia)-SW.Asia( ?Iran) .-
FIG. Jl50,l. -L. problematica, Italy (Verona
prov,); la, RV into (reconstr.) showing striated
ligament area lacking median groove, ca. XO.2;

1b,c, transv. sees. through upper part of valve in 2
different specimens, showing internal cavities
(black); 1b showing 2 main cavities which have
united (in more ventral section, 1c) to form um
banal cavity, while minor tubelike cavities in
ostracum are' well seen in 1c; striated ligamental
area is seen in section along top of each figure;
X 1.3 (all Reis, 1903).

Cochlearites REIS, 1903, p. 2 [-Trichites loppianus
TAUSCH, 1890, p. 18; M] [=Chochlearites REIS,
1923 (nom. null.)]. Only slightly inequivalve;
ligamental area with narrow median groove vary
ing in length and not extending to its lower
margin; internal buttresses well developed; ostra
cum without internal vesicles. L.ll/r.(L.Lias.), Eu.
(N. Italy). -- FIG. Jl50,2. -C. loppianus
(TAUSCH), Verona prov.; 2a, LV (reconstr.) (up
per valve according to REls) int., ca. XO.2; 2b,
dorsal part of LV int., XO.3 (both Reis, 1903).

REFERENCES
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turf. Gesell. zu Freiburg im Breisgau, Be
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FAUlAS-SAINT-FoND, 1799 [? 1802], of Cris
tacites (corrected form of "crist.") VON
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NOMENCLATURAL CLARIFICATIONS OF SOME GENERIC AND
SUBGENERIC NAMES IN FAMILY OSTREIDAE (BIVALVIA)

INTRODUCTION
Stray generic or subgeneric names not yet

discovered or not yet investigated thorough
ly as to their availability and validity in
zoological nomenclature are potentially dis
ruptive. According to the rules of priority
of the International Code of Zoological No
menclature (ref. 13) some of these names
may ,have to be accepted, and thus they may
displace better known names in use today.

Such threats of displacement should be
avoided. It is therefore necessary to search
for names of this sort and to dispose of
them, if possible. Unfortunately, much time
and effort must be spent on these investiga
tions, even though necessary.

The present discussion is part of a con
tinuing effort to distinguish and clean up
genus-group names in the family Ostreidae
(STENZEL, 1947; 1959). Its purpose is to
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PART l-RASTELLUM
One of the byproducts of bloody wars set

off by the French Revolution was a mono
graph on the geology of the St. Pietersberg
area in southern Netherlands. It contains
an elongate hill about 15 km. wide from
east to west, more than 4 km. long, and
about 110 m. above sea level. It rises steeply
from the left bank of the Maas River, 1 km.
south of the center of the ancient city of
Maastricht in Zuid Limburg. The flat-lying
calcareous strata forming the hill are the
type locality of the Maastrichtian Stage
(Late Cretaceous) and have furnished many
interesting animal remains, for instance, the
type species of the swimming reptile Mosa
saurus. The rock, called "tuffeau de Mae
stricht" in French geological literature, has
been quarried for hundreds of years and
supplies today a large cement plant. The
official Netherlands spelling of the city is
Maastricht. A tuffeau, according to French
usage, is a crumbly limestone. In modern
terms, the rock is a crumbly, porous lime
grainstone.

In 1795 the French army took the fortress
Maastricht. FAUJAS-SAINT-FoND, professor
at the Museum National d'Histoire Natu
relle in Paris, accompanied the army and
investigated the St. Pietersberg area. The
fossils collected were deposited by him at
the Museum (ref. 7, p. 111), and some of
them were described by LAMARCK (1801, p.
400) as Planospirites ostracina (see Fig.
J96). Various fossils illustrated by FAUJAS
ended up at the Teyler's Museum in Haar
lem, Netherlands (WINKLER, 1863-67, p.
251,253; VAN REGTEREN AUENA, 1957, p. 96,
110, and 1963).

ORIGINAL USAGE OF NAME

The present inquiry concerns the generic
name Rastellum as used in a monograph
with title page given as follows: Histoire
Naturelle / de / la Montagne de Saint
Pierre / de Maestricht, / par B. Faujas
Saint-Fond, / Administrateur et Professeur
de Geologie au Museum National / d'His
toire Naturelle de Paris. / A Paris, / Chez
H. f. Jansen, Imprimeur-Libraire, Rue des
Saints-Peres, no. 1195. / An 7eme. de la
Republique Franfoise.

Few libraries in the United States possess
this magnificent book, which is not rare in
the antique book trade. The book gives the
author's name as FAUJAS-SAINT-FoND; else
where it is given as FAUJAS DE SAINT FOND.
The author was a French nobleman, born
1741, and at one time the "King's Commis
sioner for the Mines," but titles of nobility
had been abolished by the French Republic.
Within the text of the book the author re
fers to himself as FAUJ AS (ref. 7, p. 111,
127, 129-136).

BINOMINAL OR NOT?

The first question to settle is whether the
above-cited work is binominal or not. FAu
J AS was a professor of geology at the Mu
seum National d'Histoire Naturelle in Paris
and a contemporary and colleague of CUVIER
and of LAMARCK, who was a good friend of
his as is indicated by the footnote on p. 136,
where he stated: "This work [by LA
MARCK], which is about to appear in the
immediate future and the leaves of which
Lamarck has kindly furnished me in order
to make exact citations available to me, has
for its title-: Systeme des animaux sans ver
tebres, ou Tableau genhal des classes, des
ordres et des genres de ces animaux, etc. (in
_8°). Par Lamarck, Paris, chez Deterville,
rue du Battoir." [translated from the
French]. In his work FAUJAS showed thor
ough familiarity with the works of LINNE,
BRUGUIERE, CUVIER, LAMARCK, LATREILLE,
and other prominent binominal authors (7,
p. 23, 24, 180, 196, 231); he quoted these
authors many times with meticulous care
and obvious respect. FAUT AS showed great
admiration for LINNE ("Linne arrived, and
this extraordinary man, born with a bold
and methodical intellect ..." (7, p. 23)

© 2009 University of Kansas Paleontological Institute



N1202 Bivalvia-Oysters

and outlined LINNE'S binominal nomencla
tural method with evident approval.

F AUJAS' work contains a very capable de-

scription of the Pietersberg south of Maa
stricht in Zuid Limburg, Netherlands, and
its outstanding fossil remains (Fig. J151-

Plonospirites
2

Rostellum

... - :
f- - .....

.. .'", ." ~.~.

3 Rostellum

FIG. PSI. Ribbed oysters from tuffeau de Maestricht, V.Cret. (Maastricht.), St. Pietersberg south of Maa
stricht, Zuid Limburg, southern Netherlands as figured by FWJAS (1799 [?1802]).

1. Planospirites ostracina LAMARCK, 1801, LV int.,
Xl ("une esphe de rastellum" of FAUJAS, pI.
28, fig. 5).

2. Rastellum macropterum (J. DE C. SOWERBY,

1824) (sensrt WINKLER, 1863-67); LV int.,
?X 1 ("Rasfel/llm de forme pnsque triangulaire"

of FAUJAS, pI. 28, fig. 7, here regarded as illus
tration of type species of Raslellum FWJAS, 1799
[ ?1802]).

3. Probably Raslel/um macropterum (J. DE C. Sow
ERBY, 1824), LV ext. ("gryphite de forme ai
longee" of FAUJAS, pI. 24, fig. 1).
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FIG. Jl52. Ribbed oysters from Upper Cretaceous (Maastricht.) of Maastricht as figured by FAUJAs
(1799 [?l802)).-1. Probably Rastellum macropterum (J. DE C. SOWERBY, 1824); LV ext., ?XO.8 ("une

gryphite plus grande encore que celie de la figure 1" of FAuJAs, pI. 24, fig. 2).

J-153). The work is informative, even by
modern standards, and meticulous, as can
be seen by the explicit and complete way
most of the references to pertinent literature
were handled (7, p. 22, footnotes). All these
facts prove that FAUJ AS was a competent,
up-to-date scientist. To assume from any
minor evidence that he was not binomina1
would be a gross misunderstanding of this
geologist and his work.

Nonbinominal zoological names are found
in this work only in three places. 1) A
lengthy quotation from PAUL DE LAMANON,
set off from the running text by repeated
quotation marks, which contains a reference
to a supposed fossil turtle (7, p. 90). 2) A
reference to "Testudo marina vulgaris,
Ray." (7, p. 92, footnote), which is firmly
placed in the synonymy of Testudo mydas
LINNE. 3) A reference (7, p. 173) to

Echinometra digitata secunda rotata vel d
daris Mauri figured by RUMPHIUs, which is
firmly placed in the synonymy of Turban
maure, a vernacular name for pI. 136, fig.
6-8 of BRUGUIhE. None of these show any
sign of approval as specific names by FAU
JAS; they and other references to nonbinom
inaI authors are simply synonymy references
or quotes from ancient literature and cannot
be used to disqualify the work from being
binominal.

ORIGINAL DEFINITION

A definition of the genus Rastellum as
given by FAUJAS (7, p. 167) is here freely
translated from the French: "Figure 5, is a
species of rastellum, which [genus] appears
to occupy the middle between the oyster
and the gryphite. I think it will be conve
nient to separate the gryphites and the shells
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Plonospirites Rostellum

Rostellum
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FIG. J153. Ribbed oysters from tuffeau de Maestricht, U.Cret.(Maastricht), St. Pietersberg south of
Maastricht, Zuid Limburg, southern Netherlands, figured by FAVJAS (l799[ ?1802J) (Stenzel, n; courtesy of

C. O. VAN REGTEREN ALTENA. Teyler's Museum. Haarlem. Netherlands).
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known under the name of rastellum, from
the oysters" (see Fig. J96,1; J153,1-3). Prac
tically the same definition is given in FAU
JAS' index (7, p. 262): "RASTELLUM,
which seems to occupy the middle between
the oyster and the gryphite, pI. 28, fig. 5, p.
167. Another one of nearly triangular form,
ibid. [evidently refers to fig. 7]" (Fig. J138,
Fig. 151,2; J152; J153,4-5).

These statements qualify as definitions of
Rastellum under Article 12 of the Code and
also foreshadow the separation of the gry
phites from the genus Ostrea, which LA
MARCK (1801, p. 398-399) later performed
by formally proposing the genus Gryphaea.
Also, the listing of Rastellum as a generic
name in the index (7, p. 262) alone fulfills
all obligatory conditions under Code Arti
cles 11 (c) (ii) and 16(a) (ii) to make it
available as a published generic name.
Therefore, it must be concluded that the
generic name Rastellum FAUJ AS was pro
posed in a nomenclaturally correct fashion
and must be accepted as available.

ETYMOLOGY

The Latin noun rastrum, of neuter gen
der, is applied to a toothed hoe or rake.
Rastellum is its diminutive. The name is
appropriate and descriptive.

CAPITAL LETTER

The word Rastellum is found (7) in three
places on p. 167 and in one place in the
index on p. 262. It is spelled on p. 167 with
a lower-case r in two places, both in the
middle of a sentence, and with a capital R
in one place, at the beginning of a sentence;
it has a capital R in the index, as have all
other words. Whether FAUTAS intended to
spell the generic name as rastellum or
whether the lower-case r is a misprint, re
peated twice, is difficult to tell. However,
the following considerations are pertinent.

The new International Code of Zoologi
cal Nomenclature does not state anywhere
that a generic name must start with a capital
letter to be available when it is first pub
lished. The Code merely requires that ras
tellum once published has to be corrected to
Rastellum (see Articles 17(6) and 28).

FAUJAS spelled nearly all generic names
in his book with a capital letter, only ten
times using lower-case initial letters (all
references, 7): cerithium denticulatum Bru
guiere (p. 30, footnote); cerithium hexa
gonum Bruguiere (p. 31, footnote); anomia
pectiniforme Gmelin (p. 104); loligo calmar
Lamarck (p. 112); rastellum (twice on p.
167); orthocera Lamarck (p. 199); gorgonia
ceratophyta Linne (p. 202); flabellum ven
eris Linne (p. 202); flustra foliacea Ellis
and Solander (p. 203).

However, we find Anomia pecttnl
formis (7, p. 164) and Flustra (7, p. 201),
and the two species of cerithium are in a
list of seven names, of which the other five
begin with a capital letter. One may safely
conclude that the lower-case letters at the
beginning of generic names are either mis
prints or lapsus calami by the author. The
same conclusion applies to "Trocus agluti
nans" (7, p. 31) for Trochus agglutinans
LAMARCK, 1804, and to several others.

In any case, the Rastellum with a capital
initial letter in the index (7, p. 262), ac
companied by a definition, is sufficient to
fulfill all obligatory conditions of the Code
under Articles l1(c)(ii) and 12.

DATE OF PUBLICAnON

The publication date of FAUJAS' work is
given on the title page as the seventh year
of the French Republic, which corresponds
approximately to the time from September
22, 1798, to September 22, 1799. However,
internal evidence in the text clearly shows
that the book was published at a later date.

FIG. JIS3. (Continlled from facing page.)

]·3. Planospirites ostracina LAMARCK, 1801 (Tel'- .f-5. Rastel/llm maLroptemm 0. DE C. SOWERBY,

Ids Museum Call., no. 5137), type specimen 1824) (Teyler's Museum Call., no. 11046);
of FAUJAS, all XI; ], ant. side. umbo at bot- tl'pe specimen of FAUJAS, LV int., XI; .f,
tom, attachment surface at left; 2. LV int.; oblique view, and 5, vert. I'iew. both shown
3, shell attachment surface, spiral umbo at top resting on matrix of "tuffeau de Maestricht,"
right next to imprint of echinoid ambulacral same specimen as Fig. )151,2.
zone, same specimen as Fig. JISI,].
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The title page probably should be inter
preted as indicating the date on which
FAUJAS started to write the text or possibly
that on which the printer set type for the
title page. It is worthy of note that FAUJAS
(7, p. 183) referred to an article by G. A.
DELUC of Geneva, citing its date as the year
8 of the French Republic. On the same
page FAUJAS referred to an article by FORTIS
published in 1801 (compare SILVESTRI, 1929,
p. 339, footnote 1) and elsewhere (7, p.
173) cited an article by the then well-known
fossil collector A. G. CAMPER, which ap
peared in 1800 (compare VAN REGTEREN
ALTENA, 1957, p. 112, footnote 1).

LAMARCK'S "Systeme des Animaux sans
Vel'tebres" is quoted again and again, and
in a footnote (p. 136) FAUJAS stated that he
saw and used extensively the proof sheets
while writing his text and that LAMARCK'S
work was to appear in the immediate fu
ture (actually first published in January
1801). The monograph by FAUJAS may
have appeared shortly afterwards. The date
1801 seems to be the earliest possible for
publication of F AUJAS' work, as far as I am
able to ascertain from the work itself.

However, Dr. C. O. VAN REGTEREN AL
TENA (compare 30, p. 111-112) wrote me
that additional information is available in
the translation of FAUJAS' work into Neder
duitsch made and published by J. D. PAS
TEUR (1802). In his introduction, dated No
vember 15, 1802, PASTEUR (26, p. V-VIII)
stated that he had received only the first five
"cahiers" [=partsJ of FAUJAS' work and
that the remainder then had not been pub
lished. Because PASTEUR was anxious to
publish his translation, he decided not to
wait for the unpublished sections. Thus,
PASTEUR'S volume 1 (26, p. 1-136) contains
the translation of only the first five cahiers
of FAUJAS' work. It appears that the cited
first 136 pages of F AUJAS' monograph prob
ably were published shortly before Novem
ber 15, 1802, and the remainder at a later
date, possibly in 1803 or 1804.

WORK BY SCHROETER

The name Rastellum was used by pre
Linnean authors and taken from them by
SCHROETER (1782, p. 74, 382, 390) (in ref.
39). His five-volume work (1779-88) is
listed as nonbinominal by SHERBORN (1902,

p. xlviii). Pertinent here is a later publica
tion by SCHROETER (40) in which a section
(v. 3, p. 450, 1786) contains the heading
"Genera and Modifications which are miss
ing in Linne." In this list one finds: "2.
Martini, General History of Nature, pt. 4,
p. 158, fig. 2. The rake-like bivalved shell,
or the original to the Rastellis [Latin, dative
case of the plural of Rastellum J of Lister, a
fossil. ..." tAll quotes translated from the
German.]

This reference in no way indicates that
in 1786 SCHROETER approved Rastellum as
an acceptable generic name. On the con
trary, all such names approved by him in
this publication were introduced with their
own proper headings, whereas Rastellum
was not. Besides, this work is listed as non
binominal in SHERBORN.

A search of the literature so far has re
vealed no nomenclaturally available use of
Rastellum antedating the work by FAUJ AS.

Therefore, Rastellum is dated from FAUJAS,
1799 [? 1802 J.

TYPE SPECIES

In connection with Rastellum FAUJ AS il
lustrated two species (7, pI. 28, fig. 5 and
fig. 7). Unfortunately, he failed to give
specific names to these, and no specific
names are connected with Rastellum any
where in the text.

The articles of the Code concerning the
type species of a genus are somewhat con
tradictory, when one attempts to apply them
to the extraordinary case of Rastellum.

1) Article 67(f) is explicit in specifying
that, when a new genus is being proposed,
"only the statements or other actions of the
original author are relevant in deciding"
which species were originally included in
the genus. The two figures (7, pI. 28, fig.
5 and 7) may be viewed as definitive ac
tions, other than statements, of the author
in the sense of Article 67(f). This action
would restrict selection of a type species to
the species depicted by the cited two figures,
whether they are named or not. Any other
species subsequently referred to Rastellum
FAUJAS could not serve as the type species.
Any author who subsequently applied a
correct specific name to one of the two
pertinent figures in FAUJAS ipso facto desig
nated the type species of Rastellum. It is
required simply to find the appropriate
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published name that is nomenclaturally
available for the species and also valid. This
tedious search has been made, and direct
and unquestioned references to one of the
two pertinent figures of pI. 28 have been
found. The name is discussed below under
method 1 of type fixation.

2) Article 69(a)( i) specifies that the orig
inally included species of a genus "comprise
only those actually cited by name in the
newly established nominal genus...."
Therefore, one might argue that Rastellum
was introduced as a generic name with no
original nominal species included in the
sense of Article 69(a)(i) and (ii), and the
first species (one or more) later expressly
referred to Rastellum become( s) its orig
inal species. The consequences of these as
sumptions are given under method 2 of type
fixation.

METHOD 1 OF TYPE FIXAnON

Although VON SCHLOTHEIM (1813, p.' 109-113)
provided new species names for many of the figures
in FAUJAS, none of these names refer to his plate
28. In a later work (VON SCHLOTHElM, 1820, p.
242), however, he referred under the newly pro
posed "Ostracites crist. complicatttS" to illustrations
in publications by three different authors, the first
cited of which was FAUJAS (7, pI. 24, fig. 1; pI. 28,
fig. 7), evidently regarding the two figures as repre
senting the same species.

The"crist." in this name stands for the subgenus
Cristacites VON SCHLOTHEIM, 1820, which is dis
cussed below in a separate section of this chapter.
Hence, the name of the species needs to be written
as Ostracites (Cristacites) com plicatus VON SCHLOT
HElM, 1820. However, VON SCHLOTHEIM referred
to these figures and the others cited by him with
some caution by using "Con!:' [=confer.], thereby
indicating that the identifications were provisional
at best. Until VON SCHLOTHEIM'S types, which came
from the vicinity of Hildesheim, Germany, are
studied, Ostracites complicatus VON SCHLOTHEIM,
1820, remains uncertain and cannot be used for our
purposes here.

The first author to supply names to the two
pertinent figures in FAUJAS (7) and thereby to
furnish a list of species names for Rastellum FAUJAS
was WINKLER (1863-67, p. 251, 253). WINKLER
was curator of paleontological collections at the
Teyler's Museum in Haarlem, where the type speci
mens of the two pertinent figures in FAUJ AS are on
deposit. His publication which is an annotated
detailed catalog of the collection, listed under no.
11046 the following: "Ostrea macroptera Sow.;
Rastellum Faujas/Voyez: Sowerby, Min. Conch.,
T. V, p. 105, pI. CDLXVIII,/fig. 2, 3./Faujas· St.
Fond, Hist. mont. St. Pierre, p. 119,/pl. XXVIII.

fig. 7./de Maestricht . . . A 28./"Echantillon
original de Faujas St. Fond." (Fig. J138). Under
no. 5137 he listed "Ostrea plicata? Goldf. sp.;
Rastellum Faujas/Cryphaea cannata Lamk./Cry
phaea plicata Lamk./Exogyra plicata Goldf./
Voyez:/Goldfuss, Petro Cerm., T. II, p. 37, pI.
LXXXVII,/fig. 5/Faujas St. Fond, Hist. mont. St.
Pierre, p. 118,/pl. XXVIII, fig. 5/Lamarck, Anim.
sans vert., T. VI, p. 119,/Bosquet<Staring, Eodem
t'. Nederl., T. II, p. 386./Echantillon original de
Faujas St. Fond./de Maestricht ... A. 28." (Fig.
J96).

The second one of the two specimens is identi
fied only questionably. For that reason Ostrea
plicata? GOLD FUSS must be excluded and cannot be
designated the type species of Rastellum. The other
species, Ostrea macroptera J. DE C. SOWERBY, 1824,
becomes the only species eligible. Thus, this spe
cies, sensu WINKLER, 1863-67, is the type species
of Rastellum FAUJAS, 1799 [?1802] by monotypy.

Rastellum mac1'Opterum (SOWERBY) is one of
many similar species in the Cretaceous beds and
forms with them a distinctive group of oysters
(subfamily Lophinae) (Fig. JI51,2; ]153,4-5).
This group has narrow, crescentically curved shells
and a zigzag commissure with many acute-angled
points, for which the name Rastellum, the small
rake, is appropriate. The winglike posterior auricles
shown by the specimens of FAUJAS and SOWERBY
are probably a variable feature and not diagnostic.

The many species of this group have received too
many ill-founded formal names. Most have been
described from insufficient material, and their type
localities are unknown or poorly known. Thus it
is now an almost impossible task to untangle them
and to do justice to the nomenclatural priorities of
various species names.

WOODS (1913, p. 342-347) has united them all
under one name, Osh'ea dilttt'iana LINNE (1767, p.
1148). If so defined, the species would encompass
a very long stratigraphic span, from Aptian to Maa
strichtian. This appears to be excessive.

In summary, if interpretation method 1 is ac
cepted, only two species, namely those listed below,
are eligible for selection of the type species of
Rastellum FAUJAS, 1799 [?1802], and the second
one of them becomes ipso facto the type species:

1) Rastellum species no. 1, unnamed by FAUJAS
(7, pI. 28, fig. 5), =Ostrea plicata? GOLDF. sp. in
WINKLER (47, p. 253).

2) Rastellum species no 2, unnamed by FAUJAS
(7, pI. 28, fig. 7), =Ostrea macroptera Sow. in
WINKLER (47. p. 251), =Rastellum macroptemm
(]. DE C. SOWERBY, 1824), sensu WINKLER,
1863-67.

For the purpose of clearing up the status of
Rastellum FAUJAS in the event that method I of
type fixation is not accepted, I designate the spe
cies which FAUJAS (7) figured as pI. 28, fig. 7,
but did not name, as the type species and conclude
that the name Rastellum macropterum (]. DE C.
SOWERBY, 1824) is its name.
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METHOD 2 OF TYPE FIXATION

In the event that method I of type fixation of
Rastellllm FAVJAS is found entirely unacceptable,
this form must be regarded as a genus without in
cluded nominal species in the sense of Code Article
69(a) (ii). In such case, the first work to consider
is MORCH (1850, p. 26), who treated Rastellllm
as a subgenus of Ostrea without indicating in any
way the author of this subgeneric name. Also, he
did not add "n. gen." or "n. subgen." after his
Rastellllm, nor give other indication that might be
construed to mean that he was introducing a new
taxon. It must be assumed that he was merely
using a name familiar to him from the literature
and that he was fully cognizant of earlier uses. In
using Rastel/llm as a subgenus of Ostrea he listed
three specific names with it, two of which were fol
lowed by question marks, and only Ostrea (Raste!
111m) plicata Ch." was assigned without doubt.
IREDALE (1939, p. 401) interpreted this species as
the haplotype species of Rastel/llm MORCH, 1850.
According to Article 67 (g) this species becomes
automatically the type of Rastel/llm FAVJAS.

IREIlALE regarded Ostrea plicata CHEMNtTZ as
equivalent to O. plicatllia GMELIN. This is not
certain, however, since O. plicata may represent
several species. It is significant that the publication
by MORCH (1850) was a catalog expressly prepared
for a public auction, as indicated by its title, and
was not prepared and published for the purpose of
scientific, public, permanent record as required by
Article 8(2). Presumably MORCH (1850) is not ac
ceptable in zoological nomenclature, although simi
lar sales catalogs have been officially sanctioned by
I.C.Z.N. in recent years.

The next authors to mention Rastel/llm FAVJAS

were WINKLER (1863·67), discussed above under
method 1, and PERVINQutERE (1910, p. 119). The
latter work is discussed below under "Subsequent
Usage."

I believe that method 2 of type fixation cannot be
applied, because it ignores "other actions of the
original author" specified as decisive in Code- Ar
ticle 67(f).

SUBSEQUENT USAGE

Since 1802, Rastellum has been approved
and used by MaRCH ( 1850), DOUVILLE
(1911), ROLLIER (1911, p. 268, 274·278;
1917, p. 543-547), MAIRE (1941, p. 271),
CHARLES & MAUBEUGE (1951, p. 109-118),
KAUFFMAN (1965, p. 30), and possibly
others. It is evident that MaRCH (1850)
knew of Rastellum and approved of it.

FISCHER (1880-87, p. 926) listed Rastellum
SCHROETER, 1782, as a rejected name under
.-11ectryonia FISCHER DE WALDHEIM, 1807.
Later French-speaking authors evidently re-

lied on FISCHER (1880-87) for their infor
mation on authorship.

Simultaneously with DOUVILLE (1911),
PERVINQUIERE (l91Ob, p. 119; 1911, p. 646)
stated: "Rostellum [sic] has been used since
long ago as a common name (Lister, Knorr,
d'Argeville, Faujas de St. Fond, etc.), but
it has never been delimited as a genus; be
sides one has applied it also to forms of the
group of O. crista galli and of O. hyotis;
therefore, this too is a synonym of the two
preceding names [Lopha and Alectryonia]"
[translated from the French]. The spelling
Rostellum occurs in both publications of
PERvINQurERE, which are identical word for
word; it is presumably a misprint. The
statement does not indicate in any way that
he regarded Rastellum as not available for
nomenclatural purposes, but merely that he
did not approve of it because there were two
better defined synonyms available. Needless
to say, PERVINQUIERE'S reasons for declining
to accord nomenclatural status to Rastellum
FAUJAS are not well grounded.

DOUVILLE (1911, p. 634, footnote 2)
traced the name Rastellum and the taxon it
represents back to LISTER and made his
approval of it unmistakably clear:

"Rastellum LISTER 1648 (pI. 486) [error
for 1678] has been created for a fossil oyster
from England which is O. [Ostrea I carinata
or a near-related form. This genus has been
accepted by most ancient conchologists up to
MARTINI & CHEMNITZ (1778) and SCHROE
TER (1782); but having been omitted by
LINNE and later by LAMARCK, it has been
wrongly [a tort] declared null and rejected"
[translated from the French].

Among authors mentioned by DOUVILLE,
LISTER antedates the starting point (1758)
of modern nomenclature, and the publica
tion by MARTINI & CHEMNITZ (1769-95) has
been officially rejected for nomenclatural
purposes (see Official Index of Rejected and
Invalid Works in Zoological Nomenclature,
1958, p. 5, title no. 21).

ROLLIER and CHARLES & MAUBEUGE as
cribed the genus to SCHROETER (1782), ap
parently unaware that this author was non
binominal. The fact that these authors did
not list F AUJAS-SAINT-FoND as the original
author of Rastellum does not prove that he
was unknown to them, nor does it prove
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that they wished to distinguish between
Rastellum SCHROETER and Rastellum FAU
J AS. The simplest explanation is that they
did not realize that SCHROETER'S names are
not available according to the International
Code of Zoological Nomenclature, but mere
ly followed FISCHER'S lead.

These publications prove that Rastellum
is not a nomen oblitum.

OTHER GENERIC NAMES
CONCERNED WITH RASTELLUM

If Rastellum FAUJAS 1799 [? 1802] is ac
cepted and restored to general use, some
generic names established by various authors
at later dates will become affected by it.

Arctostrea was established by PERVIN
QUIERE (191Oa), with Ostrea carinata LA
MARCK, 1806 (p. 166), from Cenomanian
beds in the vicinity of Cany, Departement
Seine-Inferieure, northwestern France (PER
VINQUIE:RE, 191Oa) cited as its type species.
PERVINQUIERE regarded Arctostrea as a sub
genus of Lopha RODING, 1798. Arctostrea
PERVINQUIERE is a junior subjective synonym
of Rastellum, possibly useful as a subgenus
of Rastellum.

Arcostrea CHARLES & MAUBEUGE, 1951 (p.
114-115) appears to be a lapsus calami, al
though the same spelling is consistently used
in four places. These authors did not indi
cate that they were proposing a new name
or making an emendation.

Arctaostrea HAAS, 1938 (p. 294) is a mis
print, because it is also correctly spelled on
the same page.

Arctostraea JOURDY, 1924 (p. 17) must be
a lapsus calami, because elsewhere (p. 101)
the spelling is correct.

PART 2-CRISTACITES

NOMENCLATURAL INQUIRY

A subgeneric name was introduced by
E. F. VON SCHLOTHEIM (1820, p. 240-245) in
so obscure and haphazard a fashion that
it is exceedingly difficult to analyze his in
tentions; it is not at all certain whether the
name is available according to the Inter
national Code of Zoological Nomenclature.
For this reason somewhat detailed discus
sion is in order.

Throughout his publications, VON SCHLOT-

HElM used generic names ending in -ites for
fossils (e.g., Ostracites as generic name for
fossil species which he would have assigned
to the genus Ostrea had they been living
species). He named and described many
species of Ostracites and then followed these
by a vernacular center heading "D. Crista
citen (Hahnenkamme)" (p. 240). Under
this heading he described ten more species
of Ostracites, listed as Ostrac. crista galli,
Ostrac. crist. planulatus, Ostrac. crist. com
plicatus, Ostrac. crist. ungulatus, Ostrac.
crist. urogalli, Ostrac. crist. vaginatus, Os
trac. crist. hastellatus, Ostrac. crist. parasiti
cus, Ostrac. crist. cornucopiaeformis, and
Ostrac. crist. ditJormis. All ten were abbre
viated as shown here, each of the nine
"crist." is printed in italics like the other
parts of the ten names, and each of the nine
"crist." starts with a lower-case letter c.
Because of the italics it is obvious that
"crist." was not used as a vernacular word.
An enigma is presented by what the "crist."
in these names stands for and how it should
be handled in nomenclature. This is the
crux of the problem before us.

VON SCHLOTHEIM (1820) gave no expla
nation of his usage. It is not surprising that
such skillful authorities as DIENER (1923,
p. 128), SHERBORN (1925, pt. 7, p. 1636),
and KUTASSY (1931, p. 340) arrived at an
interpretation that cannot be upheld. Be
cause of the weight of SHERBORN'S authority
it is now necessary to analyze the problem.

"CRIST."=CRISTA

The first of the ten names, Ostracites
crista galli, was not VON SCHLOTHEIM'S crea
tion but contains a specific name given by
LINNE (1758, p. 704), who established this
very same species as Mytilus crista galli. In
VON SCHLOTHEIM'S time it had already been
demonstrated that the living species "My
titus crista galli" of LINNE was better placed
in the genus Om'ea. VON SCHLOTHEllIf'S
Ostracites crista galli was the name given
by him to fossils that were supposed to be
practically indistinguishable from specimens
of the living species.

Perhaps then, crist. is simply part of the
specific names and an abbreviation of crista
(=crest in Latin), because the first one of
the ten names is spelled out as crista galli.
SHERBORN thought so, and every author who
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commented on these species judged simi
larly. Opposed to this, several indications in
the text of VON SCHLOTHEIM (1820) show
that this assumption does not fit most of the
names involved.

I) No saving of space or work included between
the abbreviation crist. and the full word crista is
involved, because each requires six printer's type
blocks, which had to be picked up by hand and
assembled.

2) Specific names ending in -liS would be gram
matically wrong, because crista is a feminine noun
and the adjectival ending -/IS is masculine. Two of
the nine names end in -is, and are uncertain as to
whether the ending is masculine or feminine. This
leaves six out of ten names definitely wrong, two
indeterminate, and two grammatically correct. All
grammatical errors would disappear as soon as one
could assume that the adjectives ending in -tIS and
in -is refer to a noun of masculine gender. VON
SCHLOTHEIM was a well-educated man who would
not have made such simple grammatical errors.

3) Even if one were to assume that VON SCHLOT
HElM made six grammatical errors and if one were
to change the masculine endings to the feminine
adjectival endings -a, such words as crista para
sitica would still make no sense (for what is a
parasitic crest?). On the other hand, LINNE'S spe
cific name crista galli (crest of the cock=coxcomb)
makes sense, as does crista urogalli (crest of the
capercaillie cock, Tetrao IIrogalltlS LINNE, 1758, a
European grouse). However, the latter was not a
new specific name in 1820 but had been established
by VON SCHLOTHEIM (1813, p. 112) previously,
spelled out in full at that time. A few of the
other names might be defended if the adjectival
gender were feminine, but most would make no
sense in connection with crista.

4) According to LINNE (1758) and e\'en down
to the present day (see Code Article 26a), such
compound names as crista galli are acceptable in
strictly binominal nomenclature, because both
words are needed to convey one idea and because
both words together are really a unit. However,
such words as crist. complicatlls (or crista compli
cata) do not qualify as acceptable compounds un
der the Code. They simply are not compounds at
all, but two separate words. Only one of the nine
names of VON SCHLOTHEIM qualifies as an accepta
ble compound; it is crista IIrogalli, from now on to
be written as one word, see Article 26(a). Thanks
to LINNE's leadership the rules concerning com
pound names were well known and widely ac
cepted by the time VON SCHLOTHEIM wrote his book.

5) The Ostracites crist. ttngulattlS VON SCHLOT
HElM, 1820, had already been named and estab
lished by the same author, and its original name
was Ostracites unglllattlS \'o~ SCHLOTHEIM (1813, p.
112). If one assumes that "crist:' is part of the
specific name "crist. unglllatlls," then this would

have been a deliberate name change by VON
SCHLOTHEIM.

6) Under the description of Ostracites crist. dii
iormis, VON SCHLOTHEIM compared several species,
one of which he called "Ostrac. hastellatus" (37,
p. 245) instead of "Ostracites crist. llastellatus"
(37, p. 243). This might be merely a lapsus
calami, or it might prove, just as the other items
enumerated above prove, that VON SCHLOTHEIM
himself did not believe in the indispensability of
the "crist." in these names and that he did not
regard these specific names as functional indis
soluble compounds, except for LINNE'S crista galli
and perhaps his own crista ttrogalli.

If one persists both in regarding "crist."
as an abbreviation of crista and in regarding
crista as an integral part of the specific
name, one must also recognize that such
names as Ostracites crista planulatus and
seven others are not binominal. One is
forced to conclude that VON SCHLOTHEIM

(1820) was not a binominal author as con
cerns eight names, although he was strictly
binominal in the remainder of this book.
If so, his work of 1820 does not satisfy Arti
cle 5, and the work as a whole must be re
jected according to Code Article lI(c).

"CRIST."=CRISTACITES

It can be shown that crist. stands for
cristacites, and the arguments in favor of
that interpretation, listed below, are de
CISive.

I) In 1823 VON SCHLOTHEIM (38) showed clearly
what he had in mind, for he listed (38, p. 75) two
species: "Cristacites complanatus and difformis:'
Of these, the second seems to be the same as
Ostrac. crist. difformis (VON SCHLOTHEIM, 1820, p.
245). He also listed (38, p. 82) the two again, as
follows: "Ostracites cristacit. complanatus" and
"Ostracites cristacit. difformis:'

2) The abbreviation crist., derived from crista
cites, is really a saving as to space or work III

writing and printing.
3) All adjectival specific names would have to

end in -liS or in -is, because they would have to
conform with the gender of cristacites, a noun of
masculine gender. All the specific names do this,
and it is clear that VON SCHLOTHEIM made no gram
matical errors.

These arguments prove conclusively that
crist. stands for cristacites. It is not clear,
however, whether cri.itacites is part of the
specific names or is a subgeneric name for
some unknown reason spelled in lower-case
letters. If one assumes that cristacites is a
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part of the specific names, the following
difficulties appear:

1) Such names as cristacites parasiticus as spe
cific names would still make little sense, although
one might defend them.

2) These two-word specific names would remain
two separate words and could not be interpreted as
acceptable compounds according to Code Article
26(a), excepting crista galli and crist. urogalli or
cristacites tlrogalli. Of the ten names, eight would
remain in unsatisfactory condition.

3) The cases of Ostracites crist. Ilngulatus VON
SCHLOTHEIM, 1820, versus O. ungulatus VON
SCHLOTHEIM, 1813, and of O. crist. hastellatus VON
SCHLOTHEIM (1820, p. 243) versus O. hastellatus
VON SCHLOTHEIM (1820, p. 245) would still re
main unexplainable. They would continue to mili
tate against interpreting the two-word specific
names as acceptable compounds.

4) Above all, eight of the ten names involved
would still consist of a generic name and two spe
cific names. These eight would still be trinominal
names and would force one to reject VON SCHLOT
HElM (1820) as not consistently binominal, al
though it is obvious from all the other parts of his
various works that he was strictly binominal.

Did 'VON SlCHLOTHEIM lapse from binominal no
menclature in these cases, or is there another, better
explanation?

CRISTACITES AS SUBGENERIC NAME

The following considerations make it
highly likely that VON SCHLOTHEIM (1820)
regarded cristacites and its plural vernacular
form Cristaciten as a sort of subgenus:

1) VON SCHLOTHEIM (1820, p. 245) spoke of
the "Fami/ie del' Cristaciten." No matter how one
interprets his concept of a family and of this family
in particular, it must have been construed as higher
in rank than species.

2) He placed the center heading "Cristaciten"
in the text so that it indicated a supraspecific taxon
embracing the ten species and placed this supra
specific taxon under the genus Ostracites.

3) In all his works he reserved nouns ending in
-ites for genus-group names (e.g., Brachyurites,
Bucardites, Gryphites, Mytu/ites).

4) If VON SCHLOTHEIM regarded cristacites as a
subgeneric name, he could have used Ostracites
crist. ungulatus and Ostracites ungulatus inter
changeably. The same is true of O. crist. hastella
tus and O. hastellatus.

5) If cristacites is considered a subgeneric name,
then all nine names involved are composed of the
generic name Ostracites plus the subgeneric name
cristacites plus a one-word specific name. In other
words, they would be binominals as required by
the Code (Article 6).

6) The adjectives serving as specific names
would refer to the generic name Ostracites. They

would be grammatically correct and would be well
chosen descriptive terms that make good sense.

7) In a later work, VON SCHLOTHEIM (1823, p.
75) used Cristacites as a generic name and capital·
ized its beginning letter.

In summary, nearly all difficulties en
countered in interpreting the enigmatic ab
breviation U crist." in VON SCHLOTHEIM

(1820) are resolved if the abbreviation is
interpreted as standing for cristacites and if
cristacites is regarded as a subgeneric name.
Of the various items discussed in preceding
pages the one that remains unresolved is
the change from Ostracites crista urogalli
VON SCHLOTHEIM (1813, p. 112) to Ostra
cites crist. urogalli VON SCHLOTHEIM (1820,
p. 242). This change militates against in
terpreting the crist. as an abbreviation of
cristacites and thereby makes the assump
tion that crist.=cristacites can be regarded
as a subgenus an unlikely one, unless VON

SCHLOTHEIM committed a lapsus calami
here or made a deliberate unexplained
change. One has to weigh this one unre
solved difficulty against the numerous items
resolved by these new interpretations.

QUESTIONS OF AVAILABILITY
AND VALIDITY

The manner in which VON SCHLOTHEIM

(1820) proposed cristacites as a subgenus of
sorts is highly unusual from the point of
view of present-day nomenclature. The
name is spelled with a lower-case initial
letter and is abbreviated as crist. in every
instance. This raises many questions.

Can a subgeneric name be established
acceptably if in the original publication it is
abbreviated in every instance and if this
abbreviation is not explained? That the
name starts with a lower-case letter is per
haps not so serious an objection, because the
newest International Code of Zoological
Nomenclature nowhere states that a generic
or subgeneric name must have an initial
capital letter to be available when first pub
lished. It merely requires that the name
once published must be corrected to start
with a capital letter (Code Articles 17(6)
and 28).

That the name was abbreviated in every
case is possibly explainable. VON SCHLOT

HElM placed the abbreviations in the text
under and following a clear center heading
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"D. Cristaciten. (Hahnenkamme.)." Is not
this sufficient explanation of the abbrevia
tions? All a reader has to do is refer to the
center heading. What was perfectly simple
and obvious to the author when writing his
book is not necessarily understandable to
readers many years later.

The concept of a subgenus and the no
menclatural niceties needed to establish one
were very uncertain in 1820. LINNE (1758)
had some difficulties with them. These con
siderations probably explain the puzzling
features of VON SCHLOTHEIM'S cristacites.

Summarizing this investigation, I express
the opinion that VON SCHLOTHEIM (1820, p.
240-245) had a subgeneric name of sorts in
mind when he used crist. and Cristaciten
(vernacular) in his work. However, the
subgeneric name cristacites was introduced
by VON SCHLOTHEIM in 1820 in such a dubi
ous manner that whether it is available in
nomenclature is uncertain.

Regardless of this uncertainty, the"crist."
of VON SCHLOTHEIM, 1820, is herewith cor
rected to Cristacites VON SCHLOTHEIM, 1820,
in accordance with Code Articles 28, 32, and
33. This correction is a justified emendation
in the sense of Article 33(a)(i), irrespective
of the availability of the name. Any and
all statements made here are not to be con
strued as proposing or establishing a generic
or subgeneric name.

Because of the obscure fashion in which
VON SCHLOTHEIM introduced this subgeneric
name it has remained unnoticed, unrecog
nized, and unused since 1823. Cristacites
is listed neither by SHERBORN (1922-33) nor
by NEAVE (1939-50). It is truly a nomen
oblitum and to be rejected in accordance
with Code Article 23(b).

CRISTACITES VON SCHLOTHEIM
(1823)

The preceding discussions and conclu
sions concern only the work done by VON
SCHLOTHEIM (1820) published in 1820. His
later publication (VON SCHLOTHEIM, 1823)
is a different matter and must be judged on
its own merits.

In the later work the name Cristacites
appears three times: 1) Cristacites com
planatus and difformis (p. 75); 2) Ostra
cites cristacit. complanatus and -- --

difformis (p. 82); 3) Ostracites crist. diffor
mis (p. 111, in the explanation to pI. 36,
fig. 2).

In the first of these places, Cristacites is
used as a generic name and begins with a
capital letter. In the other two it is abbre
viated, does not begin with a capital letter,
and is used as a subgeneric name of sorts.

According to Code Article 16(a) (v) the
citation of one or more available specific
names in combination with a new generic
name constitutes an indication. Such an in
dication suffices to establish a generic name
published before 1931 (Art. 12). All in all
Cristacites VON SCHLOTHEIM (1823, p. 75)
satisfies all requirements to become an
available name. However, no one seems to
have used Cristacites subsequently. After
143 years it remains truly an undetected
name, a nomen oblitum, and might just as
well stay that way.
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lection paleontologique: viii+697 p., livr.
1 (1863), livr. 2 (1864), livr. 3 (1865),
livr. 4 (1865), livr. 5 (1866), livr. 6 (1867),
Musee Teyler, Teyler's Stichting (Haarlem).

Woods, Henry
(48) 1913, A monograph of the Cretaceolls La

mellibranchia of England, v. 2, pt. 9: Pa
laeontograph. Soc. (1912), v. 66, p. 341
473, pI. 55-62 (Feb.).

PART N ERRATA AND REVISIONS

p. N13. In caption for Fig. 10, for Venlls cam
pic11iensis mol'toni (CONRAD), read: Mercenaria
campechiensis mortoni (CONRAD). [H. B.
STENZEL]

p. N70. In caption for Fig. 58, for Exogyra co
lumba (LAMARCK), read: Rhynchostreon sub
orbiwlatllm (LAMARCK, 1801). [H. B. STEN
ZEL]

p. N93. In caption for Fig. 77, for Ostrea virgin-

ica, read: Crassostrea I·irginica. [H. B. STEN
ZEL]

p. N94. In caption for Fig. 78, for Ostrea virgin
ica, read: Crassostrea l'irginica. [H. B. STEN
ZEL]

p. N235. For Saturnia SEGUENZA, 1877, read:
Neilonella DALL, 1881, p. 126 [OLeda (Neilo
nella) corplilenta; aD] [=Saturnia SEGUENZA,
1877, p. 1178 (type, Nucula pusio PHILIPPI,
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1844; M) (non Saturnia SCHRANK, 1802, Lep
idoptera); Austrotindaria FLEMING, 1948

. . . . J.
For S. (Saturnia), read: N. (Neilonella)

FIG. A5,I. N. (N.) cOl'pulenta DALL, ..
For S. (Spinula), read: N. (Spinula), ...

For S. (Tindariopsis), read: N. (Tindariopsis),
... [LEE McALESTER)

p. N239. For FIG. A8,2, read: Phestia. For FIG.

A8,], read: Paleyoidia. Corresponding correc

tions belong to captions given with systematic
text (p. N237, p. N239). [LEE McALESTER)

p. N267, col. 1, line 11. For WARMKE & ABBOTT,

1961, read: STENZEL, KRAUSE, & TWINING,
1957. [H. B. STENZEL]

p. N289, col. 2. Under Atomodesma, for VON BEY

RICH, 1864, read: VON BEYRICH, 1865. [CURT
TEICHERT]

p. N292. In caption of Fig. C29, for Mayalinidae,

read: Myalinidae. [JOHN WEIR]

p. N295, col. 1. Under ?Dictys, read: KHALFIN,
not KHAFLIN. [JOHN WEIR]

p. N306, col. 1. For ?Stefaninia VENZO, 1934, p.

165 [oGervilleia? ogilviae BITTNER, 1895, p.

88; SD Cox hereinJ, read: ?Stefaninia Cox,
1969 (herein) ex VENZO, 1934 [oGerl'illeia?
ogilt'iae BITTNER, 1895; OD). [Ava,ilability of

the generic name Stefaninia, including its au
thorship and date, was not established accord

ing to ICZN Code by VENZO in 1934 because

he failed to designate a type species (Art.
13,b) even though he did provide statement of
characters presumed to distinguish the genus
(Art. 13,a,i). Cox (1969) was first to comply

with stipulations of the Code for post-1930

generic names and thus is to be cited as the

author of Stefaninia.] [R. M. JEFFORDS J
p. N312, col. 1. For Hoernesiella GUGENBERGER,

1934, p. 46 [*H. carinthiaca; SD Cox herein],

read: Hoernesiella Cox, 1969 (herein) ex
GUGENBERGER, 1934 [*H. carintlliaca GUGEN
BERGER, 1934, p. 46; OD]. [Correction for

same reasons as applicable to Stefaninia (p.

N306).J [R. M. JEFFORDS]
p. N382, col. 2, line 9. Delete entire line. [MYRA

KEEN]

p. N385, col. 2. Under Family Limidae, lines 2
and 3 should read: valve in one subgenus),

small and moderately thin to large and thick
shelled (Ctenostreon) , ovate, orbicular or sub-.

[L. G. HERTLEIN)

p. N389, col. 1. Under L. (Limaria), for LAMY,
1833, read: LAMY, 1930. [MYRA KEEN)

p. N405. In caption of Fig. DI0, delete N407.

[JOHN WEIR)

p. N407, col. 2. Under ?Palaeanodonta, for EICH
WALD, 1895, read: EICHWALD, 1859 (fide F. A.

BATHER; 1861, fide L. R. Cox). [JOHN WEIR)
p. N409, col. 1. For Abiella RAGOZIN, 1933, read:

Abiella RAGOZIN, 1955 [OPosidonomya con
cinna JONES, 1901; OD). [Correction required
for same reasons cited as applicable to Stefa
ninia, p. N306.) [R. M. JEFFORDS)

p. N409, col. 2. Under Palaeomutela, for op. ver
neuilli, read: *P. verneuili. [JOHN WEIR]

p. N410, col. 2. For Ferganoconcha CHERNYSHEV,

1937, p. 18, read: Ferganoconcha LUMKEVICH
et al., 1960, p. 99 [*F. sibirica CHERNYSHEV,

1937; OD). [Correction required for same rea

sons cited as applicable to Stefaninia, p. N306.]
[R. M. JEFFORDS)

p. N411, col. 2. For ?Tutuella RAGOZIN, 1938, p.

106, read: ?Tutuella LUMKEVICH et al., 1960,
p. 99 [*T. chachlovi RAGOZIN, 1938; OD).

[Correction required for same reasons cited as

applicable to Stefaninia, p. N306.] [R. M.

JEFFORDS)
p. N411, col. 2. For ?Utschamiella RAGOZIN, 1938,

p. 138, read: ?Utschamiella LUMKEVICH et al.,
1960, p. 99 lOU. tungussica RAGOZIN, 1938;

OD). [Correction required for same reasons
cited as applicable to Stefaninia, p. N306.]

[R. M. JEFFORDS]

p. N489, col. 2. For Sainschandia MARTINSON,

1957, p. 287, read: Sainschandia MARTINSON,
1961, p. 209 [OS. turensis MARTINSON, 1957;

OD). [Correction required for same reasons
cited as applicable to Stefaninia, p. N306.]
[R. M. JEFFORDS)

p. N492. Lucina BRUGUIERE, 1797, for type
species read: Venus edentula LINNE, 1758;

SM LA~IARCK, 1799 (=Anodontia alba LINK,
1807, type-species of Anodontia, OD). Ap

plication to ICZN submitted by MYRA KEEN

and R. TUCKER ABBOTT for conservation of

Lucina in sense accepted by CHAVAN. At bot

tom of col. 2 substitute footnote statement
reading: Generic names published with figures

but no descriptions by DESHAYES, 1857, are
available, for the zoological Code (Art. 16,a,i)

stipulates that pre-1931 names accompanied by

illustrations but no descriptions are validly
"indicated." [MYRA KEEN]

p. N 494. For type species of Callucina DALL, 1901,
read: [OCallilucina keenae CHAVAN, herein
(pro Lucina radians CONRAD, 1841, non BORY

DE ST. VINCENT, 1824)). [ANDRE CHAVANJ

p. lV494, col. 2. Under Ctena, add in synonymy
with Lucina pectinata CARPENTER, 1857: (=
Codakia mexicana DALL, 1901). [MYRA KEEN]
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p. N499, col. 2. Under Myrtea, for Cyrachaea
LEACH, 1819, read: Cyrachaea LEACH in GRAY,
1847. [ANDRE CHAVAN]

p. N500, col. 2. Under Lucinoma, line 4, add after
1846): (type, Ventls borealis LINNE, 1766;
M). [ANDRE CHAVAN]

p. N502, col. I. Under Miltha, for [*Lttcina chi/
dreni GRAY, 1825; OD], read: [*Lttcina chi/
drenae GRAY, 1825 (=L. clzildrinae GRAY,
1824 (misspelling); L. clzildreni GRAY, 1825);
M]. In third line, for neozelandica, read:
neozelanica. [ANDRE CHAVAN]

p. N508, col. 2. Under Thyasira, for Beqtlania
LEACH in BROWN, 1827, read: Beqttania
LEACH in BROWN, 1844. After PtYc/lina
PHILIPPI, 1836, add: (type, P. biplicata; M).

[ANDRE CHAVAN]
p. N518. For Superfamily Leptonacea Gray, 1847,

read: Superfamily Galeommatacea Gray, 1840
[nom. transl. VOKES, 1967 (ex Galeommati
dae GRAY, 1840, nom. correct. DALL, 1899,
pro Galeommidae GRAY, 1847, =Galeommidii
GRAY, 1840)] [=Leptonacea GRAY, 1847;
Erycinacea FISCHER, 1887]. [MYRA KEEN]

p. N523, col. I. Under B. (Byssobornia), add to
fourth line: Japan. [ANDRE CHAVAN]

p. N525, col. 2. Under Pseudopythina, for P.
FISCHER in DI MONTEROSATO, 1884, read: P.
FISCHER, 1878. Separate into subgenera P.
(Pseudopythina) and P. (Borniopsis). Char
acteristics of P. (Borniopsis) include: Inflated
beaks, ligamental socket elongate and deep,
with protruding lower margin; tooth 1 well
separated, 2 thicker than in Psettdopytllina,
with its posterior end enveloped by peculiar
prolongation of the lunular margin; 4b more
distinct and directed somewhat backward.
[ANDRE CHAVAN)

p. N531, col. I. To description of Montacutona,
add: Fine radials sometimes apparent, pallial
line well marked. [ANDRE CHAVAN]

p. N533, col. I. For Galeomma SOWERBY in TUR
TON, 1825 [*G. tttrtoni SOWERBY, 1825, read:
Galeomma TURTON, 1825 [*G. tttrtoni Sow
ERBY et al. in TURTON, 1825. [TURTON pro
posed the new genus Galeomma with mention
that the species also was new, but without giv
ing it a specific name. The editors printed his
article as submitted but in a footnote proposed
the specific name G. tttrtoni. No editorial
names were cited; later authors ha\'e inferred
that it was SOWERBY, but on the title page of
the journal his is one of several listed. I there
fore suggest that authorship of the species be
cited as "SOWERBY et al. in TURTON." The

generic name is definitely TURTON'S alone. It
could be interpreted as a genus without named
species, in which case the first specific name
would be by "The Editors, Zoological Jour
na!."] [MYRA KEEN]

p. N535, col. 2. Under Lactemiles, add: Proso
gyrous beaks. [ANDRE CHAVAN]

p. N546, col. 2. Under ?Redonia, line 5, delete:
and transversely striated. [ANDRE CHAVAN]

p. N553. Fig. E53,2a,b, should read Carditella, not
Coripia. [ANDRE CHAVAN]

p. N554, col. I. Under P. (Coripia), line 4, for
ligament partly internal, read: 3b elongate
(more than in Pteromeris). [ANDRE CHAVAN]

p. N561, col. 2. Under?Aenigmoconcha, last line,
for RAGOZIN, 1955, read: BENEDICTOVA, 1955.
Under ?YavorskieIIa, last line, for RAGOZIN,
1955, read: BENEDICTOVA, 1955. [JOHN WEIR]

p. N592, col. I. Under Eoprosodacna delete [=
Limnopappia SCHLICKUM, 1962 (type, L.
schtletti; OD)]. Same, under E. (Succuridacna)
KOROBKOV, 1954 delete [=Limnopagetia
SCHLICKUM, 1963 (type, Cardium friabile
KRAUSS, 1852; OD)]. Same, next after Lim

nodacna EBERSIN, 1936, add following new
paragraphs:
Limnopagetia SCHLICKUM, 1963 [*Cardium

friabile KRAUSS, 1852; OD]. V.Mio., Eu.
(Ger.).

Limnopappia SCHLICKUM, 1962 [*L. schtletti;
OD]. V.Mio., Eu.(Ger.). [SCHLICKUM &

CTYROKY (1965) recommended that Eopro
sodacna, Stlcctlridacna, Limnopagetia, and
Limnopappia should be regarded as distinct
genera grouped in a subfamily named Lim
nopappiinae SCHLICKUM, 1963.] [MYRA
KEEN]

p. N593. In caption for Fig. E89 delete Lahillidae,
substituting for it: Lymnocardiidae. [MYRA
KEEN]

p. N608, col. 2. For MESODESMATIDAE Gray,
1839, line 7, read: MESODESMATIDAE Gray,
1840; line 8, for GRAY, 1839, read: GRAY,
1840. [MYRA KEEN]

p. N638. Delete SolecurtelltlS GHOSH, 1920, as
synonym of Soleetlrttts DE BLAINVILLE, 1824.
[MYRA KEE~]

p. N639. Add Soleetlrtelltls GHOSH, 1920, as syno
nym of TageltlS GRAY, 1847. [MYRA KEEN]

p. N668. For DESHAYES, 1858 (col. 2, line 4)

read: DESHA YES, 1855. [MYRA KEEN]

p. N675. Pitar (Omnivenus) and P. (Rhabdopi.
taria) were studied by STENZEL (in STENZEL,
KRAUSE, & TWINING, 1957, p. 151-154) who
proved that the two are synonyms and related
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closer to Mercenaria than to PitaI'. Rhabdopi
taria was selected as the name to use and re
garded as a genus related to Mercenaria. Con
trary to statements made by PALMER and KEEN,
the nymphs of both, Rhabdopitaria and Om
nit'emls, are rugose. The types of the type
species of Rhabdopitaria have rugose nymphs
as STENZEL ascertained through personal in
spection. [H. B. STENZEL]

p. N688. Insert Rhabdopitaria as follows:
Rhabdopitaria PALMER, 1927 [*Callocardia as
tartoides GARDNER, 1923; 00] [=Omnit-enus
PALMER; 1927 (type, Cytherea discoidalis CON
RAD, 1833; 00)]. Shell smooth but middle
layer radically ribbed, because it represents
growth tracks of marginal crenulations; inside
valve margins crenulated along entire periph
ery; nymphs rugose as in Mercenaria (711;
Stenzel, Krause, & Twining, 1957). Eoc.,
E.N.Am. [H. B. STENZEL]

p. N779, col. 1. For Epidiceras DOUVILLE_ 1936,
p. 332, read: Epidiceras DECHASEAUX, 1952,
p. 326 [*Diceras sinistrum DESHAYES, 1824, p.
466; 00]. [Correction required for same rea
sons cited as applicable to Stefaninia, p.

N306.] [R. M. JEFFORDS]
p. N803, col. 2. Delete Pseudobarretia MULLERRIED,

1931, p. 255 [*P. chiapasensis (nom. nud.);
00]. [Name unavailable.] [R. M. JEFFORDS]

p. N857, col. 2, line 6 from bottom. For 1843,
read: 1843 (1844). [MYRA KEEN]

p. N858, col. 1, line 4. Under Clavagellidae, for
1843, read: 1843 (1844 ) (often erroneously
cited as 1843). [MYRA KEEN]

p. N860, col. 2. Avardaria is a gastropod genus.
For Cardiarlus, read: Cardiarius. Cardiarius
DUMERIL, 1806, is a nom. t'an. for Cardium
LINNE, 1758. Cartissa is a nom. null. for
Cardissa MEGERLE VON MUHLFELD, 1811 (syn.
of Corculum RODING, 1798, p. N588). [MYRA
KEEN]

p. N861, col. 1. Suchumica is a gastropod genus.
[MYRA KEEN]

p. N925, col. 1. Following Elimata, N389, add
Elizia, N633. [MYRA KEEN]

p. N931, col. 1. For Kymatox, N601, read: Kyma
tox, N606.

p. N937, col. 3. For Nyassa, N407, read: Nyassa,
N411. [JOHN WEIR]

p. N937, col. 3. Following Odontocineta, N850,
add Odontogena, N523. [MYRA KEEN]

ADDITIONAL REFERENCES
p. N870:

Benediktova [Benedictova], R. N.
(35a) 1955, Plastinchatozhabernye Gorlovskovo

Basseina: in L. L. Khalfin, Atlas rukovo
dyashchykh form iskopaemykh faunu i
flotu zapadnoi sibiri [Atlas of leading
forms of the fossil fauna and flora of west
ern Siberia], v. 2, p. 39-42, pI. 7, Zapadno
Sibir.Geol. Uprav.-Tomsk Politekh. Inst.,
Gosudar. Nauch.-Tekh. Izd. Lit. Geol. i
Okhrane Nedr (Moskva). [LamellibrancllS
of the Gorlot-sk Basin.] [JOHN WEIR]

p. N897:

Ragozin, L. A.
(771 a) 1955, Plastinchatozhabernye Kuznetskot-o

Basseina: in L. L. Khalfin, Atlas rukovo
dyashchykh form iskopaemykh faunu i
floru zapadnoi sibiri [Atlas of leading
forms of the fossil fauna and flora of west
ern Siberia], v. 2, p. 8-38, text fig. 1-45,
pI. 1-6, Zapadno-Sibil. Geol. Uprav.-Tomsk.
Politekh. Inst., Gosudar. Nauch.-Tekh. Izd.
Lit. Geol. i Okhrane Nedr (Moskva). [La
mellibranchs of the Kuznetsk Basin.]
[JOHN WEIR]

p. N902:

Stenzel, H. B., Krause, E. K.,
& Twining, J. T.
(885a) 1957. Pelecypoda from the type locality of

the Stone City Beds (Middle Eocene) of
Texas: Univ. Texas Publ. 5704. 237 p., 31
text fig., 22 pI. (Feb. 15). [H. B. STENZEL]
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INDEX

Italicized names in the following index are considered to be invalid; those printed in
roman type, including morphological terms, are accepted as valid. Suprafamilial names
are distinguished by the use of full capitals and author's names are set in small capitals
with an initial large capital. Page references having chief importance are in boldface
type (as N327). Some divergences in classification reflect differences of authors concerning
validity of nomenclature.

Abiella, N12l5
aboral, Nl028
Abruptolopha, NIl58
Actinostreon, NIl58
Actostreon, N 1117
Actryonia, NI157
Acuminata, Nl091, NI170
Acutostrea, NIl26, N1128
adaptation, Nl070
adductor muscle, N962, NI028
adductor muscle, functions of,

N999
adductor myostracum, N980
adoral, NI028
Aenigmoconcha, NI216
Aetostreon, NI027, NI062,

NI066-NI067, NI088-NI089,
N1094, NIl17

Africogryphaea, NI099
Ajricogryplwea, Nl099
Agerostrea, N1017, NI025,

Nl158
aire ligamentaire, N974
alate, NI028
Alcetryollia. N1l57
Alectrionia, N1I57
Alectrollia. N1157
Alectryonella, N969, N989-N990,

NI005, N1l60-N1161
Alectryonia. NI087, NI094,

N1l5?
Alectryossia, NI157
Alectryouia, NI157
Alektryollia, N1l57
alimentation, NIOOO
alivincular, NI028
ALLEN, NIOOO
allochthonous, NI028
allometric growth, NI028
allomorph, N1028
allomorphic. NI028
allomorphism, NI028
allopatric, Nl028
amphidetic, NI028
.-lmphidollta, N1115, NII19
Amphidonte, N1086, NI1I5,

NIIl9, NI143
Amphiodollta. Nll19
,impllitollde. NII19
Amphydonta. NII19
anachomata, N990, N992, N1029
anatomy, N958
ancesto~s of Gryphaea, NI068
A Ilgulatenschicl,tell, N1069
Angustostrea, NI092, N1l28
anisomyarian, NI029
annual growth layers, N99l

Annuliconcha, N1050
anodont, NI029
AIlOdolltostrea, N993, Nl088,

NIl38-Nl139
Anomia, NI02l, Nl034, Nl083,

Nl085
Anomiostrea, N1167
anterior, N1029
anterior bourrelet, N974
anterodorsal margin, NI029
Antipleuridae, NI170
Anulostrea, NIl27, NIl67
anus, N959
aorta, NI029
appressed, N1029
aragonite, N969, NI029
arborescent, NI029
Area, NI029
Arcostrea. NII66, NI209
Arctaostrea, NI209
Arctostraea, NII66, NI209
Arctostrea, N963, NI025, NII59,

NIl66, NI209
ARGE~\'lLLE, D', NI02I, NI023
ARKELL, N976, N996, NI054,

NI067, NI077, Nl090-NI09l,
NIl03-NII04, NII22

ARKELL & Moy-THOMAS, NI090
Artostrea. NII66
ASARJ, N977
Astarte, N955
ASTRE, N977, Nl140
Atomodesma, NI215
Atreta, NI052
atrophy of hinge teeth, NI061
attachment, N995
attitude during life, NI071
auricle, Nl029
auriculate, N1029
.-lustrotilldaria. NI215
authigenic, NI029
autochthonous, NI029
automorphic, NI029, NI031
Avardaria, NI217
Al·ia. NII07
Aviculopectinidae, NI05l
AWATI & RAJ, N966-N967,

Nl005
axes, N955
axes of orientation, N955-N956

BARRANDE, NI05l
BAUGHMAN, N954
BAHE, N998, N1086, NIl 03
beak, NI029
beekite, NI029
Bellostrea, NII38

Bequania. NI216
BERNARD, N977, Nl007-NI008,

NIOI4
BEURLEN, NI093, NIl22
bialate, N1029
Biauris, NI092, NlI07
Bilobata, NI077, NI09I, NI099,

NIl70
bilobate, NI029
Bilobissa, NI066, NI099, NIl14
biocoenosis, NI029
biostrome, N1029
biotope, N1029
BITTNER, Nl051
BIVALVIA, N976, N99I, NI057
BJERKAN, NIOI4, NI027
blood lacuna, Nl029
blood sinus, NI029
blood-filled sinus, Nl029
BOBKOVA, NII26
body of shell, NI029
BiZSGGJLD, N980
Bojanus, organ of, N40, NI029
BORN, VON, N966
BORNHIAN, BURACHEK, &

VYALOV, NII55
Borniopsis, N1216
BOULE, N976
BOURGET, NIlI8
bourrelet, NI029
branchia, N967, N1029
branchial passage, N1029
Brallcllialjaltchell, N990
branchitellum, N1029
BRUGUIERE, NI083
BUCH, VON, NIOI9
BURNABY, NI062-NI063, Nl069
bu ttress, N973, N1029
buttressed, NI029
byssal gland, NI029
byssiferous, NI029
Byssobornia, N12l6
byssus, N1029

Caenisites (Euasteroceras) turneri
Zone, NI068

calcite, N969, NI029
Callucina, NI215
Cameleolopha, N1l64
Cardiarius, N1217
Cardiidae, N992
cardinal axis, N97l, NI029
Cardissa, NI217
Cardita, NI055
Carditella, NI216
Cardium, N12l7
carina, Nl029
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Carinatae, NI086
carinate, NI029
CARTER, Nl166
cartilage, NI 029
Cartissa, NI217
catachomata, N990, NI029
catch muscle, N962, N999,

NI029
Catinula, NI002, NI077, NI091,

NllOO, NIl04
Catintlltls, NllOO
Ceratostrea, Nll19
Ceratostreon, N995, NIOI7,

NI022, NI089, Nl1l9
chalk, NI029
chalky deposits, N982, NI029
Chalmasia, NI087
Chama, NI085
chambers, N986
CHARLES & MAUBEUGE, NI077,

N1l04, Nl208
CHAVE, N977
Cheloniidae, NI035
chemical composition, N976
chemoreceptor, NI029
Chochlearites, NI200
chomata, N990, NI029
Chondrella, NIl98
Chondrodonta, Nll98
Chondrodontidae, N1096·NI097,

Nll97
cilia, N967
Circographaea, NII07
Circogry/laea, Nil 07
Circogryphaea, NI092, Nll07
circulatory system, N966
clasper, NI029
classification, NI082, NI096
Clavagellidae, Nl217
Cleidochondrella, Nll98
CLERC & FAVRE, N988
climate barriers, NI036
cloacal passage, N969, NI029
Cochlea rites, Nl200
coloration, N996-N997
commissural plane, NI029
commissural plications, NI025
commissural shelf, N990, ,NI025,

NI029
commissure, N1029
compressed, N1029
concentric, NI029
conchiolin, N1029
conchiolin scales, N977
conchological, NI029
conchology, NI029
CONRAD, NI086
convexity, NI029
COQUAND, N954, N998
Corculum, Nl217
Coripia, NI216
Cornllcopiae, NI086
Cormgata, NI091, N1l14,

NIl70
COSSMA"", NI088
costa, NI029
Costagyra, Nll17
Costagyra, NIl15
Costeina, Nll07

Index

costella, NI029
costellate, N1029
costllle, NI029
Crasostrea, Nl128
Crassostrea, N956, N960-N979,

N985, N992-N995, NIOOO
NI005, NlO09-NIOIl, NIOI4,
NIOI6, NlOI9-NI020, NI027,
NI037-NI046, NI065, NI081,
NI084-NI087, NI090, NlO92,
NI094, NI099, N1l28,
NI 134-NI 135, N1214

Crassotrea, Nl128
Crenostrea, N987, N994, Nl107
crescentic, NI030
Cretagryphaea, N1l05, N1l70
crist., N1l70. Nl209
crista, Nl209
cristacit., Nl170
Cristaciten, Nl21l
Cristacites, N1170, N1200,

N1207, N1209·N1212
cristacites, Nl21l
crossed-lamellar, NI030
Cryphaea, N1099
Ctena, Nl215
Cubitostrea, N978, N992, NIOI7·

NIOI8, NI079-NI080, NI086
NI087, Nll41

CUMINGS, NI026
Curvostrea, N1l27, Nll68
Cymblliostrea, NI087, NI138
Cyrachaea, Nl216

DALL, N965, N988
DECHASEAUX, NIO'51
defense adaptations, NI023
DEFRANCE, N988. NI021
Deltoideum, N957, N995-N996,

Nll02, NI146
demibranchs, N967, NI030
demiprovinculum, NI030
DEMORAN, NI076
Dendostraea, NIl57
Dendostrea, NI020, NI023,

NI094, N1l57-N1158
Dendrostraea, Nl157
Dendrostrea, NIl57
denticle, NI030
dentition, N1030
Dermachelys, NI035
DESHAYES, N979
dichotomize, NI030
dichotomous, NI030
dichotomy, N1030
Dietl'S, Nl215
digestion, N100I
digestive system, N959
Dilatata, NlO77, NI091, Nl171
dimyarian, NI030
Dimyopsis, NI052
Dioeciostraea, NIl28
Dioeciostrea, NI090, Nl128
dioecious, NI030
diphyletic, NI030
diphyletic origins, NI056
discordant margins, N1030
disjunct pallial line, N968, N1030
dispersal, NI035

N1219

dispersal, limitations to, NI036
dissoconch, NI030
distal, N1030
distribution, NI034
divaricate, NI030
dog-tooth spar, NI030
DOLLFUS, NI027, NI082
DOLLFUS & DAUTZENBERG,

NI027, NI082
dorsal, NI030
DOUVILLE, N977, N988, N994,

NI068, NI071-NIOn, NI087,
N11l5, N1l97. Nl208

D-shaped larval stage, NI030
DUNKER, N989, NIl63
DURVE & BAL, N985
dysodont, N1030

ear, NI030
ecomorph, NI024, NI030
ecomorphic, N1030
edentulous, NI030
Edtlles, NI086·NI087
eggs, NI006
elevated-salinity barriers, NI041
elevatores pedis, N966
Elimata, Nl217
Elizia, Nl217
Elliptotellina, Nl217
Enantiostreon, NI051
Entomonotis, NI055
environment, NI070
Eoprosodacna, Nl216
Eostrea, NI088, NIl38
epidermis, NI030
Epidiceras, Nl217
equilateral, N1030
equivalve, NI030
ERDMANN, NIOIl
Erycinacea, Nl216
esophagus, N959
euhaline, N1030
Ellostrea, N1l28, NI138
euryhaline, NI030
evolution of Gryphaea, NI062
Exagyra, Nll15
excretory system, N960
exCttrrent, NI030
excurrent mantle chamber, N969
Exegyra, Nl1l5
exhalant, N1030
exhalant mantle chamber, N969
exhalant pseudosiphon, NIOOI,

NlOl9
Exogera, Nll15
Exogira, Nll15
Exogyra, N983-N985, N996·

N997, NIOI2, NlO17, N1026,
N1028, NI030, NI036, N1081,
NI085-NI088, NI093, N1114,
NI1l5.NI1l6, N11l7, N1l22,
N1l43, Nl214

exogyras, N 1089
exogyrate, NI030
Exogyrinae, N954, N974, N976,

N981, N986, N990, N992,
N994-N998, NIOI2, NI025,
N1067, NI089, NlO92,
NI096-NI097, Nll15
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N1220

Exogyrini, Nll15
exogyroidal, N1030
Exoyra, Nll15
extrapallial space, N968, NI030

facies, NI030
falciform, NI030
Fatina, NI092, N1125, N1l47,

N1150, Nll27
FAUJAS SAINT-FoND, NI084,

N1201, Nl205
feces, N 1001
fecundity, N1OO2
feeding, N1000
Ferganea, N11l5, N1l27, Nll43
Ferganoconcha, Nl215
fibrous ligament, N971, N1030
fingerprint shell structure, N989-

N990, N1030
FINLAY, NI088, NI094
FISCHER, N976, NI087, NI090,

Nl208
FISCHER DE WALDHEIM, N994,

NI086, Nl088
fixation, NlO12, NI030
Flabellulae, NI086
Flemingostrea, N963, N979-

N981, NI092, N1l50, Nll54
Flemingostreini, Nl150
Fluctogyra, Nll15
fold, NI030
food, NlOOO
foot, NI030
form genus, NI066
fossil oysters, N 1051
FRENEIX & LEFEVRE, N1l97-

Nl198
Freneixita, N1l98
fringe, NI030
fringe reef, N1030, NI044

NI045, NI046

Galeomma, Nl216
Galeommatacea, Nl216
Galeommatidae, Nl216
Galeommidae, Nl216
Galeommidii, Nl216
GALTSOFF, N954, N956, N980,

NI003
GALTSOFF & MERRILL, NI038
gape, NI030
gashes, radial, NI030
genital pore, NI030
geographic separation, NI081
GEVIN, NI051
Ghyphaea, NI099
Gigantostraea, NIl 07
Gigantostrea, NI087, NI092,

Nll07, Nll53
gills, N959, N967, NIOl7
glauconite, NI030
globose, NI030
GMELIN, NlO03
GOLDFUSS, N998, NI051, Nll15
gonads, N960
Goridzella, Nll39
Gorizdrella, NI139
GRABAU, NI05i
Grassostrea, Nl128

Bivalvia-Oysters

GRAVE, N1047
GRAY, NI021
Griphaea, NI099
Grip/lea, NI099
Griphoea, NI099
growth, NI014
growth line, NI030
growth ruga, NI030
growth squamae, NI030
growth thread, NI030
growth welt, NI030
Grup/lea, NI099
Gruppa II, Nl125
Gryphaae, NI099
Gryp/zaca, NI099
Gryphaea, N963, N965, N986,

N994-N995, N998, NI002,
NIOI2, NIOI9, NI027, NI053,
NI056-NI057, NI062, NI064
NI068, NI070-NI071, NI076,
NI078, NI081, NI083-NI092,
NI097-NI099, N1l14, N1127,
NI137, Nl205

Gryphaea, descendants of, NI076
Gryphaea, NI099, Nll28
gryphaeate, NI030
Gryphaeidae, N954, N963, N965,

N976, NI009, NlO19, NI035,
NI057, NI096-NI097

gryphaeiform, NI030
GryphaeigentlS, NI099
Gryphaeinae, N954, N963, N976,

N990, N992, N994-N995,
NI067, NI092, NI096-NI097

Gryphaella, NII07
Gryphaeostrea, N992, N997,

NI086-NI087, NI093, N1l25
Gryphaeostreini, N1l25
Gryphea, NI099
Gryp/lites, NI099
gryphites, NI084
Gryp/lOea, NI099
Gryphoeostrea, Nll25
Gryphostrea, Nll25
gryph-shaped, N1030
gryph-shaped oysters, NI066-

NI067
GUILDING, NI003
GUNTER, NI089-NI090
Gyrostrea, N1l25

HALLA~I, NI036, NI063, NI065,
NI068

HARAl'CHY, BALAZS, & BURG,
NI016

hard parts, N969
HARRIS, N979
HARRY, NI057
Hauptkiemenscllwelle, N990
height, N958, NI030
height of ligamental area, N958
Heligmus, NI087
HEMMING, NI094
HENNIG, Nl128
HERDMAN & BOYCE, N965
hermaphrodite, NI030
HERRMANNSEN, NI023
heteroclite, N1031
heteromyarian, NI031

Heterostrea, N962, NI094,
Nll70

HILL & VAUGHAN, NI077
hinge, NI031
hinge axis, N957, N971, N1031
hinge line, NI031
hinge plate, N1031
hinge tooth, NI031
HlRASE, NI057, Nllll
historical review, NI083
Hoernesiella, N1215
HOLLIS, NI012
Holocraspedum, N1l70
homeomorph, NI031, NI062
homeomorphs of Gryphaea,

NI062
homomyarian, NI031
homonym, NI031
hyote spines, NI026, NI031
Hyotissa, N961, N963, N969,

N977, N979, N987, N995,
Nl005, NI009, NlO19,
NI025-NI026, NI028, NI031,
NI035-NI036, NI057, NI070,
NI078, NI097, Nll07

hyperhaline, N1031
hypertely, NI031
hypostracum, N976, N979,

N1031
hypothetical ancestors, NI059

idiomorphic, N1031
IHERING, NI086, NI088, NI094
lIymatogyra, N995-N997, NIOI2,

Nl1l9
imbricate, NI031
imbrication, N1031
imprint, NI031
incremental line, NI031
incrustation, N1031, NI041
incubation, N1OO4
incubatory, N1031
incubatory genera, N1l38
incurrent mantle chamber, N969
Incurva, NI077, NI091, NI099,

Nll71
inequilateral, NI031
inequivalve, NI031
inflated, NI031
influence of gills, NI017
influence of pseudosiphons,

NI017
influence of substratum, NI021
influence of sunlight, NlO19
infrabranchial mantle chamber,

N969
inhalant, NI031
inhalant mantle chamber, N969
inhalant pseudosiphon, NIOOl,

NI017
inner layer, N971
inner layer of ligament, NI031
inner ostracum, N976
Inoceramus, Nl133-Nl134
insertion, N1031
interior topography, N989
interspace, NI031
intestine, N959
IREDALE, NI088, Nl208
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isodont, NI031
isomyarian, N1031
isthmus, NI031

JACKSON, N956, NI059
JAWORSKI, N962, N994, NI094
JOURDY, N954, NI084, NI088-

NI089
JOYSEY, NI063, NI065
JUDD, NI021
lurogryphaea, NI099, Nll71

Kafirnigania, N1l47, N1l50
KAUFFMAN, Nl208
keel, NI031
KELLOGG, N969
kidneys, N960
KIPARISOVA, N1053, NI069
KITCHIN, NI066-NI067,

NI088, NI090
KLINGHARDT, N994
KNIGHT-JONES, NIOl2
Knorrii, NI091, N1l71
Kokanostrea, N1l27, N1l53
KONINCK, DE, NI049
KORRINGA, N954, N979, N982,

NIl37
KRlZ, NI051
KULP, TUREKIAN, & BOYD, N977
Kymatox, Nl217

labial palp, N959, N967, NI031
Labrostrea, NI092, NU14
Lactemiles, NI216
lacuna, NI031
Lahillidae, NI216
LAMARCK, N986, N988, NI083-

NI084, Nll19, N1l63, Nl206
lamella, N977, NI031
lamellar ligament, N971, N1031
lamelliform, N1031
lamina, N1031
LAMY, N954, NI163
larval stages, NlOO6
Laterales, NI086
LECOINTRE, NIl34
LEENHARDT, N956, N966-N967
left valve, NI031
length, ~958, NI031
length of ligamental area, N958
lenticular, N1031
Leptonacea, NI216
lepIopel, NIOOI, NI031
life span, NI014
ligament, N969-N970, N971,

NI031
ligamental area, N974, NI031
Limaria, NI215
Limidae, Nl215
Limnopagetia, NI216
Limnopappia, NI216
LINNE, NI083-NI084, NI210
Liograplzaea, NI099
Liogryphaea, NI068, NI087-

NI088, NI099
Liogryphanaea, NI099
Liogryphea, NI099
Lioster, Nl103
Liostrea, NI053-NI056, NI068,

Index

NI078, NI091-NI092, NU03
Nl104, Nll14, N1l22,
N1l27-N1l28, N1l53, N1l55

Liostrea, Nl103
Lithiotidae, NI096-NI097,

N1l70, Nll99
Lithiotis, N1l70, Nl200
LOGAN, NIl33
longitudinal, N1031
LOOSANOFF, N954
Lopha, N969, N975, NI005,

NIOI8, NI020, NI023-NI024,
N1036, NI045, NI053,
NI055-NI056, NI094, N1l57

Lophinae, N976, N995, N997,
NI025, NI057, NI086, NI092,
NI096, N1l57

Lucina, Nl2I5
Lucinoma, NI216
LUND, NIOOI
LYCETT, N975-N976
Lymnocardiidae, Nl2I6
Lyogryphaea, NI099

Maccoyella, NI 127
McLEARN, NI069
MACLENNAN & TRUEMAN, NI063,

NI068
MACNAE & KALK, NI024
MAIRE, NI208
Malleidae, N976, NI083, N1l70
mangrove oysters, NI043
manIle, N967, N1031
manile chamber, N1031
manile fold, NI031
manile isthmus, N968, NI031
manile lobe, N968, N1031
mantle musculature, N968
manile/shell, N959, N967,

N1031
marcasite, NI031
MARCEAU, N999
Marcoui, NI09I, NIIl3, N1l71
Margostrea, NU68
marl, NI031
MARTIN, NI056
MARTINI & CHEMNITZ, NI208
MASSY, NIOI4
MATTOX, NI003
maximal sizes, NI027
maximal weights, N1027
MAYR, NI081
MEDCOF, N982, NIOl9
MEEK, NI086
MENZEL, NI002
Mercenaria, NI2I4
MERCIER, N976
Mesodesmatidae, N 1216
metamorphosis, NI013, NI031
metamorphosis of hinge struc-

tures, NIOIO-NIOll
mid-axis, N958, NI031
MILLAR & HOLLIS, NIOl2
Miltha, NI216
Mimetostreon, N1l27
minette iron ore, N1032
MIRKA~IALOV,NI126
mode of life, NIOl7
MORCH, NI208

N1221

Monoeciostrea, NI090, N1l38
monoecious, NI032
monomyarian, N962, NI032
monophyletic, NI032
Montacutona, NI216
morph, N1032
morphological terms, N1028
mouth, N959
mouth-anus axis, N956, N1032
MULLER, NI053
multiple resilifers, N974-N975
MUNIER-CHALMAS, N975
muscle imprint, NI032
musculature, N962
Mya, NIOOO
Myalinidae, NI215
Myochama, NI021, NI094,

N1l70
Myoconcha, N962
myostracum, NI032
Myrtea, NI2I6
Mytilacea, NI05I
Mytilus, NIOI9, NI083, N1l58
Mytilus crista galli, NI209

nacreous, NI032
Naiadina, NI087
NAKAZAWA & NEWELL, NI053
Nanogyra, NI094, NU21
Nautilus, NI035
Neilonella, N1214-NI215
NELSON, N956, N969, N996,

NI089-NI090
Neogryphaea, N1l71
Neogyra, Nll71
neontology, NI032
Neopycnodonte, N969, N979,

NI005, NI009, NI038, NI040,
NI057, NI070, NI078, NI097,
Nll09

neoteny, NI032
neozoo!ogy, NI032
nepionic, N1032
nervous system, N967
NESTLER, N988
NEWELL, N97I, NI051, NI059
Nicaisolopha, N1l64
NILSSON, N1l28
nodose, NI032
NOETLlNG, NI051
nonincubatory, N1032
non incubatory genera, Nl127
Notostrea, NI094, N1l68
Nutogyra, Nlll5
Nyassa, NI2I7

OBERLlNG, N980
oblique, NI032
obliquity, NI032
Octocorallia, NI02I
Odontogena, NI2I7
Odontogryphaea, N963, N965,

N992-N993, N996-N998,
NIOI2, NI063-NI064, NI066
NI067, NI092, N1l27,
N1150, N1l53

ODUM, N977
olistostrome, N1032
OLSSON, N971
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N1222

Omnivenus, NI216
ontogeny, NIOO5
open-water barriers, NI036
operculiform, NI032
opisthocline, NI032
opisthodetic, NI032
opisthogyral, NI032
opisthogyrate, NI032
opisthomyal exhalent chamber,

N969
orbicular, NI032
ORBIGNY, D', N976, NIlI9
ORIA, NIl03
orientation, N955
origin of gryph shape, NlO72
orthocline, N1032
orthogyral, NI032
orthogyrate, NI032
ORTON, N1089-NI090
ORTON & AMIRTHALINGAM, N985
Osrea, NI138
ostia, N1032
Ostracarius, )::'fI138
Ost.-acea, NII27
Ostraceae, N1l27
Ostraceen, NII27
Ostracees, famille des, NI085
Ostracees, les, NI084, N1l27
OSTRACES, NI097
Ostraces, N1l27
Ostracidae, NII27
Ostracites, N996, NI05I, N1l38,

NI207, NI209
Ostracites crist. complicatus,

NI207
Ostracites crista galli, NI209
ostracum, NI032
Ostraea, NI138
Ostrea, N96I, N963, N966,

N968-N97I, N975, N978
N979, N982, N985, N987,
N988, N992, N994, N996,
NIOOO-NI020, NI023, NI027
NI028, NI039, NI04I, NI047,
NI050-NI054, NI083-NI094,
NIB8-NIB9, NIl58, NIl63,
NIl69, NI205, N1207, NI214

Ostreacea, NI096-N1097, NII27
Ostreacia, NI097, NII27
Ostreadae, N1l27
Ostreae, NII27
Ostreana, NII27
Ostreanomia, NI086
Ostreidae, N954, N96I-N962,

N976, NI007-NI009, NI057,
NI096, N1l27, NI200

Ostreideae, NII27
Ostreigenlts, NI138
OSTREINA, NI096-NI097
Ostreinae, N992, NI067, NI092,

NI096, NIl27
Ostreinae, N1127
Ostreinella, NIl70
Ostreites, NI138
Ostreola, NI138
Ostreonella, NI092, NIl54
Ostreum, NI138
Ostroea, NI138
Ostronella, NII54

Bivalvia-Oysters

outer layer, N971
outer ligament, NI032
outer ostracum, N976
ovate, NI032
Oxytropidoceras, NI022

Pachycardia, NI055
Pachypteria, NI049-N1051
pad, NI032
Palaeanodonta, NI215
Palaeogyra, N 1121
Palaeomutela, NI215
Palaeostrea, NI050-NI05I,

NII70
Paleyoldia, NI215
pallial, NI032
pallial curtain, N968, NI032
pallial line, N968, N1032
pallial lobe, N968
pallial muscle, N962
pallial region, NI032
pallial retractor muscle, N968,

NI032
palliobranchial fusion, N967,

NI032
patch reef, N1032, N1047-NI048
Pectinacea, NI034
pedal, NI032
pedal muscle, N1032
pellet, NI032
Peloriderma, NI138
Pe/oris, NI138
PELSENEER, N956, NI057, NIIlI
pericardium, N966, N1032
periostracal glands, NI032
periostracal groove, NI032
periostracum, N977, NI032
Permophoridae, N962
Perna, N976
Pernostrea, N975, NI086-N1087,

NIl04
PERVINQUIERE, NI089, NIlI8,

NI208
PFA>1NENSTIEL, N982, NI07I-

NIOn
Phaeodactylum, NIOOO
phasic muscle, NI032
Phestia, NI215
Phrygaea, NIl07
Phygraea, N988, NI078, NI092,

Nll05, NIl07
phylogeny, NI049
physiology, N999
pigmentation, N997
Pitar, 1216
pivotal axis, N97I, NI032
P!acuna, NI085
Placunopsis, NI052, N1l70
Planospirigenlts, NI122
Planospirites, N1084-NI085,

NIl22, NI201-NI202, NI204
Platigena, NIl44
Platygena, N995, NIH4
pleurothetic, NI032
plica, NI032
plication, NI032
Plicatula, NI02I, NI03I
Podopsis, N988, NI084-NI085
POISSON, NIOI4

polychotomous, NI032
polyhaline, NI032
polyphyletic, NI032
polytypic, NI032
porcelaneous, NI032
posterior, NI032
posterior bourrelet, N974
posterior flange, NIOI9, NI032
posterior ridge, N1032
posterior slope, NI032
posterior sulcus, NIOl9
posterodorsal margin, NI032
postlarval stage, NIOH
Praecardiacea, NII70
Praeexogyra, NIl04
Praeostrea, NI050-NI05I,

NIl70
Praeostreidae, NI051
Pretostrea, NI020, NI023,

NI094, NIl57
primogenitor, N1032
PRINGLE & KITCHIN, NI068
prismatic shell layer, N978-N979,

N98I, NI032
prodissoconch, NI009, NI032
prodissoconch larval stage, NlOlO
prodissoconch veliger stage,

NI006
promyal chamber, N969
promya! passage, N969, NI033
propagation, NIOO2
prosocline, NI033
prosogyrate, NI033
Prospondylus, N I052
protandric, NI033
protostracal veliger, NI033
protostracum, NI033
protostracum veliger stage,

NI006
protractores pedis, N966
provinculum, NI033
proximal, NI033
proximal gill wheal, N990,

NI033
Pseudobarretia, NI217
pseudofeces, NIOOO-NIOOI,

NI033
Pseudogryphaea, NII71
Pseudomonotis, NI05I-N1052
Pseudoperna, NIBI
Pseudo-perna, NI131
Pseudopythina, NI216
pseudosiphon, NI033
Pteriacea, N1034
Ptychina, NI216
Pulvinostrea, NIl69
Pychnodonta, NIl05
Pycnodonta, N994, NI066,

Nl088, NI09I, Nll05
Pycnodonta Tucumcarii, NIII4
Pycnodonte, N980-N982, N987,

N994, NI066-NI067, NI075,
NI077-NI078, NI085-NI088,
NI092, NI094, NIl05, NIl07,
NII53

Pycnodonteinae, N954, N959,
N96I, N963, N976, N987,
N990, N993, N995, NI008
NlOlO, NlOI9, NI025,
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NI027, NI067, NI096, Nll05
Pycnodontes, NII05
Pycnodontidae, Nll05
Pycnodontinae, Nll05
Pycnondota, Nll05
Pycnodunta, Nll05
pyriform, NI033
pyrite, NI033

quadrate, N1033
Quadrostrea, N1l27, Nll70
QUENSTEDT, N965
Quenstedt muscle, N957, N962,

N965, N989, NI033, NI060
quick muscle, N962, N999,

NI032

radial, N1033
RANSON, N954, N97!, N979

N980, N988, N994, NI007
NI008, NIOI4, NI057,
NI094-NI095, Nll14, NIl36,
NIl63

Rastellum, N963, NIOI7, NI025,
NI028, NI084, NIl65,
N1200-N1208

RAULIN & DELBOS, NI085-NI086
rectum, N959
Redonia, NI216
reefs, NI04I, NI045
REEVE, N954
REIS, N990, NIl99
reniform, NI033
reproductive system, N960
resilifer, N974, NI033
resilium, N971, NI033
Rhabdopitaria, N1216-N1217
Rhaetavicula contorta Zone,

NI053
Rhynchostreon, N996, N998,

NIOI2, NI089, N1l22, NI214
Rhvncostreon, N1l22
rib; NI033
riblet, N I033
RICHARDSON, NI054
right valve, NI033
rock incrustations, N I041
ROEMER, NI051
ROLLlER, N996, Nil 03, NI208
ROMANOVSKIY, NI155
Rostellum, NIl65
ROUGHLEY, NI005
RUDWICK, NI026
RUSSELL & LANDES, NI023
RUTSCH, NI082
Rygepha, NI093, NI099

SACCO, NI087, NIl63
Saccostrea, N962-N963, N966,

N968-N969, N974, N986,
N992, N994-N995, NI005,
NI020, NI024, NI039-NI041,
NI043, NI045, NI065, NI086,
NI097, NIl34

sagittal plane, N1033
Sainschandia, NI215
SAINT-SEINE, NI021
salinity barriers, NI040
salinity tolerances, NI038

Index

Sanostrea, NI134
sapropel, NI002, NI033
Saturnia, NI214
Satumia, N1214-N1215
SAVILLE-KENT, N996
Saxostrea, NI094, NIl34
scale, N1033
Scalia, NI053
Scamnoceras angulatum Zone,

NI063, NI068-NI069
SCHAFLE, N954, NI021, NI062

NI063, N1067-NI069, NI071
NI072, NI075

SCHLOTHEIM, VON, NI082,
NI084, N1209-N1212

SCHMIDT, NI026, NI051
SCHROETER, N1206, NI208
sculpture, NI033
Sdikia, NII72
secondary riblet, NI033
self-cleansing, NIOOI, NI033
self-sedimentation, NIOOI, NI033
semilunar, N1033
sense organs, N969
sexual maturity, NIOO2
shell, N969, N976
shell closure, NI024
shell fold, N968, NI033
shell morphology, N985
shell preservation, N982-N984
shell, shape, form, and size,

NIOI6
SHERBORN, N1209
SIMPSON, NI072
Sinostrea, NI153
sinus, NI033
Sinustrea, NIOn, NI153
size (of shell), NI026
socket, N1033
Sokolol'ia, N 1147
Sokolowia, NI065, NI067,

NI071, NI093, N1l27, N1l40,
Nll46, NIl50

SOLANDER, NI008
Solecurtellus, NI217
Solecurtus, NI217
Solidostrea, N1093, N1l50,

NIl53
Somalidacna, NI081, N1l28
SOMEREN & WHITEHEAD, NI005,

NI021
SOWERBY, N954
spatulate, N1033
spawning, NI003
speciation, NI033, NI078
spine, NI033
Spinula, NI215
spirogyral, NI033
spirogyrate, N1033
Spondylus, NI031
squamae, N1033
squamose, N1033
stade anodonte, NI089
stade monodonte, NI089
STAFF & RECK, NI021
STANTON, NIl98
Stefaninia, N1215
stenohaline, N1033
STENZEL, N964, N976, N980,

N1223

N988, NI035, NI057, NI079,
NI081, NI090, NI093,
Nll05, NIl14

STENZEL, KRAUSE, & TWINING,
N1021

STEPHENSON, NI081, NI089
stomach, N959
straight-hinge veliger, N1033
stria, NI033
string reef, NI033, NI046
Striostrea, N969, N977, N979,

NlOOI, NI095, NIl35,
NI039-NI041

substratum, N1070
successional speciation, NI079
Succuridacna, NI216
Suchumica, NI217
sulcus, N1033
sulcus, radial posterior, NI033
summer temperatures, NI037
superspecies, NI033
suprabranchial mantle chamber,

N969
surface ornament, NI033
SUTER, N993, NI086, NI088,

NIl39
SWAINSON, NI023, N1l58
SWINNERTON, N996, NI063,

NI076
SYLVESTER-BRADLEY, NI076
sympatric, N1033
synchrony, NIOO4

Tagelus, NI217
talon, N974
taxon, N1033
tensilium, N971
tentacular fold, N968, NI033
TERMIER & TERMIER, N1051
terminal, N1033
Terquemiidae, Nl200
Texigryphaea, N963, N965,

N987, N994, NI065-NI067,
NI071, NI073-NI075, NI077
N1078, NI099, Nll13

thickness, NI033
THOMPSON & CHOW, N977
THOMSON, N964, NI005, NI020,

NI023, NI057, NI063,
NI094, NIl58

thread, N1033
THUNBERG, NI003
Thyasira, NI216
Tindariopsis, NI215
tonic muscle, N1033
transverse, NI033
trigonal, N1033
TRUHIAN, N971, NI063, N1067

NI068, NI071-NI072, NI075,
NI090

truncate, NI034
tumid, NI034
Turcostrea, NIl39
TL"REKIAN & AR~ISTRO'lG, N977
Turkostrea, N991-N993, NI093,

Nll39, Nl150
Tutuella, Nl215

umbo, NI034
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umbonal cavity, N994, N1034
umbonal region, N1034
umbo·veliger, N1034
Undatae, NJ 086
Unterfamilie Lithiotiden, Nl199
urogenital opening, NI034
Utschamiella, N1215

valves(s), N995, NI034
veliger, NI034
velum, NI006, NI034
ventral, NI034
ventricle, NI034
ventricose, NI034
Venus, N1214
vermiculate, NI034
vesicular, NI034
vesicular shell structure,

N986-N988

Bivalvia-Oysters

Vesiculares, N1086
Vevoda, N1170
Virginicae, NI086·NI087
Virgula, N1171
visceral mass, N959, N1034
visceral pouch, N959, NI034
VOKES, N1170
VREDENBURG, Nl154
Vulsella, NI084
Vultogryphaea, N1124, N1127
VYALOV, N954, NI053, NI069,

NI089, NI091, Nl114,
N1125, N1137, N1149, N1153

WAAGEN, NI056
WADA, NI005
WALNE, NI004, NI012
WELLS, NlO02
WHITE, N954

POSTSCRIPT
By H. B. STENZEL

width, N958, N1034
WINCHELL, NI051
wing, NI034
WINKLER, N1207
winter temperatures, N1037
WOHRMANN, NI056
WOODS, N954, N1207

xenomorphic, NI034
xenomorphism, NI022·NI023,

NI034

YANG KIEH, Nl140
Yavorskiella, Nq16
YONGE, N954, N956, N959,

NlOOl

ZENKEVITCH, NI048
ZWNER, NIOn

(Louisiana State University, Baton Rouge)

I am grateful to the Editor for allow
ance to place these few lines at the end of
Treatise Part N, Volume 3, even after its
index had been completed. Their purpose is
to take account of an interesting article by
N. D. NEWELL and D. W. BOYD entitled
Oyster-like Permian Bivalvia (American
Museum Natural History, Bulletin, vol. 143,
art. 4, December, 1970). Issued too late for
my attention in preparing Treatise materials
on fossil oysters, its descriptions and discus
sions of nUl1Jerous taxonomic units, accom
panied by exceptionally fine illustrations,
are worthy of close study not only by work·
ers on oysters but by paleontologists gen
erally.

Commendation of the N EWELL and
BOYD contribution needs qualifications to
the extent of objection to its use of some
new morphological terms for oysters and
their shells without any indication that they
come from my own work on oysters for
the Treatise. Also, a new genus of mine
(Hyotissa), intended for first publication in
the Treatise (p. NII07) was mentioned by
NEWELL and BoYD (p. 226). I can only

infer that the unfortunate situation came
about as a result of oversight by NEWELL
of observations on my Treatise typescript
and illustrations referred to him in 1966-67
by MOORE for editorial assistance.

I am gratified to notice that NEWELL
and BOYD agree with several of the major
results of my own work in volume N-3, for
instance, in that the oysters, as commonly
understood by various authors, are not a
monophyletic family, but consist of two
families (Ostreidae sensu stricto and
Gryphaeidae nom. transl. STENZEL, herein)
and that Gryphaea need not be derived
from Liostrea or an Ostrea-like ancestor,
but may be descended without an interme
diary genus directly from a genus of the
Pseudomonotidae.

N EWELL writes (letter to me of March
30, 1971): "I am sure that I learned of
these things in our several conversations.
Evidently, I absorbed much knowledge
from you without distinguishing your orig
inal contribution from the general store of
common knowledge."

April 2, 1971
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