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PREFACE
This glossary defines terms relating to
bivalve morphology, anatomy, physiology,
ecology, reproduction, taxonomy, evolution, phylogenetics, mineral and organic
composition, shell microstructure, and fossil
preservation.
Among the changes presented herein
to hinge dentition terminology, the term
taxodont is divided into pretaxodont,
palaeotaxodont, heterotaxodont (new term),
and neotaxodont (new term). Also, the
term pseudoheterodont is introduced for
heterodont-like hinges in nonmembers of
the infraclass Heteroconchia.
The ligament terminology is based largely
on Waller (1990) and Carter (1990a, p.
138), but is herein amplified by additions
from Malchus (1990, 2004b), Waterhouse
(2001, 2008), and Hautmann (2004), and
by the introduction of certain new terms.
The definition of pseudoligament is herein
restricted from Carter (2001) to the relatively flexible, middle portion of the shell

in laterally compressed, univalved mollusks.
Also, the term parivincular is restricted to
ligaments with a fibrous sublayer attaching
only to the crest of the associated ligamental
ridge (nymph). Externally similar ligaments with the fibrous sublayer attaching
well lateral of the associated ligamental
ridge (pseudonymph) are herein called
quasiparivincular. P ojeta ’s (1978) term
preduplivincular is herein restricted to
submarginal, opisthodetic ligaments with
only two or three adult, postlarval, only
slightly inclined ligamental groove-ridge
couplets, with this condition believed to
be plesiomorphic, rather than derived from
a former duplivincular condition. P ojeta
(1978) originally used this term for all
ligaments with many horizontal or nearly
horizontal ridges, grooves, or growth lines.
External, opisthodetic ligaments with only
horizontal growth lines, and those with
more than three, only slightly inclined,
groove-ridge couplets are herein called
monovincular and opisthodetic duplivincular, respectively. Monovincular ligaments
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are divided into monovincular-A, monovincular-D1, monovincular-D2, monovincular-P, and monovincular-U, according
to their inferred origin from alivincular
(-A), duplivincular (-D1, -D2), preduplivincular (-P), or univalved (-U) ancestors. The suffixes -D1 and -D2 indicate
arcoid and non-arcoid ancestry, respectively.
The term duplivincular/monovincular-D1
is proposed for arcoid ligaments with
both duplivincular and monovincularD1 elements. Multi-alivincular is used for
limopsid ligament Type B of Oliver (1981),
and alivincular-upfolded is introduced for
anomiid internal ligaments. The terms
external, shallow submarginal, deep submarginal, shallow internal, and deep internal, as
applied to ligament position, are standardized (see ligament position and Fig. 160).
The shell microstructure terminology is
based largely on Carter and Clark (1985),
C arter and others (1990), and M alchus
(1990), but we introduce herein the terms
pseudoperiostracum, acute columnar
nondenticular composite prisms, obtuse
columnar nondenticular composite prisms,
radial lamellar nondenticular composite
prisms, fibrous simple prisms, homogeneous
simple prisms, semi-foliated simple prisms,
and planar spherulitic simple prisms. We
also enlarge the definition of semi-foliated
microstructure to include both aragonitic
and calcitic varieties. The term large tablet
imbricated nacre of Carter (2001) is herein
restricted to exclude semi-foliated aragonite.
The term compound composite prismatic of
Carter and Clark (1985) and Carter and
others (1990) is replaced with compound
nondenticular composite prismatic; and the
term crossed composite prismatic is replaced
with crossed nondenticular composite prismatic. Periostracal mineralization is divided
into extraperiostracal, intraperiostracal, and
infraperiostracal varieties, and is distinguished from pseudoperiostracal mineralization.
Purchon (1956b, 1957, 1958a, 1958b,
1959, 1960b, 1960c, 1963a, 1985, 1987,
1990) classified bivalve stomachs into types

I, II, III, IV, IVa, IVb, and V. P urchon ’s
(1987) type IV is herein divided into type IV
sensu stricto and type IVc; these are equivalent to D inamani ’s (1967) Section II and
Section III, Group B stomach types, respectively.
Shell Types 1 through 4 and tooth generations 1 and 2 are herein introduced by
Malchus and Sartori.
Terms relating to taxonomic procedure
are defined in accordance with the ICZN
(1999) Code. The names of bivalve orders
are herein standardized with the suffix -ida
instead of -oida, following Bieler, Carter,
and Coan (2010), and Carter and others
(2011), among other workers. The suffix
-oid is herein retained for informal reference
to orders (e.g., pectinoids) to avoid confusion with informal references to families
(e.g., pectinids).

Glossary Format
Terms in bold type are recommended for
use. Terms combining italic with nonbold
type are not recommended for use. All cited
genera, species, and specimens are Recent
unless indicated otherwise.
Repository abbreviations: AMNH: American Museum of Natural History; ANSP:
Academy of Natural Sciences of Philadelphia; FMNH: Field Museum of Natural
Histor y, Chicago; NHMUK: Natural
History Museum, United Kingdom; NMW:
National Museum of Wales; RMMO:
Swedish Museum of National History; UF:
University of Florida, Gainesville; UNC:
University of North Carolina, Chapel Hill;
USNM: United States National Museum;
YPM: Yale University Peabody Museum;
ZMUC: Zoological Museum, University of
Copenhagen.
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abapical. Away from the apex (beak) of the shell.
Opposite of adapical.
abaxial. Away from a shell axis. Opposite of adaxial.
abdominal sense organs. Small paired swellings situated lateral to the anus, either medial or lateral
to the left and right ctenidial axes, on the ventral
surface of the adductor muscle (T hiele , 1889),
e.g., in Pteriidae (Fig. 1), Malleidae, and Pinnidae.
They receive innervation from the visceral ganglion.
Function unknown, but showing characteristics of
both chemo- and mechanoreceptors, so possibly
serving to detect vibrations and/or excurrent water
flow. Believed to be a symplesiomorphy for Pteriomorphia, but also present in Trigoniidae and
Unionidae. Known to occur in some Arcidae,
Glycymerididae, Limopsidae, Mytilidae, Pteriidae,
Isognomonidae, Malleidae, Ostreidae, Gryphaeidae,
Pinnidae, Limidae, Pectinidae, Propeamussiidae,
Spondylidae, Dimyidae, Plicatulidae, Anomiidae,
and Placunidae. Also called a pallial organ in Ostreidae, not to be confused with other definitions of
pallial organ, which see.
abduction. Movement away from the median axis, as
in opening of the valves. Opposite of adduction.
abductor. A muscle, such as a pedal protractor, that
moves something outward.
aboral. Pointing away from the mouth. Opposite of
adoral.
absolute tautonymy. The identical spelling of a
genus and one of its species, e.g., Villosa villosa. In
taxonomy, one of the possible ways a type species
can be fixed for a genus (see ICZN, 1999, Art. 68).
acceleration. A type of peramorphosis caused by an
increase in the rate of morphological development
during ontogeny (E. Cope, 1887).
accessory anterior adductor muscle. A separate,
small anterior adductor muscle anterior to a larger,
dorsally migrated anterior adductor muscle, e.g., in
Pholadidae (see Fig. 24).
accessory cavities. Cavities separating anterior and
posterior myophore plates and teeth from the shell
wall in caprotinid and caprinid hippuritoids. Developed chiefly in the free valve but also occurring in
the attached valve of some genera.
accessory denticle. A small, compressed or triangular
prominence on the hinge plate anterior or posterior
to a cardinal or pseudocardinal tooth, as in some
Unionoidea.
accessory foot. An elongated process on the foot
used to clean the infrabranchial chamber, e.g., in
Malleidae.
accessory genital organ. A pendulous, glandular
organ on the posteroventral surface of the posterior
adductor muscle in male Pholadidae; secretions

Fig. 1. Diagram of anal funnel and abdominal sense organ
in Pteriidae (adapted from Mikkelsen & Bieler, 2007).
from this organ are added to sperm before storage
in the seminal vesicle.
accessory hearts. Enlarged blood vessels in the mantle
lobes of the suprabranchial chamber that pulsate
and deliver blood to the auricles (Harry, 1985),
e.g., Ostreoidea.
accessory muscle. Any shell muscle other than the
pallial muscles, the pedal retractor muscles, and the
normal anterior and posterior adductor muscles.
This term has also been applied to any relatively
small, discrete shell muscle of uncertain function,
especially one positioned high in the umbonal
cavity or on the ventral margin of the hinge plate.
accessory pedobyssal muscles. Short, minor muscles
that branch off the anterior pedobyssal retractor
muscle at the level of the esophagus, extending
posteriorly through the visceral mass and forming
posterior attachment scars in the near-umbonal area

Fig. 2. Diagram of anatomy of Teredinidae (adapted
from Mikkelsen & Bieler, 2007).
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Fig. 3. Actinodont hinge dentition in left valve of middle Llandovery, lower Silurian actinodontid Actinodonta
cuneata Phillips, 1848; hinge teeth are actually continuously distributed below beak, contrary to this drawing.
See also Pojeta (1978, pl. 4,9–12) (Phillips, 1848).
(T ëmkin , 2006a, p. 300), e.g., some Pterioidea.
Called posterior levators by Herdman (1904).
accessory plate. A calcareous or chitinous structure
that protects the soft body or serves as an attachment for muscles, and that is added to the normal
shell margins later in growth, commonly at sexual
maturity, or is secreted as a separate structure distal
to the normal shell margins. Examples include the
callum, hypoplax, mesoplax, metaplax, protoplax,
and siphonoplax in Pholadoidea, and siphonal
plates in some Corbulidae.
accessory shell plate. Same as accessory plate, which
see.
accessory ventral adductor muscle. An adductor
muscle separate from the normal anterior and
posterior adductor muscles, joining the valves
ventrally, as in Teredinidae (Fig. 2), or posteroventrally, as in some Gastrochaenoidea and Tellinoidea.
Also present in some Pholadomyidae, Vacunellidae
(e.g., Vacunella W aterhouse , 1965), Periplomatidae, and Laternulidae, where this may be represented by an orbital muscle (see Runnegar, 1966,
fig. 1, ava). See also cruciform and orbital muscles.
acentric sculpture. Sculpture that is not commarginal.
Compare with oblique and scissulate.
aciculate. Slender and tapering to a sharp point.
acinus (pl., acini). A small compartment of the
gonad in which gametes are produced; also called
an alveolus (pl., alveoli) or a follicle, e.g., many
Unionoidea.
acline. Shell features that are perpendicular, or almost
so, to the hinge. Same as orthocline.
actinodont. A hinge dentition consisting of teeth
radiating outward from the beak, with the outer
teeth longer and with their distal ends only slightly
inclined relative to the adjacent dorsal shell margin,
typically with no accompanying anterior or posterior true lateral teeth, e.g., the lower Silurian
actinodontid Actinodonta cuneata P hillips , 1848
(Fig. 3). The basis for the group name Actinodonta D echaseaux , 1952, originally defined to
include the Lyrodesmidae [sic], Ambonychiidae,
and Anthracosiidae; a grouping now recognized as
polyphyletic.

acuminate. Tapering gradually to a protracted point.
Compare with acute.
acute. Tapering to a distinct but not protracted point.
acute columnar nondenticular composite prismatic
microstructure (abbr., acute columnar NDCP).
A columnar, nondenticular composite prismatic
structure in which the second-order prisms diverge
at a low angle from the longitudinal axis of the firstorder composite prisms, e.g., in the outer shell layer
of the unionid Elliptio complanata (L ightfoot ,
1786) (Fig. 4) (C arter , herein). Compare with
obtuse columnar NDCP.
adapical. Toward the apex (beak) of the shell. Opposite
of abapical.
adaptation. Evolutionary process whereby a species
becomes fitted to its physical and/or biological
environment.
adaxial. Toward the shell axis. Opposite of abaxial.
adduction. Closing of the shell valves. Opposite of
abduction.
adductor axis. The straight line connecting the anterior and posterior adductor muscles at analogous
points. Bailey (2009) defined adductor axis types
1–3 (see below).
adductor axis type 1. An adductor axis connecting
the ventral margin of the anterior and posterior
adductor muscles (Fischer, 1886 in 1880–1887;
Bailey, 2009).
adductor axis type 2. An adductor axis connecting
the dorsal margin of the anterior and posterior
adductor muscles (Stanley, 1970; Bailey, 2009).
adductor axis type 3. An adductor axis connecting
the centers of the anterior and posterior adductor
muscles (Newell & Boyd, 1975; Bailey, 2009).
adductor insertion center. In pectinids, the approximate center of an adductor muscle scar, placed
at the intersection of lines bisecting the first and
second diameters of the scar (T. Waller, 1969, p.
11). This corresponds with j and j' in Figure 219.
See also adductor insertion, first diameter, and
adductor insertion, second diameter.
adductor insertion centrality. In pectinids, the degree
to which the center of an adductor insertion
approaches the center of a valve, as expressed by the
ratio b–j/a–b in Figure 219 (Waller, 1969, p. 11).
adductor insertion, first diameter. As defined for
pectinids by Waller (1969, p. 12), the maximum
linear dimension of an adductor muscle scar in a
direction that is roughly anterior-posterior. This
corresponds with measurements i–k and i'–k'
in Figure 219. The maximum linear dimension
of the adductor need not be exactly anteriorposterior, because its orientation can change with
shell growth.
adductor insertion posteriority. As defined for
pectinids by Waller (1969, p. 13), the measurement a–b divided by the length of the shell, with
a–b defined as the distance between two lines
perpendicular to the outer ligament, one passing
through the origin of shell growth, the other
passing through the center of the adductor muscle
insertion scar. This corresponds with the ratio
a–b/A–G in Figure 219.
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adductor insertion, second diameter. As defined for
pectinids by Waller (1969, p. 13), the maximum
dimension of that portion of the adductor muscle
insertion underlying the striate portion of the
muscle, measured in a roughly dorsoventral direction. The orientation of the second diameter need
not be exactly perpendicular to the first diameter of
adductor insertion (which see), because this angle
varies somewhat with growth. This corresponds
with measurements p–q and p'–q' in Figure 219.
adductor insertion ventrality. As defined for pectinids
by Waller (1969, p. 13), the distance b–j divided
by the height of the shell, where b–j is the distance
between two parallel lines, one coinciding with
the outer ligament, the other passing through the
center of the adductor muscle scar. This corresponds with ratios b–j/A–M and b'–j'/A'–M' in
Figure 219.
adductor muscle. A muscle connecting the two shell
valves and drawing them together in opposition
to the ligament; generally divided into a faster
acting quick muscle and a more resilient, slower
acting catch muscle, e.g., in the venerid Mercenaria mercenaria (Linnaeus, 1758) (see Fig. 130).
Usually marked on the shell interior as a scar or
impression. Anterior and posterior adductors are
usually present, but some bivalves retain only one
adductor (e.g., the posterior adductor in Ostreidae),
and some have a third adductor produced by crossfusion of pallial muscles posteroventrally, ventrally,
or dorsoanteriorly (see accessory anterior adductor
muscle and accessory ventral adductor muscle).
adductor muscle scar. An impression or other mark in
the inner shell layer corresponding with the attachment site of an adductor muscle.
adnate. Joined to a different element, e.g., an anterior
adductor muscle joined to a pallial retractor muscle.
See also conjoined.
adopt. In taxonomy, to use an unavailable name as
the valid name of a taxon in a way that establishes
it as a new name with its own authorship and date
(ICZN, 1999).
adoral. Pointing toward the mouth. Opposite of
aboral.
adoral mantle sense organ (=adoral sense organ;
cephalic sense organ). In many Protobranchia, a
sense organ present on either side of the mouth
close to the proximal palp ridge and immediately
ventral to the cerebral ganglia, innervated from
the latter. Present in the nuculids Nucula nucleus
L innaeus (1758) (according to H irasaka , 1927,
with pigment cells with a cornea, although this was
refuted by Schaefer, 2000) and Deminucula atacellana (Schenck, 1939), as a thickened epithelium
innervated from the cerebral ganglia, without a
cornea and pigment cells (Rhind & Allen, 1992).
Also present in Solemyidae, Nuculanidae, and
Sareptidae. An olfactory organ according to Stempell (1899) and V lès (1905). S chaefer (2000)
proposed a chemoreceptor function and plesiomorphic status for this feature in Protobranchia. Not
the same as marginal sense organ or anterior mantle
sense organ, which see.
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F ig . 4. Acute columnar nondenticular composite
prismatic structure, a slightly reclined variety from
outer shell layer of Unionoidea (adapted from Carter
& others, 1990, p. 617).

adoral sense organ. Same as adoral mantle sense organ,
which see.
adult. Individuals developed to the point of being able
to reproduce; sexually mature.
advanced isocyprinoid grade hinge. See isocyprinoid
grade hinge.
advanced veneroid grade hinge. A heterodont hinge
grade characteristic of some Veneridae, with early
and late evolutionary phases (late phase shown in Fig.
5). Compare with early veneroid, veneroid, arcticoid,
isocyprinoid, lucinoid, and venielloid grade hinges.
R. N. Gardner (2005, p. 336) described this hinge
grade as follows: “In the veneroid hinge, lateral teeth
AI and AII gradually become detached from cardinal
teeth 1 and 2a, respectively. This ultimately permits
laterals AI and AII to develop further cardinal teeth.
The advanced veneroid hinge is marked by the
development of a moderately prosocline second
cardinal tooth 1 at the posterior extremity of lateral
A1, and/or by the formation of a moderately prosocline second cardinal tooth 2a at the posterior end
of lateral AII. These newly developed cardinals are
defined here as teeth 12 and 2a2. Tooth 12 usually
terminates in a recess situated between the more
posteriorly positioned slightly prosocline tooth 3a,
and the dorsally positioned lateral AIII. Cardinal
tooth 2a2 projects posterodorsally, and then descends
to transform into a lamella that fuses with the dorsal
extremity of the united teeth 2a and 2b. The development, position, and orientation of 12 and 2a2 are
perfectly illustrated by species of Dosinia Scopoli,
1777 (Upper Eocene–Recent), and Notocallista
Iredale, 1924. . . . In the advanced veneroid hinge,
posterior lateral teeth are usually absent or obsolete. However, some genera, including Dosiniopsis
C onrad , 1864 (cited in K een & C asey , 1969)
(Paleocene–Eocene), and Notocallista . . . continue
to develop functional posterior lateral teeth. The
general hinge formula showing the final position
of cardinal teeth for the advanced veneroid hinge
is . . .: AI (AIII ) 12 3a 1 3b (PI ) / AII (AIV ) 2a2 2a
2b 4b (PII).”
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cardinal 3a

right valve

lateral AII

lateral AI

cardinal 1

cardinal 1 2

1

left valve
cardinal 4b

cardinal 3b

laminar II
laminar IV
lateral AIV

cardinal 2b cardinal 2a

2

lateral AIII
cardinal 2a2

left valve
PII

2a2
AII

3
Fig. 5. Late phase of advanced veneroid grade hinge. 1–2, Diagram of left and right valves (adapted from R. N.
Gardner, 2005, fig. 10.5b, 11.5b, courtesy of R. N. Gardner); 3, Oligocene venerid Notocallista watti Marwick,
1938 (adapted from R. N. Gardner, 2005, fig. 13, courtesy of R. N. Gardner).

adventitious. Of, or belonging to, a structure formed
in an unusual place, such as a calcareous tube
secreted around the shell and body of the animal
(e.g., the gastrochaenoidean Eufistulana E ames ,
1951, and the teredinid Kuphus Guettard, 1770);
thick conchiolin sublayers within an inner shell
layer in some Unionidae, Cyrenidae, and Corbulidae; articulating structures on parts of the shell
other than the hinge (e.g., in Pandoridae; also
called laminar buttresses); and articulating structures present on or near the hinge but believed to
be developed independently of true hinge teeth

(e.g., isodont crura in plicatulids, shell marginal
teeth in mytilids).
adventive. Not native; referring to an organism transported to, and becoming established in, a new
geographic area by human or natural means.
aequipectinoid form. Having the shell shape of Aequipecten Fischer, 1886 in 1880–1887, i.e, with a shallow
byssal notch late in ontogeny, a relatively flaring,
equilateral disc, and auricles nearly equal in length
(Waller, 2006). This associates with early byssal
attachment and later freedom and mobility. See also
chlamydoid, pectinoid, and amusioid forms.
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ala (pl., alae). A prominent, anterior or posterior,
dorsal projection of the shell; a term commonly
used in reference to unionoid glochidial and adult
shells, e. g., in the unionid Hyriopsis cumingii (Lea,
1852) (Fig. 63). Compare with wing.
alate. Having a winglike or auriculate extension of
the shell, usually dorsally and anterior and/or
posterior of the beak, but rarely in other positions;
e.g., some pterioids, pectinoids, unionoids, and
all alatoconchids. The term bialate is used for two
such extensions.
alimentary canal. The tube that extends from the
mouth to the anus, in bivalves typically consisting
of the mouth, esophagus, stomach, style sac,
midgut, hindgut, rectum, and anus, e.g., in the
venerid Mercenaria mercenaria (L innaeus , 1758)
(see Fig. 130).
alivincular ligament. A pteriomorphian ligament with
a single, triangular to slightly trapezoidal area of
fibrous ligament in each valve, flanked anteriorly
and posteriorly by areas of lamellar ligament. The
ligament position may be entirely external, overarched by the hinge, or submerged to a submarginal or internal position. Not to be confused with
the resilial ligament in nonpteriomorphians, such
as some Nuculanidae, Crassatellidae, Semelidae,
and Mactridae. See alivincular-alate, alivinculararcuate, alivincular-areate, alivincular-compressed,
alivincular-exogyroid, alivincular-fossate, and
alivincular-upfolded ligaments. Compare with
alivincular-multivincular grade of Malchus (2004b).
alivincular-alate ligament. A partly external and partly
internal, alivincular ligament in which lamellar ligament is secreted onto the external surface of a long,
straight hinge margin that grows primarily at its
anterior and posterior ends, thereby forming a very
narrow lamellar ligament insertion area above the
hinge axis. The resilium is internal and not overarched by the margins of the resilifer; it has lateral
fibrous sublayers and a central, lamellar sublayer,
the latter being ontogenetically continuous with
the external, lamellar sublayer (Hautmann, 2004).
Examples include the pectinids Euvola ziczac
(Linnaeus, 1758) (Fig. 6) and Caribachlamys sentis
(Reeve, 1853 in 1852–1853) (see Fig. 89).
alivincular-arcuate ligament. An external, alivincular ligament with articulating left and right
ligament attachment areas, i.e., with the right
resilifer distinctly elevated (arcuate) and the left
resilifer distinctly impressed (Hautmann, 2004).
The arcuate nature of the ligament becomes more
distinct in larger specimens. Present in some Ostreidae, e.g., Recent Planostrea pestigris (H anley ,
1846) (Fig. 7); more common in Crassostreidae, e.g., Upper Cretaceous Nicaisolopha nicaisei
(Coquand, 1862) (see Fig. 197). Also present in
some disjunct ostreoid taxa from Triassic onward.
alivincular-areate ligament. An external alivincular
ligament with a narrow to wide, triangular resilifer
containing the fibrous sublayer, flanked anteriorly
and posteriorly, or rarely only posteriorly, by relatively flat cardinal areas with only lamellar ligaments. The cardinal areas of the left and right valves
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Fig. 6. Alivincular-alate ligament in the pectinid Euvola
ziczac (Linnaeus, 1758), Harrington Sound, Bermuda
(UNC, unnumbered specimen). 1, Right valve, interior
lateral view; outer, lamellar sublayer of dorsal ligament
and lamellar core of resilium shown in solid black;
2, dorsoventral section through center of resilium of
united valves; thin layer below exterior shell layer is
the pallial myostracum, shown with vertical lines; 3,
dorsoventral section through ligament at position 3
in view 1; the valves are joined there only by lamellar
ligament; LV, left valve; RV, right valve; scale bars = 1
mm (Carter, new).
do not articulate, and the ligament is not strongly
restricted by bounding, articulating crura (Hautmann , 2004). Radial pseudotrabeculae are rarely
present on the surface of the resilifer, between the
fibrous sublayer and the underlying hinge, e.g., in
the alivincular-areate-wide ligament in the Permian
deltopectinid Cyrtorostra varicostata B ranson ,
1930 (see Fig. 11). Present in many Philobryidae,
Limidae, Gryphaeidae, Cassianellidae, Monotidae,
Buchiidae, Oxytomidae, Prospondylidae, Deltopectinidae, and Aviculopectinidae, among other families. See also alivincular-areate-medium, -narrow,
-truncate, and -wide.

Fig. 7. Alivincular-arcuate ligament in the ostreoidean
Planostrea pestigris (Hanley, 1846) (=Ostrea rivularis
Gould, 1861), Calapan, Mindoro, Philippines (YPM
7144); lamellar and fibrous portions of ligament are
removed except in parts of left valve, where lamellar ligament is shown by horizontal, black bands (Carter, new).
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Fig. 8. Alivincular-areate-medium ligament in the limid
Ctenoides scabra (Born, 1778), Biscayne Bay, Florida
(YPM 9702). 1, Hinge and ligament of right valve,
interior lateral view; 2, dorsoventral section through
united valves at position 2 in view 1; 3, dorsoventral
section through united valves at position 3 in view 1.
Lower scale bar applies to views 2 and 3 (Carter, new).
alivincular-areate-medium ligament. An alivincularareate ligament with resilifer that is medium-width
in comparison with the flanking bourrelets, e.g., in
the limid Ctenoides scabra (Born, 1778) (Fig. 8),
the malleid Malleus malleus (Linnaeus, 1758) (see
Fig. 248), and the Eocene crassostreid Turkostrea
V ialov , 1936 (see Fig. 318). In limopsids, this
ligament is also called a limopsid type C ligament
(Oliver, 1981), e.g., in Limopsis chuni Thiele &
Jaeckel, 1931 (see Fig. 164).
alivincular-areate-narrow ligament. An alivincularareate ligament with a resilifer that is narrow relative to the width of the flanking bourrelets, e.g.,

alivincular-areate
ligament

in the philobryid Cratis antillensis (D all , 1881)
(Fig. 9).
alivincular-areate-truncate ligament. An alivincularareate ligament in which only the resilium and the
posterior bourrelet are present, with the resilifer
consequently occupying the entire anterior end of
the ligament insertion area, as in some members of
the Upper Triassic eurydesmatid (?) Krumbeckiella
I chikawa , 1958 (W aterhouse , 2008, fig. 64A,
F), some members of the Upper Cretaceous inoceramid Tenuipteria argentea (Conrad, 1858) (which
also has some multivincular individuals) (Fig.
10), and the Mesozoic buchiid Buchia keyserlingi
Lahusen, 1888 (see Fig. 42). Called truncavincular
by Waterhouse (2008). Compare with alivincularexogyroid.
alivincular-areate-wide ligament. An alivincularareate ligament with a resilifer that is very wide
in comparison with the flanking bourrelets, as in
the pteriid Pinctada imbricata Röding, 1798, and
the Permian deltopectinid Cyrtorostra varicostata
Branson, 1930 (Fig. 11). This was called lativincular by Waterhouse (2001, fig. 9b).
alivincular-compressed ligament. An external, alivincular ligament with a moderately wide, triangular
resilifer containing the fibrous sublayer, flanked by
single, narrow, triangular pseudoresilifers anteriorly
and posteriorly, with no space between the resilifer
and the pseudoresilifers. All three components
radiate from a point below the beak. Anterior
and posterior to the pseudoresilifers, the cardinal
area is covered by periostracum. This corresponds
with O liver ’s (1981) limopsid type A ligament,
as in Limopsis sulcata Verrill & Bush, 1898 (see
Fig. 162; see limopsid type A ligament), and with
his limopsid type D ligament, where the flanking

nepioconch
prodissoconch-1
resilium
bourrelet

Fig. 9. Hinge and beak of philobryid Cratis antillensis (Dall, 1881), showing its alivincular-areate-narrow ligament,
prodissoconch-1, and nepioconch; figure width 2–3 mm (adapted from Mikkelsen & Bieler, 2007).
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cardinal areas have a thicker periostracal cover
(especially so at the ends of the cardinal area), as
in Limopsis lilliei (E. A. Smith, 1915) (see Fig. 165;
and see limopsid type D ligament).
alivincular-exogyroid ligament. An external, alivincular ligament in which the resilifer and the
anterior bourrelet are run together, the posterior
bourrelet is reduced to a narrow ridge, and the
length axis of the ligament area is nearly parallel
with the hinge axis (M alchus , 1990), e.g., the
gryphaeid Exogyra S ay , 1820 (Fig. 12). In cases
where the anterior bourrelet is indistinguishable
from the resilifer, the ligament is better classified
as alivincular-areate-truncate, which see.
alivincular-fossate ligament. A partly external and
partly internal alivincular ligament with the
lamellar and fibrous sublayers crowded together by
anterior and posterior crura, and with the resilium
at least partially overarched by the cardinal area, as
in the spondylid Spondylus gussonii O. G. Costa,
1829 (Fig. 13); also found in Dimyidae and Plicatuloidea. In the more derived condition, the resilium
is entirely overarched by the dorsal cardinal area,
and the crura and the growing ends of the resilium
are positioned entirely below the hinge axis (Hautmann, 2004). Hautmann (2004, fig. 1D) indicated
that the hinges are united along their dorsal margin
by secondary (i.e., periostracal) ligament, rather
than by lamellar ligament, but W aller (1978)
maintained that in Dimyidae, Plicatulidae, and
Spondylidae, they are united dorsally by lamellar
ligament. Note that lamellar ligament is present as
a medial core in the resilium in Spondylidae (as in
Pectinidae), but not in Dimyidae and Plicatulidae.
alivincular-multivincular grade. M alchus (2004b,
p. 1562) defined this ligament grade for alivincular and multivincular bivalves with clearly
opisthogyrate larval shells, plus their orthogyrate
derivatives. The larval fibrous sublayer originates
anterior of the larval straight hinge or anterocentrally below it, and it grows either anteriorward or anteroventrally. Early postlarval growth
of this fibrous sublayer is ventral or anteroventral.
However, this larval fibrous sublayer is typically
abandoned early in ontogeny. The adult ligament
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F ig . 10. Alivincular-areate-truncate ligament in the
Maastrichtian, Upper Cretaceous inoceramid Tenuipteria argentea (Conrad, 1858), Owl Creek Formation,
Owl Creek, Mississippi (UNC 9566), camera lucida
drawing of lateral interior view of left valve. This species
also has some multivincular individuals (Carter, new).
may have no repetition or extensive repetition of
its sublayers, with the sublayers added in a shifting
center-proliferation manner (which see) either serially (predominantly) or irregularly alternating (in
Pulvinitidae). Three subgrades were distinguished:
multivincular subgrade, alivincular subgrade with
one sublayer repetition, and alivincular subgrade
without sublayer repetition (see entries for each).
alivincular subgrade with one sublayer repetition. An
alivincular-multivincular grade ligament (which
see), as defined by Malchus (2004b), with two and
only two fibrous sublayers in the adult ligament,
as in the Malleidae and most Pteriidae (Malchus,
2004b, p. 1562).
alivincular subgrade without sublayer repetition. An
alivincular-multivincular grade ligament (which
see), as defined by Malchus (2004b), with a single
adult fibrous sublayer, as in the pteriid Pinctada and
most Ostreoidea (Malchus, 2004b).
alivincular-upfolded ligament. A left-right asymmetrical, internal, alivincular ligament as developed
in Mesozoic and Cenozoic Anomioidea, e.g., Monia
macrochisma (D eshayes , 1839) (Fig. 14). The
name derives from M alchus ’s (2004b, p. 1561)
“overarched, upfolded,” alivincular ligament. As
described by Y onge (1980) for various living
Anomioidea, the ligament insertion area is vertically
instead of laterally disposed, the resilium is positioned entirely ventral to the dorsal shell margins,
and it is rotated so that its insertion area faces

Fig. 11. Alivincular-areate-wide ligament with radial pseudotrabeculae on surface of the resilifer, beneath fibrous
sublayer of ligament; right valve of Permian deltopectinid Cyrtorostra varicostata Branson, 1930, Willis Branch
Formation, Glass Mountains, western Texas (USNM 388883) (adapted from Newell & Boyd, 1995, fig. 2a; courtesy
of the American Museum of Natural History).
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resilifer
thin bourrelet ridge
Fig. 12. Alivincular-exogyroid ligament in Cretaceous
exogyrid Exogyra Say, 1820 (adapted from Malchus,
1990, fig. 25d).
dorsoventrally instead of laterally. Narrow anterior
and posterior lamellar sublayers flank the moderately wide fibrous sublayer in Pododesmus Philippi,
1837, and Anomia (Anomia) Linnaeus, 1758, but
these flanking fibrous sublayers are united in an
arch over the fibrous sublayer in the more derived
Anomia (Patro) Gray, 1850. The right resilifer is
elevated by a straight to convex ligamental chondrophore (also called a crurum). The fibrous and
lamellar sublayers extend continuously between
the valves. In Placuna Lightfoot, 1786, thickened
periostracum unites the valves dorsally, whereas the
internal ligament provides opening thrust.
allometric growth. Growth at unequal rates in
different parts of an organism.
allometry. (1) the relative growth of a structure in
relation to another structure or to the remainder
of the organism; (2) the measurement or study of
such growth.
allopatric. Nonoverlapping geographic ranges of two
populations. Compare with sympatric.
allotype. A specimen, in a series of type specimens,
which is the opposite sex of the holotype.
allozyme data. Results from protein electrophoresis, separated first by electric charge and then by
molecular weight. Such data are potentially useful
for analyzing phylogenetic relationships.
amorphous calcium carbonate (abbr., ACC). A
noncrystalline form of calcium carbonate. Some
prodissoconchs contain ACC as a precursor to
crystalline (typically aragonitic) calcium carbonate
(Weiss & others, 2002).
amphidetic. Entending anterior and posterior to the
beaks, usually in reference to the ligament or hinge
dentition, e.g., the monovincular-A ligament in
the pectinoid Strebloboydia montpelierensis (Girty,
1910) (Fig. 15). Compare with prosodetic and
opisthodetic.
amphi-pleurothetic. Living with the left or right side
of the body down, with both orientations occurring
in the same species, e.g., Etheriidae.

amusioid form. Having a shell shape like the pectinid
Amusium pleuronectes (Linnaeus, 1758), i.e, with
equilateral, equally convex valves, large, permanent
shell gapes, and a smooth or nearly smooth exterior
(Waller, 1991, p. 10) (Fig. 16). This shell shape
generally associates with active swimming life
habits. Compare with aequipectinoid, chlamydoid,
and pectinoid forms.
amyarian. Lacking adductor muscles in the adult stage,
e.g., Penicillidae.
amylase. A starch-digesting enzyme found in the
crystalline style of most mollusks, including many
bivalves.
anaboly. The introduction of a new feature at the end
of the embryonic stage. Compare with cenogenesis.
anachomata (sing., anachoma). Small tubercles or
ridgelets on the periphery of the inner surface of a
valve close to the commissure, as in lower Eocene
crassostreid Turkostrea duvali (G ardner , 1927)
(Fig. 17). Compare with chomata and catachomata.
anal aperture or siphon. Same as excurrent aperture
or siphon.
anal canal. A long, narrow, dorsal channel in Teredinidae, continuous with the suprabranchial chamber
and the excurrent siphon, which terminates in
a sphincter muscle in some species. The rectum
empties into the anal canal.
anal flap. See anal funnel.
anal funnel. An ear-shaped membranous structure
protruding from the tip of the rectum, which
encloses the anal opening at its base, e.g., many
Arcidae, Pteriidae, Isognomonidae, Malleidae,
Pinnidae, and some Ostreidae. Also called an
anal process (H erdman , 1904), anal membrane
(R anson , 1961), anal flap (H ayes , 1972), anal
flag, and anal ear (Pelseneer, 1911). In Pterioidea,
this structure varies in shape from triangular to
lanceolate to rounded (T ëmkin , 2006a), and it
functions to direct fecal pellets outside the mantle
cavity (Hayes, 1972), e.g., in the pteriid Pinctada
imbricata Röding, 1798 (Fig. 1, Fig. 18), in the
Pinnidae (see Fig. 211), and in the Malleidae (see
Fig. 238). Compare with anal papilla.
anal orifice. The posterodorsal, excurrent aperture
in nonsiphonate bivalves, positioned dorsal to
the incurrent aperture, e.g., in the crassatellid
Eucrassatella Iredale, 1924. Homologous with the
excurrent siphonal aperture in siphonate bivalves.
anal papilla. A small protuberance on the tip of the
rectum, just dorsal to the anal opening, e.g., in
some Unionidae. Compare with anal funnel.
anal tentacles. Enlarged pallial tentacles on the
posterodorsal mantle margin, e.g., some Limidae.
analogous. Structures with similar function but
different evolutionary origins, e.g., the hinge teeth
in venerids and the crura in plicatulids.
anastomosis (adj., anastomosing). The union of parts
or branches, as in blood vessels, or elements of
exterior shell ornament.
angular. Same as angulate.
angulate. Having two edges that join to form a more
or less sharp corner; not rounded. Same as angular.
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Fig. 13. Alivincular-fossate ligament and isodont hinge dentition in spondylid Spondylus gussonii O. G. Costa,
1829, Gulf of Mexico (YPM 7233); camera lucida drawing (Carter, new).

anisomyarian. (1) Having anterior and posterior
adductor muscles of unequal size; same as heteromyarian (Coan, Scott, & Bernard, 2000, p. 732);
(2) having the anterior adductor muscle smaller
than the posterior adductor muscle, or absent;
includes heteromyarian and monomyarian conditions; the basis for Anisomyarier [sic] N eumayr ,
1884, which originally included heteromyarian and
monomyarian taxa. Definition 1 is in prevailing
usage and is preferred over the term heteromyarian.
annular. Having the form of a ring, as in the circular
or conical diaphragm at the tip of many excurrent
siphons.
annulus (pl., annuli). (1) A ring; (2) a commarginal line on or within the shell or periostracum,
commonly referred to as a growth line, often
presumed to be annual in occurrence.
anodont. Same as edentulous, which is preferred.
antagonistic. Parts or processes with counteracting
effects, such as the ligament and adductor muscles.

antecarinal sulcus or groove. In trigonioids, a narrow,
radial depression at the posterior edge of the flank
of the shell, just anterior to a marginal carina,
extending from the umbo to the posteroventral
shell margin (Leanza, 1993, p. 16).
anteriad. Positioned toward the anterior; of or relating
to the anterior, e.g., the anteriad beaks in Crassatellidae.
anteriodorsal. Same as anterodorsal and dorsoanterior,
which are preferred.
anterior. (1) In soft anatomy, the direction toward
the mouth and parallel with a line passing through
the mouth and anus; (2) in shell morphology, the
direction toward the mouth and parallel with the
anteroposterior shell axis (which see), the latter
potentially being defined in several ways.
anterior adductor. The adductor muscle located near
the anterior end of the shell, typically close to the
mouth.
anterior cleft. See umbonal fissure.
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supradorsal fusion in left valve

fibrous sublayer

chondrophore

left

lamellar
sublayer

lamellar
sublayer

right

cut shell

2 cm

byssal notch

Fig. 14. Alivincular-upfolded ligament in the anomiid Monia macroschisma (Deshayes, 1839). Dorsal areas of left
valve (above) and right valve (below) facing each other as in life, with the ligament cut between the two valves; two
lamellar sublayers and central, fibrous sublayer of ligament all originally extended continuously between two valves
(adapted from Yonge, 1977, fig. 4a–b, courtesy of the Royal Society of London).
anterior cruciform apparatus. See pedal aperture
muscles.
anterior dorsal half-diameter of disc. As defined for
pectinids by W aller (1969, p. 9), the distance
between two parallel lines, one coinciding with the
outer ligament, the other passing through the most
anterior point on the shell disc. This corresponds
with measurements G–P and G'–P' in Figure 219.
anterior flaring ratio of disc. As defined for pectinids
by Waller (1969, p. 9), the anterior half-diameter
of the disc divided by the anterior dorsal halfdiameter of the disc. This corresponds with the
ratios D–G/G–P and D'–G'/G'–P' in Figure 219.
anterior half-diameter of disc. As defined for pectinids
by Waller (1969, p. 9), the distance between two
lines that are perpendicular to the outer ligament,
one passing through the origin of growth, the other
passing through the most anterior point on the shell
disc. This corresponds with measurements D–G
and D'–G' in Figure 219.
anterior mantle sense organ. See marginal sense organ.
anterior outer ligament. In reference to pectinid
shells, the portion of the lamellar, outer ligament
that is anterior to the origin of growth (Waller,
1969, p. 9).
anterior pedal gland. A small, white to cream colored
gland on the anterior of the foot near the base
of the pedal probing organ in members of the

superfamily Gastrochaenoidea, e.g., Lamychaena
cordiformis (N evill & N evill , 1869) (Fig. 19).
Believed to secrete a fluid that dissolves a minute
tubular opening in calcium carbonate substrata.
anterior pedal retractor muscle. A pedal retractor
muscle, or group of such muscles, attached near
the dorsoposterior and/or posterior margin of
the anterior adductor muscle scar, e.g., in the
gastrochaenid Rocellaria dubia (P ennant , 1777)
(Fig. 20) and in the Unionoidea (see Fig. 307).
Absent in most monomyarian taxa, such as the
Pectinidae. Some small, dorsally attached pedal
muscles previously identified as anterior pedal
retractor muscles in Pteria S copoli , 1777, and
Lima B ru g u i è r e , 1797, are now regarded as
elevator muscles.
anterior-posterior axis. Same as anteroposterior axis,
which see.
anterior slope. The outer shell surface located anterior
and ventral to the beaks.
anterioventral. See anteroventral.
antero-. The combining form of the term anterior,
as in anteroventral. The spelling anterio- is not
preferred.
anterodorsal. Both anterior and dorsal; same as dorsoanterior.
anteroposterior axis (abbr., APA). An alternative
spelling of anterior-posterior axis, which can be
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defined in four ways: (1) the hinge axis or cardinal
axis, i.e., the line about which the shells are hinged
(C ox , N uttall , & T rueman , 1969, p. 105); a
useful definition when the soft anatomy is poorly
understood; (2) the oro-anal axis, i.e., the line
connecting the mouth and anus; (3) the adductor
axis, i.e., the straight line connecting the anterior
and posterior adductor muscles at analogous points
(Bailey, 2009); (4) the functional anteroposterior
axis, i.e., the straight line defined by the intersection of the central, longitudinal axis of a burrow
or boring with the deepest and shallowest points
on the shell.
anteroventral. Both anterior and ventral; same as
ventroanterior, which is less commonly used.
anthropogenic. Of, relating to, or involving the impact
of humans on nature.
antiligamentat. The troughlike surface of the inner
nacreous shell layer below a relatively thick, prismatic ligamentat (Johnston & Collom, 1998, p.
350), e.g., in Inoceramidae.
antimarginal. Oriented more or less perpendicular to
successive shell margins, whether or not this is truly
radial (Waller, 1986) (Fig. 62). Compare with radial.
anvil-type fibrous prismatic microstructure (abbr.,
anvil-type FP). See fibrous prismatic microstructure, anvil-type.
aorta. A large, tubular vessel carrying blood from the
heart to the other organs.
aortic bulb. A muscular, spongy, pendulous structure
on the ventral side of the posterior aorta and
hindgut just posterior to the heart, functioning
to prevent rupture of the heart when the siphons
and foot are suddenly retracted, forcing haemolymph backward into the posterior aorta. Found in
Gastrochaenoidea, Veneridae, Psammobiidae, Phar-
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Fig. 15. Hinge and amphidetic ligament of Permian
streblochondriid Strebloboydia montpelierensis (Girty,
1910). This species was cited by Waterhouse (2001,
p. 114) as an example of a lativincular ligament, but
it is herein regarded as monovincular-A (adapted from
Newell & Boyd, 1995, fig. 37.2; courtesy of the American Museum of Natural History).
idae, Mactridae, and some Pandoridae, Cardiidae,
Tellinidae, Semelidae, Pharidae and Solecurtidae;
e.g., the venerid Mercenaria mercenaria (Linnaeus,
1758) (Fig. 21).
apertural valve. Same as apical siphonal diaphragm,
which see.
aperture. An opening or hole. In Bivalvia, this generally refers to a localized opening between otherwise
fused left and right mantle margins, as in a pedal
aperture, siphonal aperture, or fourth mantle
aperture.
apex (pl., apices). The tip or summit of an object, such
as the tip of a siphon or the beak of a shell.
apical filament. One of several enlarged ctenidial
filaments occupying the crest of a plica; present in

2

Fig. 16. Amusium pleuronectes (Linnaeus, 1758); 1, exterior and 2, interior of right valve. Shell height is about 30
mm (adapted from H. Adams & A. Adams, 1858).
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growth track of an anachoma
anachoma eroded open
anachomata

relict anachomata

anachomata

insertion of
adductor muscle

1

remnant of aragonite pad

2
Fig. 17. Anachomata and relict anachomata in lower Eocene crassostreid Turkostrea duvali (Gardner, 1927),
Caldwell Knob Oyster Bed, Wilcox Group, Moss Branch, Bastrop County, Texas; 1, right valve viewed from anterior end; 2, interior of right valve; maximum shell dimension is 92 mm (adapted from Stenzel, 1971, fig. J31).
some but not all plicate ctenidia. Compare with
principal filament and ordinary filament.
apical plane. The vertical plane intersecting the beak
of the shell and oriented perpendicular to the
anteroposterior shell axis (Bailey, 2009, p. 494).
apical siphonal diaphragm. A thin to thick, annular
to conical extension at the posterior end of the
excurrent or incurrent siphon, serving to change
the diameter of its aperture. Present in most
siphonate bivalves. Also called an apical valvular

anal funnel

Fig. 18. Anal funnel of pteriid Pinctada imbricata Röding, 1798 (adapted from Mikkelsen & Bieler, 2007).

membrane. Examples from the family Gastrochaenidae include Lamychaena cordiformis (Nevill &
N evill , 1869) (Fig. 22), Spengleria sp. (see Fig.
56), and Gastrochaena cuneiformis Spengler, 1783
(see Fig. 291).
apical transverse septa. Thin, concave, shelly partitions extending from the ventral margin of the
hinge plate to the anterior shell margin, thereby
chambering the umbonal cavity. Successively
secreted septa seal off older parts of the umbonal
cavity, and may protect the anterior adductor
muscle from exterior abrasion. The septa might also
be produced by splitting of the apex of the shell
due to breakage of the anterior end of the ligament
(Tëmkin, 2006a, p. 305). Present in many Pinnidae
and in the isognomonid Crenatula picta (Gmelin,
1791 in 1791–1793) (Fig. 23).
apical valvular membrane. See apical siphonal
diaphragm.
apomorphy. An evolutionary novelty. Apomorphies are
derived character states, as opposed to plesiomorphies (ancestral character states).
apomorphy-based clade. A clade originating from the
ancestor in which a particular derived character
state (apomorphy) originated; a clade whose name
is defined using an apomorphy-based definition
(PhyloCode, May, 2012: www.ohio.edu/phylocode/
glossary.html).

Illustrated Glossary of the Bivalvia

1

3

15

2

4

Fig. 19. Gastrochaenid Lamychaena cordiformis (Nevill & Nevill, 1869), Lizard Island, northern Great Barrier
Reef, boring in massive coral (UNC, unnumbered specimen). 1, Animal in opened boring, showing anterior pedal
gland and byssally attached foot; 2, same as upper left, only showing fused inner mantle fold mantle distended and
middle mantle fold reflected over anterior shell margins; 3, foot with byssus (detached from boring wall) in byssal
groove, extended pedal probing organ, and anteroventral inner mantle fold; 4, ventral view of animal with ventral
mantle removed, showing foot, byssus, pedal probing organ (ppo), labial palps (palps), and ctenidia (Carter, new).
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Fig. 20. Gastrochaenid Rocellaria dubia (Pennant, 1777), Katarina Island, off Rovinj, Istria, Yugoslavia, Adriatic
Sea, from a boring, ANSP 332556. 1, Dissected anterior and posterior pedal retractor muscles, with left muscles
shown at their insertion positions in shell; 2, ventral view of dissected pedal retractor muscles, also showing base
of foot and its byssal groove. Anterior pedal protractor muscles are also present but are not shown here (adapted
from Carter, McDowell, & Namboodiri, 2008, fig. 4).
apomorphy-based definition. A definition that associates a name with a clade originating with the first
ancestor of specified organisms and/or species
(internal specifier taxa) to evolve a particular
apomorphy (internal specifier apomorphy) (PhyloCode, May, 2012: www.ohio.edu/phylocode/glossary.html).
apomorphy-modified node-based definition. A nodebased definition that incorporates wording from
apomorphy-based definitions to include all extant
organisms as internal specifiers without explicitly
naming them. Apomorphy-modified node-based
definitions can be used to associate names with

Fig. 21. Aortic bulb and heart in venerid Mercenaria
mercenaria (Linnaeus, 1758) (adapted from Mikkelsen
& Bieler, 2007).

crown clades when basal relationships within the
crown are poorly understood or when the author
intends to include in the named taxon subsequently discovered extant organisms that possess
a particular apomorphy (PhyloCode, May, 2012:
www.ohio.edu/phylocode/glossary.html).
apophysis (pl., apophyses). A very long, ventrally
projecting myophore, such as that supporting the
pedal retractor muscles in Pholadidae (Fig. 24;
and see Fig. 71), or the adductor muscle in rudists.
Compare with myophore, myophoric buttress, and
umbonal septum.
apposed. In close proximity.
apposition. The condition of being in close proximity.
appressed. Pressed together without being united,
such as the thin, exterior, foliaceous lamellae on
some oyster shells, wherein consecutive lamellae are
separated by narrow spaces.
aragonite. An orthorhombic crystalline form of
calcium carbonate. Aragonite is more soluble than
calcite at surface and near-surface temperatures
and pressures, so ancient aragonitic shells and
shell layers are more likely than calcitic ones to be
diagenetically altered.
arborescent. Divided distally into multiple branches;
treelike in form, as in the siphonal papillae of the
veneroidean Venerupis L amarck , 1818 in 1818–
1822.
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archaic. A feature characteristic of a much earlier
period, such as the protobranch ctenidia in living
nuculoids, which are believed to have been present
in the laterally compressed, univalved ancestors of
the Bivalvia.
archallaxis. A synonym of cenogenesis, which see.
arciform. Having a shell shape like Arca L innaeus ,
1758, e.g., Arca imbricata Bruguière, 1789 (Fig.
25).
arcticoid grade hinge. The hinge type typical of
Arcticidae, e.g., Arctica islandica Linnaeus, 1767
in 1766–1768 (Fig. 26). Also called cyprinoid.
Compare with lucinoid, early veneroid, veneroid,
advanced veneroid, isocyprinoid, and venielloid
grade hinges. R. N. G ardner (2005, p. 337)
described the arcticoid hinge as follows: “The arcticoid left valve hinge differs from the isocyprinoid
in that the posterodorsal extremity of lateral tooth
AII is linked to the dorsal end of cardinal tooth
1
2b through evolution of the hinge. This type of
development prevents 2b from becoming strongly
bifid with anterior limb 2b1 remaining in a constant
position, as compared with the anticlockwise rotation of the limb observed in the isocyprinoid
hinge. Tooth 2b remains either entire or weakly
bifid throughout arcticoid hinge development. The
arcticid right valve hinge develops in a similar way
to the method observed in isocyprinids. During
early stages of arcticoid hinge development, teeth
1 and 2a are formed on the right and left valves,
respectively. Tooth 2a is produced in a central position along AII, thus splitting the lateral into two
segments, namely, 1AII (posterior segment) and
AII (anterior segment). In a similar manner to
2
the isocyprinoid hinge, tooth 2a is colaminar with
lateral 2AII. At some point in arcticoid hinge development, the dorsal extremity of 2a begins to move
in a posterodorsal direction along lateral 1AII. The
base of the cardinal grows narrower and remains
positioned along the ventral edge of the hinge plate.
This results in a gradual lengthening of 2AII, and
in a shortening of 1AII. The projection of 1AII is
often not strong enough to provide a suitable dorsal
wall for the socket of cardinal 1. When required,
the mantle overcomes this limitation by developing
a vinculum between the anterior face of tooth 2b
and posterior extremity of 2a. The development
of a vinculum commonly occurs in the arcticoid
hinge structure. In the arcticoid structure, the
posterodorsal end of 2a always terminates anterior
of the beak, and its main axis is in alignment with
AII. The general hinge formula showing the initial
1
position of cardinal teeth during the early phase of
arcticoid hinge development is: A1 AIII 1 3a 3b PI
/ 2AII 2a 1AII 2b 4b PII.”
arcuate. Curved or bent; shaped like an arch or bow.
area. The generally triangular, dorsoposterior part
of the exterior of a shell, bounded anteriorly by a
carina, posteriorly by the posterior shell margin,
and dorsally by the dorsoposterior shell margin
or an escutcheon carina. The “area” is commonly
distinctly ornamented (L eanza , 1993, p. 16).
This term is commonly used in reference to trigo-
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Fig. 22. Gastrochaenid Lamychaena cordiformis (Nevill
& Nevill, 1869), Balaclava Bay, Mauritius, boring in
massive coral, 15 m (UNC 15855); posterior view of
incurrent and excurrent, type A+ siphons, showing
siphonal papillae and an excurrent apical siphonal
diaphragm (Carter, new).
nioid shells, such as Lower Jurassic Trigonia sulcata
(Hermann, 1781) (see Fig. 53).
arenophilic glands. A series of deep, convoluted
invaginations of the middle mantle fold, mostly
along the posterior margin of the mantle, opening
onto the mantle surface in numerous cup-shaped
depressions (Fig. 27). These glands secrete adhesive,
radial strands (arenophilic lines or threads) that
attach sand grains and other detrital material to the
periostracum; found in Verticordiidae, Lyonsiidae,
Periplomatidae, Laternulidae, Pholadomyidae, and
Parilimyidae.
arenophilic lines. Radial strands of adhesive secretion deposited on the external surface of the peri
ostracum by arenophilic glands, as in the lyonsiid
Lyonsia floridana C onrad , 1849a (Fig. 28, Fig.
288). The name derives from the fact that these
glands commonly attach lines of sediment to the
shell. Also called arenophilic threads.

Fig. 23. Isognomonid Crenatula picta (Gmelin, 1791
in 1791–1793), interior of left valve, showing several
apical transverse septa (adapted from Tëmkin & Pojeta,
2010, fig. 18.3, as junior synonym Crenatula avicularis
Lamarck, 1803 in 1802–1809).
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Fig. 24. Diagram of morphological features of Pholadidae (adapted from Turner, 1969, p. 704, fig. E163).
arenophilic papilla. A siphonal papilla immediately
distal to an arenophilic mantle gland, e.g., in the
laternulid Laternula elliptica (K ing & B roderip ,
1832) (see Fig. 288).
arenophilic threads. Same as arenophilic lines.

Fig. 25. Arcid Arca imbricata Bruguière, 1789, showing its subtrapezoidal shape, amphidetic, duplivincular/
monovincular-D-1 ligament, neotaxodont dentition,
and byssal sinus; shell length several cm (adapted from
Mikkelsen & Bieler, 2007).

articulated. Having the two shell valves joined together
along their hinges.
ascending lamella (pl., lamellae). The ctenidial lamella
positioned farther from the ctenidial axis than the
descending lamella and therefore not attached
directly to the ctenidial axis; it extends dorsally
from the ventral margin of the demibranch in a
typical W-shaped ctenidium. The ascending lamella
of the outer and inner demibranchs is generally
attached to the mantle and to the visceral mass,
respectively. Posterior to the visceral mass, the
ascending lamellae of the left and right inner demibranchs commonly come into contact, forming an
interctenidial connection, which see. In bivalves
with an extension of the mantle cavity posterior
to the shell, the ascending lamellae of the outer
and inner demibranchs may be attached to the
mantle and to a siphonal ctenidial septum, respectively, e.g., in the gastrochaenid Lamychaena hians
(Gmelin, 1791 in 1791–1793) (see Fig. 289).
ascending pallial sinus. A pallial sinus in which the
anterior apex is directed anterodorsally, toward the
umbonal cavity.
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Fig. 26. Arcticoid grade hinge, advanced phase. 1, Diagram of left valve (adapted from R. N. Gardner, 2005, fig.
14.1c, courtesy of R. N. Gardner); 2, arcticid Arctica islandica Linnaeus, 1767 in 1766–1768, figure width is 7.5
cm (adapted from R. N. Gardner, 2005, fig. 9, courtesy of R. N. Gardner).
asiphonate. Lacking siphons.
attenuate. Tapering gradually.
auct. (or auctt.). Short for auctorum, i.e., a name as
commonly used or defined by some authors, but
not as used or defined by the original author.
auricle. (1) A more or less triangular, dorsal shell
area comprising an elongation of the shell along
the hinge line, anterior or posterior to the beak,
distinctly set off from the body of the shell, and
extending nearly parallel with the commissural
plane. Also called an ear or wing, but a wing is
generally larger relative to the size of the shell.
Present in many Limidae, Malleidae, Propeamussiidae, Pteriidae, and Pectinidae, and in some
Arcidae, Philobryidae, and Plicatulidae; e.g., the
pectinid Nodipecten fragosus (Conrad, 1849b) (Fig.
29); (2) an earlike extension of the posterior shell
margin in Teredinidae; (3) one of the chambers of
the heart.
auricle height. As defined for pectinids by W aller
(1969, p. 12), the distance between two parallel
lines, one coinciding with the outer ligament, the
other passing through the point at which the free
margin of the auricle intersects the margin of the
shell disc. This is shown by measurements B–J and
B'–J' (right and left posterior auricle height) and
E–l and E'–l' (right and left anterior auricle height)
in Figure 219.
auricular buttress. An opposing, non-interlocking (i.e.,
nondental) internal ridge on a shell, commonly

with a terminal, low denticle or tubercle, formed
along the dorsoposterior and/or dorsoanterior
edge of the inner surface of the shell disc, marking
the lower border of the auricle (=basal auricular
buttress) (Waller, 1991, p. 8). Examples include
the pectinids Amusium Röding, 1798, and Pecten
M üller , 1776, and the Permian pernopectinid
Pernopecten yini Newell & Boyd, 1995 (Fig. 30).
Formerly called an auricular crus by Waller (2006,
p. 315). A dorsal auricular buttress, also called an
auricular denticle, is also present in Pernopecten
yini. Compare with lateral disc buttress.
auricular crus (pl., auricular crura). Same as auricular
buttress, which is preferred (Waller, 2006, p. 315).

Fig. 27. Diagram of transverse section through mantle
margin showing an arenophilic gland (Sartori, new).
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arenophilic lines

Fig. 28. Arenophilic lines with attached sediment on
exterior of right valve of lyonsiid Lyonsia floridana
C onrad , 1849a, Blind Pass, Sanibel Island, Florida
(NHMUK 20070071), shell length 1 cm (Sartori, new).
auricular denticle. A rounded protuberance on the
interior of a shell near the intersection of the disc
margin and the free margin of an auricle, e.g., in
many pectinids (Waller, 1969, p. 9, fig. 2–3). A
similarly positioned but more elongate structure,
as in the Permian pernopectinid Pernopecten yini
Newell & Boyd, 1995, is called a dorsal auricular
buttress, which see.
auricular gape. A gape between the free margins of
apposed auricles, bounded dorsally by the outer
ligament and ventrally by the contact of auricular
margins or denticles or, if anterior, by the byssal
gape (W aller , 1969, p. 9, fig. 2), e.g., in many
pectinoids.
auricular sulcus. An external furrow at the junction
of an auricle and the adjacent shell disc; typical of
many pectinoids (Fig. 31).
auricular transverse septum. A radial umbonal ridge
that projects from the ventral surface of the ligamental area anteriorly toward the anteroventral
margin of the anterior auricle or the anterior shell
margin, thereby either subdividing the auricle’s
interior surface in two parts, or separating it from
the rest of the valve’s interior surface. This is present
in both valves in the Triassic cassianellid Septihoernesia C ox , 1964, but only in the left valve

F ig . 29. Auricles, byssal notch, and disc of pectinid
Nodipecten fragosus (Conrad, 1849b) (adapted from
Mikkelsen & Bieler, 2007).

in Triassic Cassianella Beyrich, 1862 (Tëmkin &
Pojeta, 2010, p. 1173) (Fig. 31).
auriculate. Having an auricle in one or both valves.
auriform. Ear shaped.
autapomophy. An apomorphy that is unique to a
single, terminal taxon (which see).
autobranch. A collective term for filibranch, eulamellibranch, and septibranch ctenidia. Derived from
the group name Autolamellibranchiata Grobben,
1894, shortened to Autobranchia by N evesskaja
and others (1971a, 1971b).
automorphic. See idiomorphic.
AV. An abbreviation for attached valve, as in cementing
oysters, spondylids, and rudists.
available name. In taxonomy, a scientific name applied
to a taxon that is not excluded under Article 1.3 of
the ICZN (1999) Code, and that conforms to the
provisions of Articles 10 to 20.
available nomenclatural act. In taxonomy, a nomenclatural act that meets the conditions of the ICZN
(1999) Articles 10, 11, 14, and 15 (excluding, for
instance, those acts that were proposed conditionally after 1960).
available work. In taxonomy, a published work in
which, under the provisions of the ICZN (1999)
Code, or by a ruling of the ICZN, names or nomenclatural acts are established. Relevant ICZN Articles
include 8, 9, 11, and 14.
aviculoid. Shaped like a claw.
axial. Parallel or subparallel to an imaginary line
passing through the apex of a univalved or bivalved
shell.
axis (pl., axes). An imaginary straight line or plane
about which a body is symmetrical, such as the
anteroposterior axial plane of a bivalve.
bacteriocyte. A cell that contains symbiotic bacteria,
such as the chemosynthetic bacteria in the subfilamental ctenidial tissue of lucinoids, and the cellulase producing and nitrogen fixing bacteria in some
Pholadoidea (Xylophaginae and Teredinidae).
baffles. See calcareous baffles.
barbate. Having hairlike tufts, as in some hirsute
periostraca.
basal shell margin. Same as ventral shell margin.
basal siphonal diaphragm. A thin tissue valve at the
base of an incurrent or excurrent siphon; it may be
annular, horseshoe shaped, or doubly semilunate
(with dorsal and ventral elements); e.g., present
at the base of both siphons in the gastrochaenid
Gastrochaena cuneiformis S pengler , 1783 (Fig.
32) and in the venerid Mercenaria mercenaria
(Linnaeus, 1758) (see Fig. 130) and at the base of
the incurrent siphon in the mactrid Raeta plicatella
(L amarck , 1818 in 1818–1822) (H arry , 1969).
Also called a proximal siphonal diaphragm, a
proximal curtain valve, and a siphonal membrane.
Compare with basal siphonal valve.
basal siphonal papilla. A solitary papilla present on the
exterior of the dorsal left and right sides of the base
of the siphons, as in the gastrochaenid Cucurbitula
cymbium (Spengler, 1783) (Fig. 33). Each papilla
extends through a minute hole in the animal’s
secreted calcareous tube (see Fig. 46).
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Fig. 30. Internal morphology of Permian pernopectinid Pernopecten yini Newell & Boyd, 1995. 1, Left valve, scale
bar = 1 mm; 2, right valve, scale bar = 5 mm. bab, basal auricular buttress; dab, dorsal auricular buttress; ldb, lateral
disc buttress; olg, outer ligament groove; olr, outer ligament ridge (adapted from Newell & Boyd, 1995, fig. 53.2b,
53.3; courtesy of the American Museum of Natural History).
basal siphonal valve. A flaplike protrusion of the
mantle at the base of the incurrent siphon, serving
to regulate water flow, e.g., in the lithophaginid
Lithophaga (Leiosolenus) hancocki T. S oot -R yen ,
1955 (Fig. 34) and in some Mactridae. Also called a
curtain valve, proximal siphonal valve, and siphonal
membrane (for the latter, see Yonge, 1955, fig. 10).
Compare with basal siphonal diaphragm.
bead. A small, rounded protuberance, commonly on
an external rib.
beak. The more or less pointed, conical, early developmental portion of each valve of a shell, the tip or
apex of which represents the origin of growth; e.g.,
the venerid Periglypta listeri (Gray, 1838) (Fig. 35).
Compare with umbo.
beekite. A diagenetic mineral structure consisting of
concentric siliceous layers in rosette form, e.g., in
some fossil oysters.

bent foliated microstructure. A term proposed by
M alchus (1990, p. 64) for what is herein called
transitional irregular simple prismatic/irregular
complex crossed foliated mictrostructure (abbr.,
ISP/ICCF), which see.
benthic. Living on or in sediment. Also spelled
benthonic, although benthic is preferred.
Bernard system of notation. A system of homology
of individual hinge teeth developed by B ernard
(1895, 1896a, 1896b, 1897), based on the early
ontogeny of Cenozoic heterodont bivalves (Fig.
36). The adult hinge teeth are regarded as dissevered parts of originally continuous primary lamellae
appearing in the juvenile shell as simple anterior
and posterior ridges, those in the right valve interlocking with those in the left, with the anterior
lamellae separated from the posterior ones by the
juvenile ligament. During ontogeny, the posterior

2
1

auricular sulcus
auricular transverse septum

Fig. 31. 1, Auricular transverse septum on the internal surface of left valve of Triassic cassianellid Cassianella
Beyrich, 1862; 2, corresponding auricular sulcus on shell’s exterior (adapted from Münster in Goldfuss, 1836 in
1833–1841, pl. 116,10).
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F ig . 32. Gastrochaenid Gastrochaena cuneiformis
Spengler, 1783, Great Nicobar Island, Anadaman Sea
(UNC, unnumbered specimen). Incurrent and excurrent basal siphonal diaphragms, viewed from mantle
cavity toward base of siphons (Carter, new).
lamellae produce only posterior lateral teeth (PI,
PII ), but the anterior lamellae grow and fold at
their posterior ends to form cardinal teeth, and
their anterior ends form anterior lateral teeth (AI,
AII ). The innermost of the anterior lamellae gives
rise to a single (pivotal) cardinal tooth (C asey ,
1952, p. 122). A drawback of the system is the

Fig. 33. Gastrochaenid Cucurbitula cymbium (Spengler, 1783), Zanzibar, eastern Africa, alcohol-preserved
(Australian Museum, Sydney, unnumbered specimen).
Slightly left posterior view of siphons (fused inner
mantle fold) and middle mantle fold, showing the right
basal siphonal papilla (Carter, new).

implication of homologies between distantly related
taxa for which ontogenetic studies have not been
performed, and for which some details of hinge
dentition might be convergent and nonhomologous.
bialate. Having both anterior and posterior winglike
extensions of the shell.
bifid. Divided distally by a groove, but not bifurcate;
commonly used in reference to cardinal teeth.
bifurcate. Divided into two parts; forked, V-shaped,
or split into two branches distally; commonly used
in reference to ribs or cardinal teeth.
bilobate. Having two distinct bulges.
binomen. The scientific name of a species, consisting
of genus and species.
bioturbation. Disturbance of sediment by biological
activity.
bipectinate. Having two comblike edges, as in a protobranch ctenidium.
biphasic nacre. A shell layer with both sheet nacre
and columnar nacre; e.g., some Unionidae and
Lyonsiidae.
blood sinus. An irregularly shaped blood vessel
lacking special confining walls, e.g., in the wall of
the siphons of the laternulid Laternula marilina
(V alenciennes in R eeve , 1860 in 1860–1863)
(Fig. 37). Also called a blood-filled sinus or a
blood lacuna.
body of shell. The shell of a bivalve excluding any
wings and auricles that might be present; same as
the shell disc in pectinoids.
body planes. Reference planes used in descriptive and
comparative anatomy, e.g., frontal plane, horizontal plane, midsagittal plane, sagittal plane, and
commissural plane, which see.
Bojanus, organ of. A kidney in the Bivalvia.
borer. A bivalve that excavates a solid substratum, such
as rock, coral, limestone, or wood.
boring. An excavation made in a hard substratum,
such as rock, coral, limestone, or wood, excluding
any secreted or agglutinated boring linings that
might be present. Compare with burrow and crypt.
boss. A massive protuberance on a shell, commonly in
reference to a hinge structure.
bourrelet. A relatively flat, external, ligament insertion area on one or both sides of a resilifer in an
alivincular or multivincular ligament, e.g., in the
alivincular philobryid Cratis antillensis (D all ,
1881) (Fig. 9). The lamellar (and not fibrous)
portion of the ligament is presumed to be secreted
there, although this remains to be verified for some
ancient bivalves.
brackish. Ambient water with a salinity intermediate
between fresh water and sea water.
bradytictic. Having a brooding period that encompasses much of the year, typically from late summer
or autumn to the following summer; also called a
long-term brooder.
branch. An edge or internode (connection between
two nodes) on a phylogenetic tree, commonly
used to represent a lineage, whether ancestral or
terminal. The term is sometimes also used for an
internode and all nodes and internodes distal to
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(descended from) it (PhyloCode, May, 2012: www.
ohio.edu/phylocode/glossary.html).
branch-based clade. A clade originating from a particular branch (internode) on a phylogenetic tree; a
clade encompassing a particular branch on a phylogenetic tree and all nodes and branches descended
from that branch; a clade whose name is defined
using a branch-based definition (PhyloCode, May,
2012: www.ohio.edu/phylocode/glossary.html).
Compare with node-based clade.
branch-based definition. A definition that associates a
name with a clade originating with a branch (on a
phylogenetic tree) representing the ancestral lineage
of specified organisms and/or species (internal
specifiers) after its divergence from the ancestral
lineage of other specified organisms and/or species
(external specifiers) (PhyloCode, May, 2012: www.
ohio.edu/phylocode/glossary.html). Compare with
node-based definition.
branch-modified node-based definition. A node-based
definition that incorporates wording from branchbased definitions to include all extant organisms as
internal specifiers without explicitly naming them.
Branch-modified node-based definitions can be
used to associate names with crown clades when
basal relationships within the crown are poorly
understood or when the author intends to include
in the named taxon subsequently discovered extant
organisms that share a more recent common
ancestor with the currently known members of the
named taxon than with other currently known taxa
(PhyloCode, May, 2012: www.ohio.edu/phylocode/
glossary.html).
branchia (pl., branchiae). Same as a ctenidium, which
see.
branchial membrane. Same as ctenidial septum,
which see.
branchial orifice. The posteroventral, incurrent aperture in nonsiphonate bivalves, positioned ventral to
the excurrent aperture, and homologous with the
incurrent siphonal aperture in siphonate bivalves,
e.g., in the crassatellid Eucrassatella Iredale, 1924.
branchial passage. A conduit confined ventrally by the
ctenidia and carrying the excurrent water stream.
branchial septum. Same as ctenidial septum, which see.
branchial sieve. See under septibranch.
branchial siphon. Same as incurrent siphon.
branching crossed foliated microstructure (abbr.,
BCF). A calcitic crossed foliated microstructure
in which the first-order crossed folia are highly
branching as seen in horizontal sections and on
the depositional surface, e.g., in the middle shell
layer in the Jurassic gryphaeid Gryphaea (Bilobissa)
bilobata J. de C. S owerby , 1840, in S owerby &
S owerby , 1812–1846 (Fig. 38). Compare with
irregular crossed foliated.
branching crossed lamellar microstructure (abbr.,
BCL). An aragonitic crossed lamellar microstructure in which the first-order lamellae are highly
branching as seen in horizontal sections and on the
depositional surface (see Fig. 82).
branchitellum (pl., branchitella). The point on the
posteroventral shell margin, nearest to the animal’s
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F ig . 34. Type A siphon and basal siphonal valve in
lithophaginid Lithophaga (Leiosolenus) hancocki T.
Soot-Ryen, 1955, Panama Bay, just north of Panama
City, boring in massive coral, 3 m depth. Ventral
view, showing incurrent channel bordered dorsally by
tissue-grade fusion of inner mantle fold, which forms a
siphonal pallial septum, a basal siphonal valve, and the
ventral margin of the excurrent, tissue-grade siphon;
width of figure approximately 10 mm (Carter, new).
palliobranchial fusion, commonly corresponding
with a conspicuously projecting posteroventral tip
on the left shell valve, e.g., in many sickle-shaped
oysters, such as Eocene Cubitostrea wemmelensis
(G libert , 1936) (Fig. 39); also present in some
nearly circular oysters, such as the lophinid Alectryonella plicatula (Gmelin, 1791 in 1791–1793).
The aboral end of the ctenidium points toward the
branchitellum.
breviaxis (adj., breviaxial). With the shell’s length
determined by the maximum anteroposterior shell
axis, the shorter of the two segments of this axis
defined by the line passing through the beak,
perpendicular to the anteroposterior axis (Bailey,
2009).
brevidetic. The position of a ligament or other feature
on the dorsal region of the shorter end of an inequilateral shell (Bailey, 2009). See also longidetic. The

Fig. 35. Venerid Periglypta listeri (Gray, 1838), dorsal
view of united valves showing lunule, escutcheon, beak,
and umbo (adapted from Mikkelsen & Bieler, 2007).
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Fig. 36. Félix Bernard’s system of notation of heterodont hinge dentition during ontogeny. 1a–d, corbiculoid
(=cyrenoid) type in the lower Miocene veneroidean Gouldia deshayesiana (Basterot, 1825); 2a–d, lucinoid type in
the lower Miocene lucinid Loripes neglecta (Defrance). Shell size increases from a to d: 1a, at 0.4 mm; 1b, at 0.64
mm; 1c, at 0.96 mm; 1d, at 1.2 mm; 2a, at 0.32 mm; 2b, at 0.48 mm; 2c, at 0.64 mm; 2d, at 0.96 mm. Cardinal
teeth indicated by 1, 2, 2a, 2b, and so on; anterior and posterior lateral teeth indicated by AI, AII, PI, PII, and so
on. See term heterodont dentition for discussion; L, ligament insertion area (adapted from Félix Bernard, 1895,
1896a, 1896b, 1897; see also Cox, Nuttall, & Trueman, 1969, fig. 48).

Illustrated Glossary of the Bivalvia
terms prosodetic and opisthodetic are preferred
when the anterior and posterior ends of the shell
can be confidently identified.
brevidorsum. The dorsal region of the shorter end of
an inequilateral shell (Bailey, 2009). See also longidorsum. The terms dorsoanterior and dorsoposterior are preferred when the anterior and posterior
ends of the shell can be confidently identified.
brevigyrate. Coiling in an inequilateral shell such that
the beak points toward the shorter end of the shell
(Bailey, 2009). This term replaces prosoygrate and
opisthogyrate when the anterior and posterior ends
of the shell cannot be confidently identified. See
also longigyrate.
brevisigillum (pl., brevisigilla). A lunule- or
escutcheon-like feature present on the dorsal
region of the shorter end of an inequilateral shell
(Bailey, 2009). The terms lunule and escutcheon
are preferred when the anterior and posterior ends
of the shell can be confidently identified. See also
longisigillum.
breviterminus. The extremity at the shorter end
of an inequilateral shell (B ailey , 2009). See also
longiterminus.
breviventral (n., breviventer). The ventral region of the
shorter end of an inequilateral shell (Bailey, 2009).
Used instead of anteroventral and posterovental
when the anterior and posterior ends of the shell
cannot be confidently identified.
brick wall stacking mode. A more or less regular alternation of nacre tablets in sheet nacre, comparable
to a brick wall pattern.
brood (verb). To maintain fertilized eggs, embryos,
and/or glochidia in or on the parent in a protected

1

25

Fig. 37. Blood sinuses visible in a longitudinal section
of siphonal wall of laternulid Laternula marilina (Valenciennes in Reeve, 1860 in 1860–1863), Moreton
Bay, Australia (J. D. Taylor, collector), figure width,
520 µm (Sartori, new).

2

Fig. 38. Branching crossed foliated (=branching simple crossed foliated) microstructure (high angle) in middle shell
layer of Jurassic Gryphaea (Bilobissa) bilobata J. de C. Sowerby, 1840, in Sowerby & Sowerby, 1812–1846, England
(UNC 5525), seen in horizontal views of 1, a fracture and 2, acetate peel (Carter, new).
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Fig. 39. Eocene ostreoidean Cubitostrea wemmelensis
(Glibert, 1936), showing branchitellum in left valve
and size discrepancy of valves after deterioration of
conchiolin-rich prismatic fringe on right valve (adapted
from Glibert, 1936 and Stenzel, 1971, fig. J17).
environment, as in many Unionoidea, Hyrioidea,
and Teredinidae, and in some Nuculidae, Veneridae, and Carditidae.
brooding period. The interval during which fertilized
eggs, embryos, and/or glochidia are brooded; also
called the gravid period.
buccal funnel. An expanded, trumpet-shaped mouth,
as in some Cuspidariidae, Poromyidae (Fig. 40),
and Verticordiidae (see Fig. 85).
burrow. A term generally used for a dwelling space
in soft sediment, but sometimes also used for a
dwelling space in a bored rock, coral, shell, or
wood substratum, exclusive of any secreted or
agglutinated burrow or boring linings that might be
present. Compare with boring and crypt.
burrower. An animal that penetrates loose sediment.
buttress. A distinct shell thickening that supports
the hinge, ligament, or a muscle attachment, or

Fig. 40. Diagram of anatomy of Poromyidae (adapted
from Mikkelsen & Bieler, 2007).

that otherwise reinforces the shell, and that does
not articulate with a socket in the opposite valve.
The slatlike internal buttresses on the disc of
the Propeamussiidae are also called internal ribs.
W aller (2006, p. 315) advocated replacing the
term nonarticulating crus/crura with the term
buttress. See also auricular buttress, lateral disc
buttress, and myophoric buttress. Compare with
myophore, apophysis, umbonal septum, clavicle,
and myofringing ridge.
byssal collar. A relatively large, rounded, anatomically
anterior but functionally ventral extension of the
shell in each valve, e.g., in the Permian alatoconchid Saikraconcha tunisiensis Yancey & Boyd, 1983
(Fig. 41).
byssal ear. A right anterior auricle that is developed
as a tonguelike process not in alignment with
the hinge, but rather extending toward the left
valve and resting in a left cardinal area socket
(=Gelenkgrube) in front of the beak, e.g., the
Jurassic and Cretaceous buchiid Buchia Rouillier,
1845 (Fig. 42).
byssal fasciole. The filled-in track left by a migrating
byssal notch, as seen on the shell’s exterior; it is
bounded by the margin of the shell disc and by
the most ventral costa on the auricle, e.g., in the
pectinid Similipecten nanus (V errill & B ush in
Verrill, 1897) (see Fig. 237).
byssal foramen. An aperture in a valve through which
a byssus or calcified byssus extends; e.g., in the right
valve of Anomiidae. Compare with byssal gape.
byssal gape. A permanent opening between the shell
margins, serving for the passage of a byssus or
byssate foot, e.g., in the arcid Arca imbricata
Bruguière, 1789 (Fig. 43). This feature is accompanied by a byssal notch and/or a byssal sinus in
the shell margin.
byssal gland. A gland situated around the byssal pit
and along the underside of the foot, which secretes
byssal threads.
byssal groove. A ventral groove on the sole of the
foot, extending anteriorly from a byssal pit. In
some species, the byssal groove has a small depression on one end, e.g., the byssal disc-pit in Mytilus
Linnaeus, 1758. In other species, the byssal groove
merely meets the anteroventral margin of the sole
of the foot, as in Lamychaena cordiformis (Nevill
& Nevill, 1869) (Fig. 19).
byssal hair. A hirsute structure attached to the exterior
of the shell, secreted by the pedal byssal gland.
Present in many Mytilidae, where they are sometimes (inaccurately) referred to as periostracal hairs.
byssal notch. A rounded or trigonal embayment in the
margin of a shell valve, generally the right valve,
bounded dorsally by the free margin of an anterior
auricle and ventrally by part of the auricle and/
or the margin of the disc of the shell. The notch
serves for passage of the byssus and/or foot; e.g., in
the isognomonid Isognomon bicolor (C. B. Adams,
1845) (Fig. 44), and the pectinids Caribachlamys
sentis (R eeve , 1853 in 1852–1853) (see Fig. 89)
and Nodipecten fragosus (Conrad, 1849b) (Fig. 29).
Compare with byssal gape and byssal sinus.
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byssal notch depth. As defined for pectinids by Waller
(1969, p. 12), in the right valve, the distance
between two lines perpendicular to the outer ligament, one passing through the anterior end of the
outer ligament, the other passing through the point
on the byssal notch that is closest to the midline of
the shell. This corresponds with measurement E–F
in Figure 219.
byssal pit. A depression in the sole of the foot from
which the byssus emerges, e.g., in the gastrochaenid
Lamychaena cordiformis (Nevill & Nevill, 1869)
(Fig. 19).
byssal retractor. A separate muscle, usually paired,
which serves to retract the byssus, as in many
Mytilidae. Compare with posterior pedal retractor.
byssal ridge. A thickening, on the interior surface of
the anterodorsal part of the shell, which proceeds
along a curve from the area adjacent or slightly
ventral to the ventral border of the ligamental
insertion area, to the ventral margin of the byssal
notch, thereby delimiting the anterior auricle. This
structure is prominent in the left valve but absent
or weakly developed in the right valve. When the
valves are closed, the opposing ridges seal off the
byssal gape (T ëmkin & P ojeta , 2010, p. 1173).
See the pteriid Pinctada longisquamosa (Dunker,
1852) (Fig. 45).
byssal sinus. An embayment in the left shell margin,
corresponding with and usually shallower than
the byssal notch of the right valve (W a l l e r ,
1969, fig. 3). Typical of many pectinids. In some
nonpectinoid bivalves, a byssal sinus may be present
in both valves adjacent to a left-right symmetrical, byssal gape, e.g., in the arcid Arca imbricata
Bruguière, 1789 (Fig. 25).
byssal sinus depth. As defined for pectinid shells by
Waller (1969, p. 12), in the left valve, the distance
Gelenkgrube in LV
below byssal ear
5 mm
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Fig. 41. Byssal collar and dorsal crest in the Permian
alatoconchid Saikraconcha tunisiensis Yancey & Boyd,
1983. Apertural view of right valve, with beak and
(anatomically) dorsal margin toward left, (anatomically)
ventral margin toward right, and (anatomically) anterior
margin toward bottom of figure. Shell height (left to
right in figure) several cm, but scale not given in original
figure (adapted from Yancey & Boyd, 1983, fig. 5).

between two lines perpendicular to the outer ligament, one passing through the anterior end of the
outer ligament, the other passing through the point
on the byssal notch that is closest to the midline of
the shell. This is measurement E'–F' in Figure 219.
byssal slit. A narrow embayment in the shell margin,
generally in the right valve, serving for passage
of a byssus or protrusion of the foot, e.g., some
pectinids.
byssate (or byssiferous). Having a byssus.
byssus (pl., byssi). Tough, proteinaceous threads or
fibers, often in bundles, as in the mytilid Mytilus
Linnaeus, 1758, and the dreissenid Dreissena Van
Beneden, 1835, but sometimes occurring as single
threads, as in many Unionoidea, and sometimes
calcified, as in the family Anomiidae, but in all
cases secreted by the byssal gland in the base of
the foot. The byssus serves to anchor the animal
to substrata, and may also be used to construct a
byssal ear
LV
2

5 mm
1 mm

3
1

byssal ear

ligament

Fig. 42. Shell and hinge of buchiid Buchia Rouillier, 1845. 1, Upper Jurassic Buchia mosquensis (von Buch, 1844),
exterior of left and right valves, showing hinge of left valve (LV ); Gelenkgrube in left valve is covered by right
anterior byssal ear (adapted from Lahusen, 1888); 2, Upper Jurassic Buchia subovalis (Pavlow, 1907), exterior of
dorsal part of right valve (adapted from Pavlow, 1907); 3, lower Neocomian, Lower Cretaceous Buchia keyserlingi
Lahusen, 1888, dorsal view of right valve, showing anterior auricle (byssal ear) and largely opisthodetic, alivincularareate-truncate ligament insertion area (adapted from Pompeckj, 1901).
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Fig. 43. Byssal gape in arcid Arca imbricata Bruguière,
1789, shell length 4.8 cm (adapted from Mikkelsen &
Bieler, 2007).
byssal nest or a brood pouch. Not homologous with
the larval threads of unionoid glochidial larvae.
byssus gland. Same as byssal gland, which is preferred.
byssus retractor. Same as byssal retractor, which is
preferred.
caecum (pl., caeca). (1) A pouch, canal, or duct that
is open only at one end, e.g., the large caecum in
the stomach of Teredinidae (Fig. 2), or the smaller
caeca in type V stomachs of many veneroids (see
Fig. 305); (2) a shell pore (tubule) that contains a
papillose outgrowth of the mantle epithelium; also
called a pallial caecum or a mantle caecum (Reindl
& Haszprunar, 1996); e.g., many arcoids, Astartidae, Carditidae, Condylocardiidae, Cyrenidae,
and Sphaeriidae, among other groups. Mantle caeca
have evolved independently in other phyla and in
other molluscan classes, such as Brachiopoda, Polyplacophora, and fissurellid Gastropoda (see Reindl
& Haszprunar, 1996).
calcareous baffles. Spikelike or oval projections from
the siphonal or basal siphonal boring or calcareous
tube lining, which locally restrict the diameter
of the boring or tube; e.g., in the basal siphonal

byssal
notch

Fig. 44. Isognomonid Isognomon bicolor (C. B. Adams,
1845), showing byssal notch; figure is approximately
30 mm wide (adapted from Mikkelsen & Bieler, 2007).

portion of the calcareous igloo of Cucurbitula
cymbium (Spengler, 1783) (Fig. 46).
calcareous ossicle. Same as lithodesma, which see.
calcareous tube. A secreted calcium carbonate structure that largely surrounds a bivalve, except at the
siphonal opening or openings. Calcareous tubes
may be unattached, as in some Clavagelloidea and
the gastrochaenid Eufistulana E ames , 1951, or
attached on one side to a substratum, as in some
species of the gastrochaenid Cucurbitula Gould,
1861 (Fig. 46). Some tubes are adventitious, being
secreted by endolithic bivalves only when they
have outgrown their substratum, or when they are
exposed by erosion or breakage of their substratum
(e.g., the gastrochaenid Rocellaria Blainville, 1828
in 1816–1830, boring into thin shells). Calcareous
tubes generally have a posterior siphonal portion
and an anterior shell chamber portion. See also
crypt and igloo.
calcite. A rhombohedral crystalline form of calcium
carbonate. This is less soluble than aragonite at
surface and near-surface temperatures and pressures, so calcitic shells are more likely to resist
dissolution than aragonitic ones in the fossil record.
calcite blade forms. Calcite blade shapes defined by
their interfacial gamma angle (Fig. 47), viewed
perpendicular to the broad surface of the blade
(i.e., not necessarily perpendicular to the surface
of deposition, as the blade may dip into the plane
of deposition) (C arter & C lark , 1985). These
include gamma 120, 129, 135, and 150 forms.
These forms do not necessarily correlate with actual
calcite crystallographic orientations (R unnegar ,
1984, p. 284; C h e c a , E s t e b a n -D e lg a d o , &
Rodrígues-Navarro, 2007). All of these forms are
known to occur among various representatives of
the Ostreoidea, so they have limited significance
for higher level phylogenetic relationships in the
Bivalvia. Gamma 129 blades are also known to
occur in the Cambrian tergomyan Pseudomyona
queenslandica (R unnegar & J ell , 1976), and
gamma 135 blades also occur in the propeamussiid
Propeamussium dalli (E. A. Smith, 1885) (Carter
& Clark, 1985). According to Checa, EstebanD elgado , and R odrígues -N avarro (2007), the
blades in bivalve foliated structure have only one
possible crystallographic arrangement, i.e., with
the flat, main surface of the blade coinciding with
the {I0Ī8} rhombohedral crystal face. This differs
from all other known biomineral systems and inorganically precipitated calcite crystals, apparently
due to stabilization this crystal face by preferential
absorption of specific organic molecules (Addadi
& Weiner, 1985).
callum. An adventitious secretion on the anterior end
of the shell of many Pholadoidea, comprising a
more or less smooth wall that closes or partially
closes the pedal gape in the mature stage (Fig.
24). Generally, the left and right halves of the
callum do not quite meet, and they are joined by a
periostracal fold with only a minute pore remaining
between them. See also the pholadid Martesia
striata (Linnaeus, 1758) (Fig. 48–49).
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callum. Same as ligamentat as defined by Zonova (1984).
Not to be confused with the callum in Pholadoidea.
callus. A thickened, raised mass of shell material.
calymma. See pericalymma.
Camptonectes microsculpture. An external ornament
of very fine, distally diverging striae, initiating
immediately after the larval stage and formed
for a variable period thereafter. Named after the
pectinid Camptonectes Agassiz in Meek, 1864, but
present in certain other pectinids, especially of the
Chlamys group (Waller, 1972a, p. 229; 1991, p.
7; Hayami & Okamoto, 1986), e.g., Laevichlamys
cookei (Dall, Bartsch, & Rehder, 1938) (Fig. 50).
canalivincular ligament. A monovincular ligament
without radial depressions on the ligament insertion area (W aterhouse , 2001, p. 114; 2008,
p. 10); e.g., the pergamidiid Oretia M arwick ,
1953, the claraiid Chuluaria W aterhouse , 2000,
and the daonellid Daonella M ojsisovics , 1874.
Inferred by W aterhouse (2001, p. 114; 2008,
p. 10) to have a single, thick layer of fibrous
ligament covered by a single outer, lamellar
sheet, and to have been derived from an ancestral
duplivincular condition.
cancellate. A sculpture of combined radial-antimarginal
and commarginal elements that intersect to form a
prominent, gridlike or netlike pattern, as in the
semelid Semele bellastriata (Conrad, 1837) (Fig.
51). When the sculptural elements are subdued, the
term reticulate may be more appropriate. Compare
with clathrate.
cardinal area. The commonly triangular, flat, or
concave surface between the beak and the dorsal
shell edge, which is partly or wholly occupied by
an external ligament, or by the external portion
of a combined external-internal ligament, e.g.,
the arcoidean Noetia ponderosa (S ay , 1822) (Fig.
203). The term is generally applied to alivincular,
duplivincular, multivincular, and monovincular
members of the Pteriomorphia. The cardinal area is
bounded by the hinge axis, and it varies from wide,
as in the philobryid Cratis Hedley, 1915, the oyster
Ostrea Linnaeus, 1758, and the arcoid Noetia Gray,
1857, to very narrow, as in Pectinidae. The cardinal
area is sometimes called a fossette, although this
should not be confused with the more widely used
definition of fossette as a submarginal, ligamental
insertion area (see ligamental fossette).
cardinal axis. Same as hinge axis, which is preferred.
Compare with anteroposterior axis.
cardinal costa. A ridge or rib separating the cardinal
area from the lateral outer surface of the shell, as
in the arcoidean Noetia ponderosa (Say, 1822) (see
Fig. 203).
cardinal crus (pl., crura). A narrow, lamelliform hinge
tooth, one to three in number on each side of a
resilium, radiating outward from the apex of the
resilifer, and remaining close to the dorsal margin
of each auricle, e.g., many Pectinidae; also juveniles
of the streblochondriid Guizhoupecten Chen Chuzhen , 1962. W aller (2006) suggested replacing
this term with dorsal, infradorsal, supradorsal, and
intermediate hinge teeth, which see.
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Fig. 45. Interior of left valve of the pteriid Pinctada
longisquamosa (Dunker, 1852), showing a byssal ridge
(adapted from Tëmkin & Pojeta, 2010, fig. 18.5).
cardinal ligament. A submarginal to internal postlarval ligament extending from below the beaks
posteroventrally below an external, opisthodetic,
parivincular ligament, e.g., in juveniles of the tellinids Tellina tenuis da Costa, 1778, and Macoma
balthica (L innaeus , 1758), and in juveniles and
adults of the semelid Abra Leach in Lamarck, 1818
in 1818–1822 (Trueman, 1966). Both the cardinal
ligament and the parivincular ligament have a
dorsal lamellar and a ventral fibrous sublayer, and
the two fibrous sublayers do not contact each other.
cardinal platform. Same as hinge plate.
cardinal tooth. A relatively short, slender or bosslike,
bifid or nonbifid, nontaxodont lamina or node
that projects outward from the area below the
beak, but does not extend far from the beak, and
is not separated from the area beneath the beak
nor from other cardinal teeth by a toothless gap,
e.g., in the astartid Astarte smithii D all , 1886
(see Fig. 36, Fig. 68). Cardinal teeth typically
have greater projection and less uniform projection over their length than lateral teeth. Although
generally trigonal or subtrigonal, they may also
be laminar projections with a semicircular shape
in dorsal view. When an adult cardinal tooth is
not morphologically differentiable from an adult,
colaminar lateral tooth, dental ontogeny and/or
homologies with closely related taxa may nevertheless provide a basis for classifying the teeth as
separate. In the absence of this basis for differentiation, teeth originating in a cardinal position
and extending a great distance from the beak may
be called cardinolaterals. Traditionally, irregularly
shaped cardinal teeth in the Unionoidea, cardinal
and cardinolateral teeth in the Actinodontida, and
cardinal teeth in nonmembers of the Heteroconchia are called pseudocardinals.
cardinolateral tooth. A hinge tooth in which the
proximal (beakward) portion has the appearance and position of a cardinal tooth, but the
distal portion extends farther from the beak than
a typical cardinal tooth (C arter , C ampbell , &
C ampbell , 2000). Some cardinolateral teeth are
derived from separate cardinal and lateral teeth
that have become colaminar, and are therefore no
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Fig. 46. Gastrochaenid Cucurbitula cymbium (Spengler, 1783), Tranquebar, southeastern India, a Spengler syntype
(Zoological Museum, University of Copenhagen); 1–2, latex cast of interior of calcareous tube (in this case an igloo),
showing siphonal part and a portion of shell chamber; note small extensions of latex cast near base of siphons, representing left and right basal siphonal papillae; 3, interior of igloo, viewed from shell chamber toward siphons, showing
oval calcareous baffle separating shell chamber from siphonal part of igloo, plus spikelike calcareous baffles dorsally
and ventrally near base of siphons; 4–5, posterior and right lateral views of calcareoous igloo, with anterior cupule
removed, showing openings near base of siphonal portion for siphonal papillae (Carter, new).
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Fig. 47. Calcite blade forms as defined by Carter and Clark (1985) (adapted from Carter & Clark, 1985, fig. 14).
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Fig. 48. Pholadid Martesia striata (Linnaeus, 1758),
showing callum, hypoplax, and siphonoplax; shell
length 20 mm (adapted from Mikkelsen & Bieler,
2007).

F ig . 49. Accessory structures on pholadid Martesia
striata (Linnaeus, 1758), shell length 20 mm; see also
Figure 175 (adapted from Mikkelsen & Bieler, 2007).

longer differentiable in the adult shell. In such
instances, dental ontogeny and/or homologies with
closely related taxa may nevertheless allow one to
correlate the proximal and distal portions of the
tooth with antecedent cardinal and lateral teeth.
In the order Actinodontida, cardinolateral teeth,
as well as cardinal teeth, are traditionally called
pseudocardinals.
cardiolariid hinge. A hinge with posterior gradidentate
teeth overlapping larger, subumbonal, radiating
hinge teeth (Cope, 1997, p. 736), e.g., the Middle
Ordovician afghanodesmatid Cardiolaria beirensis
(Sharpe, 1853) (Fig. 52). Compare with heterotaxodont and gradidentate.
carina (pl., carinae). (1) A prominent radial, antimarginal, or oblique elevation that delimits major areas
of the shell’s exterior, such as an umbonal carina
or a marginal carina between the area and flank
of a trigonioid, or an escutcheon carina between
the area and escutcheon of the Lower Jurassic
trigonioid Trigonia sulcata (Hermann, 1781) (Fig.
53). The terms keel and ridge have been used in
the same sense as carina, but they are more general
terms; (2) an internal rib carina, which see.

carinate. Having a carina.
cartilage. An obsolete term for an internal ligament.
caruncle. A fleshy protuberance on the posteroventral
mantle margins of female unionids, e.g., in Toxolasma R afinesque , 1831, apparently serving to
attract glochidial host fish.
catch muscle. The unstriated portion of an adductor
muscle, specialized for holding the shell closed for
a long period of time, which uses ATP at a slower
rate than the striated, quick portion of the adductor
muscle; e.g., in the pectinid Chlamys islandica (O.
F. Müller, 1776) (see Fig. 57 for muscle scars). It
is typically white, opaque, and opalescent, with a
tough consistency, compared with the yellowish or
light brown, semitranslucent appearance and softer
consistency of the quick muscle.
catachomata (sing., catachoma). Small pits or grooves
on the periphery of the inner surface of a valve close
to the commissure, which receive the anachomata
projecting from the opposite valve. See also anachomata and chomata.
categorical rank. A formal term, such as phylum, class,
order, family, genus, and species, denoting position
in a hierarchy of nested taxa. The species category

Fig. 50. Camptonectes-type microsculpture on proximal
portion of right disc of pectinid Laevichlamys cookei (Dall,
Bartsch, & Rehder, 1938); scale bar = 100 µm (adaped
from Waller, 1972a, fig. 11, as Chlamys cookei).

Fig. 51. Cancellate ornament on tellinoidean Semele
bellastriata (C onrad , 1837), shell length 8.4 mm
(adapted from Mikkelsen & Bieler, 2007).
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1 mm
F ig . 52. Left valve of afghanodesmatid Cardiolaria
beirensis (Sharpe, 1853), Llandeilo, Middle Ordovician,
illustrating a cardiolariid-type hinge (adapted from
Bradshaw, 1970, fig. 2).
is treated as a rank in evolutionary and paracladistic
systematics but as a level of biological organization in
phylogenetic (i.e., cladistic) systematics (PhyloCode,
May, 2012: www.ohio.edu/phylocode/glossary.html).
cellulase. An enzyme that facilitates the digestion of plant
material by catalyzing the hydrolysis of cellulose.
cellulo-prismatic structure. Vertically oriented, polygonal chambers (prismatic cells) within the calcitic
walls of many rudists, e.g., within pseudopillars
in the Upper Cretaceous radiolitid Lapeirousella
orientalis Milovanović, 1938 (Fig. 54).
central slope. The exterior shell surface between the
anterior and posterior slopes.
centrality of adductor insertion. See adductor insertion centrality.
cephalic eyes. An inappopriate term for postlarval
ctenidial ocelli, which see.

F ig . 53. Toarcian, Lower Jurassic trigoniid Trigonia
sulcata (Hermann, 1781), showing descriptive terminology of its external features (adapted from Bayle, 1878).

cephalic hood. An extension of the mantle and periostracum over the strongly dorsally shifted anterior
adductor muscle in many Pholadoidea. In mature
specimens, the cephalic hood is covered by one or
more accessory shell plates.
cephalic sense organ. Same as adoral mantle sense
organ, which see.
cerebral eyes. Same as postlarval ctenidial ocelli.
cerebro-pleural ganglia. Left and right anterior
ganglia, not far posterior to the anterior adductor
muscle (if present), close to the esophagus, below
the commissure. They innervate the labial palps,
the anterior adductor muscle, and the anterior
mantle. These are divided into distinct cerebral and
pleural ganglia only in some Protobranchia, e.g., in
Nucula but not in Yoldia nor in most Autobranchia.
cerebro-visceral. Referring to nerve fibers connecting
the cerebral and visceral ganglia.
cerebro-visceral connective. The band of nerve tissue
connecting the cerebral and visceral ganglia. Sometimes erroneously called cerebro-visceral commissure, but commissures only connect ganglia of the
same type, which is not the case here. See Kraus,
Doeller, and Smith (1988).
chalky deposit. A calcitic, usually lensatic sublayer
within an otherwise calcitic foliated shell layer,
consisting of chalky structure (which see), e.g., in
the ostreid Crassostrea gigas (Thunberg,1793) (Fig.
55). Also called mocret (Malchus, 1990).
chalky microstructure. A minutely porous, calcitic
shell microstructure consisting of mutually parallel
and irregularly aggregated blades, fibrous prisms,
and/or irregular spherulitic prisms. It occurs in
chalky-white patches and sublayers within calcitic
foliated shell layers in many Ostreoidea, e.g., the
ostreid Crassostrea gigas (T hunberg , 1793) (Fig.
55). The pores are smaller than those in vesicular
structure (which see). Called mocret by Malchus
(1990).
chambers. Originally fluid-filled, thin, lenticular
cavities between solid shell layers, present in the
calcitic foliated shell layers of many oysters. Most
chambers are in the left valve under the visceral
mass, between the umbo and the insertion of
the adductor muscle (S tenzel , 1971, fig. J24–
J25). Also called structural chambers (M alchus ,
1990). Malchus ranked the density of structural
chambers in oysters shells from 0 (absent or very
isolated chambers), to 1 (few and mostly small
chambers, but present in almost all shells), 2
(more than in rank 1 but comprising less than half
the volume of the shell), 3 (comprising half the
volume of the shell), and 4 (comprising over half
the volume of the shell).
channel. (1) A pathway for feeding-ventilating currents
within a siphon; (2) a minute pore, either open or
filled with organic material, extending from the
base of a mineralized periostracal structure to the
undersurface of the periostracum, where its opening
may or may not be surrounded by a convex button
(Glover & Taylor, 2010).
character. Any attribute of organisms used for recognizing, differentiating, or classifying taxa.
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check. A stoppage, commonly but not exclusively
seasonal, in shell growth. Also called a growth
check.
chemoreceptor. A sense organ that is sensitive to
chemical stimuli.
chevron groove. A reverse V-shaped furrow on the
insertion area of a duplivincular ligament, e.g.,
in many arcoids and some early pterioids and
pectinoids.
chevron-shaped ribs. A rib sculpture pattern with the
form of an inverted V. Compare with V-shaped ribs.
chimney. (1) In Pholadoidea, a divided tube of agglutinated particles produced by boring activities,
fitting over the posterior end of the shell, and in
some species extending nearly to the umbos; not
to be confused with a siphon; e.g., Parapholas
C onrad , 1849a, and Xylophaga T urton , 1822;
(2) in Gastrochaenoidea, a posterior extension of
a calcareous, endolithic boring lining, extending
above the surface of the bored substratum, either
as a figure-8 shape, partially divided tube (e.g.,
Gastrochaena), or as separate, cylindrical tubes for
each siphon (e.g., Spengleria sp., Fig. 56).
chitin. A hard, water-insoluble, amorphous polysaccharide, composed of acetyl-glucosamine, which
is a component of the exoskeleton of some invertebrates (e.g., Arthropoda), the organic portion of
the ligament of some bivalves, and the support rods
in some bivalve ctenidia.
chitinous. Consisting of or having the nature of chitin.
chlamydoid form. Having the shell form of Chlamys
R öding , 1798, i.e, with a deep byssal notch, a
strong and persistent ctenolium, an oblique form,
and auricular asymmetry (S tanley , 1970, p. 31;
W aller , 1972a, p. 238; 1991, p. 10). This shell
form associates with persistent byssal attachment,
e.g., Chlamys islandica (O. F. Müller, 1776) (Fig.
57).
chomata (sing., choma). A collective term for anachomata and catachomata, which see. These occur in
many Ostreoidea (including the Upper Cretaceous
eligmid Bouleigmus B asse , 1933) and in some
Spondylidae, Dimyidae, Chondrodontidae, and
Plicatulidae. Harry (1985) and Malchus (1990)
defined the following types of chomata (which see):
vermiculate, neopycnodonteine, lophine, ostreine,
pustulose, lath-type, and relict chomata. See also
protochomatal bands, the possible evolutionary
precursors of chomata.
chomata-influenced crossed foliated microstructure
(abbr., CICF). A calcitic foliated microstructure
in which chomata have influenced the orientation
of the folia, giving the structure a rippled appearance in vertical sections, e.g., in the Cretaceous
gryphaeid Amphidonte pyrenaicum (Leymerie, 1851)
(Fig. 58).
chondrophore. A shelflike or spoon-shaped, deeply
submarginal or internal projection of the hinge,
which supports a deeply submarginal or internal,
nonparivincular ligament; also called a resiliophore.
Compare with resilial buttress, which is a less
prominent, internal ligament support. In Myidae
and Pholadidae, the chondrophore in the left
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Fig. 54. Cellulo-prismatic structure comprising a pseudopillar in Campanian, Upper Cretaceous radiolitid
Lapeirousella orientalis Milovanović, 1938; transverse
section through pseudopillar in attached valve (adapted
from Dechaseaux & Coogan, 1969, fig. E273,6, originally from Milovanović, 1938).
valve passes under a resilial buttress in the right
valve, e.g., in the myid Mya arenaria (L innaeus ,
1758) (see Fig. 70); for Pholadidae, see Figure 24.
Some early Clavagellidae have a chondrophore in
both valves, the left one being larger, the right
one being smaller, more wedge shaped, and more
deeply submarginal, e.g., in middle Eocene Clavagella insulana Belokrys, 1991 (see Fig. 212). The
Mactridae and Laternulidae have symmetrical left
and right chondrophores, e.g., in Laternula elliptica
(King & Broderip, 1832) (Fig. 59) and Laternula
anatina Röding, 1798 (see Fig. 64).
cicatrix. A pitted and wrinkled area on each valve of
an early ontogenetic shell positioned dorsocentrally
close to the straight hinge, believed to mark the
center of stress exerted on the shell when the adductors pull the valves together.
cilial interfilamentar junction. See interfilamentar
junction.
cilial junction. A junction effected by cilia. Cilial
junctions commonly join left and right mantle

F ig . 55. Chalky microstructure (also called mocret)
(lower left) in a vertical fracture through ostreoidean
Crassostrea gigas (Thunberg, 1793), eastern Atlantic
(market specimen; N. Malchus no. s04661, stb 0241).
Also visible is foliated shell layer (upper right) and a
tubule or an endolithic boring (far right); shell exterior
is toward upper right (Malchus, new).
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Fig. 56. Gastrochaenid Spengleria sp., Guam, boring in
coral; posterior view of siphon tips and their calcareous
chimneys, showing a single row of minute siphonal
papillae on each siphon, a prominent, conical, excurrent apical siphonal diaphragm, and possibly a very
narrow, incurrent apical siphonal diaphragm; figure is
approximately 30 mm wide (courtesy of G. Paulay).
lobes and/or ctenidial filaments (see Fig. 113).
Same as cilial interfilamentar junction. See also
interfilamentar junction.
ciliary junction. Same as cilial junction.
ciliary mechanism type. Atkins’s (1937a) categories of
ctenidial ciliary mechanism based on type of cilia,
direction of sorting currents, location of acceptance
and rejection tracts, and shape of inner and outer
demibranchs. These include (with taxonomic
distribution given by A tkins ): type A [Nucula
Lamarck, 1799], type A(a) [Nuculana minuta O.
Müller, 1776]; type B(1) [Mytilidae, Pinnidae],
type B(1a) [Arcidae, Anomiidae], type B(1b) [most
pseudolamellibranchs], type B(2) [Heteranomia
W inckworth , 1922], type C(1a) [Pholadidea
loscombiana (Turton, 1819)], type C(1b) [Venus
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fasciata = Clausinella fasciata ( da Costa, 1778)],
type C(1c) [Barnea candida (L innaeus , 1758)],
type C(1d) [Cultellus pellucidus = Phaxas pellucidus
(P ennant , 1777)], type C(2) [Lutraria lutraria
(Linnaeus, 1758)], C(2a) [Solen Linnaeus, 1758],
type D [Unionidae], type E [Tellinidae, Semelidae,
Pandoroidea], type E(a) [Arcopagia crassa (Pennant,
1777) and Scrobicularia plana (da Costa, 1778)],
Type F [Lasaea rubra (M ontagu , 1803), =now
Lasaea adansoni Gmelin, 1791 in 1791–1793], and
type G [Lucinidae, Montacutidae, Teredinidae].
P urchon (1963b, fig. 5) defined an additional
category, C(1e), for Egeria radiata, =now Galatea
radiata (Lamarck, 1805).
ciliated discs. Ciliated pads that conjoin in hook-andloop fashion to connect two soft-tissue surfaces;
found in protobranch ctenidia and in eleutherorhabdic (filibranch) ctenidia; e.g., the pulvinitid
Pulvinites exempla (Hedley, 1914) (Fig. 60). See
also Figure 113. The ciliated disc may be formed
by thickening the basal part of the filament, or the
disc may project considerably in lateral outgrowths
called spurs (R idewood , 1903). In veneroids,
ciliated discs are usually functionally replaced by
interfilamentar tissue junctions.
circular pallial muscle. In certain pectinids, a pallial
muscle making a small scar on the shell at the
anterior and posterior ends of the umbonal cavity,
where the shell disc meets the anterior and posterior auricles, dorsal to both the posterior adductor
muscle scar and the pallial line, and ventral to any
posterior, radial pallial muscle scar that may be
present. See the pectinid Chlamys islandica (O. F.
Müller, 1776) (Fig. 57).
circumferential curb. The inner edge of a commissural
shelf (which see), e.g., in the gryphaeid Hyotissa
hyotis (Linnaeus, 1758) (Fig. 61).

gill suspensors

right valve

Fig. 57. Muscle scars and chlamydoid shell form of pectinid Chlamys islandica (O. F. Müller, 1776). Terms quick
and catch refer to parts of posterior adductor muscle scar (adapted from Waller, 1991, fig. 1).
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clade. An ancestor (an organism, population, or
species) and all of its descendants (PhyloCode, May,
2012: www.ohio.edu/phylocode/glossary.html).
cladistics. The theoretical framework for inferring
genealogical relationships on the principle that
shared, derived, heritable traits reflect the sequence
of genealogical divergence, commonly referred to as
recency of common ancestry.
cladistic systematics (phylogenetics). Classification
of organisms on the basis of recency of common
ancestry. Membership in a clade is inferred on
the basis of shared possession of derived, inheritable characters, and clades are defined by various
combinations of apomorphies, nodes, branches,
internal specifiers, external specifiers, and qualifier statements. Cladistic systematics differs from
both evolutionary and paracladistic systematics in
excluding paraphyletic groups and in restricting
application of the term ancestor to individual
species. Called both phylogenetics and phylogenetic systematics by H ennig (1950, 1966), the
latter term currently has a much broader meaning
for many biologists. Compare with paracladistic
systematics and evolutionary systematics.
clam. Any of various bivalved mollusks, but commonly
referring to commercial species of venerids or
myids, and not to scallops or oysters.
claspers. See clasper spines.
clasper spines. Outgrowths of the shell that wrap
around and secure the shell to a generally narrow
substratum, such as mangrove roots or gorgonian
corals; e.g., in the ostreoidean Dendostrea frons
(Linnaeus, 1758) (Fig. 62). Also called claspers and
clasping shelly processes.
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Fig. 58. Vertical thin section through shell of Cretaceous gryphaeid Amphidonte pyrenaicum (L eymerie ,
1851), showing chomata-influenced crossed foliated
(CICF) microstructure (adapted from Malchus, 1990,
pl. 26,6 ).

clasping shelly processes. See clasper spines.
clathrate. Broadly cancellate.
claustrum (pl., claustra). A pseudohinge tooth in
anodontine unionoids, which H aas (1969, p.
4) described as follows (herein translated):
“. . . lamellae that resemble lateral teeth; these

Fig. 59. Left valve of laternulid Laternula elliptica (King & Broderip, 1832), from Icaro Cove, Antarctica (USNM
1027262), showing a left-right symmetrical internal ligament supported by a chondrophore. This view is oblique
to the commissural plane, about 30˚ toward ventral direction. A clavicle (out of focus) supports chondrophore.
There is also a reduced, submarginal, elongate, opisthodetic, simple ligament with a lamellar and possibly (?) also
a fibrous sublayer (Carter, new).
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10 µm
Fig. 60. Two ciliated discs projecting from spurs on
neighboring filaments in ctenidium of pulvinitid Pulvinites exempla (Hedley, 1914); discs show nontissuegrade union. SEM of abfrontal surface of a ctenidial
lamella (adapted from Tëmkin, 2006b, fig. 16D,
courtesy of John Wiley & Sons).

lamellae are, however, not situated on the hinge,
but directly on the shell, close to the dorsal margin,
and are, consequently, analogous (homoplasic) but
not homologous to the lateral teeth of the unionine
hinge type.” The nonhomology of these teeth with
regular hinge teeth has yet to be proven. The term
claustrum was used inappropriately by Savazzi and
Y ao (1992) for a prominent dorsal extension of
the shell margin above the hinge line, e.g., in the
unionid Hyriopsis cumingii (L ea , 1852). For the
latter structure, the term dorsal ala is more appropriate (Fig. 63).
clavate. Having a straight, elongate club shape, with
a wide end tapering gradually to a narrower end,
e.g., the calcareous tube of the gastrochaenoidean
Eufistulana Eames, 1951.

Fig. 61. Circumferential curb and commissural shelf
in gryphaeid Hyotissa hyotis (Linnaeus, 1758); figure
is approximately 18 cm wide (adapted from Mikkelsen
& Bieler, 2007).

clavicle. A thin, platelike, strongly projecting, shelly
support for a chondrophore; thinner and more
strongly projecting than a buttress, e.g., in the laternulid Laternula anatina Röding, 1798 (Fig. 64).
cloacal passage. A passage in the excurrent mantle
chamber into which excrement and gonadal products are discharged.
clutch. The eggs laid by a bivalve during a single
discharge.
coarsely prismatic microstructure. A prismatic microstructure in which the first-order prisms are generally over 100 μm in width.
cockle. A vernacular term for a member of the superfamily Cardioidea. Sometimes also used for other
ribbed shells, such as the arcid Anadara Gray, 1847.
Code. In the context of bivalve systematics, the International Code of Zoological Nomenclature (International Commission on Zoological Nomenclature,
1999). Commonly italicized as Code.
coelom. In mollusks, a body cavity that is homologous
with the primordial split in the mesoderm of protostomes, and is lined with mesoderm. In bivalves,
this is represented by little more than the pericardium, the renal organs, and the gonadal ducts.
coelomoduct. Same as renal organs.
colaminar. The condition in which a cardinal tooth
is aligned with a lateral tooth, with the two teeth
thereby becoming more or less indistinguishable in
the adult shell, e.g., cardinal tooth 2b1 is colaminar
with lateral tooth 1AII in the early isocyprinoid grade
hinge (see Fig. 153) (R. N. Gardner, 2005, fig. 10).
collecting vessel. A protruding vessel in each of two
mantle lobes in both valves, connecting the proximal ends of several neobranch units either: (1) in
the incurrent mantle chamber, parallel to the mantle
margins, beginning near the isthmian mantle, some
distance inward from its distal margin, extending
ventrally and abruptly terminating at the anteroventral curvature of the shell margin, where it
disappears in the musculature of the mantle margin
(=submarginal collecting vessel); or (2) in the excurrent mantle chamber, parallel with and adjacent to
the posterior, ventral, and anteroventral edges of
the posterior adductor muscle (=perimyal collecting
vessel) (Harry, 1985, p. 124).
columnar nacreous microstructure. A variety of
nacreous shell microstructure in which the tablets
are stacked in vertical columns, and the individual
tablets are more or less equidimensional in the
plane of the shell layer, i.e., not elongate. In the
Bivalvia, this form of nacre is largely restricted to
faster-growing parts of the shell, such as on slightly
reflected shell margins (Fig. 65). Compare with
lenticular nacre, sheet nacre, and row stack nacre.
columnar nondenticular composite prismatic microstructure (abbr., columnar NDCP). A nondenticular composite prismatic shell microstructure
in which the first-order composite prisms are
relatively wide, vertical to slightly reclined, generally polygonal cylinders. The second-order prisms
may diverge from the central prisms axis at a low
angle, as in the outer shell layer of the unionid
Cyprogenia aberti (Conrad, 1850) (acute columnar
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clasper spines
Fig. 62. Clasper spines and antimarginal plicae on ostreid Dendostrea frons (Linnaeus, 1758), shell length several
cm (adapted from Mikkelsen & Bieler, 2007).
NDCP, Fig. 4), or at a higher angle, sometimes
nearly horizontally, as in the outer shell layer of
the hiatellid Cyrtodaria siliqua (Spengler, 1793)
(obtuse columnar NDCP, see Fig. 200). Compare
with planar spherulitic simple prismatic and with
noncolumnar NDCP.
columnar prismatic microstructure. A prismatic shell
microstructure consisting of vertical to slightly
reclined, more or less polygonal, cylindrical, and
relatively wide (i.e., nonfibrous) first-order prisms.
This category includes regular simple prismatic,
regular spherulitic prismatic, and columnar,
nondenticular composite prismatic microstructures
(which see).
commarginal. (1) For shell ornament: parallel with the
shell margin at the time of secretion; e.g., commarginal ridges in the astartid Astarte crenata subequilatera G. B. S owerby II, 1854 (see Fig. 74); (2)
for shell sections: a vertical section that is parallel
with a former shell margin at the position of the
section. “Comarginal” is an incorrect spelling.
Compare with concentric, a term commonly used
to describe both commarginal and concentric sensu
stricto features.
commarginal lamellae. Thin, sheetlike projections,
more or less parallel with the shell margins, rising at
a high angle from the external surface of the shell.
The lamellae may or may not have distal scales,
as in the lucinid Lucina pensylvanica (L innaeus ,
1758) (Fig. 66).
commissural angle. The acute angle between a shell’s
current or former commissural plane and a line that
is perpendicular to the shell margin at a designated
point on the shell exterior, and also lies in the
plane tangent to shell’s exterior at this designated
point (Kříž, 1979). In the cardiolid in Figure 67,
commissural angles C1 and C2 are defined by lines
T1 and T2, which lie in former commissural plane
CP1 and present commissural plane CP2, respectively (Kříž, 1979).
commissural denticles. A row of moderately small,
low projections on or near the nonhinge, inner
shell margins, commonly with alternating posi-

tions in the two valves, e..g., in the astartid Astarte
smithii Dall, 1886 (Fig. 68). Also called marginal
denticles. This excludes hinge teeth, chomata, and
microdenticulations. When opposing commissural denticles interlock, they are also called shell
marginal teeth, which see. Commissural denticles
are larger than microdenticulations, and they are
distinct from marginal crenulations.
commissural plane. The surface, not necessarily
planar, defined by the line of contact of the closed
shell valves (Waller, 1969, p. 13). Compare with
sagittal plane and midsagittal plane.
commissural shelf. A nearly flat, internal surface
along the nonhinge periphery of the shell, positioned distal to a circumferential curb, e.g., in
the gryphaeid Hyotissa hyotis (L innaeus , 1758)
(Fig. 61). In the right valve, the distal part of the
commissural shelf commonly consists of a flexible prismatic outer shell layer. A commissural

dorsal ala

F ig . 63. Dorsal ala on left valve of unionid Hyriopsis cumingii (L ea , 1852), shell length 8.5 cm
(Zieritz, new).
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Fig. 64. Laternulid Laternula anatina Röding, 1798,
showing the clavicle and chondrophore (adapted from
Fitch, 1953).
shelf is also present in the attached valve of some
Hippuritida.
commissure. (1) The more proximal part of the line or
area of contact of the two shell valves; the proximal
limit of the commissural shelf where the latter is
present; (2) a band of neural tissue linking the left
and right sides of the nervous system.
compact foliated layer. A calcitic foliated shell layer
that lacks chalky lenses and lensic structural chambers; e.g., the foliated shell layers in most Pectinoidea and in some Ostreoidea.
comparative convexity. The convexity of one valve
compared to the convexity of the opposite valve.
compensation sac. Same as septal valvula, which see.
competent larva. A larva that is ready to undergo
metamorphosis.

10 µm

Fig. 65. Columnar nacre, diagram showing depositional
surface (H ), plus radial (R), and transverse (T ) sections
(adapted from Carter & others, 1990, p. 618).

complete pallial line. A pallial line without a sinus.
Also called an entire pallial line.
complex crossed foliated microstructure (abbr., CCF).
The calcitic analog of aragonitic complex crossed
lamellar shell microstructure. See irregular CCF
and cone CCF.
complex crossed lamellar microstructure (abbr.,
CCL). An aragonitic, nonprismatic shell microstructure consisting of elongate, basic structural
units with three or more predominant dip directions. Varieties include fine CCL, irregular CCL,
and cone CCL. If calcitic, the structure is called
complex crossed foliated.
complex prismatic microstructure. (1) A prismatic
shell microstructure in which each prism has a
central, longitudinal crystallographic optic axis,
and, lateral to this, optic axes diverging toward
the sides of the prism (B øggild , 1930, p. 248).
This is not a microstructural term per se, because
prisms with these optical properties may be simple
or composite. Some authors (e.g., MacClintock,
1967) have used this term to indicate composite
prismatic microstructures; (2) a portion of an
otherwise fibrous prismatic shell layer in which the
prism orientations are highly irregular, as locally in
the fibrous prismatic outer and inner shell layer of
Mytilus californianus Conrad, 1837.
composite fibrous prismatic microstructure. A predominantly antimarginal, reclined prismatic shell microstructure that combines fibrous prisms with very
narrow irregular spherulitic prisms and very narrow
nondenticular composite prisms (NDCP), e.g., the
aragonitic, reclined prismatic outer shell layer in
Clinocardium nuttallii (Conrad, 1837) (Schneider
& C arter , 2001, p. 608, fig. 8.1, mislabelled
“compound fibrous prismatic”). This term is easily
confused with composite prismatic, and should
therefore be replaced with the description: “fibrous
prismatic to very narrow irregular spherulitic prismatic to very narrow NDCP.”
composite mold. An internal mold with traces of the
external ornament superimposed by compaction of
sediment during or after dissolution of the shell.
composite prismatic microstructure (abbr., CP). A
prismatic shell microstructure in which each firstorder prism consists of stacked three-dimensional
fans of smaller, second-order prisms. This includes
denticular and nondenticular composite prisms,
which see.
compound composite prismatic microstructure. A term
used by C a rt e r (1980b), C a rt e r and C l a r k
(1985), and C arter and others (1990, p. 634)
for compound nondenticular composite prismatic
(=compound NDCP) microstructure, which is
preferred.
compound nondenticular composite prismatic microstructure (abbr., compound NDCP). A prismatic
shell microstructure in which first-order prisms
similar to the first-order prisms in normal NDCP
structure are arranged into larger (zeroth-order),
three-dimensional, stacked, fanlike aggregations as
a consequence of deposition on a coarsely denticulated or crenulated, reflected shell margin (Carter,
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1980b; Carter & Clark, 1985; Carter & others,
1990, p. 650), e.g., the outer shell layer of some
Veneroidea (Fig. 69). Also locally developed in the
outer shell layer of the lucinid Codakia (Codakia)
orbicularis (Linnaeus, 1758). Compare with crossed
NDCP and radial lamellar NDCP.
compressed. Laterally flattened; commonly referring
to shell shape.
compressed crossed lamellar microstructure (abbr.,
compressed CL). A variety of crossed lamellar shell
microstructure in which the first-order lamellae are
elongate in the antimarginal direction, but their
second-order lamellae have commarginal or slightly
oblique dip directions (Carter & others, 1990, p.
634) (see Fig. 82). Not to be confused with radially
oriented crossed lamellar microstructure.
concave. Curved or rounded inward.
concavoconvexodont tooth. A taxodont hinge tooth
that is dorsally concavodont and ventrally convexodont (Babin, 1966, p. 39) (see Fig. 207).
concavodont tooth. A taxodont hinge tooth in which
the concave side is toward the beak (Babin, 1966,
p. 39) (see Fig. 207).
concentric. (1) Having a common center, as in circles
or parts of circles symmetrically arranged, one
within the other, i.e., concentric sensu stricto; (2)
curving about a common center, but not necessarily following a perfect circle; a common use of
the term concentric for what is more appropriately
called commarginal.
conchin. Same as conchiolin, which is preferred.
conchiolin. The organic, predominantly proteinous
component of a molluscan shell that serves as the
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Fig. 66. Commarginal lamellae with scales in lucinid
Lucina pensylvanica (Linnaeus, 1758); SEM of surface
view (adapted from Taylor & others, 2004, fig. 2, courtesy of the American Malacological Society).
framework and/or stereochemical template for shell
mineralization. Originally defined as the residue of
the shell remaining after treatment in HCl, and
which is insoluble in water, alcohol, and ether
(Fremy, 1855, p. 96).
conchological. Of or relating to shells.
conchology. The study of shells.
concordant valves. Shell valves with margins fitting
together congruently.
condylar boss. An articulating condyle in the form of
a rounded knob, e.g., in the pholadid Cyrtopleura
costata (Linnaeus, 1758) (Fig. 71).

T1

T1

CP2

C1
CP1
T2

T2

C2

Fig. 67. Schematic representation of a cardiolid shell showing commissural angles C 1 and C2 , formed by lines T1
and T2 , which are perpendicular to shell margin at designated points on shell’s exterior, and lines CP1 and CP2 ,
which are former and current commissural planes, respectively (adapted from Kříž, 1979, fig. 6).
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Fig. 68. Interior of astartid Astarte smithii Dall, 1886,
showing cardinal teeth, lateral teeth, commissural denticles, and heterodont dentition, shell length 5.7 mm
(adapted from Mikkelsen & Bieler, 2007).
condylar ridge. An articulating condyle in the form
of a raised, linear elevation, as in the myid Mya
arenaria (Linneaus, 1758) (Fig. 70).
condyles. Knoblike or ridgelike processes on the dorsal
shell margin (Myidae, Corbulidae), or on the
dorsal and ventral shell margins (some Pholadidae,
Teredinidae), which provide opposing pivot points
for rocking the valves about a more or less vertical
axis during burrowing or boring. Dorsal condyles in
Myidae tend to be ridgelike (Fig. 70), whereas those
in Pholadidae, Parilimyidae, and Pholadoidea tend
to be rounded, e.g., the condylar boss on the dorsal
shell margin of the pholadid Cyrtopleura costata

200 µm

Fig. 69. Compound nondenticular composite prismatic
(compound NDCP) microstructure. Diagram showing
horizontal (H ), radial (R), and transverse (T ) sections
(adapted from Carter & others, 1990, p. 617).

(Linnaeus, 1758) (Fig. 71), and on the ventral shell
margin of certain other pholadids (Fig. 24). See also
condylar boss and condylar ridge.
cone complex crossed foliated microstructure (abbr.,
cone CCF). The calcitic analog of aragonitic cone
complex crossed lamellar shell microstructure; e.g.,
the inner part of the inner shell layer of the Lower
Jurassic gryphaeid Gryphaea (Gryphaea) arcuata
(Lamarck, 1801) (Fig. 72).
cone complex crossed lamellar microstructure (abbr.,
cone CCL). An aragonitic, CCL shell microstructure in which the first-order lamellae have a conein-cone or spiral-conical second-order structure,
with the cone axes more or less perpendicular to
the depositional surface, and with strongly interdigitating cone boundaries, e.g., in the mactrid
Lutraria sp. (Fig. 73). The second-order lamellae
typically consist of elongate, flattened, third-order
lamellae radiating from the cone axis toward the
depositional surface. Similar to composite prismatic structure, but the third-order lamellae are
lathic rather than fibrous, they diverge at a more
uniform angle from the cone’s central axis, the
lateral boundaries of the cones are more strongly
interdigitating, and the structure commonly intergrades in the same shell layer with irregular CCL
(Carter & Tevesz, 1978a; Carter, 1980b; Carter
& Clark, 1985; Carter & others, 1990, p. 613,
634). The calcitic form of this structure is called
cone complex crossed foliated, and usually has
larger first-order cones and lower dip angles of the
second-order units.
confluent pallial sinus. A pallial sinus with its ventral
margin coincident with the posteroventral pallial
line. This can reflect a ventral shift in the lower
margin of the pallial sinus, as in the gastrochaenid
Rocellaria dubia (P ennant , 1777) (see Fig. 192)
or dorsoventral thickening of the entire ventral
pallial band, as in some species of the gastrochaenid
Gastrochaena Spengler, 1783. Compare with free
pallial sinus.
confluent pedal retractor muscle scar. A pedal
retractor muscle scar with one of its sides merged
with the adjacent adductor muscle scar.
congeneric. Belonging to the same genus.
conglutinate. A mass of glochidia bound together in a
gelatinous or mucous mass, which may mimic food
items of glochidial host fish.
conjoined. Joined to another organ, e.g., the anterior
adductor muscle scar conjoined with a pallial
muscle. Compare with adnate.
consecutive hermaphroditism. The common form of
hermaphroditism in bivalves, in which the individual changes from male to female (protandry) or
sometimes from female to male (protogyny).
conserved name. A name, otherwise unavailable or
invalid, that the ICZN, by exercise of its plenary
power under Article 81 (ICZN, 1999), has enabled
to be used as a valid name by removal of the
obstacles to such use. The process of conserving
a name is normally initiated by a taxonomist in a
petition to the ICZN. The petition is published
in the Bulletin of Zoological Nomenclature, and
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chondrophore
1 mm

fibrous sublayer
1

2
Fig. 70. Myid Mya arenaria (Linnaeus, 1758), Massachusetts (UNC, unnumbered specimen), showing hinge and
ligament of left and right valves. 1, Left valve, in nearly dorsal, slightly lateral interior view, showing projecting
chondrophore, condylar ridge, remnants of lamellar sublayer of resilium, and concave insertion area of fibrous
sublayer of resilium; 2, right valve, interior, nearly ventral view, showing resilial buttress, condylar ridge, remnants
of fibrous sublayer of resilium, and area of insertion of lamellar sublayer of resilium; scale bar applies to both views
(Carter, new).
responses and commentaries generated by the petition are published in that journal. The responses
and commentaries are then considered when the
ICZN makes a ruling on the petition.
conserved work. A taxonomic work that the ICZN
has ruled to be available. See also rejected work.
conspecific. Belonging to the same species.
continuous pallial line. A pallial line or band with no
interruptions.
contour. (1) The outline, shape or form of an object;
(2) in the context of early ontogenetic shells (e.g.,
prodissoconch, metaconch), the outline of the
shell along its commissure (Malchus & Sartori,
herein). See also profile.
contour graph. The graphic representation of a shell
contour built on a set of standard rules for better
comparability (M alchus , 2006a; M alchus &
S artori , herein). Same as standardized outline,
which is preferred.
conus (or shell conus). A conical elevation of the
cicatrix zone, sometimes extending beyond the

cicatrix zone, in a hat-shaped early ontogenetic shell
(Malchus & Sartori, herein).
convex. Outwardly curved or rounded, generally in
reference to a shell valve or a hinge tooth. See also
right-convex and left-convex.

Fig. 71. Descriptive terminology for interior of pholadid Cyrtopleura costata (Linnaeus, 1758), shell length
several cm (adapted from Mikkelsen & Bieler, 2007).
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Fig. 72. Cone CCF microstructure in inner shell layer of Liassic, Lower Jurassic gryphaeid Gryphaea (Gryphaea)
arcuata (Lamarck, 1801), England (UNC 5526); acetate peels. 1, vertical section; scale bar = 0.5 mm; 2, horizontal
section; scale bar = 100 µm (Carter, new).
convexity (of a shell). The perpendicular distance
between the midsagittal plane and the parallel
plane just touching the most lateral edge of the
valve. Same as lateral inflation. See also comparative convexity.
convexoconcavodont tooth. A taxodont hinge tooth
that is dorsally convexodont and ventrally concavodont (Babin, 1966, p. 39) (see Fig. 207).
convexodont tooth. A taxodont hinge tooth in which
the convex side is toward the beak (Babin, 1966,
p. 39) (see Fig. 207).

F ig . 73. Cone CCL microstructure just below prismatic outer shell layer in mactrid Lutraria sp., Calapan,
Mindoro, Philippines (YPM 9742). This species was
identified by C arter and L utz (1990, p. 7) as Lutrarium philippinarum Deshayes, but it may actually
be L. philippinarum R eeve , 1854 in 1854–1855, a
junior synonym of Lutraria rhynchaena Jonas, 1844;
short, black arrow, in the lower right corner, indicates
direction toward depositional surface (Carter, new).

corbiculoid grade hinge. Same as veneroid and cyrenoid grade hinge, which see.
cord. A round-topped, moderately coarse, linear elevation on the shell’s exterior.
coronal plane. Same as frontal plane, which see.
coronate. Having tubercles or lamellae at the distal
parts of ribs.
corselet. A morphologically differentiated area on
the exterior of a shell, posterior to a posteroventral diagonal ridge or carina, and lateral to any
escutcheon that may be present; e.g., in some
Trigonioidea. Also called a posterior slope. Less
commonly spelled corcelet.
cordate. Heart shaped. Also called cordiform.
coronal plane. Same as frontal plane.
corrugated. Having roughly mutually parallel, rather
small wrinkles or ridges.
costa (pl., costae). A moderately wide, exterior rib
that is not expressed as a groove on the interior
of the shell, except, in some cases, at the extreme
shell margin. Examples include radial costae on
the glycymeridid Tucetona pectinata (G melin ,
1791 in 1791–1793) (see Fig. 265); commarginal
costae on the flank of the Lower Jurassic trigonioid
Trigonia sulcata (Hermann, 1781) (Fig. 53), and
commarginal costae on the astartid Astarte crenata
subequilatera G. B. Sowerby II, 1854 (Fig. 74). The
term is sometimes used interchangeably with rib.
costella (pl., costellae, adj., costellate). A narrow costa,
which see. Also called a narrow rib or a thread.
cotype. A term formerly used for a syntype or paratype,
but no longer recommended for use by the ICZN.
crassatellid mantle margin gland. In Crassatellidae, a
glandular organ shaped like a scythe blade, beginning below the anterior adductor muscle and
extending posteriorly to just anterior to the base of
the incurrent mantle aperture. The widest part is at
the anterior end, where it occupies nearly the whole
area between the pallial line and the mantle margin,
and it tapers posteriorly to an acute tip. The gland
projects into the mantle cavity as a thick pad, lacks
distinct openings, is typically white, and appears to
be divided into dorsal and ventral parts, the dorsal
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part being more translucent and larger, and the
ventral part being more opaque. When ruptured,
the gland exudes colorless spheres about 0.1 mm
in diameter, each containing minute oily droplets.
The gland has thin walls surrounding a large cavity
containing the granules, which stain strongly with
eosin (Harry, 1966; Allen, 1968; Taylor, Glover,
& Williams, 2005). Similar glands occur in a few
other heteroconch bivalves, where they are called
pallial glands, which see.
crenate. Same as crenulate, which is preferred.
crenulate (adj., also spelled crenulated). Having a
series of alternating elevations and indentations,
generally in reference to a shell margin or the
surface of a hinge tooth, e.g., crenulate hinge
teeth in lyrodesmatids and trigoniids, and the
shell marginal crenulations in the Eocene carditid
Venericardia parva I. L ea , 1833 (see Fig. 314).
Where shell marginal crenulations are narrow or
very narrow, the terms denticulate and serrate may
be more appropriate, respectively.
crenulations. See marginal crenulations.
crisscross crossed lamellar microstructure (abbr.,
XCL). A crossed lamellar shell microstructure in
which the first-order lamellae have crisscrossed
shapes as seen on the depositional surface and in
horizontal sections (see Fig. 82). The dip directions
of the third-order lamellae are generally oblique
rather than directly opposed. This structure is
locally developed in the middle shell layer of many
thin, elongate, heterodont shells such as Ensis
Schumacher, 1817.
cross bar. A small ridge situated transversely across
a rib.
crossed acicular microstructure (abbr., CA). An
aragonitic crossed shell microstructure comprised
of narrow, elongate crystallites with two and only
two predominant dip directions. The crystallites are typically commarginally or only slightly

1

10 µm
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Fig. 74. Commarginal costae on astartid Astarte crenata
subequilatera G. B. Sowerby II, 1854, shell length 22
mm (adapted from Mikkelsen & Bieler, 2007).

obliquely aligned, as in CL structure, and they are
not aggregated into distinct first- and/or secondorder crossed lamellae (C arter & others, 1990,
p. 612). Commonly present in the inner part of
a combined CL + CA outer shell layer, wherein
the first-order crossed lamellae become narrower
toward the interior. This microstructure is difficult
to differentiate from fine complex crossed lamellar
and homogeneous microstructure at the optical
level, and usually requires SEM for identification.
Crossed acicular structure comprises part of the
middle shell layer of the malletiid Malletia obstusa
G. O. Sars, 1872 (Fig. 75) and the arcticid Arctica
islandica (Linnaeus, 1767 in 1766–1768) (Fig. 76).
crossed bladed microstructure. A calcitic laminar
shell microstructure consisting of nearly horizontal

2

5 µm

Fig. 75. Crossed acicular microstructure in middle shell layer of malletiid Pseudomalletia obtusa G. Sars, 1872, U.S.
Fish Commission Station 2221, Atlantic Ocean; SEM of 1, radial and 2, commarginal vertical fractures (adapted
from Carter, 2001, fig. 1.1–1.2).

44

Treatise Online, number 48

Fig. 76. Crossed acicular microstructure in the middle
shell layer of arcticid Arctica islandica (Linnaeus, 1767
in 1766–1768); polished and then acid-etched radial
section; scale bar = 5 µm (Carter, new).
sheets of locally mutually parallel laths or blades,
with lath or blade orientations differing more or
less randomly in adjacent sheets and in different
parts of the same sheet (A rmstrong , 1969, for
strophomenid brachiopods; C arter & C lark ,
1985; C arter & others, 1990, p. 619, 635, for
bivalves). Locally present in the outer shell layer of
some Limidae (Fig. 77).
crossed composite prismatic microstructure. A term used
by C arter and C lark (1985) and C arter and
others (1990, p. 636) for crossed nondenticular
composite prismatic shell microstructure (which
is preferred).
crossed foliated microstructure (abbr., CF). A calcitic
shell microstructure consisting of mutually parallel,
rod-, blade-, or lathlike basic structural units organized into first-order lamellae, with each first-order
lamella oriented with its height axis more or less
perpendicular to the depositional surface, and with
its length axis more or less commarginally aligned.

1 µm

Fig. 77. Crossed bladed microstructure, diagram showing horizontal (H ) and vertical (V ) sections (adapted
from Carter & others, 1990, p. 619).

The basic structural units may be aggregated into
second-order lamellae, in which case the basic
structural units are called third-order lamellae, and
the structure is called simple crossed foliated, e.g.,
in the Jurassic oxytomid Oxytoma inequivalve (J.
S owerby , 1819, in S owerby & S owerby , 1812–
1846) (Fig. 78). When intermediate (second-order)
lamellae are absent, the structure is called rod-type
crossed foliated. CF structures are categorized as
low angle and high angle CF (see below). In all CF
structures, the basic structural units show only two
predominant dip directions, and these dip directions may be uniformly alternating and opposite,
or alternating and oblique, in adjacent first-order
lamellae (Carter, 1980b; Carter & Clark, 1985;
C arter & others, 1990, p. 621, 626). Not to
be confused with herringbone cross foliated of
Malchus (1990) (herein called herringbone regularly foliated), wherein the dip direction alternates
in successive shell sublayers, rather than over the
same depositional surface. Varieties of CF structure
based on the shape of the first-order lamellae in
horizontal sections (or on the depositional surface)
include linear CF and branching CF. Linear CF and
branching CF generally differ from linear CL and
branching CL in having larger first-order lamellae
and lower dip angles of their basic structural units
(Bøggild, 1930, p. 251, 261).
crossed foliated microstructure, high angle (abbr.,
high angle CF). A calcitic crossed foliated shell
microstructure in which the basic structural units
dip more than 15˚ from the depositional surface.
Common in the middle shell layer of Gryphaeidae
(Fig. 38) and Oxytomidae (Fig. 78).
crossed foliated microstructure, low angle (abbr., low
angle CF). A calcitic crossed foliated shell microstructure in which the basic structural units dip less
than 15˚ (more commonly only a few degrees) from
the depositional surface, e.g., in the middle shell
layer of many Pectinidae and Propeamussiidae, e.g.,
Propeamussium dalli (E. A. Smith, 1885) (Fig. 79).
crossed lamellar branching index. In reference to
simple crossed lamellar shell microstructure, the
ratio of the number of first-order crossed lamellar
branches encountered along a given standard transect (which see), divided by the number of contiguous first-order lamellae encountered along that
transect (Carter, 1976).
crossed lamellar length. In reference to simple crossed
lamellar shell microstructure, the maximum dimension of a single branch of a first-order crossed
lamella measured perpendicular to a standard
transect (which see). The line of measurement
must stay within the first-order lamella, so some
strongly curved, long first-order lamellae can have
short measured lengths. Crossed lamellar lengths
are generally given as the arithmetic average of
several adjacent first-order lamellae (Carter, 1976).
In Figure 81, measurements a–b and c–d represent
crossed lamellar lengths.
crossed lamellar length extent. In reference to simple
crossed lamellar shell microstructure, the maximum
dimension of an entire first-order crossed lamella,
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Fig. 78. Crossed foliated microstructure in Oxfordian, Upper Jurassic oxytomid Oxytoma inequivalve (J. Sowerby,
1819, in Sowerby & Sowerby, 1812–1846), Bucks, England (UNC 4527), acetate peels; 1, horizontal section,
with shell margin toward top; scale bar = 50 µm; 2, transverse (commarginal) section, with shell interior toward
top; scale bar = 50 µm (Carter, new).
including all of its contiguous branches, measured
parallel to a line perpendicular to a standard transect (which see) (Carter, 1976). In Figure 81e–f is
a measure of crossed lamellar length extent.
crossed lamellar microstructure (abbr., CL). An
aragonitic shell microstructure consisting of mutually parallel, rod-, blade-, or lathlike basic structural units (third-order lamellae) aggregated into
first-order lamellae, with each first-order lamella
oriented with its height axis more or less perpendicular to the depositional surface, and with
its length axis generally commarginally (rarely
antimarginally) oriented. The third-order lamellae
show only two predominant dip directions, which
may be opposite or oblique in adjacent first-order
lamellae (Bøggild, 1930, p. 251; Carter, 1980a,
1980b; Carter & Clark, 1985; Carter & others,
1990, p. 612, 636). When the third-order lamellae
are aggregated into second-order lamellae, the
structure is called simple crossed lamellar, which
see. When second-order lamellae are absent, the
structure is called rod-type CL; rod-type CL is
seldom seen in bivalves. The example herein (Fig.
80) of simple crossed lamellar structure is the
middle shell layer of the chamid Chama iostoma
C onrad , 1837. The calcitic analog of aragonitic
CL is called crossed foliated, which see. Shape
varieties of CL structure are based on the appearance of the first-order lamellae in horizontal
sections or on the depositional surface. These
include linear, branching, irregular, compressed,
triangular, and crisscross CL. CL microstructure is
not to be confused with crossed acicular structure,
in which third-order lamellae but not first and
second-order lamellae are present. The unmodified term crossed lamellar is herein considered to

exclude complex crossed lamellar and rod-type
crossed lamellar microstructure.
crossed lamellar signature (abbr., CL signature). In
reference to simple crossed lamellar shell microstructure, the shape of a first-order crossed lamella
as seen on the depositional surface or in a horizontal section. Crossed lamellar shapes can often
be made distinct by viewing the shell’s depositional
surface in high intensity, low-angle, reflected light.
Varieties include linear, branching, crisscross, irregular, compressed, triangular, and diffuse (Fig. 82).
Only linear and branching CL signatures are known

2 µm
Fig. 79. Low-angle crossed foliated microstructure in
the propeamussiid Propeamussium dalli (E. A. Smith,
1885), west of Martinique, Windward Islands (YPM
8387); SEM of horizontal fracture through middle layer
of left valve (adapted from Carter & Lutz, 1990, pl. 7,B).
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Fig. 80. Crossed lamellar microstructure in chamid Chama iostoma Conrad, 1837, from Palau (UNC 9744); 1,
reflected light view of depositional surface, with shell margin toward bottom, and light shining from left to right;
scale bar = 0.5 mm; 2, acetate peel of transverse (commarginal) section, with shell interior toward bottom; scale
bar = 50 µm (Carter, new).
in the Pteriomorphia. Members of Heteroconchia
are much more variable in this regard. Diffuse CL
is characteristic of the few Protobranchia with CL
structure. Crisscross CL is largely restricted to the
posteriors of thin, elongate shells, such as many
Solenidae.
crossed lamellar width. In reference to simple crossed
lamellar shell microstructure, the maximum dimension of a single branch of a first-order crossed
lamella measured along a standard transect (which
see). The line of measurement must stay within

Fig. 81. Standardized length and width measurements
of first-order lamellae in simple CL microstructure as
seen on depositional surface in unidirectional, reflected
light along a standard transect; length = a–b, c–d; length
extent = e–f; width = A–B, C–D; width extent = E–F
(adapted from Carter, 1976).

the first-order lamella. Values of CL width are
generally given as the arithmetic average of several
adjacent first-order lamellae (C arter , 1976). In
Figure 81, A–B and C–D are measures of crossed
lamellar width.
crossed lamellar width extent. In reference to simple
crossed lamellar shell microstructure, the maximum
dimension of an entire first-order crossed lamella,
including all of its contiguous branches, measured
parallel to a standard transect (which see) (Carter,
1976). In Figure 81, E–F is a measure of crossed
lamellar width extent.
crossed microstructures. A general category of nonprismatic, nonlaminar shell microstructures characterized by two or more dip directions of elongate,
basic structural units relative to the depositional
surface (Carter & others, 1990, p. 612). Varieties
include crossed acicular, intersected crossed platy,
dissected crossed prismatic, simple crossed lamellar,
and complex crossed lamellar.
crossed nondenticular composite prismatic microstructure (abbr., crossed NDCP). A nondenticular
composite prismatic shell microstructure in which
the first-order prisms are arranged into horizontal
laminae of mutually parallel prisms, with the
first-order prisms having alternating, nonradial
orientations in adjacent laminae (Carter & others,
1990, p. 636, as “crossed composite prismatic”).
This microstructure commonly grades toward the
exterior and interior into noncrossed nondenticular composite prismatic microstructure. Crossed
NDCP is found in the outer shell layer of the
venerid Dosinia japonica (Reeve, 1850) (Fig. 83).
Compare with radial lamellar NDCP and with
compound NDCP.
crown clade. A clade originating with the most recent
common ancestor of two or more extant species
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branching CL

or
lamella dip directions
shell margin

compressed CL

crisscross CL

triangular CL

irregular CL

diffuse CL

Fig. 82. Crossed lamellar (CL) signatures, showing appearance of first-order, aragonitic simple crossed lamellae on
depositional surface in low-angle, reflected light, with latter shining from left to right. Dip direction refers to secondand third-order lamellae. Dip directions are not necessarily directly opposed in adjacent first-order lamellae, but there
are always only two predominant dip directions (adapted from Carter & others, 1990, p. 621).

48

Treatise Online, number 48

Fig. 83. Crossed nondenticular composite prismatic
microstructure (crossed NDCP). Diagram showing
horizontal (H ), radial (R), and transverse (T ) sections
(adapted from Carter & others, 1990, p. 617).

(or organisms) (PhyloCode, May, 2012: www.ohio.
edu/phylocode/glossary.html).
cruciform muscle. A cross-shaped, accessory ventral
adductor muscle at the base of the incurrent
siphon, which is presumed to absorb strain when
the siphons are extended and retracted. Common
in the superfamily Tellinoidea, e.g., in Solecurtidae (Fig. 84). This muscle associates with paired
sensory organs believed to monitor water quality
(M orse , 1913; Y onge , 1959). The cruciform
muscle makes a pair of small attachment scars near
the posteroventral shell margin, e.g., in Tellinidae
(see Fig. 147).
crus (pl., crura). (1) An auricular buttress in the
Pectinida; (2) a ridgelike buttress just below, and
nearly parallel with, the hinge axis in the Entoliidae;
(3) a dorsal lamellar hinge tooth in the Pectinida;
(4) an isodont hinge tooth in the Plicatulidae; (5)
one of the internal, articulating, ridgelike supports
for the resilium of Anomiidae; (6) an articulating
internal buttress in the Pandoridae. Frequently
seen in the malacological literature as crura/crurae
(singular/plural) or crurum (singular), but these
are incorrect Latinizations. For Pectinida, Waller

(2006, p. 315) advocated abandoning the term
crus and using the term buttress for internal ribs
that lie opposite one another, and using the term
teeth for interlocking structures on the hinge, such
as resilial hinge teeth. See also cardinal crus, dorsal
crus, auricular buttress, lateral disc buttress, dorsal
lamellar hinge teeth, isodont dentition, and resilial
hinge teeth.
crypt. The space enclosed by the boring, secreted
calcareous tube, or secreted calcareous igloo of a
bivalve.
cryptic species. Two or more species that appear
so similar morphologically that they are easily
confused on this basis.
cryptoconch. An early ontogenetic shell stage, on
release from the mother egg capsule, in which
the limits between the earliest stages (P1, P2,
and/or nepioconch) cannot be clearly recognized.
With better knowledge, cryptoconchs should be
assignable to either prodissoconch or metaconch
(Malchus & Sartori, herein).
cryptodont. An edentulous hinge in a group in which
hinge teeth are typically not present, as in the
Solemyidae. The basis for the group name Cryptodonten of N eumayr (1884), which originally
included the Solemyida, Praecardiida, and tentatively also the Conocardiida.
crystalline style. A rod-shaped structure of hyaline
mucoprotein present in the stomach of many
mollusks, secreted in the style sac, and including
the starch-digesting enzyme amylase and possibly
also cellulase. It releases these enzymes as it rotates
food particles against a gastric shield (and a
chitinous lining, if present) (see Fig. 302–305; and
see stomach types II–V). Believed to be homologous with the protostyle of Protobranchia, which
does not contain amylase.
ctenidial attachment scar. A line of scars on the inner
shell surface corresponding with attachment of a
lateral ctenidial lamella, e.g., extending anteriorly
from the apex of the pallial sinus in the gastrochaenid Rocellaria dubia (Pennant, 1777) (see Fig.
192). See also interlinear muscle scar.
ctenidial axis. The portion of the ctenidium that
connects the inner and outer demibranchs, and
consists of connective tissue and afferent and
efferent vessels, e.g., the gastrochaenid Lamychaena
hians (Gmelin, 1791 in 1791–1793) (see Fig. 289).
ctenidial eyes. Same as postlarval ctenidial ocelli,
which see.

siphon
cruciform muscle

Fig. 84. Cruciform muscle in Solecurtidae (adapted from Mikkelsen & Bieler, 2007).
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Fig. 86. Ctenidium-palp association category I of Stasek (1963) in unionid Anodonta californiensis I. L ea ,
1852; ID, inner demibranch; OD, outer demibranch
(adapted from Stasek, 1963, fig. 1c).
Fig. 85. Anatomy of Verticordiidae (adapted from Mikkelsen & Bieler, 2007).
ctenidial filament. One of several thin, flat or elongate, mutually parallel structures in a ctenidium,
attaching on either side of the ctenidial axis (see
Fig. 104, Fig. 113). See also protobranch, filibranch, and eulamellibranch.
ctenidial lamella (pl., ctenidial lamellae). One of four
sheets of adjacent filaments in a typical W-shaped
autobranch ctenidium. Also called a gill lamella.
See ascending lamella and descending lamella.
ctenidial ocelli. Same as postlarval ctenidial ocelli,
which see.
ctenidial retractor insertion separation. As defined for
pectinids by Waller (1969, p. 13, as “separation
of gill retractor insertions”), the linear distance
between the centers of the ctenidial retractor insertions. This corresponds with measurements f–g and
f'–g' in Figure 219.
ctenidial septum (pl., septa). (1) An interlamellar
septum (which see) within a ctenidium; (2) a

transverse membrane, at least partially ctenidial
in origin, separating the infrabranchial chamber
from the suprabranchial chamber in a septibranch
bivalve, e.g., in the cuspidariid Cardiomya cleryana
( d ’O rbigny , 1846 in 1835–1847) (see Fig. 277)
and in the Verticordiidae (Fig. 85). Also called
a branchial diaphragm, branchial membrane, or
branchial septum; (3) a siphonal ctenidial septum,
which see.
ctenidiobranch. A protobranch ctenidium in the Nuculida, as compared with the so-called palaeobranch
Solemyida. A term based on phylogenetic affinity
rather than solely on morphology. The basis for
the superorder name Ctenidiobranchia of SalviniPlawen (1980), equivalent to Protobranchia of later
authors minus the Solemyida.
ctenidium (pl., ctenidia). In many bivalves, an
organ of both respiration and food-gathering,
usually suspended by tissue, cuticular, and/or cilial

Fig. 87. Ctenidium-palp association category II of Stasek (1963) in cardiid Clinocardium nuttallii (Conrad,
1837); ID, inner demibranch; OD, outer demibranch
(adapted from Stasek, 1963, fig. 1d).

F ig . 88. Ctenidium-palp association category III of
S tasek (1963) in isognomonid Isognomon costellatus
(C onrad , 1837); ID, inner demibranch; OD, outer
demibranch (adapted from Stasek, 1963, fig. 2).
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Fig. 89. Pectinid Caribachlamys sentis (Reeve, 1853 in
1852–1853), showing auricle, byssal notch, ctenolium,
external lamellar sublayer of ligament, resilifer, and
alivincular-alate ligament (adaped from Mikkelsen &
Bieler, 2007).
junctions from the dorsal mantle cavity, e.g., the
gastrochaenid Lamychaena hians (G melin , 1791
in 1791–1793) (see Fig. 289). The synonym gill
is sometimes preferred for the sake of brevity (see
entries under gill). In Autobranchia, the entire
ctenidium (a holobranch) is typically W-shaped,
with inner and outer demibranchs, and with each
demibranch having ascending and descending
lamellae with food grooves at the distal edges and/
or at the junction of the two demibranchs. The
ctenidium may or may not have interlamellar
junctions connecting the two lamellae of each
demibranch. See also eulamellibranch, filibranch,

Fig. 90. Cuticular junction between outer demibranch
and epithelium of visceral mass, as seen in a transverse,
histological section through lyonsiid Lyonsia norwegica
(Gmelin, 1791 in 1791–1793), Newbiqqin, Northumberland, UK, 110 m depth (NHMUK 20070070),
figure width 166 µm (Sartori, new).

heterorhabdic, homorhabdic, protobranch, pseudolamellibranch, plicate, septibranch, and synaptorhabdic.
ctenidium-palp association category I of S tasek
(1963). An association between the ctenidium and
labial palps in which the ventral tips of at least the
first few or, usually, of many anterior filaments of the
inner demibranch are inserted, unfused, into a distal
oral groove (Stasek, 1963, p. 91), e.g., the unionid
Anodonta californiensis I. Lea, 1852 (Fig. 86). Found
in some Nuculoidea, Pristiglomoidea, Solemyoidea,
Manzanelloidea, Malletioidea (Malletiidae, Tindaridae), Nuculanoidea (Nuculanidae, Phaseolidae,
Sareptidae, Zealedidae), Mytilida (Mytiloidea),
Unionida (Unionidae), Carditida (Astartidae), Poromyida (Poromyidae, Cuspidariidae, Verticordiidae),
and possibly Trigonioidea.
ctenidium-palp association category II of Stasek (1963).
Association between ctenidium and labial palps in
which the ventral tips of the anteriormost filaments
of the inner demibranch are inserted into and fused
to a distal oral groove (Stasek, 1963, p. 91), e.g., the
cardiid Clinocardium nuttallii (Conrad, 1837) (Fig.
87). Found in some Limidae, Cardiidae, Carditidae,
Glossidae, Arcticidae, Chamoidea, Veneroidea (some
species are Category III), Mactroidea (some species
are Category III), Semelidae, Gastrochaendae, Hiatellidae, Pharidae, Dreissenidae, Lyonsiidae, and possibly
in the pholadid Xylophaga Turton, 1822.
ctenidium-palp association category III of S tasek
(1963). An association of ctenidium and labial
palps in which the ventral tips of the anteriormost
filaments of the inner demibranch are not inserted
into a distal oral groove (and are therefore not
fused with it), although the lateral surface of the
anteriormost ctenidial filament may be fused to
the inner palp lamella, as in the mactrid Mactra
dolabrata R eeve , 1854 in 1854–1855, and the
tellinid Macoma nasuta (Conrad, 1837) (Stasek,
1963, p. 91). The example herein (Fig. 88) is the
isognomonid Isognomon costellatus (Conrad, 1837).
Found in some Arcidae, Limopsidae, Philobryidae,
Isognomonidae, Malleidae, Ostreidae, Gryphaeidae,
Pinnidae, Limidae, Pectinidae, Propeamussidae,
Spondylidae, Plicatulidae, Anomiidae, Crassatellidae, Sphaeriidae, Cyamiidae, Pandoridae, Periplomatidae, Thraciidae, Verticordiidae, Lucinidae,
Ungulinidae, Thyasiridae, Lasaeidae, Trapezidae,
Veneridae (e.g., Transennella Dall, 1883; Gemma
Deshayes, 1853), Cyrenidae, Tellinidae, Psammobiidae, Semelidae, Solecurtidae, Mactridae, Myidae,
Corbulidae, and Teredinidae.
ctenodont. A hinge with numerous taxodont teeth; a
term generally restricted to taxodont nuculoids,
ctenodontid solemyoids, and nuculanoids.
ctenolium. A comblike row of successively secreted,
hook-shaped denticles along the inner edge of
the ventral margin of a byssal notch, along the
base of the anterior disc flank. Present in the right
valve of Pectinidae, at least in the early postlarval
(dissoconch) stage, e.g., in Caribachlamys sentis
(Reeve, 1853 in 1852–1853) (Fig. 89). The ctenolium strengthens byssal attachment by preventing
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F ig . 91. Syntypes of gastrochaenid Cucurbitula cymbium (S pengler , 1783), Tranquebar, southeastern India,
Zoologisk Museum, University of Copenhagen; 1–3, 5, smaller of two syntypes; 1, dorsal view; 2, ventral view
perpendicular to anterior hinge, scale bar = 1 mm; 3, ventral view; 5, exterior view of right valve; shell length 11.6
mm, height 4.6 mm, width of united valves 6.2 mm; 4, 6, left valve of larger of two syntypes in interior and exterior
views, respectively; shell length 12.9 mm, height 4.7 mm (Carter, new).
twisting of the threads where they cross the edge of
the shell (Waller, 1984). Also called pectinidium
or pectineum. See also pseudoctenolium.
cuneate. Wedge shaped; cuneiform.
cuneiform. Wedge shaped, as in the donacid Donax.
cupulated. Consisting of a cupule or a series of
cupules, e.g., the posterior end of the shell as well as
the secreted igloo of the gastrochaenid Cucurbitula
cymbium (Spengler, 1783) (Fig. 46).
cupule. A part of a shell or a secreted calcareous tube
with a smooth, evenly rounded, convex exterior
surface that is cup shaped or half-cup shaped, e.g.,
the shell posterior and one of the calcareous rings
comprising the igloo of the gastrochaenid Cucurbitula Gould, 1861 (Fig. 46.4–46.5).
curtain valve. A basal siphonal valve, which see.
cuspidate. Sharply pointed.

cuticular junction. A junction effected by the cuticle
only. Cuticular junctions commonly join left and
right mantle lobes and/or the ascending lamellae
of the ctenidium with the mantle or visceral mass
(Fig. 90).
cyclodont. A hinge with a small or absent hinge plate
and teeth curving out from below the hinge margin,
seeming to spring from the umbonal cavity, and
bending into articulating position on the cardinal
margin, e.g., in the glossid Glossus and certain
cardiids.
cymbiform. Boat shaped, as in the united valves of
the gastrochaenid Cucurbitula cymbium (Spengler,
1783) (Fig. 91,3).
cyprinoid grade hinge. A heterodont hinge grade that
is intermediate between lucinoid and veneroid. It
is characterized by two or three cardinal teeth in
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Fig. 92. Denticular composite prismatic microstructure
(DCP). Diagram showing horizontal (H ), radial (R),
and transverse (T ) sections (adapted from Carter &
others, 1990, p. 617).
each valve and well-developed lateral teeth in most
cases (C asey , 1952); e.g., in many Arcticoidea
and Glossoidea. Also called arcticoid, which is
preferred. C asey (1952) subdivided cyprinoid
hinges into cyprinoid and advanced cyprinoid, the
latter grading into cyrenoid (=veneroid) through
early cyrenoid intermediates. See also arcticoid,
lucinoid, isocyprinoid, veneroid, and venielloid
grade hinges.
cyrenoid grade hinge. A term proposed by Félix
Bernard (1895, 1896a, 1896b, 1897) for a heterodont dentition with three cardinal teeth in each
valve, the middle one in the right valve occupying
a median position below the beaks. Using Félix
Bernard’s (1895, 1896a, 1896b, 1897) convention,
the teeth are numbered 3a, 1, 3b in the right valve,
and 2a, 2b, 4b in the left valve. Cardinal tooth 1
occupies the pivotal position below the beaks. Also
called corbiculoid grade hinge (Cox, Nuttall, &
Trueman, 1969, p. 56) or, more recently, veneroid
grade hinge (which is preferred) (R. N. Gardner,
2005, p. 330). See veneroid, early veneroid, and
advanced veneroid grade hinges. See also Bernard
system of notation.
cyst. (1) An abnormal, closed bodily sac; (2) in
unionoids, a capsule around a glochidium attached
to a host fish, formed from epithelial tissues or from
a combination of epithelial and connective tissues
of the host fish.
decapentaplegic (abbr., dpp). A regulator gene (or
protein) involved in molluscan larval shell formation and possibly bivalve ligament formation.
decorticated. Having the outer covering, such as the
periostracum, removed by desiccation or erosion.
decussate. Obliquely intersecting sculptural elements
that form an X or diamond-shaped pattern.
Compare with reticulate.

definition. In taxonomy, a statement in words that
purports to give those characters that, in combination, uniquely distinguish a taxon (ICZN, 1999).
degree day. The number of days needed for metamorphosis from the time of encystment to the time of
release of a juvenile unionoid from a host fish, times
the mean temperature over that period in degrees
centigrade (Araujo, Cámara, & Ramos, 2002).
dehiscent. Easily eroded; tending to split or spall off
at maturity, commonly used in reference to perio
stracum, e.g., many Psammobiidae.
demarcated. Having boundaries distinctly marked off,
as by a ridge, furrow, or change in sculpture.
demarcation line. An imaginary line on the exterior
of a shell, originating at the beak and following
successive positions of the shell margin at the
point where transverse growth is maximal. This
line defines a dorsoventral profile when the shell is
viewed from the anterior or posterior end.
demersal. Living at or near the bottom of an ocean,
pond, lake, or stream.
demibranch. One of two sheets of filaments comprising
a typical W-shaped filibranch or eulamellibranch
ctenidium. The inner and outer demibranchs are
united along the ctenidial axis. The plesiomorphic condition is for each ctenidium to have both
inner and outer demibranchs. These are sometimes
reduced to a single, generally inner, demibranch,
as in many Lucinidae. See inner demibranch and
outer demibranch.
demiprovinculum. Half of a provinculum. A term
originally applied to oysters for which the half of
the provinculum anterior to the larval ligament is
reduced, and the half of the provinculum posterior
to the larval ligament is secondarily symmetrical,
occupying a central position below the straight
larval hinge. In oysters, this results from anteriorward helical growth during larval development
(M alchus , 2000). Comparable reorganizations
may occur in any hinge affected by strong helical
growth, as in larval or early postlarval shells of
cyrtodontids and mytilids with prosogyrate rather
than opisthogyrate umbos, indicating posteriorward
coiling.
dentate. (1) Having hinge teeth; (2) having medium
to coarse denticles on the nonhinge shell margins.
Compare with denticulate.
denticle. A low, rounded hinge tooth, or a similar
structure on a nonhinge shell margin.
denticular composite prismatic microstructure (abbr.,
denticular CP). A prismatic shell microstructure
with second-order fibrous prisms arranged into
larger, first-order composite prisms, solely as a
consequence of deposition on a strongly crenulated
and/or denticulated shell margin (Carter, 1980b;
Carter & Clark, 1985; Carter & others, 1990,
p. 637). This microstructure comprises the outer
shell layer of the nuculid Nucula proxima Say, 1822
(Fig. 92–93). Not to be confused with compound
nondenticular composite prismatic microstructure
(compound NDCP), wherein minute nondenticular composite prisms are deposited on a strongly
crenulated and/or denticulated shell margin.
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Fig. 93. Denticular composite prisms in outer shell layer of nuculid Nucula proxima Say, 1822, Long Island Sound,
New York (YPM 10014). 1, Transverse acetate peel showing four adjacent first-order denticular composite prisms
and underlying nacreous shell layer; 2, SEM of radial fracture, showing second-order irregular fibrous prisms that
comprise each denticular composite prism (see also Carter & Lutz, 1990, pl. 19).
denticulate (or denticulated). Having a series of
moderately fine, alternating elevations and indentations on a shell margin (see Fig. 68, Fig. 243).
When the features are moderately wide, the term
crenulate is more appropriate. When the features
are very fine, the terms serrate, pectinate, or micropectinate are more appropriate.
dentition. In Bivalvia, the hinge teeth and sockets.
deposit-feeding. Nonselectively harvesting organic
particles by the siphons, foot, or palp probos-

cides, from surface or near-surface sediments.
Compare with suspension-feeding and detritusfeeding.
depressed. Dorsoventrally flattened, in bivalves usually
in reference to shell shape.
descending lamella (pl., lamellae). A ctenidial lamella
that is attached to the ctenidial axis, e.g., in the
gastrochaenid Lamychaena hians (G melin , 1791
in 1791–1793) (see Fig. 289). Compare with
ascending lamella.
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Fig. 94. Venerid Dosinia discus (Reeve, 1850), showing lirate sculpture, beak, umbo, and discoidal shell
shape, shell length 5.7 cm (adapted from Mikkelsen
& Bieler, 2007).
descending pallial sinus. A pallial sinus in which the
anterior apex is directed toward the ventral shell
margin.
desmodont. Having reduced or absent hinge teeth,
in some cases with one or more accessory ridges
(not teeth) below the beaks, near the area of insertion of an internal ligament. Basis for the order
Desmodonten (vernacular), originally defined by
Neumayr (1884) for the Pholadomyidae, Corbulidae, Myidae, Anatinidae, Mactridae, Paphiidae,

10 µm
Fig. 95. Dissected crossed prismatic microstructure in
outer part of inner shell layer of astartid Astarte (Astarte)
undata G ould , 1841, Maine (YPM 9727); SEM of
vertical fracture (Carter, new).

Glycymerididae, and ?Solenidae. Latinized by P.
Fischer (1886 in 1880–1887) to Desmodonta.
detritus-feeding. Selectively harvesting organic particles by siphons, foot, or palp proboscides, from
surface or near-surface sediment. Compare with
suspension-feeding and deposit-feeding.
developmental phase. A particular developmental
period, e.g., embryonic, larval, metamorphic, and
postlarval (juvenile, adult) (Malchus & Sartori,
herein). Compare with developmental stage.
developmental stage. A morphologically defined developmental unit from gamete to adult. Definitions
can be based on anatomical development or shell
morphology. Shell developmental stages include the
organic pellicle, prodissoconch 1 and 2 of the larval
phase; nepioconch, mesoconch, and adult shell stage
of the metamorphic to postlarval phases; and fused
stages metaconch and cryptoconch (M alchus &
Sartori, herein). Compare with developmental phase.
dextral. Right, in Bivalvia usually in reference to the
right valve.
diagenodont. Having differentiated cardinal and lateral
hinge teeth, with laterals not exceeding two, or
cardinals not exceeding three in either valve, e.g.,
the astartid Astarte J. Sowerby, 1816, in Sowerby
& Sowerby, 1812–1846.
diagnosis. A statement of the characters that supposedly differentiate a taxon from other taxa with
which it is likely to be confused (ICZN, 1999).
diaphragm. (1) An apical or basal siphonal diaphragm,
which see; (2) in unionoids, a connection, between
the posterodorsal surface of the ctenidia and the
mantle, which separates the incurrent and excurrent apertures.
diaphragmatic septa. In margaritiferids (Unionoidea),
the posterior portions of the mantle that expand
to meet the posterior end of the gill plate, thereby
forming the diaphragm, which see.
diconcavodont tooth. A taxodont hinge tooth that is
both dorsally and ventrally concavodont, and thus
W-shaped (Babin, 1966, p. 39) (see Fig. 207).
diconvexodont. A taxodont hinge tooth that is both
dorsally and ventrally convexodont, and thus
M-shaped (Babin, 1966, p. 39) (see Fig. 207).
diffuse crossed lamellar microstructure (abbr., DCL).
A simple crossed lamellar shell microstructure in
which the first-order lamellae are very indistinct,
as seen in horizontal and radial sections, and on
the depositional surface in reflected light (Fig.
82). This microstructure is commonly difficult
to differentiate from homogeneous and crossed
acicular microstructures, and generally requires
both optical examination of horizontal sections
and/or depositional surfaces, and SEM for analysis.
digestive diverticula (singl., digestive diverticulum).
Branching masses of tubules emanating from the
stomach (see Fig. 97, Fig. 301–304).
digestive gland. A gland connected to the stomach
by ducts ending in blind sacs (i.e., the digestive
diverticula), where partially digested food particles
are carried by cilial action for intracellular digestion and absorption; often darkly colored in living
animals, and often visible as a dark spot through
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the gills or through a thin shell; in earlier literature,
this was commonly referred to as the liver, midgut
gland, or hepatopancreas.
digitation. A fingerlike projection.
digitiform. Fingerlike.
dimyarian. Having two and only two adductor
muscles, one anterior and one posterior. Compare
with monomyarian and trimyarian.
dioecious. Having sexes separate throughout life; not
hermaphroditic. Compare with gonochoristic.
diphyletic. Having members descended from two
ancestral lines, with the group excluding their
immediate common ancestor.
direct development. Development, from embryo to
juvenile, which does not pass through an intermediate larval stage and metamorphosis; sometimes
(incorrectly) applied to certain bivalves (compare
with indirect development) (Turner, Pechenik, &
Calloway, 1987).
disc. The central portion of a shell valve other than the
wings and auricles or other than the anterior and
posterior slopes; the main body of the shell, e.g.,
the shell disc in the pectinid Nodipecten fragosus
(Conrad, 1849b) (Fig. 29), and in the Pholadidae
(Fig. 24). The spelling disc is preferred over disk in
reference to anatomical features.
disc flanks. In pectinoids, the anterodorsal and
posterodorsal portions of the shell disc, diverging
from the beak and generally differing in curvature
and ornament from the adjacent auricles and disc
proper (Waller, 1969, fig. 2).
disc gapes. In pectinoids, the gapes between the
anterodorsal and posterodorsal margins of the shell
disc, referred to, respectively, as the anterior disc
gape and the posterior disc gape (Waller, 1969,
p. 12, fig. 2).
disc height (along curvature). As defined for pectinids
by W aller (1969, p. 12), the distance from the
origin of shell growth to the ventral shell margin,
measured along the external surface of a centrally
located antimarginal plica or rib.
disc height (linear). As defined for pectinids by
Waller (1969, p. 12), the distance between two
parallel lines, one coinciding with the outer ligament, the other passing through the most ventral
point on the valve. This corresponds to measurements A–M and A'–M' in Figure 219.
disc length. As defined for pectinids by Waller (1969,
p. 12), the distance between two lines perpendicular to the outer ligament, one passing through the
most anterior point on the disc, the other passing
through the most posterior point on the disc. This
corresponds with measurements A–G and A'–G'
in Figure 219.
discoidal. Shaped like or nearly like a disc, as in the
venerid Dosinia discus (Reeve, 1850) (Fig. 94).
discontinuous pallial line. A pallial line with one or
more gaps. If the gaps are numerous, the pallial line
is also called disjunct.
discordant margins. Adducted shell margins that are
not in exact juxtaposition, but rather overlap.
discrepant. Different on the left and right valves, e.g.,
discrepant ornament.
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Fig. 96. Divaricate riblets on limid Ctenoides sanctipauli
S tuardo , 1982, figure is several mm wide (adapted
from Mikkelsen & Bieler, 2007).
disjunct fibrous ligament ontogeny. See disjunct
ligament.
disjunct ligament. A ligament with the successive
development of at least two morphologically
distinct fibrous sublayers. Characteristic of Pteriomorphia (see ligaments 1 and 2), but also occurring in some Protobranchia (e.g., Palaeoneilo; see
Carter, 1990a), Tellinoidea (e.g., Tellina and Abra;
see Trueman, 1966), and possibly other bivalves.
disjunct pallial line. A discontinuous pallial line that
is broken up into many separate, mostly unequal
parts, e.g., in many Pteriidae and Bakevelliidae.
disk. Same as disc, the preferred spelling for comparative anatomy.

Fig. 97. Dorsal hood and left pouch seen in dorsal view
of anterior portion of digestive tract in lyonsiid Lyonsia
norwegica (Gmelin, 1791 in 1791–1793), Newbiggin,
Northumberland, UK, 110 m depth, figure width is 2.5
mm (NHMUK 20070070) (Sartori, new).
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Fig. 98. Alternating type of lamellar sublayer insertion in a duplivincular ligament, showing descriptive coding
proposed by Malchus (2004b) for lamellar sublayers (adapted from Malchus, 2004b, fig. 5B, based mostly on
Recent Arcidae).
dissected crossed prismatic microstructure. A prismatic shell microstructure in which one or two
oblique structural trends subdivide mutually
parallel prisms into parallelogram-shaped segments
(C arter & others, 1990, p. 612), e.g., in the
translucent shell windows or lenses of the cardiid
Corculum, where the prisms grade into an underlying crossed lamellar microstructure. Also found in
the outer part of the inner shell layer of the astartid
Astarte (Astarte) undata G ould , 1841 (Fig. 95).
Also called trans-prismatic.
dissoconch. The entire postlar val (i.e., postmetamorphic) bivalve shell (J ackson , 1890, p.
281) (Fig. 237). Compare with prodissoconch,
nepioconch, and mesoconch. The inception of the
dissoconch roughly coincides with the onset of
adult life habits and shell characters, except in the
case of some pseudoplanktonic bivalves.
distal. Away from the center, point of origin, or attachment site; opposite of proximal.
distal oral groove. A narrow extension of the base of
the labial palps.
distended. (1) Expanded or swollen; (2) enlarged from
internal pressure.
divaricate sculpture. An oblique ornament that is
oppositely angled on adjacent parts of the shell,
forming an upside-down V where the sculptural
elements intersect, e.g., the divaricate riblets on
the limid Ctenoides sanctipauli Stuardo, 1982 (Fig.
96). Also called divaricating sculpture. Compare
with divergent sculpture.
divaricating sculpture. Same as divaricate sculpture,
which is preferred.
divergent sculpture. Having ribs that divide distally
in such a manner that their divisions are not truly
radial.
dorsal. (1) For soft anatomy, the direction perpendicular to the line passing through the mouth and
anus, parallel with the commissural plane, and
toward the beak and hinge; (2) in shell morphology,
the direction perpendicular to the hinge axis,
parallel with the commissural plane, and toward
the beak.
dorsal crest. A prominent, rounded, anatomically
dorsoposterior but functionally dorsal wing on the

shell of alatoconchids and wallowaconchids (Fig.
41, and see Fig. 320).
dorsal crus (pl., crura). A nonarticulating ridge just
ventral to, and nearly parallel with the hinge axis,
e.g., in Entoliidae. W aller (2006) advocated
replacing this term with dorsal buttress.
dorsal hood. An area resembling a hood in the stomach
wall, whose aperture faces the head (distal tip) of
the crystalline style (Fig. 97).
dorsal ligament. An external and/or shallow submarginal ligament (see ligament position).
dorsal muscles. Small, discrete muscles inserting onto
the shell in the umbonal cavity or on the ventral
margin of the hinge plate, e.g., in unionoids (see
Fig. 307). These might represent mantle attachment, gill attachment, and/or pedal muscles. See
also visceral suspensory muscle scars.
dorsal pallial organ. See pallial organ.
dorsal shell edge. The intersection of the dorsal, exterior shell surface (including the cardinal area, where
present) with the commissural plane, near the hinge
axis. The dorsal shell edge is the point of reference
for differentiating between external and submarginal ligaments. Where alivincular, multivincular,
and duplivincular ligaments are present, the dorsal
shell edge roughly corresponds with the hinge axis.
Compare with dorsal shell margin.
dorsal shell margin. The area of opposition of the left
and right shell valves immediately below, anterior
and posterior to the beaks, and dorsal to an imaginary horizontal line drawn tangent to the dorsal
edge of the adductor muscle scar(s). Compare with
dorsal shell edge, which is part of the dorsal shell
margin.
dorsal teeth. (1) Teeth dorsally placed on the hinge;
(2) a pair of lamellar teeth on each side of the
hinge in the right valve of a pectinoid, beneath
the linear outer ligament and above the socket for
the infradorsal teeth of the left valve, or above the
sockets and teeth of multiple intermediate teeth
and sockets of the left valve (Waller, 1991, p. 8).
See also supradorsal teeth, infradorsal teeth, and
intermediate teeth.
dorsoposterior. Both dorsal and posterior; same as
posterodorsal.
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Fig. 99. Irregular alternating type of lamellar sublayer insertion in a duplivincular ligament, showing descriptive
coding proposed by Malchus (2004b) for the lamellar sublayers (adapted from Malchus, 2004b, fig. 5C, based on
the arcid Arca noae Linnaeus, 1758).
D-shape veliger. A veliger larva in which the shell has
the shape of the letter D; also called straight-hinge
veliger, D-veliger, and D-larva (see Fig. 243,2).
dumbbell shell. The early, bilobed stage of the
larval periostracal shell of a bivalve; it follows the
molluscan pellicle stage and precedes the mineralized, bilaterally symmetrical prodissoconch-1
(Mouëza, Gros, & Frenkiel, 2006).
duplicated outer mantle fold. A subdivision of the
outer mantle fold into the (universally present)
first outer mantle fold (OF-1) and a supplementary
second outer mantle fold (OF-2), the latter being
positioned much closer to the pallial line, e.g., in
some arcoids and pterioids (Waller, 1980, p. 4;
Tëmkin, 2006a).
duplivincular grade sensu M alchus (2004b). A
duplivincular, alivincular, or monovincular ligament (as herein defined) with the following larval
and early postlarval properties: the larval shell is
prosogyrate (rarely?) or orthogyrate, the initial
fibrous sublayer emerges either posterocentrally
or almost centrally below the straight hinge of
the larva, and its postlarval growth direction is
posteriorward or at least slightly posteroventral.
The adult ligament becomes duplivincular (as
defined herein) when the ligament growth pattern
follows stacked center-proliferation (which see).
The adult ligament becomes monovincular (as
defined herein) when the ligament growth pattern
follows shifting center-proliferation (which see), as
in the Noetiinae (however, Noetiinae typically have
only one expansive fibrous sublayer and one expansive lamellar sublayer in each valve). The adult
ligament becomes alivincular (as defined herein)
when a duplivincular-alivincular growth pattern
is followed, as in the Pectinidae and Limidae
(although these families differ in the presence or
absence of a medial lamellar core in their resilium,
respectively). The adult ligament also becomes
alivincular (as defined herein) when a duplivincular
overarched growth pattern is present. The latter
growth pattern has three possible outcomes: overarched, downfolded, alivincular, as in the Dimyidae (an alivincular-fossate ligament in which the
resilium is entirely fibrous and left-right continuous), overarched, downfolded, duplivincular, as

in the Plicatulidae and Spondylidae (an alivincularfossate ligament in which the resilium is entirely
fibrous and left-right divided in Plicatulidae, but
in which the fibrous resilium has a medial, lamellar
core in Spondylidae), and overarched, upfolded,
alivincular, as in the (alivincular-upfolded) Anomiidae. Malchus’s (2004b) definition of duplivincular
is useful when discussing larval and early postlarval
ligamental growth patterns and their ontogenetic
trajectories, but it is less useful for descriptions of
adult ligaments, for which more traditional ligament definitions are preferred.
duplivincular ligament. An external or submarginal
ligament with three or more mutually parallel or
radial, nonhorizontal, groove or ridge couplets
that form a chevronlike, half chevronlike, or radial
pattern on the ligament insertion area. Amphidetic
duplivincular ligaments may have the anterior and
posterior lamellar sublayers added synchronously,
in alternation, or in an irregular alternation. The
ligamental grooves and ridges may be distinctly
inclined relative to the hinge axis (high-angle
duplivincular), or they may be slightly inclined
directly below the beaks and nearly horizontal away
from the beaks (low-angle duplivincular). Compare
with duplivincular/monovincular-D1, duplivincular grade sensu M alchus (2004b), multiple

Fig. 100. Duplivincular/monovincular-D1 ligament
in left valve of a Permian parallelodontid, identified by
Newell and Boyd (1987) as probably a new genus and
new species, western Texas (AMNH 42887) (adapted
from Newell & Boyd, 1987, fig. 5C; courtesy of the
American Museum of Natural History).
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Fig. 101. Synchronous lamellar sublayer insertion in a duplivincular ligament, showing descriptive coding proposed
by Malchus (2004b) for lamellar sublayers (adapted from Malchus, 2004b, fig. 5A, based on the glycymeridid
Glycymeris).
planivincular, preduplivincular, and reduced lowangle duplivincular.
duplivincular (alternating type) ligament. A duplivincular ligament with lamellar sublayers initiated
in a regularly alternating sequence anteriorly and
posteriorly (Malchus, 2004b, p. 1554) (Fig. 98).
duplivincular (irregular alternating type) ligament.
An amphidetic duplivincular ligament with the
anterior and posterior lamellar sublayers initiated
in an irregularly alternating pattern on the anterior
and posterior sides of the ligament, and in some
cases, also with some posterior lamellar sublayers
inclined in a direction opposite to most other
posterior lamellar sublayers (Malchus, 2004b, p.
1554) (Fig. 99).
duplivincular/monovincular-D1 ligament. An arcoid
ligament that combines duplivincular and monovincular-D1 elements. Present in many Parallelodontidae, where the monovincular-D1 portion may
be anterior or posterior to the duplivincular portion
left
valve

residue of 2b1 and lateral 1AII
laminar IV

4b

lateral AIV
lateral AII

2a
2b
cardinals

1

(Fig. 100). Also present in some Arcidae, such as
Scapharca (Scapharca) inaequivalvis (B ruguière ,
1789), where the monovincular-D1 portion is
flanked by a single, deeply incised, anterior and
posterior, duplivincular ligament groove (Newell,
1969a, fig. C5,6b), and Arca imbricata Bruguière,
1789 (Fig. 25).
duplivincular (synchronous type) ligament. An
amphidetic duplivincular ligament with the anterior and posterior lamellar sublayers initiated simultaneously (Malchus, 2004b, p. 1554) (Fig. 101).
D-veliger. Same as D-shape veliger, which see.
dwarfism. Evolutionary process leading to an adult
that is distinctly smaller than the adult of the
ancestor.
dysodont. Lacking true hinge teeth but having small,
weak, shell marginal teeth near the umbos. A term
commonly applied to certain members of the Mytilidae, e.g., Brachidontes exustus (Linnaeus, 1758).
See also shell marginal tooth.
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Fig. 102. Early veneroid grade hinge. 1, Diagram of left and right valves (adapted from R. N. Gardner, 2005,
fig. 14.1c, courtesy of R. N. Gardner); 2, Upper Jurassic venerid Eocallista (Eocallista) caudata (Goldfuss, 1840)
(adapted from Keen & Casey, 1969, fig. E140,10c–d).
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Fig. 103. Enantiomorphous dimorphism and its development during the ontogeny of Silurian stolidotid Maminka
Barrande, 1881. Mesoconch as seen in ventral view; adult shell in anteroventral view (adapted from Kříž, 2001,
fig. 3).
ear. A small extension of the dorsal part of the shell,
commonly separated from the body of the shell by
a notch or sinus. Same as auricle.
early ontogenetic shell (abbr., EOS). A collective
descriptive term for any shell stage formed before
the onset of the adult shell. It includes the premetamorphic organic pellicle, prodissoconch 1,
prodissoconch 2, postmetamorphic nepioconch
and mesoconch, and fused shell stages metaconch
and cryptoconch (which see) (Malchus & Sartori,
herein). See Shell Types 1–4.
early veneroid grade hinge. A heterodont hinge
characterized by movement of cardinal teeth
1 and 2a into a posterior direction, with both
cardinal teeth becoming moderately to slightly
prosocline. The apical angle between limb 2b 2
and the structure 2b 1- 1AII-2a (isocyprinoid) or
cardinal tooth 2b and the structure 1AII-2a (arcticoid) gradually decreases, and the posterodorsal
extremities of teeth 1 and 2a are aligned with the
beak (R. N. Gardner, 2005). This hinge grade is
found in the Upper Jurassic veneroidean Eocallista
(Eocallista) caudata (Goldfuss, 1840) (Fig. 102).
See also veneroid, advanced veneroid, lucinoid,
isocyprinoid, and arcticoid grade hinges. In this
hinge grade, cardinal tooth 3a is initiated anterior
of tooth 1, and teeth 2b 2 and 2a (isocyprinoid)
and 2b and 2a (arcticoid) are in close proximity.
The residue of 2b 1- 1AII (isocyprinoid) or lateral
AII (arcticoid) forms a short, straight to slightly
1
rounded, narrow projection linking 2a and 2b
at their dorsal extremities. During this phase of
hinge development, lateral 2AII may be redefined
as lateral AII, and limb 2b2 (isocyprinoid) as
tooth 2b. The structures 2b 1- 1AII (isocyprinoid)

and 1AII (arcticoid) are identical in form and may
be considered synonymous. The early veneroid
hinge in adult shells is a characteristic of primitive Veneridae. This hinge format is also present
in more advanced forms of Veneridae during
early to middle stages of growth. The fact that
two confluent lines of hinge development, the
isocyprinoid and arcticoid, results in the early
veneroid structure highlights the need for a careful
reappraisal of the hinge in species of Veneridae.
The general hinge formula showing the position
of cardinal teeth during the initial phase of early
veneroid hinge development is as follows: “AI AIII
3a 1 3b PI / AII 2a 2b 4b PII” (R. N. Gardner,
2005, p. 334). According to Gardner, this hinge
type was developed convergently in Veneridae
from different isocyprinoid and arcticoid ancestors
(R. N. Gardner, 2005, p. 334).
echinate. Having stiff, stout, hairlike projections.
ectobranchous. Using only the outer demibranchs as
marsupia, e.g., many Unionoidea.
ectostracum. The outer layer of a three-layered shell
(excluding the periostracum), extending over the
entire outer surface of the shell, as well as the
marginal parts of the inner surface of the shell
(O berling , 1955, 1964, p. 5). This is partially
equivalent to the term outer shell layer as defined
herein, which is preferred.
edentate. Same as edentulous, which is preferred.
edentulous. Lacking hinge teeth. See also cryptodont
and dysodont.
eleutherorhabdic. Ctenidia with adjacent filaments
connected to each other by interlocking cilia
projecting from ciliated discs, although some
tissue-grade junctions might also be present. See
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ctenidial
filament
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ostium

interfilamentar
junction

F ig . 104. Diagram of a eulamellibranch ctenidial
lamella, showing filaments, ostia, and interfilamentar
junctions. Compare with filibranch ctenidial lamella,
Figure 113 (adapted from Mikkelsen & Bieler, 2007).

also filibranch, pseudolamellibranch, and synaptorhabdic. The basis for the group name Eleutherorhabda of Ridewood (1903).
elevator. Same as pedal elevator muscle, which see.
elevator pedis. Same as pedal elevator muscle, which
see.
elliptical. More or less elongate oval.
elongate. Lengthened, stretched out; long in proportion to height.
emarginate. A shell margin that is notched or has a
sinus.
embryo. (1) The developmental phase from gamete to
prelarva (e.g., gastrula), excluding the larva itself,
i.e., excluding the trochophore larva and pericalymma larva (whether brooded or not) (Malchus
& Sartori, herein); (2) as defined by students of
the order Unionida, the organism from fertilization to the time when the glochidium, lasidium,
or haustorium is fully developed.
embryonic shell. The shell formed before the organism
hatches from its egg or egg capsule (cf. embryonic

Fig. 105. Eu-V-shaped ribs in buchotrigoniid Syrotrigonia libanotica (H. Vokes, 1946), Aptian, Lower Cretaceous, shell length several cm (adapted from Noetling,
1886, pl. 24,3, as Trigonia syriaca Frass, 1878).

dissoconch of Félix Bernard, 1895). Its use in the
context of shell developmental stages is not recommended because it may refer to prodissoconch-1,
prodissoconch-2, or even the nepioconch or early
ontogenetic shell type.
emendation. In taxonomy, (1) any intentional change
in the original spelling of an available scientific
name, justifiable or unjustifiable; (2) an available
scientific name formed by intentionally changing
the original spelling of an available name, governed
by ICZN (1999) Article 33.2. See also justified
emendation.
enantiomorphous dimorphism. Shell dimorphism
in which a byssally attached shell with an initially
vertical commissural plane (mesoconch stage)
reclines on the left or right side in the postlarval
stage, resulting in changes in shell morphology and
symmetry, e.g., the Silurian stolidotid Maminka
Barrande, 1881 (Fig. 103), and the Devonian antipleurid Antipleura Barrande, 1881 (Kŕíž, 2001).
encrustation. Same as incrustation, which is preferred.
encyst. To become enclosed in a cyst. In Unionida, the
process of a glochidium attaching to and becoming
surrounded by a gill filament or fin of a host fish.
endobranchous. Having only the inner demibranchs
used as marsupia.
endobyssate. Infaunal and attached by a byssus to
particles or objects below the sediment-water
interface.
endogastric. A univalved shell that is planispirally
coiled such that the sub-apical surface is posterior
and the supra-apical surface is anterior. Opposite
of exogastric.
endolithic. Living with the shell enclosed in a
hard substratum, either in a preexisting cavity
(endolithic nestling) or in a boring excavated by
mechanical and/or chemical means (endolithic
boring).
endostracum. The inner layer of a three-layered
shell, interior to the pallial, pedal, and adductor
myostraca (Oberling, 1955, 1964, p. 6). The term
inner shell layer is preferred.
endosymbiont. Living within another organism,
usually in a mutually beneficial association.
engrailed (abbr., EN). A regulator gene (or protein)
involved in molluscan larval shell formation.
ensiform. Having a shell shape like Ensis Schumacher,
1817, i.e., similar to, but more elongate than, soleniform (which see).
entire. (1) A pallial line without a sinus; (2) a hinge
tooth, generally a cardinal or other subumbonal
tooth, which is not bifid nor otherwise subdivided.
epibenthic. Living at or close to the bottom of a body
of water, but not within the substratum.
epibiota. The epifaunal fauna and flora.
epibranchial chamber. The part of the mantle cavity
dorsal to the ctenidia, contiguous with any dorsoposterior excurrent opening or siphon that may be
present. Same as suprabranchial chamber.
epibyssate. Epifaunal and attached by a byssus to an
object.
epidermis. An archaic term for periostracum, which
is preferred.
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epifaunal. Living on the substratum, with the shell
not buried in sediment and not enclosed within a
hard object. Compare with infaunal, semi-infaunal,
and endolithic.
epithelium. A cellular, membranelike tissue that covers
a free surface or the lining of a cavity in a multicellular organism, consisting of one or more layers of
cells with little intercellular substance.
equiaxial shell. A shell in which the breviaxis and
longiaxis are more or less the same (Bailey, 2009).
Synonymous with equilateral, which is preferred.
See also breviaxis and longiaxis.
equiconvex. Having equally convex right and left
valves.
equilateral. Having the umbos situated centrally,
and the anterior and posterior ends of the shell
more or less equal in size, as in the glycymeridid
Tucetona pectinata (Gmelin, 1791 in 1791–1793)
(see Fig. 265).
equivalve. Having left and right shell valves of the
same shape and size.
erect. Upright, perpendicular.
error pro (abbr., err. pro). Latin for error for.
Commonly italicized.
escutcheon. A depressed plane or curved area, on
the dorsoposterior shell, corresponding with the
growth track of the posterior cardinal area (Moore,
Lalicker, & Fischer, 1952; R. Carter, 1967). The
escutcheon is typically elongate, oval, or spindle
shaped, and is delimited by a ridge, groove, change
in sculpture, and/or change in color. According
to Waterhouse (2001, p. 145), this area must be
sharply delimited to qualify as a true escutcheon,
e.g., in the venerid Periglypta listeri (Gray, 1838)
(Fig. 35). When the anterior and posterior ends of
the shell cannot be determined, the terms brevisigillum or longisigillum can be used instead of
lunule and escutcheon (undifferentiated).
escutcheon ridge. A linear or curvilinear elevation that
separates the escutcheon from the lateral shell exterior.
esophagus. The tube leading from the pharynx to the
stomach. Also spelled oesophagus.
eulamellibranch ctenidium. An autobranch ctenidium
with adjacent filaments connected by tissue junctions, and not by cilial junctions, so that the interfilamentar spaces are divided into a series of ostia or
fenestrae (Fig. 104). Interlamellar junctions may or
may not be present. Same as synaptorhabdic. Found
in Limidae, Crassatellidae, Astartidae, Carditidae,
Condylocardiidae, Pandoridae, Lyonsiidae, Periplomatidae, Thraciidae, Verticordiidae, Lucinidae,
Ungulinidae, some Thyasiridae, Chamidae, Lasaeidae, Hiatellidae, Gastrochaenoidea, Trapezidae,
Sportellidae, Cyrenidae, Cardiidae, Veneridae,
Tellinidae, Donacidae, Psammobiidae, Semelidae,
Solecurtidae, Pharidae, Mactridae, Dreissenidae,
Myidae, Corbulidae, Pholadidae, and Teredinidae.
See also protobranch, filibranch, and pseudolamellibranch.
eu-laterofrontal cilia. Larger laterofrontal cilia
comprising a row on each side of a gill filament
in the Macrociliobranchia (Atkins, 1938) (see Fig.
157). These are generally associated with an adja-
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Fig. 106. Excavated hinge in venerid Petricola (Rupellaria) lithophaga (Retzius, 1788) (adapted from Keen,
1969b, fig. E151,4).

cent row of pro-laterofrontal cilia. See also frontal
cilia, lateral cilia, and laterofrontal cilia.
euryhaline. Tolerating a wide range of salinities.
Opposite of stenohaline.
eurythermic. Tolerating a wide range of temperatures.
Opposite of stenothermic.
euseptibranch. Having a ctenidial septum innervated
by the cerebro-pleural ganglion, as in the Poromyidae and Cuspidariidae (Salvini-Plawen & Haszprunar, 1982). Compare with pseudoseptibranch.
euthetic. Living with the plane of commissure more or
less perpendicular to the plane of the substratum,
e.g., the mytilid Mytilus Linnaeus, 1758; same as
orthothetic. Compare with pleurothetic.
eu-V-shaped ribs. A rib sculpture pattern in which
adjacent b-ribs and c-ribs (see Fig. 264) intersect
distally below the umbos, and the more anterior
b-ribs and the more posterior c-ribs define imaginary lines that do not intersect above the umbos
(Guo, 1998), e.g., the Lower Cretaceous buchotrigoniid Syrotrigonia libanotica (H. V okes , 1946)
(Fig. 105). Compare with para-V-shaped ribs.
evanescent. Tending to become imperceptible or
scarcely perceptible, e.g., the cardinal teeth in
the pisidiid Byssanodonta d ’O rbigny , 1846 in
1835–1847, and the cardinal and lateral teeth in
the cardiid Serripes G ould , 1841. This term is
sometimes applied to a hinge tooth that is visible
only in some individuals, overgrown by later shell
deposits, or resorbed in the adult stage.
everted. Having an edge turned outward. Compare
with reflected.
evolutionary systematics. Classification and taxonomic ranking of organisms on the basis of recency
of common ancestry plus taxonomic diversity and
the amount of evolutionary change between points
of genealogical divergence. Compare with cladistic
systematics and paracladistic systematics.
evolutionary tree. A graphic representation of
phylogeny that illustrates the sequence of common
ancestry and sometimes also ancestor-descendant
relationships, the amount of evolutionary change
between points of genealogical divergence, and the
timing of the fossil record.
excavated hinge. A hinge, generally rather narrow, in
which the hinge teeth distinctly project ventrally
below the margin of the hinge plate, as in the
venerid Petricola (Rupellaria) lithophaga (Retzius,
1788) (Fig. 106).
excurrent. Pertaining to a current expelling water from
the mantle cavity; generally in reference to a mantle
aperture or siphon.
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F ig . 107. Pliocene corbulid Bothrocorbula viminea
(Guppy, 1866), Bowden Formation, St. Thomas Parish,
Jamaica (University of Florida loc. XJ002; UF 75748);
interior of left valve with a false lunule (Anderson, new).
excurrent aperture length. The distance between the
ventral terminus of the excurrent aperture and its
dorsal terminus, measured in a straight line.
e xc u r re n t t u b e . A t u b e w i t h i n t h e s e d i m e n t
surrounding and linking an excurrent siphon with
the sediment-water interface, e.g., in the thraciid
Thracia meridionalis (Smith, 1885) (see Fig. 141).
excyst. The process of a juvenile member of Unionida
escaping from its cyst on a glochidial host fish.
exhalant. Same as excurrent, which see.
exhalant chamber. Same as suprabranchial chamber,
which see.
exhalant tube. Same as excurrent tube, which see.
exhalent. A nonpreferred spelling of exhalant.
exogastric shell. A univalved shell that is planispirally
coiled such that the subapical surface is anterior
and the supra-apical surface is posterior. Opposite
of endogastric.
exogyrate. Having a shell shape like the gryphaeid
Exogyra S ay , 1820, i.e., with an opisthogyrate,
strongly convex left valve and a flattened, spirally
coiled right valve. Also called exogyroidal.
exogyroid ligament. Same as alivincular-exogyroid
ligament, which see.
exogyroidal. Same as exogyrate, which is preferred.
extant. Still living, generally in reference to a species
or supraspecific taxon.
external ligament. A ligament, or a component of a
ligament, attaching to the shell above the articulating surface of the hinge plate (see Fig. 160a).
external specifier. A species or apomorphy that is
explicitly excluded from a clade whose name is
being defined.
extirpated. (1) Destroyed or eradicated completely;
(2) having living individuals eliminated from a
particular area, but surviving elsewhere.
extracellular digestion. Digestion occurring principally in the stomach.
extrapallial distance. (1) As defined for pectinids by
Waller (1969, p. 12), the linear distance between
the pallial line and the ventral margin of the valve,
measured between points on a midventral internal

plica. This corresponds with measurements m–n
and m'–n' in Figure 219; (2) more generally, the
linear distance between the outer (more distal) edge
of the pallial line or pallial band and the midventral shell margin, measured perpendicular to the
midventral shell margin.
extrapallial space. The narrow, fluid-filled space
between the mantle and the depositional surface of
the shell (Fig. 27).
extrapallial swelling. In Unionidae, the posteroventral swelling of females of the genus Epioblasma,
filled with a spongy pad, possibly used to attract
glochidial host fish (Williams, Bogan, & Garner,
2008); sometimes erroneously referred to as a
marsupial swelling.
extraperiostracal mineralization. Discrete periostracal mineralization that extends from within
the nonmineralized portion of the periostracum
outward beyond its outer surface; the outer ends
of the mineralized units (commonly aragonitic
needles) are not covered by nonmineralized periostracum (Checa & Harper, 2010, p. 231); e.g., in
the venerid Tivela Link, 1807 (see Fig. 225).
eye. An organ of photoreception, in bivalves with or
without a lens, simple or compound, open-cuplike
or closed. Also called ocellus and photoreceptor.
See also postlarval ctenidial ocelli and pallial eye.
eye spot. See postlarval ctenidial ocelli.
fabelliform. Bean shaped.
facultative. Having the capacity to function in more
than one manner, or to live under more than one
set of environmental conditions.
facultative parasite. An organism retaining the
capacity to either undergo direct development or
pass through a parasitic larval stage on a host.
falcate. Curved or sickle shaped.
falciform. Same as falcate, which is preferred.
false lunule. A depressed area, on the anterodorsal
margin of the shell, which does not satisfy the
definition of lunule sensu R. C arter (1967).
Found in some Poromyidae and Corbulidae, e.g.,
Pliocene Bothrocorbula viminea (G uppy , 1866)
(Fig. 107).
family-group names. The taxonomic ranks of
subtribe, tribe, subfamily, family, and superfamily,
as specified by the ICZN. Family-group names
are herein also considered to include epifamily
and series.
fascicle. A small aggregation of ribs.
fasciculated. Arranged in small bunches.
fasciole. See byssal fasciole.
fasciole scroll. Same as scroll, which see.
fecal pellets. Oval, rodlike, or ribbonlike, aggregated
fecal material. In the Bivalvia, these commonly have
longitudinal grooves corresponding with ridges on
the interior of the intestine.
female hermaphrodite. A hermaphrodite that
primarily produces eggs rather than sperm.
fenestra (pl., fenestrae). Same as ostium, which see.
ferruginous. (1) Iron bearing; (2) the color of iron
rust.
fibrous ligament. The part of a ligament that contains
elongate crystallites of aragonite.
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Fig. 108. Anvil-type fibrous prismatic microstructure in calcitic outer shell layer of mytilid Mytilus edulis Linnaeus,
1758, New England (UNC 13620). 1, SEM of depositional surface cleaned with sodium hypochlorite; shell margin
toward top; 2, diagram of prisms viewed along their length axes (above) and across their length axes (below); approximately same scale as SEM on left (Carter, new).
fibrous prismatic microstructure (abbr., FP). A finely
prismatic shell microstructure in which each firstorder prism is not divided into elongate, secondorder structural units, and the prisms have generally
very high length/width ratios. Categories include
regular fibrous prismatic (e.g., anvil-type, lath-type,
rod-type, and simple lamellar) and irregular fibrous
prismatic (Carter & others, 1990). Fibrous prisms
deposited on a strongly reflected and crenulate
and/or denticulate shell margin have a concatenated, three-dimensional fanlike arrangement
called denticular composite prismatic (Fig. 93).
Compare with fibrous simple prismatic.
fibrous prismatic microstructure, anvil-type (abbr.,
anvil-type FP). A regular fibrous prismatic shell
microstructure in which the prisms have a generally
convex upper surface, a concave lower surface, and
concave sides (C arter & others, 1990, p. 629);
e.g., the outer shell layer of the mytilid Mytilus
edulis Linnaeus, 1758 (Fig. 108).
fibrous prismatic microstructure, irregular (abbr.,
irregular FP). A fibrous prismatic shell microstructure in which the prisms generally have very
irregular shapes, in many cases showing nodular
subunits along their length (C arter & C lark ,
1985; Carter & others, 1990, p. 610, 645). Found
locally in the outer shell layer of the venerid Cyclina
sinensis (Gmelin, 1791 in 1791–1793) (Fig. 109),

and also comprising the denticular composite
prisms in the nuculid Nucula proxima Say, 1822
(Fig. 93).
fibrous prismatic microstructure, lath-type (abbr.,
lath-type FP). A regular fibrous prismatic shell
microstructure in which the prisms have shapes
intermediate between rectangular rods and blades
(Carter & others, 1990, p. 610). The prisms are
not arranged into distinct, sheetlike aggregations as
in calcitic foliated and aragonitic simple lamellar
fibrous prismatic microstructures. This structure
is found in the outer shell layer of some Limidae
(Fig. 110), where it has been misdiagnosed by some
authors as a foliated microstructure.
fibrous prismatic microstructure, rod-type (abbr., rodtype FP). A regular fibrous prismatic shell microstructure in which the prisms have rounded and/or
polygonal cross sections, and are therefore not laths
or concavo-convex rods (Carter & others, 1990, p.
610); e.g., in the outer shell layer of the crenellid
Crenella glandula (Totten, 1834) (Fig. 111).
fibrous prismatic microstructure, simple lamellar
(abbr., simple lamellar FP). A regular fibrous prismatic shell microstructure in which the prisms are
aggregated into mutually parallel sheets similar
to the second-order lamellae of a simple crossed
lamellar microstructure, but the second-order
lamellae and their fibers are all mutually parallel
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1 µm

Fig. 109. Irregular fibrous prismatic microstructure.
Diagram showing horizontal (H ), radial (R), and
transverse (T ) sections (adapted from Carter & others,
1990, p. 616).
(Carter & others, 1990, p. 610). This is found in
the hinge teeth of some Arcidae and Dreissenidae
(Carter & Clark, 1985; Carter & others, 1990,
p. 658) (Fig. 112). Mano (1971, p. 67) called this
microstructure simple lamellar.
fibrous simple prismatic microstructure. A simple prismatic shell microstructure in which each first-order
prism has a fibrous prismatic second-order structure,
e.g., in the malleid Malleus regulus (Forsskål, 1775).
This corresponds only in part with the foliated
prismatic microstructure illustrated by E steban Delgado and others (2008), which also includes

1 µm

Fig. 110. Lath-type fibrous prismatic microstructure.
Diagram showing horizontal (H ), radial (R), and transverse
(T ) sections (adapted from Carter & others, 1990, p. 616).

semi-foliated simple prismatic microstructure.
Compare with semi-foliated simple prismatic and
homogeneous simple prismatic.
fibrous sublayer of ligament. See fibrous ligament.
fide. Latin for according to. Commonly italicized.
filamentous. In reference to ctenidia, having wellseparated filaments, as in members of the Protobranchia.
filibranch ctenidium. A relatively simple autobranch
ctendium consisting of a series of narrow, elongate
filaments, with adjacent filaments connected by
cilial and not tissue-grade junctions (Fig. 113).
Interlamellar junctions may be present or absent.
Found in Arcidae, Glycymerididae, Limopsidae,
Philobryidae, Mytilidae, some Pteriidae, some Isognomonidae, some Malleidae, and some Pectinida
(e.g., Propeamussiidae, Plicatulidae, Anomiidae).
See also eleutherorhabdic.
filiform. Threadlike.
filosus structure. A sculpture of fine, antimarginal
to radial fila, costellae, and/or tiny ridgelets,
commonly distally diverging, visible on the inner
surface of the calcitic outer shell layer in the left
valve of some pectinoids (Allasinaz, 1972; Waller,
2006, p. 320). The term derives from the Triassic
entolioidid Filopecten filosus (Hauer, 1857). Filosus
structure probably reflects the depositional surface
of radially to slightly obliquely oriented, calcitic
fibrous prisms and irregular spherulitic prisms, such
as in the outer shell layer of the left valve of upper
Permian Guizhoupecten Chen, 1962 (see Newell
& Boyd, 1985, fig. 3). Filosus structure also occurs
in the Upper Triassic, transitional entolioididpropeamussiid Filamussium schafhaeutli (Winkler,
1859) (Fig. 114).
filter-feeding. Feeding by using the ctenidia to sift
organic particles from water, then sorting them
and transporting them to the mouth for ingestion.
See also suspension-feeding and deposit-feeding.
filum (pl., fila). A very narrow commarginal ridge that
is slightly coarser and more regularly shaped than a
typical growth line.
fimbriate. Fringed; regularly gathered into wrinkles at
the shell margin, as in the lucinid Fimbria Megerle
von Mühlfeld, 1811.
fine complex crossed lamellar microstructure (abbr.,
fine CCL). A complex crossed lamellar shell microstructure in which first-order lamellae are either
absent, or consist of a few mutually parallel, narrow,
elongate structural units; e.g., in parts of the inner
shell layer of the veneroidean Tivela (Tivela)
byronensis (G ray , 1838) (Fig. 115). This microstructure is difficult to differentiate from crossed
acicular and homogeneous structures at the optical
level, and usually requires SEM for its determination. However, fine CCL microstructure is often
restricted to inner shell layers, whereas crossed
acicular microstructure is commonly restricted to
the inner part of a combined CL-crossed acicular
outer (or outer + middle) shell layer.
finely prismatic microstructure. A general term for
any prismatic shell microstructure in which the
first-order prisms are generally less than 5 μm wide.
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fingerprint shell structure. Light brown, translucent
material periodically deposited on the inner surface
of some oyster shells, e.g., the lophinid Alectryonella
plicatula (G melin , 1791 in 1791–1793), visible
in localized patches on either valve, between the
hinge and the adductor muscle and between the
adductor muscle and the adjacent valve margin
(Fig. 116). The deposits show numerous narrow,
curving threads about 0.3 mm wide, unbranching
to confluent to dichotomous, in a plane conforming
with the calcitic foliated shell layers (S tenzel ,
1971, p. 989).
first diameter of adductor insertion. See adductor
insertion, first diameter.
first inner mantle fold. Same as inner mantle fold 1,
which see.
first-order folia. The largest structural units in a
calcitic crossed foliated or complex crossed foliated
microstructure. Each first-order folia consists of
narrow, elongate, basic structural subunits (thirdorder folia) that are arranged into sheetlike, secondorder folia.
first-order lamellae (sing., lamella). The largest structural units in an aragonitic crossed lamellar or
complex crossed lamellar shell microstructure. Each
first-order lamella consists of narrow, elongate, thirdorder lamellae, which are generally, but not always,
arranged into sheetlike, second-order lamellae; e.g.,
in Anomiidae (see Fig. 271). Patterns produced by
first-order crossed lamellae, as seen on the depositional surface and in horizontal sections, are
called crossed lamellar signatures (which see). The
term first-order lamellae is sometimes also applied
to calcitic crossed foliated shell microstructures,
although the term first-order folia is preferred.
first outer mantle fold. The mantle fold situated
between the periostracum and the distal shell
margin, homologous with the outer mantle fold of
most bivalves (Waller, 1980, p. 4). See also second
outer mantle fold.
first reviser. The person who discovers that two or
more names or spellings of a taxon are equally
available, and who gives precedence, by his or her
choice, to one of the names or spellings. This is
governed by ICZN (1999) Article 24.2.
fissure. See umbonal fissure.
flabelliform. Fan shaped.
flange. (1) A projecting rim or collar; (2) in unionoid
glochidial larvae, a curved, inwardly projecting,
ventral margin, e.g., in Potamilus R afinesque ,
1818. See also umbonal reflection, as in Pholadoidea.
flank. The entire lateral, median part of the exterior
surface of a shell, sometimes limited posteriorly by
an umbonal or marginal carina, e.g., in the Lower
Jurassic trigonioid Trigonia sulcata (H ermann ,
1781) (Fig. 53). The flank is roughly equivalent to
the disc of a pectinoid shell.
flat ctenidial lamella. A ctenidial lamella that is
not folded in its relaxed state; it is generally also
nonplicate.
fleshy fold. An enlarged posterior wall of the foodsorting (gastric) caecum, dividing the stomach into

65

50 µm

Fig. 111. Rod-type fibrous prismatic microstructure.
Diagram showing horizontal (H ), radial (R), and
transverse (T ) sections (adapted from Carter & others,
1990, p. 656).
anterior and posterior sections, extending from the
mid-dorsal part of the stomach roof down along the
left wall, and widening at the floor of the stomach
(Purchon, 1985, 1987; Tëmkin, 2006a, p. 293).
Also called a fleshy buttress (Purchon, 1957), the left
wall of the caecum (Graham, 1949), a longitudinal
ridge (Nakazima, 1958), and an axial fold (Dinamani,
1967). Found in many Pterioidea and Ostreoidea.
flexuous. Having a curve or bend.
fluted. Grooved, furrowed, or ruffled; commonly
applied to shell margins that are more or less

1 µm

Fig. 112. Simple lamellar fibrous prismatic microstructure. Diagram showing horizontal (H ), radial (R), and
transverse (T ) sections (adapted from Carter & others,
1990, p. 616).
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smoothly undulating, rather than sharply deflected
into well-defined ridges and sockets, for which the
term crenulate is more appropriate. Also applied
to scales with a rounded excavation on one side.
Compare with serrate and denticulate.
fold. (1) A rather broad undulation in the surface of a
shell, whether radial, antimarginal, or commarginal,
which affects the entire thickness of the shell at its
margin and in some instances also a great distance
from the margin; (2) a mantle fold, which see.
foliaceous ornament. A commarginal shell sculpture consisting of prominent, vertical to reflected
lamellae (Fig. 117).
foliated aragonite. A term formerly applied to semifoliated aragonite, which is preferred.
foliated microstructure. A general category of shell
microstructure characterized by sheetlike aggregations of calcitic blades and/or laths with sharply
angular, pointed terminations on the depositional
surface. Foliated microstructures may be laminar
(e.g., regularly foliated, irregularly foliated, crossed
bladed) or crossed (e.g., crossed foliated, complex
crossed foliated). Foliated microstructures should
not be confused with calcitic semi-foliated micro-

structure, wherein the depositional surface shows
sharply angular blades and/or laths, but vertical
fractures do not reveal a distinctly blade- or lathlike substructure. Also excluded from the foliated
category are lathic fibrous prismatic structures,
wherein the laths do not comprise sheetlike aggregations, as well as aragonitic simple lamellar fibrous
prismatic and aragonitic semi-foliated microstructures, wherein the blades and laths lack sharply
angular, pointed terminations on the depositional
surface (their terminations are instead rectangular,
rounded, and/or irregular). Compare with semifoliated microstructure.
foliated prismatic microstructure. A calcitic simple prismatic shell microstructure in which each first-order
prism has a semi-foliated and/or fibrous prismatic
second-order structure, e.g., semi-foliated in the
Recent propeamussiid Propeamussium (E steban D elgado & others, 2008, fig. 2J), and fibrous
prismatic in the Recent malleid Malleus regulus
(F orsskål , 1775) (E steban -D elgado & others,
2006, 2008, fig. 2B). The term semi-foliated simple
prismatic is preferred for the former example; the
term foliated prismatic is not appropriate for the
latter example, because the prisms lack a truly foliated substructure. See also semi-foliated simple prismatic, fibrous simple prismatic, homogeneous simple
prismatic, and planar spherulitic simple prismatic.
foliobranchiate. Having leaflike ctenidia, as in the
Protobranchia.
food groove. A ciliated tract at the ventral, angular
junction of the ascending and descending lamellae
of the outer demibranch, and at the ventral,
angular junction of the ascending and descending
lamellae of the inner demibranch in a typical
W-shaped ctenidium (Fig. 118). The food grooves
can be open and closed, and they extend anteriorly
to the labial palps. Sometimes called a marginal
food groove.

Fig. 114. Filosus structure in transitional entolioidesidpropeamussiid Filamussium schafhaeutli (W inkler ,
1859), Norian–Rhaetian, Upper Triassic, Kössener
Schichten, Kotalm, Schweinsberg bei Miesbach, Germany. Composite external mold of left valve, also showing superimposed external radial costae and diagenetic
calcite-filled imprints of internal, radial ribs; scale bar =
10 µm (adapted from Waller, 2006, fig. 7B).

Fig. 115. Fine complex crossed lamellar microstructure
in the veneroidean Tivela (Tivela) byronensis (G ray ,
1838), Guaymas, Gulf of California (YPM 9737). SEM
of vertical, radial fracture through inner shell layer; scale
bar = 10 µm (Carter, new).

ctenidial
filament

ciliated disc

cilial interfilamentar
junction

Fig. 113. Diagram of filibranch ctenidial lamella. Compare with eulamellibranch ctenidial lamella, Figure 104
(adapted from Mikkelsen & Bieler, 2007).
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Fig. 116. Fingerprint shell structure on depositional
surface of right valve of ostreid Alectryonella plicatula
(Gmelin, 1791 in 1791–1793), Nosí-Be, Madagascar
(adapted from Stenzel, 1971, fig. J29,1b).

foot. The muscular organ on the anteroventral visceral
mass, used through contraction and expansion for
locomotion, burrowing, mechanical boring, and/or
anchoring the animal, and rarely also used for localized chemical boring through the action of a pedal
probing organ, e.g., the gastrochaenid Lamychaena
cordiformis (N evill & N evill , 1869) (Fig. 19).
The foot may be absent (Ostreidae), angularly
bent (Cardiidae), arcuate, expanded (Macoma
Leach, 1819; Neotrigonia Cossmann, 1912; Callocardia A. Adams, 1864; Galeomma Turton, 1825),
byssiferous, clavate (Lucina B ruguière , 1797),
compressed, conical, degenerate, deeply grooved,
disc shaped, digitiform (Mytilus Linnaeus, 1758),
flat (Nucula Lamarck, 1799; Yoldia Möller, 1842),
furrowed, geniculate (Cardiidae), grooved (many
bivalves), hoodlike, keeled, phalliform (Poromya
F orbes , 1844), slender, or subcylindrical (many
Pholadoidea and Gastrochaenoidea).
foramen. An opening or hole.
fossa. A pit, cavity, or depression, such as occurs at
the end of the fossate ridge in the Permian bakevelliid Cassiavellia galtarae Tëmkin & Pojeta, 2010
(Fig. 119).
fossate ridge. A radial thickening, on the inner surface
of a shell, which extends along a slight curve from
the umbonal cavity (not adjacent to the hinge
plate), and terminates distally at a fossa proximal
to the anteroventral shell margin. It is typically
most strongly developed at its ventral extremity,
and gradually diminishes in height and thickness
dorsally. Found in the left valve only of the middle
Permian bakevelliid Cassiavellia galtarae Tëmkin &
Pojeta, 2010 (Fig. 119).
fossette. A small, short or elongate hollow or depression, such as a small dental socket or a shallow,
elongate groove for a submarginal, simple ligament.
fourth mantle fold. Same as inner mantle fold 3, which
see.
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F ig . 117. Foliaceous ornament on venerid Chione
Megerle von Mühlfeld, 1811 (adapted from Oliver,
1992, fig. 12, courtesy of P. G. Oliver).
fourth pallial aperture. A posteroventral opening in
largely fused ventral mantle margins, positioned
between the pedal and incurrent apertures, typically near the base of the incurrent siphon, e.g.,
in the lyonsiid Lyonsia floridana C onrad , 1849a
(Fig. 120). The other three pallial apertures are
excurrent, incurrent, and pedal. Also present in
some Pholadomyidae, Thraciidae, Clavagellidae,
Periplomatidae, Myochamidae, Cleidothaeridae,
Hiatellidae, Solenidae, Pharidae, and Mactridae.
The function of the fourth pallial aperture is
unknown in most taxa, but in Mactridae it has
been observed to rapidly discharge water and pseudofeces from the mantle cavity when the adductor
muscles are suddenly contracted (Atkins, 1937b;
Yonge, 1948).
free pallial sinus. A pallial sinus in which the ventral
margin is not confluent with the posteroventral
pallial line, e.g., the middle Eocene clavagellid
Clavagella insulana Belokrys, 1991 (see Fig. 212).
Compare with confluent pallial sinus.

F ig . 118. Food groove on ventral margin of inner
demibranch of thraciid Thracia meridionalis (Smith,
1885), Admiralty Bay, King George Island, Antarctica,
figure width approximately 2.1 mm (Flávio D. Passos,
collector) (Sartori, new).
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F ig . 119. Guadalupian, middle Permian bakevelliid
Cassiavellia galtarae Tëmkin & Pojeta, 2010, left valve
showing a fossate ridge terminating in a fossa (adapted
from Tëmkin & Pojeta, 2010, fig. 9.1).

frill. A thin, projecting flange, generally in reference
to shell ornament. Ornamental frills may coalesce
to produce a secondary shell surface, as in some
Cryptopecten D all , B artsch , & R ehder , 1938
(Hayami, 1984).
fringe. (1) A very thin periostracal extension of the
shell margin, as in many Philobryidae; (2) a thin
extension of the shell margin consisting of both
periostracum and the prismatic outer shell layer, as
in the right valve of many Ostreoidea.
frontal cilia. (1) Cilia on the frontal epithelium of
a gill filament (P eck , 1877, p. 63), which serve
primarily to convey particles to food grooves
provided with terminal frontal cilia (see Fig. 157);
(2) functionally similar cilia in a slightly different
position on a gill filament (Atkins, 1938, p. 346).
In transverse sections of the gill filament, two kinds
of tracts of frontal cilia can generally be distinguished: a median tract of coarse cilia and lateral
tracts of fine cilia.

Fig. 120. Lateroventral view of the lyonsiid Lyonsia floridana Conrad, 1849a, Lake Surprise (SW quadrant),
Key Largo, Upper Florida Keys, Florida,1 m depth (R.
Bieler & P. M. Mikkelsen, collectors; FMNH 28890),
showing incurrent aperture, excurrent aperture, pedal
aperture, and fourth pallial aperture, figure width approximately 7.5 mm (Sartori, new).

frontal epithelium. The epithelium on the part of a
ctenidial filament directly facing the water current
generated by the ctenidium (P eck , 1877, p. 63)
(see Fig. 157). Compare with lateral epithelium and
laterofrontal epithelium.
frontal plane. (1) The plane of symmetry bisecting
a body perpendicular to the mouth-anus axis,
and dividing it into anterior (mouth end) and
posterior (anus end) halves of equal length; (2) for
shells, the plane of symmetry bisecting the shell
perpendicular to the hinge axis, and dividing the
shell into anterior and posterior halves of equal
length; for histological sections, same as horizontal
plane, which see.
funnel plates. Transverse laminae in the wall of the
fixed valve of a radiolitid, inclined downward,
funnel-wise, toward the axis, combining with radial
laminae to produce a cellular structure.
fused mantle margins. Tissue-grade union of the left
and right inner, or inner and middle mantle folds,
other than at the mantle isthmus. In bivalves with
extensive mantle fusion, the pedal aperture, the two
siphonal apertures, and in some instances a fourth
pallial aperture remain open, e.g., the gastrochaenid
Lamychaena cordiformis (Nevill & Nevill, 1869)
(Fig. 19).
fusiform. Spindle shaped, tapering at both ends.
fusion layer. Thickened periostracum that functionally
extends a ligament anteriorly and/or posteriorly
(Y onge , 1978). Y onge (1982a) abandoned this
term in favor of the term thickened periostracum.
FV. Abbreviation of free valve, i.e., the noncementing
valve in a cementing species. The cementing valve
is called the attached valve (AV).
G1, G2. Abbreviations for generation 1 teeth and
generation 2 teeth, which see.
gape. In reference to shells, an opening remaining
between the shell margins when the shell valves are
fully adducted.
gaping. A shell that, when fully adducted, has an
opening between the valves, typically a pedal gape,
byssal gape, or siphonal gape, e.g., the byssal gape
in Arca imbricata Bruguière, 1789 (Fig. 43).
gashes. See radial gashes.
gastric shield. A hardened, noncalcareous, cuticular
area on the stomach wall, against which the crystalline style rotates to facilitate digestion.
Gelenkgrube. Literally a hinge pit, either (1) a short,
narrow, sinuslike concavity in the left cardinal
area of Buchia R ouillier , 1845, extending from
the beak to the hinge margin, which receives a
projecting anterior byssal ear from the right valve
(Fig. 42); (2) a horizontal groove at the top of
the anterior cardinal area in the left valve, which
receives the upper margin of the projecting anterior byssal ear from the right valve. See the Lower
Jurassic buchiid Pseudaucella Marwick, 1926 (Fig.
121).
generation 1 teeth (abbr., G1). The first of two main
developmental grades of hinge teeth, with subseries
G1a (larval), and G1b and G1c (postlarval). G1a
represents the typical provinculum of an autobranch larva, consisting of a variable number of
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5–15 μm wide, often subequal teeth along the
straight hinge. G1b represents the continuation of
these teeth onto the early postlarval hinge, often
with further anterior and posterior additions of
similar teeth. In many brooding taxa, hinge tooth
development begins with G1b. G1b is typical of
many autobranchs and some paedomorphic protobranchs (e.g., in the philobryid Philobrya wandelensis L amy , 1906; see Fig. 317). G1c is possibly
restricted to mytilids.
generation 2 teeth (abbr., G2). The second main grade
of hinge teeth developing independently from tooth
generation 1 (G1) teeth. Growth may begin during
the late larval phase (e.g., in veneroids). They are
generally larger than G1 teeth, differently shaped,
and separated from G1 teeth by a gap. G2 teeth
encompass most of the traditionally recognized
adult hinge dentitions, such as taxodont, dysodont, schizodont, palaeotaxodont, neotaxodont,
heterodont, and presumably also pretaxodont (in
Cambrian fordilloids).
generative mantle zone. A zone of epithelial cells at
the base of the periostracal groove between the
outer and middle mantle folds, believed to add
new cells to the outer mantle fold, pushing earlier
formed outer mantle cells out onto the medial
surface of the outer mantle fold (Stasek & McWilliams, 1973).
geniculate. Bent sharply, i.e., sickle shaped, as in the
foot in Cardiidae.
genotype. A term formerly used to indicate the type
species of a genus; no longer recommended for use
by the ICZN.
geometric selection. A growth pattern of a prismatic
shell layer in which larger prisms crowd out smaller
ones as they increase in length and width, e.g.,

1

1
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Fig. 121. Lower Jurassic buchiid Pseudaucella marshalli
(Trechmann, 1923), from New Zealand. 1, Specimen
with valves displaced, showing ligament area in left
valve, and overlying Gelenkgrube (hinge groove) that
receives anterior byssal ear from right valve (adapted
from Cox, 1969, fig. C96,7c); 2, right valve ligament
area and anterior byssal ear (adapted from Marwick,
1926).
in the outer shell layer of many Ostreoidea and
Unionoidea.
gerontapody. Loss or atrophy of the foot, late in
postlarval life, after settlement of the larva (Harry,
1985, p. 123). Compare with paedapody.
giantism. Considerable size increase of an adult stage
compared with an ancestral adult stage.
gibbose. Very convex or tumid; also spelled gibbous.
Compare with globose.
gibbous. An alternative spelling of gibbose.
gigantism. See giantism, which is preferred.
gill. A respiratory organ that functions in water. In
the Bivalvia, this includes ctenidia and pallial
(mantle) gills.
gill filament. Same as ctenidial filament, which see.

2

Fig. 122. Glochidium larva, glochidial hooks, microstylets, and micropoints. 1, Exterior of glochidium larva of
unionid Anodonta anatina (Linnaeus, 1758), showing glochidium and first part of postlarval, juvenile shell (Zieritz, new); 2, ventral margin of glochidium larva of unionid Alasmidonta varicosa (Lamarck, 1819 in 1818–1822),
showing main glochidial hook (about 105 μm long) with a covering of microstylets and micropoints (adapted from
Clarke, 1985, pl. 22,f ).
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Fig. 123. Glycymeridid Glycymeris (Glycymeris) glycymeris (Linnaeus, 1758), showing exterior of right valve
and interior of left valve, shell height 42 mm (adapted
from Newell, 1969b, fig. C12,1a–b).
gill height. The distance between the dorsal and
ventral margins of a gill, measured approximately
centrally, perpendicular to the gill’s dorsal margin.
gill lamella (pl., gill lamellae). See ctenidial lamella.
gill length. The distance between anterior and posterior margins of a gill, measured along the dorsal
margin of the gill.
gill protractor. A shell muscle that serves to protract
the gills. In the pectinid Chlamys islandica (O. F.
Müller, 1776), this makes a minute scar on the
shell between the umbonal cavity and the posterior
adductor muscle scar, just anterior to the pericardial
wall muscle scar (W aller , 1991) (Fig. 57). This
muscle was called a gill retractor by Waller (1969,
fig. 3), in describing the pectinid Argopecten gibbus
(Linnaeus, 1758).
gill retractor. A shell muscle that serves to retract the
gills, e.g., in Anomia L innaeus , 1758, and some
Ostreidae and Solenidae. Waller (1969, p. 12, fig.
3) illustrated so-called gill-retractor insertions for
the pectinid Argopecten gibbus (Linnaeus, 1758),
consisting of a pair of small scars just dorsoanterior to each posterior adductor muscle scar in each
valve. However, muscle scars in a similar position
in the pectinid Chlamys islandica (O. F. Müller,
1776) were identified by Waller (1991, fig. 1) as
gill protractor and pericardial wall muscle scars,
and that species was not indicated as having gill
retractor muscles (Fig. 57).
gill septa (sing., septum). See ctenidial septa.

gill suspensor. A shell muscle that passes into and
supports the gill. In the pholadomyid Pholadomya
G. B. Sowerby I, 1823 in 1821–1834, this muscle
makes a short, narrow scar extending dorsoanteriorly from the anterior edge of the posterior
adductor muscle scar (R unnegar , 1979, fig. 1).
In pectinids, this muscle makes a narrow arc of
elongate scars extending anteroposteriorly between
the pallial line and the posterior adductor muscle
scar, e.g., in the right valve in Chlamys islandica
(O. F. Müller, 1776) (Fig. 57), and in both valves
in Argopecten gibbus (L innaeus , 1758) (W aller ,
1969, fig. 3).
gill wheal. See proximal gill wheal.
gland of Deshayes. Same as organ of Deshayes, which see.
globose. More or less spherical. Compare with gibbose.
glochidial hook. An acute projection of the ventral
terminus or lateral edge of the valve of some
glochidia, which aids in attaching to the host, typically a fish (Fig. 122). Supernumerary glochidial
hooks may also be present (see Fig. 306). See also
pseudohook.
glochidial host. An organism on which transformation
of a glochidium to the juvenile stage is possible,
typically a fish.
glochidial infestation. The presence of glochidia on,
or encysted within, the tissues of a host; sometimes
referred to as glochidial infection.
glochidial stylet. Same as a glochidial hook, which is
preferred.
glochidium (pl., glochidia). The bivalved larval stage
of Unionidae, Margaritiferidae, and Hyriidae,
typically with hooklike processes for attachment to
a host (Wächtler, Dreher-Mansur, & Richter,
2001), e.g., in the unionid Anodonta anatina
(Linnaeus, 1758) (Fig. 122, and see Fig. 306).
glycymeriform. Having a shell shape like the glycymeridid Glycymeris da Costa, 1778 (Fig. 123).
gonochoristic. Having separate sexes; dioecious.
Compare with hermaphroditic.
gradidentate dentition. A taxodont hinge dentition
in which the teeth gradually change in size along
the tooth row, typically becoming larger away from
the beak. The more distal teeth may then gradually
decrease in size (Cope, 1995, p. 363); e.g., in the
Upper Ordovician similodontid Similodonta similis
(Ulrich, 1892) (Fig. 124). Compare with heterotaxodont dentition and cardiolariid hinge.
granular extinction. Optical crystallographic extinction that appears to be finely heterogeneous, e.g.,
the regular simple prisms comprising the outer shell
layer of Inoceramidae. See also normal extinction
and regular extinction.
granular microstructure. A variety of homogeneous
shell microstructure consisting of more or less
equidimensional, first-order structural units generally greater than 5 μm in width; e.g., the outer
sublayer of the aragonitic outer shell layer of the
lyonsiid Entodesma navicula (A. Adams & Reeve,
1850) (Fig. 125). A very coarsely textured, calcitic
form of this microstructure is called homogeneous
mosaic (Carter & others, 1990). Compare with
transitional granular/prismatic.
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granular prismatic structure. An inner sublayer of
slightly irregular simple prismatic microstructure deposited below and intergrading with an
outer sublayer of granular microstructure, e.g.,
in the aragonitic outer shell layer of the lyonsiid Entodesma navicula (A. A dams & R eeve ,
1850) (Harper, C heca, & Rodriguez-Navarro,
2009). This application of granular prismatic is
misleading, because the term granular refers to a
different sublayer than the prismatic microstructure. Compare with granular/prismatic shell layer
and transitional granular/prismatic microstructure.
granular/prismatic shell layer. A shell layer consisting
of granular microstructure passing inwardly into
prismatic microstructure, e.g., the outer shell
layer of the lyonsiid Entodesma navicula (A.
A dams & R eeve , 1850). Called granular prismatic structure by H arper , C heca , and R odri guez-Navarro (2009). Compare with transitional
granular/prismatic microstructure.
granulated. Same as granulose.
granulose. Grainy, or covered by granules, as on the
exterior of the thraciid Thracia morrisoni P etit ,
1964 (Fig. 126).
gregarious. Living together or growing in clusters, as in
the case of Mytilus edulis Linnaeus, 1758.
groove. (1) A narrow, elongate element of incised
sculpture; wider than a striation; (2) a narrow,
elongate, recessed area on a ligament insertion
area, as in a duplivincular or parivincular ligament,
generally coinciding with insertion of the lamellar
sublayer of the ligament.
growth check. A commarginal line on the exterior
of a shell, reflecting periodic slowing or cessation
of growth.
growth line. A commarginal, generally fine line on the
exterior of a shell, which marks the position of a
former shell margin. Compare with internal growth
line and growth check.
growth ruga. An irregular wrinkle on the exterior
of a shell, generally corresponding with a more
pronounced hiatus in growth than a growth line.
growth stria (pl., growth striae). Same as a growth
line, which see.
growth thread. (1) A threadlike, commarginal elevation on the exterior of a shell, corresponding with
a fine growth line; (2) a radial or antimarginal,
continuous or discontinuous, threadlike elevation on the exterior of a shell, sometimes forming
nodules where it intersects a growth line.
gryphaeate. Same as gryphaeiform, which see.
gryphaeiform. Having a shell shape like Gryphaea
Lamarck, 1801, i.e., with the left valve orthogyrate,
strongly convex, and dorsally incurved, and the
right valve flat to concave (Fig. 127).
gryphaeoid ligament. An alivincular ligament with a
relatively high, straight or nearly straight, somewhat
trapezoidal insertion area (M alchus , 1990, p.
77), as in the Lower Jurassic gryphaeid Gryphaea
(Gryphaea) arcuata Lamarck, 1801, and the Upper
Cretaceous gryphaeid Gryphaea (Africogryphaea)
costellata (Douvillé , 1916) (Fig. 128). Compare
with gyrostreoid ligament.
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Fig. 124. Gradidentate taxodont hinge teeth in right
valve of similodontid Similodonta similis (U lrich ,
1892), upper Upper Ordovician, Maquoketa Shale,
Bristol, Minnesota (adapted from Pojeta, 1978, pl. 2,8,
courtesy of the Royal Society of London).
gutter. A commarginal, dorsally facing groove for an
external, simple ligament (Carter, 1990a, p. 138).
gyrate. Having a spirally curved umbo.
gyrostreoid ligament. An alivincular ligament that
expands in width early in ontogeny to nearly the
maximum adult anterior-posterior ligament width,
giving the ligament insertion area a somewhat

10 µm
Fig. 125. Aragonitic granular-type homogeneous microstructure in outer part of outer shell layer of lyonsiid
Entodesma navicula (A. Adams & Reeve, 1850), Hokkaido, Japan; SEM of a fracture (adapted from Harper,
Checa, & Rodriguez-Navarro, 2009, fig. 6, courtesy of
John Wiley & Sons).
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Fig. 126. Granulose sculpture from periostracal mineralization in thraciid Thracia morrisoni Petit, 1964,
figure width several mm (adapted from Mikkelsen &
Bieler, 2007).

trapezoidal shape (M alchus , 1990), e.g., the
Cretaceous–?lower Tertiary crassostreid Gyrostrea
M irkamalov , 1963 (Fig. 129). Compare with
gryphaeoid ligament.
gyrous. Same as gyrate, which is preferred.
haemocoel. A body cavity other than a true coelom,
formed by enlargement of the venous blood spaces.
Also spelled hemocoel. Compare with lacuna.
hatchet shaped. Resembling an axe head, i.e., with a
broad, laterally compressed cutting end and a blunt
hammer end, e.g., shells of the family Sareptidae,
or the foot of some bivalves.
haustorium (pl., haustoria). (1) The parasitic larval
stage of the Iridinidae, consisting of an elongate
body with a very long larval thread (Fryer, 1959,

right
valve

initial
attachment
area

1961); (2) the second stage of development of the
lasidium in the Iridinidae (W ächtler , D reher Mansur, & Richter, 2001).
heart. The muscular pumping organ surrounded by a
large pericardium and lying at the dorsal midline,
between the visceral mass and the posterior adductor
muscle, e.g., in the venerid Mercenaria mercenaria
(Linnaeus, 1758) (Fig. 130) and the gastrochaenid
Spengleria sp. (see Fig. 176). In bivalves, the heart
pumps hemolymph through the anterior and posterior aortae into the hemocoelic sinuses.
height of shell. The distance between two mutually parallel planes oriented perpendicular to the
commissural plane and parallel with the hinge axis
(=cardinal axis), which just touch the most dorsal
and most ventral parts of the shell. For inequivalve shells, another plane of symmetry, or plane
of near-symmetry, parallel with the commissural
plane, may be used for reference instead of the
commissural plane.
helical microstructure. A shell microstructure
consisting of nested, spirally coiled, aragonitic rods
or rod segments, with the helix axes all oriented
perpendicular to the depositional surface. This is
rarely seen in bivalves, e.g., in the inner shell layer
of the pisidiid Pisidium dubium (Say, 1817) (Fig.
131) but is common in pteropod gastropods.
hemibranch. Of or pertaining to a ctenidium in which
ctenidial filaments are present only on one side.
hemocoel. Same as haemocoel, which see.
hepatopancreas. A digestive gland, which see.
hermaphrodite. An individual capable of producing
eggs and sperm. See also female hermaphrodite,
male hermaphrodite, sequential hermaphrodite,
and simultaneous hermaphrodite.
herringbone cross foliated. A term used by M alchus
(1990) for herringbone regularly foliated microstructure, which see.

radial posterior sulcus

left
valve

xenomorphic
sculpture

Fig. 127. Liassic, Lower Jurassic gryphaeid Gryphaea (Gryphaea) arcuata Lamarck, 1801, England, illustrating
gryphaeiform shell shape, maximum figure dimension 46 mm (adapted from Stenzel, 1971, fig. J74,3e).
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Fig. 128. 1, Alivincular gryphaeoid ligament in left valve of Upper Cretaceous gryphaeid Gryphaea (Africogryphaea)
costellata (Douvillé, 1916) (adapted from Douvillé, 1916), figure height 27 mm; 2, in right valve of Lower Jurassic
gryphaeid Gryphaea (Gryphaea) arcuata Lamarck, 1801 (adapted from Stenzel, 1971, fig. J74,3d).
herringbone regularly foliated microstructure (abbr.,
herringbone RF). A calcitic, regularly foliated microstructure consisting of two or more sublayers with
alternating lath or blade dip directions, thereby
forming a herringbone-like pattern in radial,
vertical sections, e.g., in the Liassic, Lower Jurassic
pectinoid Pseudopecten aequivalvis J. Sowerby, 1816,
in Sowerby & Sowerby, 1812–1846 (Fig. 132). This
differs from crossed foliated structure in that the dip
direction of the calcitic laths or blades alternates in
successive sublayers rather than over small areas of
the same depositional surface. This structure was
called zigzag lamellar structure by Bøggild (1930, p.
266–267), and herringbone cross foliated structure
by Malchus (1990, p. 65, pl. 26,8).
heterochrony. Evolutionary change in the relative
time of appearance and/or rate of development of
characters.
heteroclite. Having a folded or twisted commissural
plane, as in the oyster Flemingostrea Vredenburg,
1916.
heterodont dentition. A hinge dentition characterized
by relatively few teeth, which are differentiated
into cardinals and laterals, typically 2–3 cardinals,
1–2 anterior laterals, and 1–2 posterior laterals,
although the laterals may be absent anteriorly or
anteriorly and posteriorly. Typical of many Heteroconchia, e.g., the astartid Astarte smithii Dall, 1886
(Fig. 68). Similar hinges in non-Heteroconchia
are called pseudoheterodont. This is the basis for
the group name Heterodonten [sic] N eumayr ,
1884 (=Heterodonta of later authors), originally
containing what are now classified as Unionidae,
Cardiniidae, Astartidae, Crassatellidae, Megalodontidae, Hippuritoidea, Chamidae, Tridacninae, Erycinidae, Cardiidae, Lucinidae, Cyrenidae,
Arcticidae, Veneridae, Tellinidae, Mactridae, and
Donacidae. A tooth numbering system for heterodonts, proposed by Félix Bernard (1895, 1896a,
1896b, 1897) (Fig. 36), labels hinge teeth according

to their position and appearance during ontogeny,
as follows: right anterior cardinal tooth = 3a;
right middle cardinal tooth = 1; right posterior
cardinal tooth = 3b; left anterior cardinal tooth =
2a; left middle cardinal tooth = 2b; left posterior
cardinal tooth = 4b; anterior lateral teeth = left AII
fitting between right AI and AIII; posterior lateral
teeth = left PII fitting between right PI and PIII.
Unfortunately, the ontogenetic origin of teeth
remains unknown for most bivalves, so determining
homologous tooth numbers can be problematic
for distantly related taxa. The teeth develop from
lamellae on the hinge of postlarval shells. There
are usually two anterior lamellae in the right valve
and one anterior lamella in the left valve fitting
between them. Another lamella may be developed
as a marginal rim on the left valve. The anterior
lamellae give rise to cardinals and anterior laterals.
The posterior lamellae may give rise to posterior
laterals. The postlarval lamellae on the right valve
carry odd Roman numerals (I, III, V ), and those
on the left valve carry even Roman numerals (II,
IV, VI ). Cardinals developing from the postlarval

bourrelet

resilifer

Fig. 129. Diagram of alivincular gyrostreoid ligament in
Gyrostrea Mirkamalov, 1963 (adapted from Malchus,
1990, fig. 25b).
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Fig. 130. Diagram of anatomy of venerid Mercenaria
mercenaria (Linnaeus, 1758) (adapted from Mikkelsen
& Bieler, 2007).

lamellae carry Arabic numbers. Lamella I forms
only a single cardinal (1) but lamella III may be
bent to form two cardinals (3a, 3b). Lamellae II and
IV may each form two cardinals, designated 2a, 2b,
and 4a, 4b, respectively. The full suite of cardinal
teeth is never present in a single shell.
heteromyarian. Having anterior and posterior
adductor muscle scars of unequal size, usually with
the anterior adductor being smaller. See also anisomyarian, dimyarian, monomyarian, and trimyarian.
heterorhabdic ctenidium. A ctenidium in which the
filaments are differentiated into ordinary filaments
and principal filaments, e.g., in the pteriid Pteria
sterna (Gould, 1851) (Fig. 133), and the thraciid
Thracia meridionalis (S mith , 1885) (Fig. 134).
Compare with homorhabdic.
heterotaxodont dentition. A taxodont hinge dentition
in which the anterior teeth are abruptly much larger
than the posterior teeth; e.g., the Middle Ordovician afghanodesmatid Praeleda subtilis Cope, 1999
(Fig. 135). Compare with gradidentate dentition
and cardiolariid hinge.
high-angle duplivincular ligament. A duplivincular
ligament in which the ligamental ridges and grooves
are all strongly inclined relative to the hinge axis.
Compare with low-angle duplivincular.
hindgut. The posterior portion of the intestine, dorsal
and posterior to the visceral mass, e.g., the venerid
Mercenaria mercenaria (Linnaeus, 1758) (Fig. 130).
hinge. The dorsal part of the bivalve shell comprising
the ligament, hinge plate, hinge dentition, and
other structures serving to unite or articulate the
valves. See also hinge line and hinge axis.
hinge angle. The angle between the anterior hinge
line (adjacent and anterior to the umbo) and the
shell’s length axis, measured in interior lateral view
perpendicular to the commissural plane, excluding
any small, sharp dorsal or ventral deflection of the
anteriormost hinge line.
hinge axis. The straight line about which shell valves
rotate when opening and closing; same as cardinal
axis (Cox, Nuttall, & Trueman, 1969, p. 105);

e.g., the philobryid Cratis antillensis (Dall, 1881)
(Fig. 9).
hinge dentition. Left-right interlocking teeth and
sockets developed on or near the hinge, serving
to help maintain alignment of the valves during
opening and closing. True hinge teeth are developed
on a hinge plate and are believed to be homologous
in all bivalves. Adventitious hinge teeth (such as
isodont crura in some early plicatulids) and adventitious nonhinge teeth (such as isodont crura in
modern plicatulids, laminar internal buttresses in
pandorids, and shell marginal teeth in mytilids) are
not associated with a hinge plate. See also categories
of hinge teeth: cyclodont, desmodont, dysodont,
edentate, heterodont, isodont, microdont, pachyodont, prionodont, and taxodont (including heterotaxodont, pseudotaxodont, pretaxodont, palaeotaxodont, and neotaxodont). See also outer-ligament
articulation. In reference to pectinoid hinges, see
dorsal teeth, supradorsal teeth, infradorsal teeth,
intermediate teeth, and resilial teeth.
hinge line. A more or less anterior-posterior line
passing through the middle of the hinge area,
bordering the dorsal shell margin, and occupied
by or lying close to the hinge teeth and ligament.
hinge margin. The dorsal shell margin adjacent to
the hinge.
hinge plate. The shell platform bearing the structures
associated with dorsal articulation of the shell
valves, or the homologous part of the shell in
edentulous species.
hinge tooth. An element of hinge dentition, which see.
hirsute. Having long, rather coarse or stiff hairs;
usually in reference to periostracal structures or
to superficially similar, extraperiostracal structures
secreted by the pedal byssal gland, as in many
Mytiloidea.
Holarctic. In biogeography, a realm, region, or province encompassing the entire northern hemisphere.
holobranch. See under ctenidium.
holotype. The single specimen designated or otherwise
fixed by the original author as the name-bearing
type of a nominal species or subspecies when the
taxon is first established (ICZN, 1999). See also
lectotype, neotype, paratype, and syntype.
homogeneous microstructure (abbr., HOM). A shell
microstructure consisting of more or less equidimensional, irregularly shaped, first-order structural
units that lack structural alignment or arrangement
other than that caused by internal growth banding
(Carter, 1980a, 1980b; Carter & Clark, 1985;
C arter & others, 1990, p. 612, 643). Varieties
include homogeneous microstructure sensu stricto
and granular microstructure, with first-order structural units generally less than or greater than 5
μm in width, respectively. Homogeneous sensu
stricto is difficult to differentiate from fine CCL
and crossed acicular microstructures at the optical
level; it requires SEM for diagnosis. A very coarsely
textured, calcitic form of granular microstructure is
called homogeneous mosaic.
homogeneous microstructure sensu stricto. A homogeneous shell microstructure in which the first-order
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Fig. 131. Sphaeriid Pisidium dubium (Say, 1817), Burton’s Landing, Au Sable River, Section 10, Au Sable Township, T26N, R3W, Crawford County, Michigan (UNC 15044), showing helical structure in inner shell layer. 1–2,
Horizontal and vertical acetate peels, respectively, through helical structure; scale bar = 50 µm, applies to both
figures; 3, SEM of vertical fracture through helical structure, showing nested helices; scale bar = 10 µm (Carter, new).

structural units are generally less than 5 μm in
width, e.g., locally developed in the middle shell
layer of the hiatellid Cyrtodaria siliqua (Spengler,
1793) (Fig. 137). Compare with transitional irregular simple prismatic/homogeneous.
homogeneous mosaic microstructure. A very coarsely
textured, calcitic form of granular homogeneous
shell microstructure consisting of more or less
equidimensional first-order structural units generally greater than 5 μm in width. This is found in
the outer shell layer of the left valve of the Upper
Triassic gryphaeid Gryphaea (Gryphaea) nevadensis
McRoberts, 1992 (Fig. 136).
homogeneous simple prismatic microstructure. A
simple prismatic shell microstructure in which each
first-order prism has a homogeneous second-order
structure; e.g., the calcitic regular simple prismatic
outer shell layer in many Pteriidae, Pinnidae,
Inoceramidae, and some Anomiidae (Fig. 138).
Compare with fibrous simple prismatic, semi-

foliated simple prismatic, and transitional irregular
simple prismatic/homogeneous microstructure.
homologous. Structures with the same evolutionary
origin, which now fulfill the same or different
functions.
homomyarian. Having anterior and posterior adductor
muscle scars of equal or nearly equal size; same as
isomyarian. Size, in this case, is generally judged
by the area of each muscle scar, rather than by its
maximum dimension.
homonym. (1) In the family-group of names (which
see), two or more available names having the same
spelling, or differing only in suffix, which denote
different taxa; (2) in the genus-group of names,
two or more available genera or subgenera having
the same spelling but denoting different taxa; (3)
in the species-group of names, two or more available species or subspecies names having the same
spelling, or having spellings deemed under Article
58 of the ICZN (1999) Code to be the same,
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Fig. 132. Herringbone regularly foliated microstructure, seen in radial, vertical section of Liassic, Lower Jurassic “Pecten aequivalvis” (=Pseudopecten aequivalvis J.
Sowerby, 1816, in Sowerby & Sowerby, 1812–1846),
figure is a few mm wide (adapted from Bøggild, 1930,
pl. 1,6 ).

Fig. 133. Heterorhabdic ctenidium in pteriid Pteria
sterna (A. Gould, 1851), as seen in transverse histological
section through a single demibranch (7 µm thick, stained
with Alcian Blue/Periodic Acid/Schiff ’s trichrome stain)
(adapted from Tëmkin, 2006a, fig. 13C, courtesy of
John Wiley & Sons).

which denote different taxa, and which are either
originally (primary homonymy) or subsequently
(secondary homonymy) placed within the same
genus or subgenus (ICZN, 1999). The later established homonym is rejected as a junior homonym,
except under circumstances outlined by the ICZN
Code. Some spelling differences involving vowels
or dipthongs, which result in the same sound,
are still considered to be homonyms, but in most
cases, a single letter difference makes the names
nonhomonyms. See also primary homonym and
secondary homonym.
homorhabdic ctenidium. A ctenidium in which all the
filaments are alike, i.e., they are all ordinary filaments (which see), e.g., the pterioidean Isognomon
alatus (Gmelin, 1791 in 1791–1793) (Fig. 139).
Compare with heterorhabdic ctenidium.
hood. See dorsal hood.
horizontal plane. (1) In soft anatomy, a plane perpendicular to the midsagittal plane and including
the mouth-anus axis, separating the body into

dorsal (with mantle isthmus) and ventral (without
mantle isthmus) portions; (2) for shells, a plane of
symmetry perpendicular to the midsagittal plane
and including the hinge axis, separating the shell
into dorsal and ventral portions; (3) for shell microstructure, parallel to the plane of a shell layer, as in
a horizontal section.
hyaline. Transparent or nearly transparent.
hyaline organs. Mantle structures equipped with
lenses that transmit light to symbiotic zooxanthellae
within the tissue of the host, e.g., in Tridacninae.
hyote. Tubular or nearly tubular, such as spines with
U-shaped cross sections, open on the underside
and on their tips; e.g., the gryphaeid Hyotissa hyotis
(Linnaeus, 1758).
hypermorphosis. A type of peramorphosis caused
by delay of onset of maturation and resultant
extension of the juvenile growth period ( de Beer,
1930, 1958). The early juvenile development will
commence at the same time and proceed at the
same rate as in the ancestor, so the adult will attain

Fig. 134. Transverse section through several filaments
in heterorhabdic inner demibranch of thraciid Thracia
meridionalis (Smith, 1885), Admiralty Bay, King George
Island, Antarctica (O. Domaneschi, collector), showing
principal and ordinary filaments, figure width 326 µm
(Sartori, new).

Fig. 135. Heterotaxodont dentition in Llanvirn, upper
Middle Ordovician afghanodesmatid Praeleda subtilis
C ope , 1999, Wales (paratype NMW 95.44G); latex
cast of internal mold of left valve (adapted from Cope,
1999, pl. 1,3).
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Fig. 136. Homogeneous mosaic microstructure in calcitic outer shell layer of left valve of Norian, Upper Triassic
gryphaeid Gryphaea (Gryphaea) nevadensis McRoberts, 1992, lower member of Luning Formation, Pilot Mountain,
west-central Nevada (UNC 15004), as seen in 1, radial acetate peel and 2, by SEM of a polished then acid-etched
surface; scale bars = 10 µm (Carter, new).
a larger maximum size (M c N amara , 1986). The
opposite of progenesis.
hypertrophied. Enlarged, commonly meaning abnormally enlarged.
hypobranchial glands. Dorsoposterior glands positioned
on the inner wall of the mantle in the suprabranchial chamber, primitively serving to consolidate,
in a mucous stream for expulsion via the incurrent
aperture, waste material or particles not sieved out
of the water current by the ctenidium. Present in
many but not all Protobranchia, e.g., in Nuculida,
in some but not all Solemyida, and in some but not
all Nuculanida, as mucous cells flanked by inversely
conical and regenerative cells (Fig. 240). Only rarely
present in Autobranchia, e.g., in some Philobryoidea,
Anomioidea, Lucinoidea, and Cyrenoidea. This
gland secretes a brood pouch attached to the shell in
Nuculoma Cossmann, 1907 (Nuculidae); it provides

nutrition for developing larvae incubated in the
suprabranchial chamber in Corbicula Megerle von
Mühlfeld, 1811 (Cyrenidae), and possibly also in
Fimbria Megerle von Mühlfeld, 1811 (Lucinidae)
(Drew, 1901; Morton, 1977).
hypolimnion. The cold-water layer below the thermocline in a thermally stratified body of water.
hypoplax. A generally long, narrow, accessory shell
plate covering the space between valves, and
joined to the ventral margins of the valves by
periostracum, e.g., in the pholadid Martesia striata
(Linnaeus, 1758) (Fig. 24, Fig. 48).
hypostracum. A term used by T hiele (1893) for the
innermost shell layer in chitons and in some bivalves
(pteriids and arcids), including, but not restricted
to, any associated myostracum, but also used by
Thiele (1893) for only the adductor myostracum
in unionids. Subsequent workers (Jameson, 1912;
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Fig. 137. Homogeneous microstructure sensu stricto in
a radial fracture through middle shell layer of hiatellid
Cyrtodaria siliqua (S pengler , 1793) (adapted from
Carter & Lutz, 1990, pl. 15B).
Gutsell, 1930; Newell, 1938, 1942; Lucas, 1952;
S tenzel , 1971, p. 979) restricted this term to
myostracal deposits, thereby making it synonymous
with myostracum, which is preferred.
ICZN. The International Commission on Zoological
Nomenclature.
idiomorphic. Having a normal form or shape, i.e., not
deformed by crowding or attachment to an object.
Also called automorphic.
igloo. A cupulated, calcareous tube, such as that
secreted by the gastrochaenid Cucurbitula cymbium
(Spengler, 1783) (Fig. 46). Compare with crypt.
imbricate (or imbricated). Closely packed and overlapping, like roof tiles, e.g., the regular simple
prismatic outer shell layer developed into imbricate
scales on the exterior of the pteriid Pinctada imbricata Röding, 1798 (Fig. 140).
incertae sedis. Latin for uncertain seat. In taxonomy,
referring to uncertain taxonomic position.
Commonly italicized.
incised. Having a deeply notched edge.
inclined. Dipping toward the beak, i.e., in terms of
shell ornament and shell microstructure, having

F ig . 138. Homogeneous simple prismatic microstructure in calcitic outer shell layer of right valve of
Recent anomiid Anomia simplex d’Orbigny, 1853 in
1841–1853, New Haven, Connecticut (YPM 9715).
SEM of radial, vertical fracture (Carter, new).

the innermost point closer to the beak than the
outermost point. Opposite of reclined.
incrustation. A coating of sediment particles, secreted
calcium carbonate, and/or precipitated metal oxides
(commonly iron or manganese) on the exterior of
the shell, exterior to any periostracum that may
still be intact; e.g., in many Lithophaginae, where
the incrustation may be smooth or sculptured. Also
spelled encrustation, which is not preferred.
incubatory. Retaining eggs, larvae, and sometimes
juveniles in the mantle cavity or in a brood pouch.
incurrent aperture length. The distance from the
ventral terminus of the incurrent aperture to its
dorsal terminus, measured in a straight line.
incurrent aperture or siphon. A generally posterior,
rarely anterior, mantle opening that controls water
intake into the mantle cavity. Also called a branchial, pallial, or inhalant aperture or siphon.
i n c u r re n t t u b e . A t u b e w i t h i n t h e s e d i m e n t
surrounding and linking the incurrent siphon with
the sediment-water interface, e.g., the thraciid
Thracia meridionalis (Smith, 1885) (Fig. 141)
incurved. Curved inward, i.e., toward the base or apex.
indication. In taxonomy, a reference to previously
published information or a published act. In the
absence of a definition or a description, this allows
a name, proposed before 1931 and otherwise satisfying the relevant provisions of Articles 10 and
11 of the ICZN Code, to be regarded as available
(ICZN, 1999).
indirect development. A biphasic mode of development that includes a larval phase and metamorphosis; probably present in all bivalves. See also
direct development, larviparous, oviparous, ovoviviparous, and viviparous.
inductura. Calcareous shell material deposited exterior
to the periostracum by an outward reflection of the
outer mantle fold, e.g., inductural spines on the
exterior of the cardiid Ctenocardia imbricata (G. B.
Sowerby II, 1840, in G. B. Sowerby I, 1832–1841)
(Fig. 142), and smooth, flat inductura on the posterior of the Upper Cretaceous cardiid Protocardia
(Pachycardium) stantoni (Wade, 1926) (Schneider
& C arter , 2001, fig. 5.2). Inductural deposits
are common in some gastropod groups, such as
cypraeids, but are rarely found in the Bivalvia.
inequiaxial. A shell in which the breviaxis and longiaxis
have significantly different lengths (Bailey, 2009).
Synonymous with inequilateral, which is preferred.
inequiconvex. Having one shell valve less convex than
the other.
inequilateral. Having the umbos appreciably closer
to one end of the shell than the other, as in the
mytilid Modiolus squamosus B eauperthuy , 1967
(see Fig. 179).
inequivalve. Having left and right valves of dissimilar size,
shape, or sculpture. This generally refers to having one
valve larger or more convex than the other.
infaunal. Living with the shell buried or enclosed in
sediment. Compare with semi-infaunal, epifaunal,
and endolithic.
inflated. Strongly convex, swollen, or expanded.
Compare with gibbose.
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inflation. A measure of shell width in relation to
shell height. Commonly measured as the distance
between the vertical, midsagittal plane and the
vertical plane tangent to the lateral surface of the
shell (=shell width), divided by shell height. Same
as shell convexity.
infrabranchial. Ventral to the ctenidia.
infrabranchial chamber. The mantle chamber ventral
to the ctenidia. Compare with suprabranchial
chamber.
infracrescent. Having predominantly ventral shell
growth (N ewell & B oyd , 1995). Compare with
procrescent and retrocrescent.
infradorsal teeth. In Pectinidae, a pair of lamellar
teeth on each side of the hinge in the left valve,
positioned below the socket for the dorsal teeth of
the right valve (Waller, 1991, p. 8). See also dorsal
teeth, intermediate teeth, and supradorsal teeth.
infraperiostracal mineralization. Discrete periostracal
mineralization extending below the general inner
surface of the nonmineralized periostracum; it may
or may not be underlain by a very thin sublayer
of nonmineralized periostracum. Even where not
bounded below by nonmineralized periostracum,
infraperiostracal mineralization is microstructurally discontinuous with the subperiostracal outer
shell layer. This occurs posteroventrally in the
gastrochaenid Spengleria rostrata (Spengler, 1793)
(Fig. 143). C arter and A ller (1975) illustrated
infraperiostracal mineralization diagrammatically in
their figure 2D. Checa and Harper (2010) misinterpreted that figure as supporting the outer shell
layer prefabrication hypothesis of A ller (1974),
which Carter and Aller (1975) rejected.
infraseptal chamber. In Poromyoidea, the space ventral
to the ctenidial septum, analogous or homologous
to the infrabranchial chamber in nonseptibranch
bivalves. See also supraseptal chamber.
infraspecific. A rank, taxon, or name below the rank
of species, including subspecies and infrasubspecies.
infrasubspecific. A rank, taxon, or name at a rank
lower than subspecies.
inhalant. Same as incurrent.
inhalent. A less preferred spelling of inhalant.
inner demibranch. The half of a typical W-shaped
ctenidium that is closer to the animal’s midsagittal
plane. In its complete form, the inner demibranch
has both ascending and decending lamellae, as in
Gastrochaenoidea (see Fig. 289) and Unionoidea
(see Fig. 307).
inner leaflet cilia. In a protobranch ctenidium, a longitidunal row of cilia on the inner demibranch on one
side of the body, which interlock with matching cilia
on the inner demibranch on the other side of the
body (Yonge, 1939) (see Fig. 240).
inner mantle fold. (1) Same as inner mantle fold 2,
which see; (2) any mantle fold on the midsagittal
plane side of the periostracal groove (Fig. 144, and
see Fig. 172).
inner mantle fold 1 (abbr., IF-1). The inner mantle
fold in contact with the exterior surface of the
periostracum in the periostracal groove (Waller,
1980). This mantle fold is universally present in
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F ig . 139. Homorhabdic ctenidium in isognomonid
Isognomon alatus (Gmelin, 1791 in 1791–1793), seen
in transverse histological section through adjacent inner
and outer demibranchs, showing two rows of ordinary
filaments comprising each demibranch (section 7 µm
thick, stained with Alcian Blue/Periodic Acid/Schiff ’s
trichrome stain); scale bar = 100 µm (adapted from
Tëmkin, 2006a, fig. 13A, courtesy of John Wiley &
Sons).
bivalves. It has been called the sensory middle
mantle fold in bivalves with only two inner mantle
folds (Fig. 144, and see Fig. 172).
inner mantle fold 2 (abbr., IF-2). When more
than one inner mantle fold is present, this is the
muscular mantle fold on the midsagittal plane side
of inner mantle fold 1 (Waller, 1980). Present in
most bivalves. Traditionally called the inner mantle
fold when only two inner mantle folds are present.
This mantle fold is present in Arca Linnaeus, 1758,
and Glycymeris da C osta , 1778, but absent in
Barbatia Gray, 1842 (see Fig. 144 and Fig. 172).
inner mantle fold 3 (abbr., IF-3). When more than
two inner mantle folds are present, this is the
mantle fold on the midsagittal plane side of inner
mantle fold 2 (Sartori & others, 2008); e.g., in the
venerid Periglypta puerpera (Linnaeus, 1758) (Fig.
144). This has also been called the fourth mantle
fold, which is not preferred.
inner shell layer. The shell layer secreted proximal
to the pallial and adductor myostracum. In the
absence of pallial myostracum, this is the innermost
shell layer in a microstructurally two- or threelayered shell. Called endostracum by O berling
(1955, 1964, p. 6).
inner sublayer of ligament. The ventral or ancestrally
ventral part of the ligament, generally mineralized
with fibers and/or granules of aragonite.

Fig. 140. Imbricate scales on pteriid Pinctada imbricata
Röding, 1798, figure is several cm wide (adapted from
Mikkelsen & Bieler, 2007).
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incurrent tube

excurrent tube

Fig. 141. Thraciid Thracia meridionalis (Smith, 1885), shown in life position in sediment, with incurrent and
excurrent siphons in incurrent and excurrent tubes, figure width 35 mm (adapted from Sartori & Domaneschi,
2005, fig. 6).
insertion scar. Same as muscle scar.
integripalliate. Having a pallial line without a sinus.
Compare with sinupalliate.
interband. A longitudinal band on the surface of the
attached valve of a radiolitid rudist, separating the
two bands designated as siphonal bands.
intercalary cells. Cells of a different type inserted
between other cells, e.g., ctenidial filament cells
with microvillar borders in Lucinidae. Also called
intercalated cells.
intercalated ribs. Ribs inserted ontogenetically
between earlier initiated ribs.
interctenidial connection. An area of union of the
dorsal edges of the ascending lamellae of the left
and right inner demibranchs (Tëmkin, 2006a, p.

287). Interctenidial connections may be effected
by ciliary, cuticular, or tissue junctions.
interdemibranchial buttress. A membrane connecting
the dorsal interlamellar septa of a demibranch
within the ctenidium over a fusion area of
descending lamellae, e.g., in the isognomonid Isognomon Lightfoot, 1786. Believed to have evolved
by fusion of adjacent dorsal interlamellar septa
(Tëmkin, 2006a, p. 289).
interdental projection. A small protuberance on an
interdentum.
interdentum. An edentulous area between hinge teeth or
groups of hinge teeth. In unionoids, this is the area
between the posterior end of a pseudocardinal tooth
and the anterior end of the posterior lateral teeth.
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interdissoconch. Same as nepioconch (which is
preferred). Formerly used interchangeably with
nepioconch or mesoconch.
interfilamentar junction. One of many junctions
between adjacent filaments in a demibranch. The
junctions may be cilial (filibranch; Fig. 113) or
tissue grade (eulamellibranch; Fig. 104). Where
descending filaments turn and begin to ascend in
Pterioidea, they may be connected by a continuous
stretch of tissue (e.g., in Pteriidae, Malleidae), or
by cilial junctions (some Isognomonidae) (Tëmkin,
2006a, p. 286).
interlamellar bars. Same as interlamellar cross bars,
which see.
interlamellar cross bars. Junctions between ascending
and descending lamellae of a demibranch, in the
form of multiple, narrow connections, e.g., in
Pinnidae and Mytilidae (Tëmkin, 2006a, p. 289).
Called interlamellar bars by Ridewood (1903).
interlamellar junctions. Connections between the
ascending and descending lamellae of a demibranch. These may be absent or represented by
multiple cross bars (e.g., Pinnidae, Mytilidae),
dorsal septa (e.g., Isognomon), or complete septa
(e.g., Pteriidae, Malleidae) (Tëmkin, 2006a, p. 289)
(Fig. 145). These junctions need not be present
on all filaments, and in plicate ctenidia they are
usually found only on the principal filaments. See
also interlamellar septum.
interlamellar septum (pl., interlamellar septa). A
membranous junction between the ascending
and descending lamellae of a demibranch. This
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Fig. 142. Inductural spine on exterior of cardiid Ctenocardia imbricata (G. B. S owerby II, 1840, in G. B.
Sowerby I, 1832–1841), Panay, Philippines (YPM 9720),
underlain by periostracum plus prismatic outer and CL
middle shell layers; shell margin is toward left (adapted
from Schneider & Carter, 2001, fig. 10.1).

may extend from the interlamellar edge to the
dorsalmost edge of the lamellae, thereby occupying
the full height of the interlamellar cavity (e.g., in
Pteriidae and Malleidae; a complete interlamellar
septum), or it may be limited to the dorsalmost
part of the demibranch (e.g., in Isognomonidae;
a dorsal interlamellar septum) (T ëmkin , 2006a,
p. 289). These septa need not be present on all
filaments, and in plicate ctenidia they are usually
found only on the principal filaments. The example
herein (Fig. 146) is the thraciid Thracia meridionalis
(Smith, 1885).

Fig. 143. Mineralized periostracum and subperiostracal outer shell layer near posteroventral shell margin of gastrochaenid Spengleria rostrata (Spengler, 1793), Soldier Key, Florida (YPM 9473). SEM of a radial, vertical fracture, showing
the periostracum and its extra- to infraperiostracal aragonitic spikes; desiccation has pulled periostracum away from
subperiostracal outer shell layer, into which spikes were slightly embedded (Carter, new).
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Fig. 144. Transverse section through mantle margin of
venerid Periglypta puerpera (Linnaeus, 1758), Kungkraben Bay, Thailand (A. F. Sartori, C. Printrakoon, P.
Mikkelsen & R. Bieler, collectors), showing outer mantle
fold and inner mantle folds 1, 2, and 3, figure width 5.4
mm (Sartori, new).

Fig. 145. Three types of ctenidial interlamellar junctions between ascending and descending ctenidial
lamellae. 1, Complete septum as in most Pterioidea; 2,
dorsal septum as in isognomonid Isognomon; 3, multiple cross bars, as in Pinnidae and Mytilidae (adapted
from Tëmkin, 2006a, fig. 12, courtesy of John Wiley
& Sons).

interlinear muscle scar. A muscle scar connecting the
anterior end of the pallial sinus with the anterior
adductor muscle scar, e.g., in many Tellinidae
(Fig. 147) and Gastrochaenidae (see Fig. 192).
In at least the Gastrochaenidae, this is a ctenidial
attachment scar. Not to be confused with an
orbital muscle scar.
interlocking shell margins. (1) Shell margins that,
upon closure, engage with one another so that
shearing of the valves along the hinge is minimized;
(2) for larval shells, shell margins that engage in
a pill box or tongue-in-groove fashion (W aller ,
1981); normally applied to cases in which the
interlocking occurs over a large distance beyond
the hinge.

intermediate teeth. A series of hinge teeth on each side
of the hinge, representing subdivisions of the infradorsal tooth and socket, e.g., in the pectinid Pecten
M üller , 1776 (W aller , 1991, p. 8). Compare
with supradorsal teeth, infradorsal teeth, and dorsal
teeth.
internal carina. See internal rib carina.
internal characters. Features visible on the inner
surface of a shell, such as the hinge, hinge teeth,
internal ligaments, internal ridges and buttresses,
and muscle scars.
internal ligament. A ligament, or a component of a
ligament, attaching below the articulating surface of
the hinge plate (see Fig. 160e and 160f ). The ligament may insert on the underside of a hinge plate

Fig. 146. Transverse section through inner demibranch
of thraciid Thracia meridionalis (Smith, 1885), Admiralty Bay, King George Island, Antarctica (O. Domaneschi, collector), showing several interlamellar septa,
figure width 3 mm (Sartori, new).

F ig . 147. Muscle scars in tellinid Arcopagia fausta
(Pulteney, 1799); add., adductors, shell length 8.4 cm
(adapted from Mikkelsen & Bieler, 2007).
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(shallow internal, as in Pectinidae), or well below
the hinge plate, on an interior shell surface (deep
internal, as in left valve of the cleidothaerid Cleidothaerus albidus (Lamarck, 1819 in 1818–1822)
(see Fig. 167).
internal rib. A more or less radial, slatlike, internal
buttress, e.g., many Propeamussiidae (W aller ,
2006, p. 315).
internal rib carina (pl., internal rib carinae). A narrow
internal ridge corresponding with the margin of
a radial external plica, e.g., in many Pectinidae.
Internal rib carinae are sometimes retained after
their corresponding external plica is suppressed,
resulting in paired internal carinae, as in the
pectinid Amusium Röding, 1798 (Waller, 1991,
fig. 5) (Fig. 148).
internal shell volume. The volume between fully
adducted shell valves.
internal specifier. A species or apomorphy that is
explicitly included in a clade whose name is being
defined.
intersinal distance. As defined for pectinids by Waller
(1969, p. 12), the minimal distance between the
free margins of the auricles, measured between
points that are located on the sinus or notch of the
auricles. This corresponds with measurements H–I
and H'–I' in Figure 219.
interspace. In shell ornament, the area between adjacent ribs or adjacent ridges.
interval. Same as interspace, in the context of shell
ornament.
intracellular digestion. Digestion principally occurring in the digestive diverticula rather than in the
stomach.
intraconchial sculpture. Sculpture that becomes
apparent only when a shell is delaminated (Ivanov,
1995a, 1995b).
intrafilamentar transverse septum. A distinct transverse septum within a ctenidial filament, also called
a muscle fiber (G altsoff , 1964) or a transverse
bridge (Grave, 1911), believed to separate afferent
and efferent blood channels, or to merely provide
structural support.
intraperiostracal mineralization. Periostracal mineralization in which the mineralized periostracal structures are entirely embedded within nonmineralized
periostracum, and do not project below the plane
of the inner surface of the nonmineralized periostracum (i.e., they are not infraperiostracal), first
described by Carter and Aller (1975). Compare
with extraperiostracal mineralization, infraperiostracal mineralization, and pseudoperiostracal
mineralization.
intrasiphonal ctenidial septum. Same as siphonal
ctenidial septum, which see.
intrasiphonal pallial septum. Same as siphonal pallial
septum, which see.
invalid name. In taxonomy, an available name that
is either (1) objectively invalid, as in the case of a
junior homonym or junior objective synonym of a
potentially valid name, or a name rejected under
provisions of the ICZN Code, or a name suppressed
by the ICZN; or (2) subjectively invalid because it
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Fig. 148. Diagrammatic transverse cross sections of three
pectinid shells, showing relationship between radial external ribs (in this case plicae), internal rib carinae, and
internal carinae; shell exterior is up; 1, radial external
plicae and internal rib carinae prominent, as in Pecten
and Argopecten; 2, radial external plicae subdued, internal
rib carinae prominent, as in Euvola ziczac (Linnaeus,
1758); 3, radial external plicae absent, paired internal
carinae remaining, as in Amusium (adapted from Waller,
1991, fig. 5).
is regarded as a subjective junior synonym, or it
is not applicable to a particular taxonomic taxon
(ICZN, 1999).
irregular complex crossed foliated microstructure
(abbr., ICCF). A complex crossed foliated shell
microstructure in which the first-order folia consist
of irregularly shaped, laterally interdigitating,
relatively large aggregations of mutually parallel
second-order structural units (=second-order folia),
and the latter consist of calcitic laths or blades
(=third-order folia). Irregular CCF microstructures
may be low angle or high angle (Fig. 149–150). The
aragonitic analog of this structure is called irregular
complex crossed lamellar.
irregular complex crossed foliated microstructure,
high angle (abbr., high angle ICCF). An irregular
complex crossed foliated shell microstructure in
which the basic structural units (third-order folia)
dip more than 15˚ from the depositional surface.

F ig . 149. Radial acetate peel of left valve of Liassic,
Lower Jurassic gryphaeid Gryphaea (Gryphaea) arcuata
(Lamarck, 1801), England (UNC 5526), showing low
angle irregular CCF (complex crossed foliated) outer,
and cone CCF inner structures in the inner shell layer;
scale bar = 100 µm (Carter, new).
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Fig. 150. High angle irregular complex crossed foliated microstructure in inner shell layer of Liassic, Lower Jurassic
oxytomid Oxytoma (Oxytoma) inequivalve (J. Sowerby, 1819, in Sowerby & Sowerby, 1812–1846), seen in acetate
peels. 1, horizontal section; 2, radial section, with depositional surface toward bottom; scale bars = 50 µm (adapted
from Carter & Lutz, 1990, pl. 8B).

Common in Gryphaeidae and Oxytomidae, e.g.,
in the inner shell layer of Lower Jurassic Oxytoma
(Oxytoma) inequivalve ( J. S owerby , 1819, in
Sowerby & Sowerby, 1812–1846) (Fig. 150).
irregular complex crossed foliated microstructure,
low angle (abbr., low angle ICCF). An irregular
complex crossed foliated shell microstructure in
which the basic structural units (third-order folia)
dip less than 15˚ (usually only a few degrees)
from the depositional surface; e.g., parts of the
inner shell layer of the Lower Jurassic gryphaeid
Gryphaea (Gryphaea) arcuata (Lamarck, 1801) (Fig.

Fig. 151. Nacreous (N ) middle and irregular complex
crossed lamellar (CCL) inner shell layers in Eastern
Atlantic, deep sea poromyid Poromya (Poromya) sp.,
seen on a polished and then acid-etched surface of a
nearly horizontal, slightly oblique section, scale bar =
10 µm (adapted from Carter & Lutz, 1990, pl. 10,A).

149), and in many other Ostreoidea, plus many
Pectinidae and Propeamussiidae. Commonly called
irregularly foliated.
irregular complex crossed lamellar microstructure
(abbr., ICCL). A complex crossed lamellar shell
microstructure in which the first-order lamellae
consist of irregularly shaped, laterally interdigitating, relatively large aggregations of mutually
parallel second-order structural units, the latter
being represented by fibers, rods, or second-order
lamellae (C arter & others, 1990, p. 613); e.g.,
the inner shell layer of the poromyid Poromya
(Poromya) sp. (Fig. 151). The calcitic analog of
this structure is called irregular complex crossed
foliated.
irregular crossed foliated microstructure (abbr., ICF).
A simple crossed foliated shell microstructure in
which the first-order crossed folia are very irregularly shaped, as seen on the depositional surface
and in horizontal sections; e.g., the middle shell
layer in the Cretaceous gryphaeid Rhynchostreon
mermeti (C oquand , 1862) (M alchus , 1990, pl.
26,11). Compare with branching crossed foliated
and herringbone foliated.
irregular crossed lamellar microstructure (abbr., ICL).
A crossed lamellar shell microstructure in which the
first-order crossed lamellae are irregularly shaped as
seen on the depositional surface and in horizontal
sections. Not to be confused with irregular complex
crossed lamellar. Locally present in the middle shell
layer of cyamiids, gastrochaenids, and tellinids
(Fig. 82).
irregular fibrous prismatic microstructure. See fibrous
prismatic microstructure.
irregular simple prismatic microstructure (abbr., ISP).
A simple prismatic shell microstructure in which
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the prism cross sections are highly variable along
their lengths. Typical of myostracal layers and as
sublayers within inner shell layers; e.g., in the
lucinid Divalucina cumingi (A. Adams & Angas,
1864) (Fig. 152). Compare with transitional irregular simple prismatic/homogeneous microstructure.
irregular spherulitic prismatic microstructure (abbr.,
ISphP). See spherulitic prismatic microstructure,
irregular.
irregularly foliated microstructure. Same as low angle,
irregular complex crossed foliated shell microstructure (see irregular complex crossed foliated microstructure, low angle) (Fig. 149). Not to be confused
with crossed bladed structure, wherein the blades
and/or laths similarly dip at a low angle, but their
orientations differ distinctly between superadjacent
and subadjacent laminae.
isocyprinoid grade hinge. A heterodont hinge grade,
supposedly gradually developed evolutionarily from
a lucinoid grade hinge, with its advanced phase
characterized by many members of the family
Isocyprinidae, e. g., Mesozoic Isocyprina sharpi Cox,
1947 (Fig. 153). See also lucinoid, veneroid, arcticoid, and venielloid grade hinges. R. N. Gardner
(2005, p. 332) described this hinge grade as follows:
“During the early stage of development a colaminar
cardinal tooth 1 is developed at the posterior
extremity of lateral tooth AI on the right anterior
hinge. The socket on the left valve for tooth 1 takes
the form of a slight recess in the ventral slope of
the anterior hinge area. The initiation of cardinal
tooth 1 occurs in a more anterior position than for

cardinal
4b

1

left
valve

F ig . 152. Irregular simple prismatic microstructure
in inner shell layer of lucinid Divalucina cumingi (A.
Adams & Angas, 1864), New Zealand (YPM 9065);
depositional surface is toward bottom of figure; scale
bar = 10 µm (Carter, new).
tooth 3a, with tooth 1 positioned well anterior of
the beak. On the left valve, lateral AII is divided
into two segments that are defined here as lateral
teeth 1AII (the posterior segment) and 2AII (the
anterior segment). Lateral tooth 2AII develops into
a colaminar cardinal tooth 2a that is positioned well
anterior of the beak. When 2a declines at its posterior end it transforms into lateral 1AII. The lateral
tooth then continues posteriorly and ultimately
transforms into tooth 2b, via the anteroventral
extremity of the cardinal tooth. Since lateral 1AII

2b1

lateral 1AII

cardinal 3a

laminar IV
lateral AIV
2a

2b2

right
valve

lateral AIII

lateral 2AII

lateral AI

cardinal 1
cardinal 3b

left
valve
PII
reduced
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Fig. 153. Advanced isocyprinoid grade hinge. 1, Diagram of left and right valves (adapted from R. N. Gardner,
2005, fig. 10.2c, 11.2c, courtesy of R. N. Gardner); 2, left valve of Isocyprina sharpi Cox, 1947, showing colaminar 2b1 and 1AII, figure width 11.8 mm (adapted from R. N. Gardner, 2005, fig. 9, courtesy of R. N. Gardner).
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Fig. 154. Transverse section through rectum, kidneys,
left and right lacunal systems, and ctenidia of thraciid
Thracia meridionalis (S mith , 1885), Admiralty Bay,
King George Island, Antarctica, Flávio D. Passos, collector, figure width 0.7 mm (Sartori, new).
is weakly projecting in many isocyprinid species,
the splitting of AII into two segments is not often
evident. However, this division is clearly seen in
Austrocyprina excelsa. . . .” Gardner (2005, p. 332)
added: “The primary development phase of the
isocyprinoid hinge is marked by the commencement of the newly formed teeth 1 and 2a gradual
[sic] moving in a posterior direction. At the same

1 µm

F ig . 155. Lamello-fibrillar microstructure, diagram
showing horizontal (H ), and vertical (V ) sections
(adapted from Carter & others, 1990, p. 619).

time, the anterior portion of bifid 2b is gradually
turning in an anticlockwise direction, with the
posterior segment remaining in a constant position. Consequently, tooth 2b gradually becomes
more strongly bifid. The anterior portion of the
cardinal develops into a fold 2b1 that is directly
linked at its anteroventral extremity to the posterior
end of lateral 1AII. Throughout isocyprinoid hinge
development, the apical angle between limbs 2b2
and 2b1 gradually increases. As a result, limb 2b1
becomes gradually more prosocline, with a gradual
deepening of the depression between limbs 2b2 and
2b1. The depression represents the early formation
of a true socket for tooth 1 in the early veneroid
hinge. During later stages of hinge development,
the continued posterior movement of teeth 1 and
2a results in both cardinals positioned proximal
to the cardinal area. The posterior extremities of
1 and 2a are still positioned anterior of the beak.
During these stages, the depression between limbs
2b 1 and 2b 2 develops into a socket for receiving
the almost aligned tooth 1. The initial growth of
teeth 1 and 3a generally occurs at about the same
time. Throughout the gradual development of the
isocyprinoid hinge, teeth 1 and 2a gradually change
from being colaminar with respective lateral teeth
to becoming strongly to moderately prosocline. The
structure 2b 1- 1AII becomes shorter and is prosocline to varying degrees, with 1AII becoming more
projecting. At the same time 2b becomes more
strongly bifid with the anterior limb 2b1 reaching
the limit of its anticlockwise rotation. This results
in limb 2b1 becoming aligned at first with 1AII, and
later with tooth 2a. Consequently, there is a gradual
increase in length of lateral 2AII. General hinge
formula showing the initial position of cardinal
teeth during the early stages of isocyprinoid hinge
development is: AI AIII 1 3a 3b PI (PIII) / 2AII 2a
AII 2b 4b PII (PIV).”
1
isodont dentition. A hinge dentition consisting of a
small number of adventitious resilial hinge teeth
and sockets, positioned symmetrically on both
sides of a resilifer; e.g., many Neitheidae, Plicatulidae, and Spondylidae (Fig. 13). This is the
basis for the group name Isodonta D all , 1895,
originally containing the superfamilies Pectinoidea
and Anomioidea. Isodont hinge teeth were previously called crura, but Waller (2006) discouraged
applying that term to teeth.
isofilibranch. Pertaining to membership in the group
Isofilibranchia, established by Iredale (1939) for
the Mytilidae, Musculidae (=now Crenellidae),
and Dreissenidae, but applied by most subsequent
authors to just the Mytiloidea.
isolated crystal morphotypes. Sparsely distributed,
irregularly oriented crystallites and/or crystalline
aggregates that do not comprise a major shell layer,
and that show morphologies typical of inorganically
precipitated crystal forms, such as rhombohedra, spindles, spherules, spherulites, and acicular crystallites.
isomyarian. Having anterior and posterior adductor
muscle scars equal or nearly equal in size; same as
homomyarian.
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isthmian mantle. The confluence of the mantle lobes
dorsally, just below the hinge.
iteroparous. Having repeated reproductive cycles,
strictly speaking only one per year, although some
taxa may breed more than once per year. Most
marine bivalves and nearly all freshwater bivalves
are iteroparous. Compare with semelparous.
junior homonym. The later proposed of two
homonyms; in the case of simultaneous proposal,
the one not given precedence under Article 24 of
the ICZN (1999) Code.
junior synonym. The later proposed of two synonyms;
in the case of simultaneous proposal, the one not
given precedence under Article 24 of the ICZN
(1999) Code; see also Article 23.9.
justified emendation. In taxonomy, a valid correction
of an incorrect original spelling in accordance with
ICZN (1999) Article 33.2; the corrected name
maintains the author and date of the original name.
juvenile. The growth stage prior to reproductive
competence.
Keber’s gland. See pericardial glands.
keel. A distinct, linear or curvilinear elevation similar
in shape to a ship’s keel or a chicken's breastbone.
Compare with the more specific term carina.
knob. A rounded protuberance; in shell sculpture,
usually a large protuberance, as opposed to smaller
tubercles or pustules.
labial. Of or pertaining to the lips.
labial palp. One of the paired organs near the anteroventral end of the ctenidia, which serve to separate
food from rejected particles and transfer the former
to the oral groove, e.g., in Nuculidae (see Fig. 213),
Veneridae (Fig. 130), and Gastrochaenoidea (Fig.
19). The palps form posteriorly extended prolongations of the upper (anterior) and lower (posterior)
lips on either side of the mouth, and they usually
have ridged and ciliated opposing surfaces. They are
typically extended into a distal oral groove in close
proximity to the anterior filaments of the inner
demibranch. Stasek (1963) defined three categories
for the relationship between the distal oral groove
of the palps and the ventral tips of the anterior
ctenidial filaments of the inner demibranchs. See
ctenidium-palp association categories I, II, and III.
labial palp distal bifurcation. The unfused portion of
the dorsal margin of a pair of labial palps.
labial palp height. The distance from the dorsal to
the ventral margin of a labial palp, measured at the
dorsal end of the palp connection to the visceral
mass.
labial palp length. The distance from the distal
terminus of a labial palp to the midpoint of its
basal connection, measured in a straight line.
labial palp muscle scar. See muscle scar a, e.g., in
Pachydomidae.
lachrymose. Teardrop shaped, i.e., broadly rounded at
one end, tapering at the other end.
lacuna (pl., lacunae). A space, within a tissue, which
functions in the place of vessels for the circulation of body fluids, e.g., the lateral lacunal system
accompanying the kidneys in Thraciidae and Verticordiidae (Fig. 154).
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Fig. 156. Laminar buttresses in left valve of pandorid
Pandora (Heteroclidus) punctata (C onrad , 1837);
diagram of shell interior (adapted from Keen, 1969c,
fig. F22,7b).
lamella (pl., lamellae, adj., lamellar). (1) In reference to shell microstructure, a thin plate, such as
that comprising first-, second-, and or third-order
lamellae in aragonitic crossed lamellar microstructures; analogs in calcitic crossed foliated microstructures are called folia; (2) in reference to shell
ornament, a thin, raised ridge; (3) one of up to
four sheets of filaments comprising a filibranch
or eulamellibranch ctenidium (Fig. 104, Fig. 113,
Fig. 289).
lamellar dentition. A hinge dentition consisting of
elongate teeth and sockets, typically at both ends of
the hinge, commonly accompanied by nonlamellar
hinge teeth (Newell & Boyd, 1995, p. 13).
lamellar ligament. The lamellar sublayer of the ligament.
lamellar sublayer of ligament. The nonmineralized
portion of a ligament, excluding the periostracum;
commonly referred to as lamellar ligament.
lamellate. Same as lamellar, which is preferred.

Fig. 157. Transverse fracture through a ctenidial filament in thraciid Thracia meridionalis (Smith, 1885),
Admiralty Bay, King George Island, Antarctica (Flávio
D. Passos, collector), showing ctenidial cilia and epithelia, figure width approximately 60 µm (Sartori, new).
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Fig. 158. Diagram of lativincular ligament (adapted from Waterhouse, 2001, fig. 9b).
lamelliform. Having the shape of a thin, elongate
plate or sheet.
lamello-fibrillar microstructure. An aragonitic,
laminar, plywoodlike shell microstructure consisting
of sheets of more or less mutually parallel, horizontal fibers, with fiber orientations differing in
successive laminae (E rben , 1972, p. 28, for the
cephalopod Spirula; C arter & others, 1990, p.
619, 646) (Fig. 155). This is the Spirula “nacre”
of Mutvei (1964, p. 269), so named because of its
laminar arrangement and nacreous luster, although
it lacks nacre tablets. Kouchinsky (1999, p. 177)
called an approximation of this structure “stepwise
texture” in the lower Cambrian stenothecid tergomyans Anabarella plana V ostokova , 1962, and
Watsonella Grabau, 1900 (see Fig. 300).
lamina. A thin plate.
laminar buttresses. Internal reinforcing ridges radiating from the beak, in some cases articulating
with the opposite valve, thereby comprising an
adventitious hinge dentition (not homologous
with true hinge teeth); e.g., the pandorid Pandora
(Heteroclidus) punctata (Conrad, 1837) (Fig. 156).
laminar microstructures. A general category of shell
microstructures consisting of mutually parallel,
horizontal or slightly imbricated sheets (laminae),
with each sheet comprised of granules, rods, laths,
blades, or tablets. If the laminae are inclined,
there is only one predominant dip direction in the
shell layer. This includes nacreous, semi-nacreous,
lamello-fibrillar, crossed-bladed, Sepia-type laminar,
matted, regularly foliated and semi-foliated microstructures (Carter & others, 1990, p. 611).
laminate. Thinly layered.
lanceolate. Shaped like the tip of a lance, i.e., much
longer than wide, with one end pointed.
lanceolate periostracum. Periostracum in the form
of long, needlelike bristles standing more or less
erect (Oliver, 1981, p. 80). Compare with spicate,
thatched, stubbly, and pilose periostracum.
lapsus calami. Latin for slip of the pen; an unintentional error made by an author in composing a text,
or a typographical or printer’s error. Commonly
italicized.
large tablet, imbricated nacre. A nacreous shell microstructure with overlapping laminae on the deposi-

tional surface, and with tablet diameters substantially
larger than typical nacre, i.e., 30–40 μm as opposed
to less than 20 μm wide. This is a restriction of
the term “large tablet imbricated nacre” of Carter
(2001, p. 233), which also included semi-foliated
aragonite. Locally present in the inner shell layer
of Pojetaia runnegari Jell, 1980 (see Vendrasco,
Checa, & Kouchinsky, 2011, pl. 2,5 ).
larva. The developmental stage between gastrula and
metamorphosis.
larval development. The progression of bivalve growth
from the trochophore stage to the prodissoconch-1,
prodissoconch-2, nepioconch, and dissoconch
stages.
larval hinge teeth. Hinge teeth formed during the
prodissoconch-2 phase of larval development.
larval shell. The prodissoconch, i.e., the generally
mineralized (aragonitic) part of a larva, functioning
as the shell up to metamorphosis. See also prodisso
conch.
larval thread. An elongate, proteinous strand secreted
between the valves of some unionoid glochidial
larvae; believed to be nonhomologous with byssal
threads.
larviparous. A mode of indirect development in which
eggs are hatched internally, and free-living larvae
are then released (Lincoln, Boxshall, & Clark,
1988). Compare with direct development, oviparous, ovoviviparous, and viviparous.
lasidium (pl., lasidia). The larval stage of the unionoid
families Mulleriidae and Iridinidae, characterized
by an elongate body, a very long larval thread,
and paired ventral chitinous hooks (W ächtler ,
Dreher-Mansur, & Richter, 2001).
lateral. (1) On, from, or directed toward the side; (2)
in the context of hinge dentition, located on either
side of the beak, as in a lateral tooth.
lateral bulbs. Elaborations of the lips in Lyonsiidae.
lateral cilia. Cilia on the lateral epithelium of a
ctenidial filament (Peck, 1877, p. 63) (Fig. 157).
They serve primarily to generate water currents. See
also frontal cilia and eu-laterofrontal cilia.
lateral compression. The degree of reduction in width
of a shell relative to its length and height.
lateral disc buttress. A buttress present on the lateral
interior surface of the disc of a pectinoid shell
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(Waller, 2006, p. 315), e.g., in the Permian pernopectinid Pernopecten yini Newell & B oyd, 1995
(Fig. 30). Compare with auricular buttress.
lateral epithelium. The epithelium on the sides of a
ctenidial filament, continuing into the water passages
and covering the ctenidial interlamellar surfaces
(Peck, 1877, p. 63) (Fig. 157). Compare with frontal
epithelium and laterofrontal epithelium.
lateral hinge system. Hinge structures present in
some prodissoconchs, anterior and posterior to the
provinculum.
lateral tooth. A short to elongate, straight to slightly
curved, socketed, nontaxodont shell lamella, positioned on the anterior or posterior hinge area,
usually parallel or subparallel with the adjacent
shell margin, with its proximal end not extending
all the way to the beak, e.g., in the astartid Astarte
smithii Dall, 1886 (Fig. 36, Fig. 68). Lateral teeth
in the order Actinodontida and in nonmembers of
the infraclass Heteroconchia are traditionally called
pseudolaterals.
laterofrontal cilia. (1) The cilia on the laterofrontal
epithelium of a ctenidial filament (Peck, 1877, p.
63), serving primarily to strain particles from the
current generated by the ctenidia; (2) functionally
similar cilia in a slightly different position on the
ctenidial filament (Atkins, 1938, p. 346). Compare
with eu-laterofrontal cilia.
laterofrontal epithelium. The epithelium on a
ctenidial filament on each side of the frontal
epithelium, between the frontal epithelium and
the lateral epithelium (P eck , 1877, p. 63) (Fig.
157). Compare with frontal epithelium and lateral
epithelium.
lath-type chomata. Chomata in the form of elongate,
straight, well-defined ridges, spaced about as far
apart as their widths. They are mostly antimarginally aligned, except in some Texigryphaea Stenzel,
1959, and typically either thin (approximately 1
mm) and long, or wide (1–3 mm) and rather stout.
Lath-type chomata are the most widely distributed type in the Ostreoidea, and they commonly
transition into pustulose chomata (Harry, 1985;
Malchus, 1990).
lathic simple prismatic microstructure. A simple prismatic microstructure in which the prisms are
wider and longer (in the horizontal plane) than
they are tall (in the vertical direction), and they are
distinctly radially elongate (Carter & others, 1990,
p. 647). Same as radially elongate simple prismatic,
which is preferred.
lath-type fibrous prismatic microstructure. See fibrous
prismatic microstructure, lath-type.
lativincular ligament. An alivincular ligament with
a very broad, often shallow resilifer flanked by
narrower, anterior and posterior bourrelets (Waterhouse , 2001, fig. 9b) (Fig. 158). Typical of some
Streblochondriidae, e.g., upper Carboniferous
Orbiculopecten González, 1978. This corresponds
with the term alivincular-areate-wide ligament,
which see.
lecithotrophic. A larval type in which the major or
exclusive energy source during early development is
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Fig. 159. Aragonitic, transitional irregular simple (ISP)
prismatic/homogeneous outer shell layer and underlying lenticular nacreous middle shell layer in mytilid
Mytella guyanensis (L amarck , 1819 in 1818–1822),
Panama (YPM 731). SEM of a radial, vertical fracture
in posterior of shell; exterior is up (Carter, new).

vitelline (yolk). Generally characterized by a shortterm, free-swimming stage (veliger) that does not
derive nutrition from plankton. Conventionally,
bivalve eggs with a diameter above 100 μm are
considered to be yolk rich. Prodissoconch-1 size
is roughly correlated with egg size (O ckelmann,
1965; Mackie, 1984).
lecithotrophic-planktotrophic. Larval type in which
the energy source during early development is
both vitelline (yolk) and plankton. Found in most
Ostreinae. The oyster Tiostrea may be exceptional
in having eggs very rich in yolk (over 200 μm in
width) yet having prerelease, late-stage veliger larvae
already ingesting plankton (O ckelmann , 1965;
Mackie, 1984).
lectotype. A specimen from a suite of syntypes that is
designated as the single name-bearing type specimen of a species or subspecies, subsequent to the
original description of the species or subspecies.
The remaining syntypes are, by intention or by
default, called paralectotypes. Governed by ICZN
(1999) Article 74 with modification in Declaration
44 of 2003 [Bulletin of Zoological Nomenclature
60(4):263]. Compare with holotype, paratype,
syntype, and neotype.
ledge. A blunt, external, commarginal shell feature
corresponding with a relatively short-lived, distinct
disruption of shell margin convexity, affecting the
entire thickness of the shell; e.g., in the pectinid
Nodipecten Dall, 1898 (Waller, 1991, p. 6).
left-convex. Having both valves convex, but with
the left valve being more convex than the right
(Waller, 1969, p. 12).
left pouch. An embayment, on the stomach’s left wall,
which may be blind or connected to the digestive
gland. The left pouch typically houses a flare from
the gastric shield (Fig. 97; and see Fig. 303–305).
left valve. The shell valve on the observer’s left when
united valves are held with the anterior end
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Fig. 160. Terminology of ligament position, illustrated by idealized transverse sections (left) and a composite interior
view of hinge (right). Fibrous and lamellar ligament sublayers are not differentiated. Simple ligaments are portrayed
in three transverse sections on left (with a, b, and c); composite transverse section to right of these (with d, e, and
f ) shows a left hinge and part of a right hinge in a myid left-right asymmetrical ligament (d, e), plus an unrelated,
cleidothaerid deep internal ligament (with f ). Duplivincular, alivincular, multivincular, and other ligaments with
a resilium are portrayed in composite interior view of a hinge on right. Only resilifers (not also the bourrelets)
are shown for alivincular ligaments. Left: a, external simple ligament; b, shallow submarginal simple ligament; c,
shallow to deep submarginal simple ligament; d, deep submarginal ligament, as in left valve of Myidae; e, shallow
internal ligament, as in right valve of Myidae; f, deep internal ligament, as in left valve of cleidothaerid Cleidothaerus
albidus Lamarck, 1819 in 1818–1822. Right: a, external duplivincular ligament; b, shallow submarginal resilifer;
c, shallow to deep submarginal resilifer; d, shallow submarginal to internal resilifer; e, internal resilifer, as in right
valve of anomiid Monia macroschisma (Deshayes, 1839) (see Fig. 14) (Carter, new).

pointing away from the observer, the commissural
plane vertical, and the hinge uppermost.
length of anterior outer ligament. In pectinoids, the
distance along the outer ligament from the origin
of growth to its anterior end (Waller, 1969, p. 12).
length of posterior outer ligament. In pectinoids, the
distance along the outer ligament from the origin of
growth to its posterior end (Waller, 1969, p. 12).
length of resilial insertion. The linear distance
between the most anterior and the most posterior
points on a resilifer, measured parallel to its base
and near the base of the resilifer (Waller, 1969, p.
12). This is commonly also referred to as the width
or breadth of the resilifer.
length of shell. (1) The distance between two mutually
parallel planes oriented perpendicular to the hinge
axis (=cardinal axis) and just touching the anterior
and posterior ends of the shell. This definition is
independent of the position of the adductor muscle
scars, which may be unknown, so it is applicable
to both monomyarian and dimyarian bivalves; (2)
the maximum anteroposterior axis defined by a line
passing through analogous points (center, dorsal,
or ventral) on the anterior and posterior adductor
muscles (Stanley, 1970; Bailey, 2009). This definition is not applicable to monomyarian bivalves,
nor to those for which one adductor muscle scar
is unknown.
lensic foliated. A foliated shell layer with chalky lenses
and/or lensic, structural chambers; e.g., many
Ostreoidea.

lentic. Relating to a still body of water, such as a lake
or reservoir.
lenticular. Shaped like a biconvex lens.
lenticular nacreous microstructure. A variety of
nacreous shell microstructure characterized by
tablets with irregular thicknesses and often convex
and concave surfaces (Taylor, Kennedy, & Hall,
1969, p. 28). This is found in the middle shell
layer of some Nuculidae, Trigoniidae, Unionidae,
Pandoridae, and Mytilidae (Fig. 159). Not to be
confused with semi-nacreous microstructure.
leucocyte (or leukocyte). A white or colorless blood
cell, commonly a nucleated amoeboid cell.
levator muscles. Same as pedal elevator muscles,
which see.
ligament. The dorsal, medial part of a bivalve shell
that is structurally specialized to enhance dorsal
flexing, and that has distinct insertion areas in the
two valves. The ligament includes any superficial
periostracum and all lamellar and fibrous sublayers,
but it excludes any far anterior and far posterior,
distinct periostracal thickenings that may functionally extend the ligament. In the case of some
deeply submerged or internal ligaments, thickened
periostracum along the dorsal shell margin may
functionally replace the lamellar sublayer of the
ligament. An internal ligament is generally called
a resilium. See also ligament 1 and ligament 2.
Compare with pseudoligament.
ligament 1 (abbr., L1). The first-formed larval ligament and its postlarval derivatives, produced
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Fig. 161. Ligamental ridges, grooves, and terraces in duplivincular ligament of glycymeridid Glycymeris pectinata
(Gmelin, 1791 in 1791–1793), Tobago, West Indies (YPM 6039). Acetate peel of an acid-etched, transverse, vertical
section through ligament (right) and ligamental insertion area (left) (Carter, new).
independently of ligament 2 (M alchus , 2004b;
Malchus & Warén, 2005).
ligament 2 (abbr., L2). The postlarval ligament and its
derivatives, produced independently of ligament 1
(Malchus, 2004b; Malchus & Warén, 2005). See
also disjunct ligament.
ligament fulcrum. A long, narrow platform extending
posteriorly from the beak along or near the dorsal
shell margin, serving for attachment of the fibrous
sublayer of a simple, parivincular, or quasiparivincular ligament.
ligament grades. See pteriomorphian ligament grades.

ligament pit. A typically triangular or cup-shaped
depression that serves for the insertion of part or
all of a ligament, regardless of its fibrous, granular,
and/or lamellar composition. See also resilifer and
trabeculae.
ligament position. The insertion area of the ligament relative to the hinge plate or other articulating surfaces. This may be external, shallow
submarginal, deep submarginal, shallow internal, or
deep internal (Carter, 1990a, p. 138) (Fig. 160).
External and shallow submarginal ligaments are also
called dorsal ligaments.
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pseudoresilium

periostracum

resilium
Fig. 162. Alivincular-compressed ligament in limopsid Limopsis sulcata Verrill & Bush, 1898, showing a resilium
flanked by anterior and posterior pseudoresilia. See also Figure 165 (adapted from Oliver, 1981, appendix fig. 1,
limopsid type A ligament).
ligamental area (or ligament area). The insertion area
of the ligament, including the functional part of the
ligament and its growth track.
ligamental fossette (or ligament fossette). A concave
or V-shaped, submarginal, linear, or curvilinear
groove that is aligned parallel or nearly parallel
with the dorsal shell margin, and which serves for
attachment of the ligament or part of the ligament
(Carter, 1990a, p. 138–139). Commonly used in
reference to submarginal, simple ligaments.
ligamental groove (or ligamental groove). A narrow,
more or less linear depression on a ligament insertion area serving for attachment of a lamellar and/
or fibrous sublayer of the ligament, but more
commonly just the lamellar sublayer (Fig. 161).
ligamental notch (or ligament notch). The indentation
in the dorsal margin of a shell at the posterior end
of a ligament, typically in reference to a parivincular ligament.
ligamental ridge (or ligament ridge). (1) A more or
less linear elevation serving for attachment of a
lamellar and/or fibrous sublayer of the ligament,
but more commonly a fibrous sublayer, e.g., in
the arcoid Glycymeris pectinata (Gmelin, 1791 in
1791–1793) (Fig. 161); (2) a more or less linear
elevation formed by projection of the outer layer of
the shell wall into the body cavity of many rudists
(particularly hippuritids and radiolitids); thought

lamellar
sublayer

to have served for attachment of a ligament; (3)
a short, transverse elevation delimiting the anterior edge of the ligament insertion area in some
Buchiidae, e.g., Buchia Rouillier, 1845, or present
immediately beneath the byssal notch and slightly
posterior to the beak in some Monotidae (see Sha
& Fürsich, 1994, fig. 7).
ligamental terrace (or ligament terrace). A relatively
wide, more or less planar surface that supports
a fibrous sublayer in a duplivincular ligament;
adjacent ligamental terraces are separated by a
ligamental groove, e.g., in the arcoidean Glycymeris
pectinata (Gmelin, 1791 in 1791–1793) (Fig. 161).
ligamentat. A typically prismatic shell layer that
binds the ligament to the shell (Glasunov, 1965;
Crampton, 1996; Johnston & Collom, 1998, p.
350). This term is commonly used in reference to
Inoceramidae. Compare with antiligamentat.
ligostracum. A discrete calcified layer binding the
proteinous portion of the ligament or any other
protein-rich external layer, such as the perio
stracum, to the shell (Carriker & Palmer, 1979a).
Compare with mosaicostracum and ligamentat.
ligulate. Dorsoventrally elongate, truncate on one end
(dorsally in glochidia) and round on the other end
(ventrally in glochidia); tongue or strap shaped.
limopsid ligament types. Limopsid ligament types
A–D as defined by Oliver (1981) (see below).

fibrous
sublayers

Fig. 163. Multi-alivincular ligament in a limopsid, showing alternating lamellar and fibrous sublayers (adapted
from Oliver, 1981, appendix fig. 1, “limopsid type B ligament”).

Illustrated Glossary of the Bivalvia

93

fibrous sublayer

lamellar sublayer

Fig. 164. Alivincular-areate-medium ligament in limopsid Limopsis chuni Thiele & Jaeckel, 1931 (adapted from
Oliver, 1981, appendix fig. 1, limopsid type C ligament).
limopsid type A ligament. An external, amphidetic,
alivincular ligament with a central, moderately
wide, triangular resilifer containing the fibrous
sublayer, flanked anteriorly and posteriorly by
narrower, triangular pseudoresilifers containing
only lamellar ligament; all three areas radiate
from a point below the beak; e.g., in the limopsid
Limopsis sulcata V errill & B ush (1898) (Fig.
162). The remainder of the cardinal area is covered
by a thin layer of periostracum (O liver , 1981,
appendix fig. 1). This ligament type is herein called
alivincular-compressed.
limopsid type B ligament. An external, amphidetic,
multi-alivincular ligament (which see), with several
resilifers and flanking lamellar ligament areas radiating from a point below the beak. The central
resilifer is wider than those flanking it, and only
the central resilifer reaches the beak. The resilifers
contain fibrous ligament; the remainder of the ligamental area is covered by lamellar ligament. Found
in some larger members of Limopsis morphological
class I of Oliver (1981, appendix fig. 1) (Fig. 163).
limopsid type C ligament. An external, amphidetic,
alivincular-areate-medium ligament, as in Limopsis

chuni T hiele & J aeckel , 1931 (O liver , 1981,
appendix fig. 1) (Fig. 164).
limopsid type D ligament. An alivincular ligament
similar to limopsid type A of Oliver (1981), except
that the anterior and posterior cardinal areas are
covered by thick rather than thin periostracum.
This is herein called alivincular-compressed; e.g.,
Limopsis lilliei E. A. Smith, 1915 (Oliver, 1981,
appendix fig. 1) (Fig. 165).
line. (1) A very narrow, elongate, radial, antimarginal,
commarginal, or slightly oblique element of shell
ornament that does not appear to be visibly raised
to the naked eye. A line differs from a thread
in lacking noticeable relief; (2) a growth line,
which may be external or internal, and which is
commonly incised on the exterior of the shell.
linear crossed lamellar microstructure (abbr., LCL).
A simple crossed lamellar shell microstructure in
which the first-order lamellae are very elongate and
minimally branching, as observed on the depositional surface and in horizontal sections (Fig. 82).
lineavincular ligament. An opisthodetic, low-angle
duplivincular ligament with only posteriorly
dipping grooves and ridges (Waterhouse , 2001,

pseudoresilium

thickened
periostracum

resilium
Fig. 165. Alivincular-compressed ligament in limopsid Limopsis lilliei E. A. Smith, 1915. See also Figure 162 (adapted
from Oliver, 1981, appendix fig. 1, limopsid type D ligament, with thickened periostracum at ends of cardinal area).
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Fig. 166. Right valve of upper Carboniferous myalinid Selenimyalina meliniformis (Meek & Worthen, 1866), Kansas
(AMNH 42889), showing an opisthodetic, low-angle duplivincular ligament with only posteriorly inclined ridges
and grooves. Also called lineavincular. Arrows mark intersections of two ligamental ridges with ventral margin of
ligament insertion area, demonstrating that they are slightly inclined and not merely growth lines (adapted from
Newell & Boyd, 1987, fig. 7F; courtesy of the American Museum of Natural History).
p. 114); e.g., the upper Carboniferous myalinid
Selenimyalina meliniformis (M eek & W orthen ,
1866) (N ewell & B oyd , 1987, fig. 7F; C arter ,
1990a, fig. 29) (Fig. 166). Some low-angle duplivincular ligaments have long, posteriorly dipping
ligamental grooves and ridges, plus some very short,
anteriorly dipping ligamental grooves and ridges, all
of which may be opisthodetic, as in Septimyalina
perattenuata (M eek & H ayden , 1858) (N ewell
& Boyd, 1987, fig. 7E). Such examples are herein
classified as amphidetic, low-angle duplivincular
and not lineavincular. Waterhouse (2008, p. 24)
included ambonychiid ligaments here, but they are
herein called monovincular-P, because their putative ligamental ridges are actually just growth lines.
lips. Raised outgrowths of the buccal dermis (integument surrounding the mouth), continuous with the
labial palps. These are usually simple flaps, dorsal
and ventral to the mouth, but they are hypertrophied into arborescent or ruffled structures in the
Pectinidae, Limidae, and Spondylidae. In some
Limidae, the dorsal and ventral lips are fused,
leaving only a series of ostia as mouth openings.

Fig. 167. Nearly ventral, slightly oblique internal view
of hinge and deep internal ligament of cleidothaerid
Cleidothaerus albidus (Lamarck, 1819 in 1818–1822),
Campbell Bay, Auckland, New Zealand (USNM
679728); right (attached) valve; scale is in mm (Carter,
new).

Hypertrophied lips are believed to filter potential
food particles.
lira (pl., lirae, adj., lirate). A minute, commarginal or
nearly commaraginal elevation, usually between
two furrows; less prominent than a ridge but more
prominent than a growth line, e.g., on the venerid
Dosinia discus (Reeve, 1850) (Fig. 94). Same as a
filum. Not to be confused with lyrate.
lithodesma. An unpaired, medial, calcareous structure
reinforcing the inner, fibrous or mostly fibrous part
of an internal or deeply submarginal ligament. Also
called a calcareous ossicle or osciculum. Present
in many Periplomatidae, Thraciidae, Lyonsiidae,
Pandoridae, Myochamidae, Cleidothaeridae, Verticordiidae, Cuspidariidae, and Clavagellidae; rarely
present in Lasaeidae and Leptonidae. The example
herein (Fig. 167) is from the cleidothaerid Cleidothaerus albidus Lamarck, 1819 in 1818–1822.
lithodesmodont. An elongate hinge with a lithodesma
(Coan, Scott, & Bernard, 2000, p. 738).
littoral. Intertidal, i.e., the coastal zone between the
highest high-water mark and the lowest low-water
mark.
longest shell diameter (abbr., LD). The largest diameter across a shell, measured along the major shell
axis, which see (Malchus, herein).
longiaxis (adj., longiaxial). With the shell’s length
determined by the maximum anteroposterior axis
(which see), the longer of the two segments of
this axis delimited by the line passing through the
beak, perpendicular to the anteroposterior axis
(Bailey, 2009).
longidetic. The position of a ligament or other feature
on the dorsal region of the longer end of an inequilateral shell (Bailey, 2009). The terms prosodetic
and opisthodetic are preferred when the anterior
and posterior ends of the shell can be identified.
longidorsum. The dorsal region of the longer end
of an inequilateral shell (Bailey, 2009). Compare
with brevidorsum. The terms dorsoanterior and
dorsoposterior are preferred when the anterior and
posterior ends of the shell can be identified.
longigyrate. Having the beaks in an inequilateral shell
pointing toward the longer end of the shell. A term
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Fig. 168. Low-angle, amphidetic, duplivincular ligament in a silicified left valve of Guadalupian, medial Permian
pterinopectinid Pterinopectinella spinifera Newell & Boyd, 1995, Road Canyon Formation, Glass Mountains, Texas
(adapted from Newell & Boyd, 1995, fig. 19.1; courtesy of American Museum of Natural History).
proposed by Bailey (2009) to replace prosoygrate
and opisthogyrate when the anterior and posterior
ends of the shell cannot be identified. Compare
with brevigyrate.
longisigillum (pl., longisigilla). A lunule-like or
escutcheon-like (undifferentiated) feature on the
exterior dorsal margin of the longer end of an
inequilateral shell (Bailey, 2009). The terms lunule
and escutcheon are preferred when the anterior and
posterior ends of the shell can be identified.
longiterminus. The extremity at the long end of an
inequilateral shell (Bailey, 2009).
longitudinal. In a direction parallel to the hinge axis.
longitudinal axis. Same as anteroposterior axis.
cardinal 4b
left
valve

1

longitudinal plane. See body planes.
longiventral (n., longiventer). Of or pertaining to the
ventral region on the long end of an inequilateral
shell. A term proposed by Bailey (2009) to replace
anteroventral and posterovental when the anterior
and posterior ends of the shell cannot be identified.
long-term brooder. A bivalve that broods glochidia for
much of the year, typically from late summer or autumn
to the following summer; also called bradytictic.
lophine chomata. Chomata in the form of minute
pustules in adjacent lines that are antimarginally
oriented, with one to several pustules per line.
Lophine chomata may form a broad, continuous
band completely around the shell margin, or they

cardinal 3a

laminar IV
lateral AIV

lateral AIII

lateral AII

lateral AI

cardinal 2b

cardinal 3b

AIV
PIV

4b
PII

right
valve

AIII
3a

2b

3b

PIII

AII

2
Fig. 169. Lucinoid grade hinge. 1, Diagram of left and right hinges (adapted from R. N. Gardner, 2005, fig. 10.1,
11.1; courtesy of R. N. Gardner); 2, left and right hinges of lucinid Jagolucina concava (Defrance, 1825 in Deshayes,
1824–1837) (adapted from Chavan, 1969, p. 505, fig. E11.1a,b).
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2
1
Fig. 170. Malleid Malleus malleus (Linnaeus, 1758);
1, external and 2, internal views of right valve, hinge
length 21 cm (adapted from Cox in Hertlein & Cox,
1969, fig. C54,2a–b).
may occur only at a few places along the shell
margin. They may occur on both valves or on just
the right valve; in either case, there are no corresponding pits in the opposite valve (Harry, 1985,
p. 133). Found in the ostreid tribe Lophini.
lotic. Of or relating to flowing waters, such as rivers,
streams and creeks.
low-angle duplivincular ligament. A duplivincular
ligament in which the ligamental ridges and grooves
are only slightly inclined relative to the hinge axis.
Compare with reduced low-angle duplivincular,
wherein the ligamental groove–ridge couplets are
reduced to 1 or 2 in the adult stage. A low-angle
duplivincular ligament may be amphidetic, as
in the Permian pterinopectinid Pterinopectinella
spinifera N ewell & B oyd , 1995 (Fig. 168), or
opisthodetic, as in many Myalinidae (Fig. 166).
The ligament insertion area may be external or
submarginal. Among the opisthodetic examples, the
ligamental ridges and grooves may be all inclined
toward the posterior (Fig. 166) or they may have
long, posteriorly dipping ridges and grooves and
short, anteriorly dipping ridges and grooves, as in
the upper Carboniferous myalinid Septimyalina
perattenuata (M eek & H ayden , 1858) (see Fig.
201–202). Compare with multiple planivincular
ligament.
lucinoid grade hinge. A heterodont hinge with two
cardinal teeth in each valve, the anterior tooth

Fig. 171. Mantle attachment scars interior to pallial line
in Middle Devonian ambonychiid Gosseletia triquetra
(Conrad, 1838) (adapted from Bailey, 1983, fig. 14B;
courtesy of J. B. Bailey and the American Museum of
Natural History).

in the left valve occupying the median position
below the beaks (Félix B ernard , 1895, 1896a,
1896b, 1897); e.g., the Eocene lucinid Jagolucina
concava (D efrance , 1825, in D eshayes , 1824–
1837) (Fig. 169). This hinge grade is not present
in the Astartidae, Crassatellidae, Carditoidea, or
Cardioidea, contrary to earlier accounts, according
to R. N. G ardner and C ampbell (2002) and R.
N. Gardner (2005). The cardinal teeth in the left
valve are numbered 3a, 3b, those in right valve are
numbered 2b, 4b. Cardinal 2b occupies the pivotal
position below the beaks. R. N. Gardner (2005,
p. 332) restricted application of lucinoid hinge to
the Lucinoidea and described it as follows: “characterised [sic] by lateral tooth AI being positioned
along the ventral edge of the right valve anterior
hinge area, and by the absence of cardinal teeth
1 and 2a. Lateral tooth AII is positioned along
the left valve anterior hinge area proximal to the
ventral edge, and lateral PI is placed along the
ventral edge of the right valve posterior hinge area.
When lateral AII reaches the cardinal area, it forms
cardinal tooth 2b, by way of the anteroventral
extremity of the cardinal. Laterals AIII, AIV, and
PIII are positioned proximal to the ventral slope
of the anterodorsal and posterodorsal margins.
In some genera, AIII and AIV take the form of a
lamella. Cardinal tooth 2b is orthocline or slightly
opisthocline, and occasionally also develops a bifid
form. General hinge formula in Lucinidae is: AI
AIII 3a 3b PI (PIII ) / AII AIV 2b 4b PII (PIV ).”
Compare with corbiculoid, arcticoid, isocyprinoid,
early veneroid, veneroid, advanced veneroid, and
venielloid grade hinges.
lumen (pl., lumina). The duct, cavity, or canal of a
tubular organ.
lunate. Crescent shaped, as in a quarter-phase moon.
lunular sector. The growth track, on the dorsoanterior shell surface, of the anterior margin of
the anterodorsal hinge, the lateral boundary of
which is not marked by an incised line, a change
in ornament, and/or or a change in color (R.
C arter , 1967). Compare with lunule and false
lunule.
lunule. (1) A depressed plane or curved area on the
shell’s exterior, adjacent to the hinge line in front
of the beak, equivalent to the anterior part of the
cardinal area (Moore, Lalicker, & Fischer, 1952).
The lunular area is typically subcircular, heart,
or crescent shaped, e.g., in the venerid Periglypta
listeri (Gray, 1838) (Fig. 35); (2) the visible track
of the anterior margin of the anterodorsal hinge,
the surface of which is covered by periostracum
and either a thinner than normal outer shell layer
(e.g., in Crassatellidae and some Veneridae), the
middle shell layer (the more typical condition), or
the inner shell layer (R. Carter, 1967). According
to this definition, the lateral margin of the lunule
is marked by an incised line, a change in sculpture,
and/or a change in color. In the venerid Meretrix
L amarck , 1799, for example, the lunule sensu
R. C arter (1967) is marked only by a change
in color. See also false lunule and lunular sector.
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inner fold 1
eye
Arca, Glycymeris

outer fold 1
periostracum
outer fold 2
inner shell layer
outer and middle shell layer

inner fold 2
Barbatia, Philobrya

inner fold 1
eye
outer fold 1
outer fold 2
periostracum
outer and middle shell layer
inner shell layer

Fig. 172. Marginal mantle fold numbering system of Waller (1980). Radial, vertical sections through shell and
mantle margin (adapted from Waller, 1980, fig. 3).
If the anterior and posterior ends of the shell
cannot be determined, the terms brevisigillum and
longisigillum may be used instead of lunule and
escutcheon (undifferentiated).
lyrate. Pinnately lobed, with the lobes increasing in
size along the length axis.
maculate (n., maculation). Spotted, generally with
spots of irregular size, shape, and distribution
(Coan, Scott, & Bernard, 2000, p. 738).
main conchiolin layer (abbr., MCL). The thickest
conchiolin layer in a corbulid shell. It may function to protect the shell from chemical borers and/
or dissolution in reducing sediments, or to seal the
valve margins upon closure (Lewy & Samtleben,
1979). The MCL is sometimes accompanied by a
second conchiolin layer (SCL).
major shell axis. The axis passing through the two
most distant points on a shell margin. It is used to
measure the largest diameter across a valve.
malacology. The study of mollusks.

male hermaphrodite. A hermaphrodite that produces
primarily sperm instead of primarily eggs.
malleiform. Shaped like the malleid Malleus malleus
(Linnaeus, 1758) (Fig. 170).
mammillate. Having gently rounded papillae.
Commonly misspelled mamillate.
mantle. A membranous organ consisting of left and
right lobes, united dorsomedially by an isthmus,
lining the interior of the shell valves and the ligament, surrounding the mantle cavity, secreting
and repairing the periostracum, shell, and ligament, comprising the siphons where present, and
provided with 2 to 4 muscular and/or sensory folds
(Fig. 144, Fig. 172); e.g., the venerid Mercenaria
mercenaria (Linnaeus, 1758).
mantle attachment scars. Sites of attachment of the
mantle to the shell other than at the pallial line,
typically represented by pits just proximal to the
pallial line, or dispersed over much of the inner
shell layer, as in the Ordovician falcatodontid
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Fig. 173. Matted microstructure in inner shell layer of upper Carboniferous edmondiid Edmondia gibbosa (M’Coy,
1844), Kendrick Shale Member, Breathitt Formation, Ligon, Kentucky (UNC 13751b). 1, SEM of polished and
acid-etched vertical section and 2, horizontal fracture; scale bars = 1 µm (Carter, new).
Falcatodonta (see C ope , 1996, pl. 7,3) and the
Middle Devonian ambonychiid Gosseletia triquetra
(C onrad , 1838) (Fig. 171). Also called pallial
punctae. The underlying shell microstructure is
typically irregular simple prismatic, as in a typical
myostracal deposit.
mantle bridge. A connection between the left and
right posterodorsal mantle tissues, which separates
the excurrent aperture from a supra-anal aperture.
Present in some but not all unionoids (see Fig.
307).
mantle caecum. See caecum.
mantle cavity. The chamber between the mantle
and the visceral mass, containing the ctenidia. It
includes any ctenidium-bearing extensions of this
chamber posterior to the shell valves in siphonate
species, e.g., in teredinids and in the gastrochaenid
Lamychaena Freneix in Freneix & Roman, 1979.
It is typically divided into infrabranchial and suprabranchial chambers. Also called the pallial cavity
(see Fig. 277).
mantle crest. The dorsal union of the mantle lobes
beneath the ligament. It is lobed in crassatellids

F ig . 174. Mesoplax of pholadid Cyrtopleura costata
(Linnaeus, 1758), figure width approximately 30 mm
(adapted from Mikkelsen & Bieler, 2007).

but undivided in hemidonacids (see Boss, 1982,
p. 1139).
mantle currents. Cilia-driven water currents within
the mantle cavity (C oan , S cott , & B ernard ,
2000, p. 738).
mantle flap. A modification of the mantle in certain
unionids (e.g., Lampsilis Rafinesque, 1820), just
ventral to the incurrent aperture, comprising a
variable expansion of tissue that mimics the prey
of potential glochidial hosts. Believed to function
as lures for glochidial hosts. See also mantle folds
(definition 2).
mantle folds. (1) Soft tissues developed into lobe-like,
papillate, tentaculate, and/or sensory extensions
at or near the shell margins. Some or all of the
marginal mantle folds may be partially or entirely
fused medially along the sagittal plane. W aller
(1980) classified marginal mantle folds as outer
mantle fold 1 and 2 (OF-1, OF-2) and inner
mantle fold 1 and 2 (IF-1, IF-2) (see entries for
each type; Fig. 172). OF-1 is the outer mantle
fold as defined by most authors; IF-1 is the middle
mantle fold as defined by most authors; and IF-2 is
the inner mantle fold as defined by most authors.
These are also called marginal mantle folds, and
in the older literature, mantle lobes; (2) in certain
unionoids, a modification of the mantle margin,
principally in long-term brooders such as Medionidus S impson , 1900, and Ligumia S wainson ,
1840, which is generally not as deep nor as well
developed as a mantle flap (which see); believed to
lure potential glochidial hosts.
mantle gills. Same as pallial gills, which see.
mantle isthmus. The line of primary continuity of the
left and right mantle lobes, where the ligament is
secreted. See also isthmian mantle.
mantle lobe. (1) Each of two lateral (left and right)
subdivisions of the mantle, united medially by an
isthmus; see also mantle; (2) same as mantle fold,
which is the preferred term for the muscular, sensory,
and secretory protuberances of the mantle margins.
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mantle margin gland. See crassatellid mantle margin
gland and pallial glands.
mantle retractor muscles. Generally radially oriented
mantle muscles that attach to the shell within
or proximal to the pallial line, and that serve to
retract or contract the mantle margin. This includes
siphonal retractor and orbital muscles, which see.
marginal carina. A carina that extends in a more or less
radial or antimarginal direction from the umbonal
area toward the posteroventral shell margin, and
that is developed primarily near the posteroventral
shell margin. Commonly used in reference to
trigonioid shells. Compare with umbonal carina.
marginal crenulations. Small deflections on or near
the shell margin, weaker than denticles but stronger
than microdenticulations. These may be nodular,
serrated, or fluted (Oliver, 1981, p. 79). Nodular
crenulations are marked by nodules and pits or
ridges and troughs. Serrated crenulations are
marked by fine serrations on an otherwise smooth
shell margin. Fluted crenulations are marked by
weak undulations or corrugations that coincide
with radial external ribs.
marginal denticles. Same as commissural denticles,
which see.
marginal food groove. See food groove.
marginal glochidial host. A host species on which
glochidia are capable of transforming to the juvenile
stage, but for which the success rate is much lower
relative to species identified as primary hosts. Sometimes referred to as a secondary glochidial host.
marginal grooves. Commarginal recesses near the
posterodorsal and anterodoral shell margins in the
left valve of some subequivalve oysters (=Randfurchen of Malchus, 1990, p. 79); e.g., the ostreid
Ostrea Linnaeus, 1758.
marginal ridge. An internal, low elevation bordering
the shell disc, e.g., present in some pectinoids.
marginal sense organ. A ciliated flap of middle mantle
fold tissue on either side of the foot, as in the Pristiglomidae, Malletiidae, Neilonellidae, Sareptidae,
Nuculanidae, Phaseolidae, and Tindariidae. Also
called an anterior mantle sense organ. Absent in
Gastropoda, Monoplacophora, Nuculidae, Solemyidae, Manzanellidae, Pteriomorphia, Palaeoheterodonta, Heterodonta, Myoidea, Pholadoidea,
Pholadomyidae, Parilimyidae, Poromyidae, Verticordiidae, and Cuspidariidae.
marginal tooth. (1) A shell-marginal tooth, which see;
(2) a lateral tooth sensu Bailey (2009), but not as
this term is herein defined.
marsupial gill. A ctenidium that has been modified to
serve as an incubatory chamber for brooded larvae.
marsupial swelling. A posterior inflated area on the
shell of long-term brooding female unionids. This
term is often incorrectly applied to the posteroventral shell expansion in Epioblasma Rafinesque,
1831, which accommodates mantle modifications
other than those related to marsupia.
marsupium (pl., marsupia). A specialized incubatory
chamber or brood pouch that is an integral part of
the bivalve. This may be represented by a modification of the ctenidium, as in many unionoids, or
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Fig. 175. Pholadid Martesia striata (Linnaeus, 1758),
showing metaplax, protoplax, and siphonoplax, shell
length 20 mm. See also Figures 48–49 (adapted from
Mikkelsen & Bieler, 2007).

by an invagination of the shell margin, as in the
carditid Milneria Dall, 1881.
matted microstructure. A laminar shell microstructure
consisting of mutually parallel sheets of predominantly horizontal, elongated crystallites otherwise
oriented more or less randomly within each sheet
(C arter & others, 1990, p. 612). Differs from
fine CCL microstructure in that the crystallites
are horizontal rather than dipping relative to the
depositional surface. Differs from laminar lamellofibrillar microstructure in that the crystallites
are more randomly oriented within each lamina.
Present in some permophorids, early cardiids,
and edmondiids; e.g., the inner shell layer of the
upper Carboniferous edmondiid Edmondia gibbosa
(M’Coy, 1844) (Fig. 173). In some cases, matted
microstructure represents an evolutionary transition between ancestral nacre and fine CCL. This
is suggested by the fact that in Edmondia gibbosa,
the matted microstructure in the outer part of the
middle shell layer includes some irregularly shaped
plates that may be disordered nacre tablets.
medial. Of or toward the middle; opposite of lateral.
median. (1) In the middle; lying or running in the
axial plane; (2) the middle point.
median carina, groove, or sulcus. For trigonioids, a
narrow, antimarginal ridge, fold, or depression that
divides the area (which see) of the shell into parts
closer to and farther away from the commissural
plane, and that extends from the beak or umbo
to the middle of the dorsoposterior shell margin.
When the area is divided into two asymmetrical
parts, the terms submedian carina, groove, or sulcus
are used instead (Leanza, 1993, p. 17).
median plane. Same as midsagittal plane, which see.
mesectostracum. The outer layer of a two-layered shell,
excluding the periostracum, situated exterior to
the pallial myostracum (O berling , 1955, 1964,
p. 9). The terms outer shell layer or outer shell
layer plus middle shell layer are simpler and more
readily understood. See outer shell layer and middle
shell layer.
mesendostracum. The inner layer of a two-layered shell,
excluding the periostracum, situated interior to
the pallial myostracum (Oberling, 1955). This is
synonymous with inner shell layer as defined herein.
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Fig. 176. Gastrochaenid Spengleria sp., Elizabeth Reef, western outer slope, Tasman Sea, 20˚ 57.2’ S x 159˚ 01.2’
E, 12–17 m, formalin-preserved, with shell, part of ventral and inner mantle folds, and gills removed. 1, Dorsal
view, showing anterior adductor (ant. add.), posterior adductor ( post. add.), anterior pedal retractor (ant. pedal
retractor), posterior pedal retractor ( post. ped. retractor), pedal protractor muscle ( pedal protrac.), and heart; 2,
nearly ventral, slightly right lateral view showing visceral mass, its posteroventral extension into a metasoma, foot,
inner mantle fold (mostly cut away), pallial muscles, and the pallial gland (sectioned longitudinally) (Carter, new).
mesoconch. An intermediate growth stage of a dissoconch, which is separated from the dissoconch’s
earliest growth stage (=nepioconch) and its later
growth stage (the remainder of the dissoconch)
by a pronounced ornamental, mineralogical, and/
or microstructural discontinuity. Compare with
prodissoconch, nepioconch, and dissoconch.
mesoplax. An accessory shell plate, usually wider than
long, that straddles the valves at the umbos and
thereby protects the posterior portion of a dorsally
shifted, anterior adductor muscle. This is found in
many Pholadidae and Teredinidae (Fig. 24, Fig.

174). The mesoplax usually originates ventral to
the anterior adductor muscle, and it may consist
of one or two pieces. It is positioned posterior to
the protoplax.
mesosoma. Same as metasoma, which is preferred.
mesostracum. In a three-layered shell (excluding the
periostracum), the middle shell layer, i.e., the one
positioned immediately exterior to the pallial and
adductor myostraca (Oberling, 1955, 1964, p. 6).
The term middle shell layer is preferred herein.
metaconch. Early ontogenetic shell stage on release
from the mother or egg capsule, in which
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prodissoconch and (postlarval) nepioconch are
fused but discernible (Malchus & Sartori, herein).
metamorphic line. A sharp line of demarcation
between the prodissoconch and the succeeding
postlarval shell (dissoconch), corresponding to the
time when a veliger settles and undergoes a series of
rapid anatomical changes, such as loss of the velum,
increase in size of the foot, adductor(s), and gills,
and elaboration of the mantle folds (Carriker &
Palmer, 1979b, p. 106).
metamorphic shell lip. A narrow shell rim at the
prodissoconch-nepioconch boundary. It may
converge with the shell produced during the
settling phase (Malchus & Sartori, herein). Also
called a nepionic flange.
metamorphosis. The generally rapid period of transformation of a larva into the juvenile stage. In the
case of a veliger larva, the velar lobes disappear and
the adult organs and shell microstructures develop
during metamorphosis.
metaplax. A narrow, anteroposteriorly elongate accessory shell plate covering the gap between the dorsoposterior shell margins behind the beaks, joined
to the valves by a periostracal fold. Common in
Pholadidae and Teredinidae (Fig. 24, Fig. 49, Fig.
175).
metasoma. A posteroventral, saclike extension of the
visceral mass, commonly containing the stomach’s
style sac plus part of the gonad, e.g., in the gastrochaenid Spengleria sp. (Fig. 176). Also called a
mesosoma or pyloric process.
microciliobranch ctenidium. A ctenidium in which
the laterofrontal tracts of the filaments consist of a
row of micro-laterofrontal cilia. The basis for the
group name Microciliobranchia of Atkins (1938)
originally including only the order Pseudolamellibranchia, with superfamilies Arcoidea, Anomioidea,
Pterioidea, Pectinoidea, and Ostreoidea.
microdenticulations. Microscopic denticulations on
or near the shell margins, commonly representing
the growing ends of individual nondenticular
composite prisms.
microdont dentition. A hinge dentition consisting of
extremely small pseudotaxodont teeth; e.g., in the
upper Permian prilukiellid Microdontella problematica Lebedev, 1944 (Fig. 177).
micro-laterofrontal cilia. Tenuous, small, laterofrontal
cilia comprising a row on each side of each ctenidial
filament, e.g., in the group Microciliobranchia
(Atkins, 1938).
microlure. A very small mantle projection located just
ventral to the incurrent aperture, serving as a lure
for hosts, which is displayed against the mantle pad
within the extrapallial swelling; e.g., some species of
the unionid Epioblasma Rafinesque, 1831.
micro-ornament. Same as microsculpture, which see.
micropectinate. Having very fine, closely parallel,
toothlike projections, as on the shell margins of
the nuculids Ennucula obliqua (L amarck , 1819
in 1818–1822) and Middle Devonian Nuculoidea
deceptriformis Bailey, 1983. Compare with pectinate.
micropoint. A small (<0.2 µm), non-elongate projection on the ventral margin of some unionoid
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Fig. 177. Microdont hinge dentition in upper Permian
prilukiellid Microdontella problematica Lebedev, 1944;
scale bar = 1.0 mm (adapted from Lebedev, 1944; see
also Weir, 1969, p. 409, fig. D11,3b).
glochidia and/or on the flanks of their glochidial
hook (Fig. 122, and see Fig. 306). Compare with
microstylet.
microridges. Rows of microscopic, interlocking,
taxodont-like or vermiculate, short ridges and
gutters close to the hinge axis of many Pectinida.
The ridge crests are typically smooth and the
gutters tend to have irregular surfaces (C heca ,
Esteban-Delgado, & Rodrígues-Navarro, 2007).
They are possibly derived from postlarval tooth
generation 1, which see (Malchus, 2006b).
microsculpture. Extremely fine elements of external
shell ornament, such as shagreen microsculpture
(which see). Characteristic of some prodissoconchs
and nepioconchs, but also present on some adult
shells.
microstructure. The arrangement of the basic structural units (granules, tablets, fibers, laths, rods,
blades) in a shell. Compare with ultrastructure.
microstructure category. An association of shell
microstructures defined by their tendency to intergrade within the same general shell layer, e.g.,
aragonitic prismatic, calcitic prismatic, foliated,
nacreous, and porcelaneous categories.
microstructure group. An association of shell microstructures defined by similarity of structural

Fig. 178. Calcitic mineralogical aberrations in veneroidean Irus (Irus) crenata (Lamarck, 1818 in 1818–1822),
New South Wales, Australia (YPM 9748); calcite appears as dark patches on a lighter, aragonitic background
(Carter, 1980a, fig. 2).
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F ig . 179. Modioliform shell shape as illustrated by
mytilid Modiolus squamosus Beauperthuy, 1967, shell
several cm long (adapted from Mikkelsen & Bieler,
2007).
arrangement, e.g., crossed, homogeneous, laminar,
prismatic, and spherulitic (Carter, 1980a; Carter
& others, 1990).
microstylet. A small (0.2–17 µm), elongate projection
on the ventral margin of some unionoid glochidia
and/or on their glochidial hook (Clarke, 1981, p.
13; Hoggarth, 1999) (Fig. 122). Isolated microstylets not on the main glochidial hook are called
supernumerary glochidial hooks (see Fig. 306).
microtubules. Same as tubules, which see.
middle mantle fold. In most bivalves, the middle of
three mantle folds, generally serving for sensory
reception, and carrying, especially posteriorly in
siphonate species, papillae, tentacles, and/or eyes.
It might contribute to secretion of the periostracum
in some bivalves. W aller (1980, p. 4) proposed
a numbering system in which this is called inner
mantle fold 1 (Fig. 172).
middle shell layer. The microstructurally differentiated
shell layer between the outer shell layer (which see)
and the pallial and adductor myostraca. See outer
shell layer for identification of the middle shell layer

when only one microstructurally distinct shell layer
is present between the periostracum and the pallial
and adductor myostraca, or when a prismatic outer
shell layer is limited to the early postlarval juvenile
shell, or when a juvenile prismatic outer shell layer
becomes submerged ontogenetically within the
middle shell layer. Oberling’s (1955, 1964, p. 6)
term mesostracum is only partially equivalent to
middle shell layer as defined herein.
midgut. The generally coiled portion of the intestines
between the stomach and the hindgut, lying within
the visceral mass, e.g., in the venerid Mercenaria
mercenaria (Linnaeus, 1758) (Fig. 130). Compare
with hindgut.
midsagittal plane. The plane dividing a body into left
and right halves. In left-right symmetrical bivalves,
this includes the hinge axis. Compare with sagittal
planes, which include the midsagittal plane and
planes parallel to it.
mineralogical aberrations. Discrete patches of
calcite secreted within an otherwise aragonitic
shell layer, e.g., in the veneroidean Irus (Irus)
crenata (L amarck , 1818 in 1818–1822) (Fig.
178). The calcite commonly appears as darkly
pigmented triangles on a lighter aragonitic background. The abundance of calcitic aberrations
is sometimes related to ambient temperature
(C a rt e r , 1980a, fig. 2; C a rt e r , B a r r e r a , &
T evesz , 1998).
mocret. A term proposed by M alchus (1990) for
chalky microstructure in oyster shells (Fig. 55).
modioliform. Having a shell shape like Modiolus
Lamarck, 1799, i.e., a strongly inequilateral shell
with not quite terminal beaks, an expanded posterior, and an anteroventral region with a slight lateral
bulge (Fig. 179).
moniliform. Having a necklacelike row of beads.
monoecious. Having male and female reproductive
organs in the same individual; same as hermaphroditic.

5 mm
F ig . 180. Monovincular-A ligament in right valve of Permian deltopectinid Deltopecten sp., South Kennedy,
Queensland, Australia (AMNH 42890) (adapted from Newell & Boyd, 1987, fig. 8A; courtesy of the American
Museum of Natural History).
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Fig. 181. Monovincular-D1 ligament in noetiid Noetia ponderosa (Say, 1822). 1, Camera lucida drawing of cardinal
area of juvenile left valve, with ligament partially cut away to reveal pseudotrabeculae; 2, transverse sections through
united valves, showing lamellar (solid black) and fibrous (dashed ) sublayers. See also Figure 203 (Carter, new).
monomyarian. Having one and only one adductor
muscle, typically the posterior one; e.g., the
gryphaeid Hyotissa hyotis (L innaeus , 1758) (Fig.
61). This muscle may produce a single scar or
multiple scars on the interior of the shell. Compare
with dimyarian and trimyarian.
monophyletic. A set consisting of an ancestor and all
of its descendants; usually used for groups whose
members share a more recent common ancestor
with one another than with any nonmembers,
though monophyletic groups of organisms within
sexually reproducing species or populations may
not have this property (PhyloCode, May, 2012:
www.ohio.edu/phylocode/glossary.html).
monotypic. Represented by only one member taxon,
such as a family with only one genus or a genus
with only one species.
monotypy (abbr., M). In taxonomy, the situation
arising: (1) when an author establishes a genus or
subgenus for what he or she considers to be a single
species or subspecies, and denotes that species
or subspecies by an available name (the nominal
species or subspecies so named is the type species

or subspecies by monotypy); or (2) when an author
bases a nominal species or subspecies on a single
specimen, but does not explicitly designate it as
the holotype. Governed by ICZN (1999) Articles
68.3 and 73.1.2, respectively. See also subsequent
monotypy.
monovincular ligament. An anteroposteriorly elongate, external or submarginal ligament with an
insertion area marked by growth lines and sometimes also by vertical or radial but not mutually parallel, steeply inclined ridges and grooves.
Resilifers and bourrelets are either lacking, or
they are not apparent from the surface of the ligament insertion area. Monovincular-A, -D1, -D2,
-P, and -U ligaments are defined on the basis of
inferred derivation from an immediately ancestral
alivincular, duplivincular arcoid, duplivincular nonarcoid, preduplivincular, or univalved condition,
respectively (Fig. 180–184, Fig. 203).
monovincular-A ligament (abbr., mono-A). An
external monovincular ligament believed to have
been derived from a former alivincular condition.
The ligament insertion area lacks both vertical

pseudoresilifers
Fig. 182. Replivincular variety of monovincular-D2 ligament, with several pseudoresilifers (adapted from Waterhouse, 2001, fig. 9g, for Claraia and Halobia).
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Fig. 183. Monovincular-P ligament in Middle Devonian ambonychiid Gosseletia triquetra (Conrad, 1838), Solsville
Member, Marcellus Formation, north of Morrisville, New York (YPM 10062). 1, Lateral interior view of cardinal
area and hinge; 2, acetate peel of transverse section through ligament of united valves, showing three horizontal,
fibrous sublayers; fibrous sublayers have apparently been pushed slightly inward (ventrally) by postdepositional
sediment compaction. Arrow points to calcitic homogeneous mosaic ligostracum separating ligament from nacreous
middle and inner shell layers. External growth lines on ligamental insertion area (not the same as ligamental ridges
and grooves in a duplivincular ligament) are outlined by a drawn black line (adapted from Carter, 1990a, fig. 27).

Illustrated Glossary of the Bivalvia

105

ligament insertion area

Fig. 184. Insertion area of monovincular-U ligament in lower Cambrian fordillid Pojetaia runnegari Jell, 1980, left
lateral view of internal mold, figure is 0.63 mm wide (adapted from Runnegar & Bentley, 1983, fig. 6A).
and inclined ligamental ridges and grooves; e.g.,
the deltopectinid Deltopecten sp. (Fig. 180), the
eurydesmatid Eurydesma M o r r i s , 1845, the
pergamidiid subfamily Oretiinae, the buchiid
Buchia Rouillier, 1845, and the Manticulidae. The
ligament in the Permian streblochondriid Strebloboydia montpelierensis (Girty, 1910) was described
by W aterhouse (2001, p. 114) as lativincular
(=alivincular-areate-wide), but it lacks discernible
bourrelets, and it is therefore herein regarded as
monovincular-A (Fig. 15). Some individuals of
Deltopecten limaeformis Morris have this type of
ligament, whereas other individuals are alivincular
(Waterhouse, 2001, p. 129). Similar ligamental
variation is observed among species of Eurydesma
(see W aterhouse , 2008). This suggests that the
monovincular-A ligament arose by expansion of
an alivincular resilifer to the exclusion of the bourrelets, or by truncation of the anterior bourrelet
and the resilifer, leaving only the posterior bourrelet. The latter scenario probably characterizes
Eurydesma.
monovincular-D1 ligament (abbr., mono-D1). An
external monovincular ligament believed to have
been derived from a former duplivincular arcoid
condition, e.g., in Noetiidae (cf. monovincularD2). The ligament insertion area may have low,
vertical ridges and swales, as in the noetiid Striarca
C onrad , 1862, or distinct, vertical pseudotrabeculae, as in Noetia Gray, 1857 (Fig. 181, and see
Fig. 203). The ligament insertion area is covered
by a single sheet of fibrous ligament in each valve.
The fibrous ligament is discontinuous between the
valves. Lamellar ligament is secreted in a narrow
zone along the anterior and posterior margins of the
fibrous ligament (most apparent in juvenile specimens with a very narrow, alivincular-areate insertion area) and on the upper surface of the fibrous
ligament. The lamellar ligament comprises a single,
continuous sheet, but it is distinctly thickened
along vertical lines. These thickenings of lamellar
ligament are independent of the pseudotrabeculae
in Noetia. In Striarca, unlike Noetia, slight vertical
thickenings of the fibrous ligament correspond with

low, vertical swales on the ligament insertion area.
The lamellar ligament ridges are positioned higher
above the hinge axis than the rest of the lamellar
ligament, so they contribute more significantly to
the opening force of the ligament.
monovincular-D2 ligament (abbr., mono-D2). An
external monovincular ligament believed to have
been derived from a former duplivincular, nonarcoid condition (cf. -D1, above). The ligament
insertion area lacks vertical ridges and grooves,
and it may be smooth except for growth lines, or
it may have radially disposed, narrowly triangular
depressions (pseudoresilifers) (=replivincular sensu
Waterhouse, 2001), which see. This ligament type
occurs without pseudoresilifers in the pergamidiid
Oretia Marwick, 1953, in the claraiid Chuluaria
Waterhouse, 2000, and in the daonellid Daonella
Mojsisovics, 1874. It occurs with pseudoresilifers
in the daonellid Halobia Bronn, 1830, and in the
claraiid Claraia Bittner, 1901 (Fig. 182).
monovincular-P ligament (abbr., mono-P). An
external or submarginal, monovincular ligament

F ig . 185. Mosaicostracum in mytilid Mytilus galloprovincialis Lamarck, 1819 in 1818–1822, Tasmania
(UNC 15418) (adapted from Carter & Seed, 1998,
pl. 2,2).
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2 cm

Fig. 186. Multiple planivincular ligament in left valve of lower Kimmeridgian, Upper Jurassic mytilid Regulifer
beirensis (Sharpe, 1850) (adapted from Fürsich & Werner, 1987, fig. 15).
believed to have been derived from a former preduplivincular condition, and having a ligament insertion area marked only by (horizontal) growth lines,
without inclined, vertical, or radiating ridges and
grooves. Sections through the Middle Devonian
ambonychiid Gosseletia triquetra (Conrad, 1838)
reveal that its monovincular-P ligament has several
horizontal fibrous sublayers, each inserting over
several adjacent growth lines (Fig. 183). Also found
in some Matheriidae, Atomodesmatidae, Praecardiina, and earlier members of the Cyrtodontidae
(i.e., its subfamily Cyrtodontinae, not Ptychodesmatinae). This ligament type was called
preduplivincular by Pojeta (1978), but herein that
name excludes monovincular-P ligaments.

1 mm
1

2

left valve

3

1 mm

2

aragonite calcite

3

Fig. 187. Multivincular ligament in isognomonid Isognomon alatus (Gmelin, 1791 in 1791–1793), milepost
56.5, just north of U.S. Highway 1, west of Key Largo,
Florida (UNC 7373). 1, Interior view of left hinge;
2, dorsoventral section through valves at position 2
in view 1, showing lamellar ligament (solid black); 3,
dorsoventral section through valves at position 3 in view
1, showing fibrous ligament. Lower scale bar applies to
both views 2 and 3 (Carter, new).

monovincular-U ligament (abbr., mono-U). A
submarginal, monovincular ligament believed
to have been derived from an ancestral pseudoligament in univalved ancestors. In the lower
Cambrian fordillid Pojetaia runnegari Jell, 1980
(R unnegar , 1983, fig. 10F) (Fig. 184), the ligament insertion area occupies the entire thickness
of the dorsoposterior shell margin, and it is nearly
flat, steeply inclined, and growth lined, without
vertical, radiating, or inclined ridges and grooves.
The ligament is believed to consist of the perio
stracum, a thin columnar prismatic outer sublayer,
and a thicker, laminar inner sublayer that may have
represented extensions of the laterally adjacent
outer and inner shell layers, only with a higher
proportion of organic matrix (Vendrasco, Checa,
& K ouchinsky , 2011), or minutely alternating
lamellar and fibrous sublayers (Carter, herein).
mosaicostracum. A thin calcareous crust deposited
between the periostracum and the underlying
outer shell layer. H amilton (1969) defined five
varieties of mosaicostracum on the basis of surface
texture rather than internal microstructure: crystalline, pustular, linear, mosaic, and planar. The
example herein (Fig. 185), from the mytilid Mytilus
galloprovincialis Lamarck, 1819 in 1818–1822, is
transitional linear-pustular.
mother-of-pearl. Same as nacre.
mottled. Having colored spots or blotches.
mucilaginous. Moist, soft, and viscous.
mucous (adj.). Of, pertaining to, or resembling mucus;
secreting or containing mucus; slimy.
mucus (n.). A viscous, slippery secretion produced by
mucous membranes.
multi-alivincular ligament. An external, amphidetic
ligament consisting of a moderately wide, central
resilifer flanked by narrower resilifers, separated
by flat areas with lamellar ligament. The resilifers
radiate from below the beak. This is O liver ’s
(1981, appendix fig. 1) limopsid type B ligament
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Fig. 188. Terminology of multivincular ligamental ridges and resilifers. All terms refer to resilifers except those
identified as ridges (adapted from Crampton, 1988, fig. 3).
(Fig. 163). Multi-alivincular ligaments are found
in some larger members of Limopsis morphological
class I of Oliver (1981, appendix fig. 1). Not to be
confused with multivincular.
multicostate. Having ranks of new costae added
during growth (Newell & Boyd, 1995, p. 13).
multiple planivincular ligament. A planivincular ligament in which the original planivincular ligament
has been replicated several times in vertical succession, apparently in response to hyperthickening of
the hinge, e.g., in the Upper Jurassic mytilid Regulifer beirensis (Sharpe, 1850) (Fürsich & Werner,
1987, fig. 15) (Fig. 186). Compare with superficially similar opisthodetic preduplivincular and
opisthodetic, low-angle duplivincular ligaments.
multivincular ligament. An external ligament
consisting of serially repeated, not distinctly radiating elements of the alivincular type, as in the
isognomonid Isognomon alatus (Gmelin, 1791 in
1791–1793) (Fig. 187). C rampton (1988, fig.
3) classified the resilifer shapes as rectangular,
square, elongate-ovate, ovate, scooped, multilobate,
multiserial, and boxlike, and the intervening ridges
as angular, flat, or rounded. In some cases, the
resilifers do not extend to the base of the ligament
insertion area, or they breach it, or project ventrally
beyond it as crenulations (Fig. 188). The juvenile
ligament may show a tendency for the resilifers to
radiate, but the resilifers are not distinctly radially
disposed in the later formed ligament. Compare
with multi-alivincular.
multivincular subgrade. An alivincular-multivincular
grade ligament (which see) with at least three
fibrous sublayers in the adult stage, e.g., Bakevelliidae, Isognomonidae, and Pulvinitidae (Malchus,
2004b, p. 1562).
muricate. Having numerous short, hard outgrowths,
e.g., short shell spines.
muscle impression. Same as muscle scar.
muscle scar. The impression of a shell muscle on the
shell’s depositional surface. Muscle scars are typically associated with the deposition of aragonitic,
irregular simple prisms.
muscle scar a. A short, linear muscle scar, or a row of
separate, minute muscle scars, positioned slightly

posteroventral to the anterior adductor muscle
scar, extending from the pallial line inward to
varying degrees, in a dorsoposterior direction
(Runnegar, 1966, fig. 1; 1974, fig. 8D); e.g., the
Permian pachydomids Myonia D ana , 1847 (see
Myonia valida D ana , 1847; Fig. 189); Pyramus,
D ana , 1847; and Megadesmus J. de C. S owerby
in Mitchell, 1838 (Runnegar, 1966; Runnegar,
1974, fig. 8D). These might correspond with labial
palp or pedal aperture muscles.
muscle scar b. A narrow, linear muscle scar positioned below and slightly inclined or parallel to the
lower edge of the posterior adductor muscle scar,
extending inward for a short distance in an anterior
direction from the pallial line; e.g., Pyramus Dana,
1847; Myonia Dana, 1847; Megadesmus J. de C.
S owerby in M itchell , 1838; and Vacunella? cf.
waterhousei (Dun, 1932) (Runnegar, 1966, fig. 1)
(Fig. 189). This is believed to correspond with a
siphonal pallial septum muscle (Runnegar, 1974,
p. 905, fig. 8D).
muscle track. A depression on the inner surface of a
shell, caused by a thinning of shell layers over an
underlying (buried) myostracum. The muscle track
shows the direction of movement of the muscle
insertion area during growth.

pedal
pedal
levator
retractor
pedal
protractor

mantle
attachment
pedal
pits
retractor

muscle a
(palps?)
muscle b (siphonal septum)
Fig. 189. Muscle scars a and b sensu Runnegar (1966)
in Permian pachydomid Myonia valida D ana , 1847
(adapted from Runnegar, 1974, fig. 8D).
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Fig. 190. Interior of Triassic plicatostylid Cochlearites
loppianus (Tausch, 1890), showing a myofringing crest
adjacent to posterior adductor muscle scar (adapted
from Reis, 1903, p. 3, fig. 1b).
mushroom body. In unionoids, cells comprising
the mantle of encysted glochidia, enlarged and
projected into the mantle cavity, involved in the
digestion of the larval adductor muscle and tissues
of the host, the latter being trapped between the
glochidial valves.
myofringing crest. A straight, extended, thickened
partition on the interior surface of a shell valve,
extending from the middle or posteroventral
margin of the hinge plate, to the posterior margin

of the posterior adductor muscle scar, effectively
dividing the shell cavity into a larger anterior and
smaller posterior part. The structure is widest and
most elevated in its dorsal extremity and gradually
diminishes in width and height ventrally (Tëmkin
& Pojeta, 2010, p. 1173). This occurs in Lower
Jurassic plicatostylids, e.g., in both valves in Cochlearites loppianus (Tausch, 1890) (Fig. 190), and in
the pedestal valve (identified as either left or right
valve) in Lithiotis Gümbel, 1871.
myofringing ridges. Short, arcuate, elongate, thickened areas on the inner surface of the shell in
both valves, present anterior and posterior to
the anterior adductor muscle scar. The dorsal
extremity of the anterior ridge is continuous with
the anterior margin of the hinge plate. The posterior ridge extends from the ventral surface of the
hinge plate. This is found in the Pterineidae in the
Paleozoic genera Cornellites H. S. Williams, 1908,
and Leptodesma H all , 1883 in 1883–1884 (see
Tëmkin & Pojeta, 2010, p. 1172) (Fig. 191). The
term buttress is not recommended for these structures, because it implies a functional significance
that might not be warranted (Tëmkin & Pojeta,
2010, p. 1173).
myophore. A narrow, flangelike or spoonlike support
for a muscle, usually a pedal retractor muscle, as

Fig. 191. Interior of left valve of Middle Devonian pterineid Cornellites fasciculata (Goldfuss, 1836 in 1833–1841),
showing myofringing ridges positioned anterior and posterior to anterior adductor muscle scar (adapted from
Tëmkin & Pojeta, 2010, fig. 18.1).
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Fig. 192. Shell and latex boring cast of gastrochaenid Rocellaria dubia (Pennant, 1777), St. John’s Point, Donegal
Bay, Ireland, boring in calcareous siltstone (NMW 2.1987.074.4), P. G. Oliver, collector; 1, interior of left valve
showing pallial sinus, pallial line, interlinear (ctenidial attachment) scars, anterior adductor muscle scar (ant. add.),
posterior adductor muscle scar ( p. add.), posterior pedal retractor muscle scar ( p. ped. ret.), and anterior pedal
retractor muscle scar (ant. pedal ret.); 2, exterior of left valve; anterior is toward top; 3, latex cast of boring, showing
shell chamber and siphonal part of boring, plus casts of probing tubules made by pedal probing organ; 4, ventral
view of united valves viewed perpendicular to hinge, showing anterior pedal protractor muscle scars (app.) and left
myophore (m) (Carter, new).
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Fig. 193. Myophorian-grade hinge in Middle Triassic Neoschizodus laevigatus (Goldfuss, 1837 in 1833–1841), from
Germany (adapted from Newell & Boyd, 1975, fig. 12C–12D; courtesy of the American Museum of Natural History).
in the gastrochaenid Rocellaria dubia (P ennant ,
1777) (Fig. 192); also in the dreissenid Mytilopsis
leucophaeata (Conrad, 1831 in 1831–1833) (see
Fig. 278). Compare with myophoric buttress,
apophysis, and umbonal septum.
myophorian-grade hinge. A hinge dentition grade
characterized by the Triassic trigonioid Myophoria
B ronn , 1834 in 1834–1838, and also present
in the Triassic trigonioid Neoschizodus G iebel ,
1855 (Fig. 193). Paraphrasing Newell and Boyd
(1975, p. 75–76), this hinge is characterized by
short, generally unstriated hinge teeth, although
incipient, incomplete dental striations may be
present; a biramous pivotal tooth in the left valve,
with its anterior portion comprising the main mass
of the tooth, and its posterior portion elongate and
functioning as a second, inner lateral [actually pseudolateral] tooth; the two limbs of this tooth and
the walls of the corresponding socket of the right
valve diverge from the beak downward at an angle
as small as 50°; a narrow posterior tooth in the right
valve is conspicuously elongate; and in some cases,
a total hiatus in the hinge plate is present below the
median socket of the right valve.
myophoric buttress. A distinct thickening of the shell
at a site of muscle attachment; less projecting than a
myophore, an apophysis, and an umbonal septum.

Fig. 194. Mytiliform shell shape as illustrated by mytilid
Ischadium recurvum (Rafinesque, 1820), shell length
29.2 mm (adapted from Mikkelsen & Bieler, 2007).

Also called a myophorous buttress, e.g., by Newell
and Boyd (1975, p. 76).
myophorous buttress. Same as myophoric buttress,
which is preferred.
myostracal pillars. Mutually isolated, narrow columns of
irregular simple prisms within an otherwise nonprismatic (usually porcelaneous) shell layer; believed to
represent sites of shell-mantle attachment. The pillars
are commonly expressed on the depositional surface
as minute elevations or slight depressions.
myostracum. Shell material secreted at sites of shellmuscle attachment. These are always aragonitic and
almost always irregular simple prismatic.
mytiliform. Having a shell shape like Mytilus
L innaeus , 1758, e.g., also the mytilid Ischadium
recurvum (Rafinesque, 1820) (Fig. 194).
nacre (adj., nacreous). An aragonitic shell microstructure consisting of mutually parallel laminae, each
comprised of polygonal, rounded, and/or elongate
tablets. The laminae are essentially parallel with
the general depositional surface (Fig. 195). See also
biphasic nacre, columnar nacre, imbricate nacre,
lenticular nacre, row stack nacre, and sheet nacre.
nacre tongue. A wedgelike thickening of the nacreous
inner shell layer, visible in radial sections passing
through the posterior adductor myostracum,
present in some adult Pinnidae, e.g., Pinna nobilis
Linnaeus, 1758 (Fig. 196). The shape of the nacre
tongue varies with ontogeny and is related to
shell growth rate. In adults, as shell growth is
resumed after a winter break, a new nacre tongue
is developed slightly interior and posterior to the
previous tongue, separated from it by a gap occupied by prisms from the calcitic outer shell layer.
In juveniles up to 5 to 6 years of age, only slight
seasonal thickenings of nacre are developed in a
comparable position, and these do not form distinct
nacre tongues.
nacroprismatic. Having both nacre and prismatic
microstructure in the shell, and not also porcelaneous or foliated microstructure.
naiad. A formerly recognized bivalve group, approximately equivalent to the order Unionida. Also
spelled naiade.
name-bearing type. The genus, type species, holotype, lectotype, series of syntypes (which together
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constitute the name-bearing type) or neotype that
provides the objective standard of reference for
application of a name in taxonomy (ICZN, 1999).
natural group. A monophyletic clade or a set of species
that would represent a monophyletic clade were
it not for the inclusion of the ancestor (seminal
species) of one or more descendent clades.
needle. In reference to periostracal mineralization,
a projecting structure with a length/height ratio
greater than 35. Compare with spike and pin.
neobranch. A collective term for all of the neobranch
units in an individual bivalve. Present in all extant
oysters, according to Harry (1985, p. 124).
neobranch unit. A tubular ridge, perpendicular to
the mantle margin and sometimes branching at
one or at both ends, representing a protrusion of
a vascular area (or so-called blood vessel, although
not defined by special cells lining its interior) of the
parenchymatous tissue between the two epithelial
layers bounding the surfaces of a mantle lobe.
Present in both the incurrent and excurrent mantle
chambers, submarginally along the medial surface
of both mantle lobes, beginning slightly below the
isthmian mantle junction and increasing in size and
becoming more closely spaced toward the ventral
margin of the shell (Harry, 1985, p. 124). These
occur in all extant Ostreoidea. Neobranch units
commonly leave an impression on the inner shell
layer, as in Campanian, Upper Cretaceous Nicaisolopha nicaisei (Coquand, 1862) (Fig. 197).
neopycnodonteine chomata. Modifications of vermiculate chomata characterized by very pronounced
ridges and troughs, with the chomata greatly
enlarged as they cross the crests of ridges on the
right valve. Pits (chomatal troughs) in the left valve
receive the individual enlargements (Harry, 1985,
p. 128). This kind of chomata is restricted to the
shell margins near the ligament insertion area, e.g.,
in the gryphaeid Neopycnodonte Stenzel, 1971.
neotaxodont dentition. A hinge dentition, present in
some Pteriomorphia, consisting of five or more,
more or less regularly shaped, short taxodont teeth
that are not distinctly ventrally bifid; the teeth
may be orthomorphodont, concavodont, convexodont, or a combination thereof; e.g., in the arcid
Arca imbricata Bruguière, 1789 (Fig. 25) and the
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Fig. 195. Nacre (sheet nacre), diagram showing horizontal (H ), radial (R), and transverse (T ) sections
(adapted from Carter & others, 1990, p. 618).
glycymeridid Glycymeris (Glycymeris) glycymeris
(L innaeus , 1758) (Fig. 123). This term has a
partially phylogenetic basis because its application
is limited to the Pteriomorphia. Similar hinge
dentitions in the Protobranchia are called palaeotaxodont, and are believed to be convergent. Unlike
pretaxodont teeth, neotaxodont teeth increase in
number with shell growth beyond about 1 mm shell
length. This is the basis for the group name Neotaxodonta, originally proposed by Korobkov (1954)
as a substitute for Prionodonta MacNeil, 1937.
neotype. The single specimen selected as the namebearing type of a nominal species or subspecies
when: (1) there is a need to define the nominal
taxon objectively, and a name-bearing type specimen is believed to be lost or destroyed; or (2)
stability and universality are threatened because
an existing name-bearing type specimen is either
taxonomically inadequate or is not in accord with
the prevailing usage of a name, and the ICZN has
ruled to use its plenary power to set aside that type

Fig. 196. Nacre tongues in shell of pinnid Pinna nobilis Linnaeus, 1758, Mediterranean (R. Garcia-March, collector). Anterior-posterior vertical thin section passing through posterior adductor myostracum, with shell exterior
up and shell posterior toward right (García-March, new).
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Fig. 197. Alivincular-arcuate ligament and traces of
neobranch units in left valve of upper Campanian,
Upper Cretaceous ostreoidean Nicaisolopha nicaisei
(Coquand, 1862); posterior adductor muscle scar is
also visible, maximum dimension is 83 mm (adapted
from Malchus, 1990, pl. 20,5 ).

and to designate a neotype. Governed by ICZN
(1999) Article 75.
nephridiopore. A discharging opening of the kidney
into the suprabranchial chamber.
nephridium (pl., nephridia). One of the tubules of the
excretory organ (kidney) of a bivalve.
nephrolith. A granule or spherical concretion, calcium
rich, produced by the kidney.
nephroduct. Same as renal duct, which see.
nephrostome. The coelomic opening of a nephridium.
In bivalves, a pair of nephrostomes connects the
kidneys to the pericardial cavity.
nephroproct. An opening from the kidney.
nepioconch. The earliest formed, postmetamorphic part of a dissoconch, differentiated from
the remainder of the dissoconch (including its
mesoconch, when present) by a change in ornamentation, shell microstructure, and/or mineralogy;
e.g., in the philobryid Cratis antillensis (D all ,
1881) (Fig. 9). The nepioconch sometimes begins
with a metamorphic shell lip (which see), and it
is commonly but not invariably separated from
the subsequent dissoconch by a discontinuity in
texture, shape, and/or hinge features (J ackson ,
1890, p. 290, 293). In some bivalves, e.g., Pectinidae, the right and left valves of the nepioconch
differ in microstructure, ornamentation, and/or
mineralogy. Compare with prodissoconch, mesoconch, and dissoconch.
nepioconch stage. The developmental stage of a
glochidial larva during which it becomes encysted
on the fins or gills of a fish host.
nepionic. The earliest, postlarval stage of shell growth.
nepionic flange. Same as metamorphic shell, which
see.
neritic. Living in coastal waters.
node. A point or vertex on a phylogenetic tree,
commonly used to represent the split of one lineage
to form two or more lineages (internal node) or

the lineage at the present time (terminal node)
(PhyloCode, May, 2012: www.ohio.edu/phylocode/
glossary.html).
node-based clade. A clade originating from a particular
node on a phylogenetic tree; a clade encompassing
a particular node on a phylogenetic tree and all
branches (internodes) and nodes descended from
that node; a clade whose name is defined using
a node-based definition (PhyloCode, May, 2012:
www.ohio.edu/phylocode/glossary.html). Compare
with branch-based clade.
node-based definition. A definition that associates a name with a clade originating at a node
(on a phylogenetic tree) representing the most
recent common ancestor of specified descendent organisms and/or species (internal specifiers) (PhyloCode, May, 2012: www.ohio.edu/
phylocode/glossary.html). Compare with branchbased definition.
nodose. Having small tubercles, knobs, or protuberances.
nodule. A small, generally irregular, rounded mass or
lump on the surface of a shell.
nomen conservandum (abbrev., nom. cons.; pl.,
nomina conservanda). A name in taxonomy that
is retained by authority of the ICZN, although the
name contravenes one or more of the provisions in
its Code. The current Code (ICZN, 1999) uses the
term conserved name rather than its Latin form.
Commonly italicized.
nomen correctum (abbr., nom. correct.; pl., nomina
correcta). A taxonomic name with an intentionally
altered spelling of the sort required or allowable by
the ICZN (1999) Code, but not dependent on a
change in taxonomic rank. Commonly italicized.
nomen dubium (abbr., nom. dub.; pl., nomina dubia).
A taxonomic name that cannot be adequately
defined based on its original definition; commonly
a name published without an adequate description
and/or with missing type material. Commonly
italicized.
nomen novum (abbr., nom. nov..; pl., nomina nova). A
replacement name for an available taxonomic name
that is invalid because it is a junior homonym.
Commonly italicized.
nomen nudum (abbr., nom. nud.; pl., nomina nuda).
A taxonomic name that, if published prior to 1931,
fails to conform with Article 12 of the ICZN
(1999) Code regarding availability; or, if published
after 1930, fails to conform with Article 13 of the
ICZN (1999) Code, which requires a description
or figure. Commonly italicized. Because a nomen
nudum is not an available name, the same name
may later be made available for the same or a
different concept; in such cases it takes the authorship and date from the later act of establishment,
and not from any earlier publication as a nomen
nudum.
nomen nullum (abbr., nom. null.; pl., nomima
nulla). An unintentional misspelling of an established scientific name in taxonomy. The current
Code (ICZN, 1999) does not employ this term.
Commonly italicized.
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Fig. 198. Noncolumnar, nondenticular composite prismatic (NDCP) structure in outer shell layer of tellinid Tellina nemies Linnaeus, Fiji (YPM 10199), seen in acetate peels. 1, Ventral radial section, also showing minor fibrous
prismatic structure adjacent (distal) to an excursion of crossed lamellar (CL) middle shell layer into outer shell layer
position; shell exterior is up, ventral shell margin is toward left; scale bar = 100 µm; 2, transverse section, showing
several first-order composite prisms; same scale as view 1 (Carter, new).
nomen oblitum (abbr., nom. oblit.; pl., nomina
oblita). Beginning January 1, 2000, this is a taxonomic name that has not been used since 1899,
and that, as a result of an action taken under
Article 23.9.2 of the ICZN (1999) Code, does
not take precedence over a younger synonym or
homonym currently in prevailing usage; the name
that then assumes precedence over the nomen
oblitum is called a nomen protectum. Commonly

italicized. The term nomen oblitum was also
applied to disused senior synonyms rejected
between November 6, 1961, and January 1,
1973, under Article 23b of the IZCN Code
editions then in force [see ICZN (1999) Article
23.12.2]. Nomina oblita remain available names.
ICZN (1999) Articles 23.9 and 23.12 specify the
conditions pertinent to the adoption of nomina
oblita as valid names.
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Fig. 199. Nuculiform shell shape and palaeotaxodont hinge dentition of nuculid Nucula nucleus (Linnaeus, 1758);
1, exterior of right valve, length 7.8 mm; 2, interior of left valve, length 10 mm (adapted from Schenck, 1934).
nomen protectum (abbr., nom. prot.; pl., nomina
protecta). A taxonomic name that has been given
precedence over a senior synonym, the latter
being thereby relegated to the status of a nomen
oblitum. Governed by ICZN (1999) Article 23.9.2.
Commonly italicized.
nomen translatum (abbr., nom. transl.; pl., nomina
translata). A family-group name with modified
ending to reflect a change in taxonomic rank. Such
a change in suffix is governed by ICZN (1999)
Articles 34.1 and 36.1 and is not considered to

Fig. 200. Center of a nearly vertical, slightly reclined,
obtuse, columnar nondenticular composite prism in
outer shell layer of hiatellid Cyrtodaria siliqua (Spengler, 1793), Martha’s Vineyard, Massachusetts (YPM
4995). Depositional surface is toward bottom of figure,
and shell margin is toward right; second-order prisms
diverge at nearly right angles from longitudinal prism
axis. See also Carter and Lutz (1990, pl. 46–47) for
more views of this variable outer shell layer, which also
includes an outermost sublayer of irregular spherulitic
prisms (Carter, new).

be an emendation; the coordinated names all have
the same original author and date. Commonly
italicized.
nomen vanum (abbr., nom. van.; pl., nomina vana).
An unjustified intentional emendation of an established scientific name in taxonomy. An outdated
term not employed by the current Code (ICZN,
1999). Commonly italicized.
nominal taxon. A concept of a taxon denoted by an
available name. In the family-, genus- and speciesgroups of names, the nominal taxon is theoretically
based on a name-bearing type, although in the case
of genera and species, this type might not have
been fixed.
nominate taxon. A former term for nominotypical
taxon (which is preferred).
nominotypical taxon. The nominal taxon within a
family, genus, or species that contains the namebearing type of a divided taxonomic group; e.g.,
the genus Venus in the family Veneridae. Formerly
called a nominate taxon.
noncolumnar, nondenticular composite prismatic
microstructure (abbr., noncolumnar NDCP). A
nondenticular composite prismatic shell microstructure in which the first-order prisms do not
comprise vertical or slightly reclined, mutually
parallel columns. The first-order prisms may be
radially oriented and reclined, horizontal, and/
or inclined (e.g., when deposited on tapering
and reflected shell margins) (Fig. 198, Fig.
206), or radially oriented and stacked in vertical
rows, with some fusion of superadjacent and
subadjacent prisms (=radial lamellar NDCP), or
arranged into larger, radial, zeroth-order prisms
as a consequence of deposition on a strongly
reflected and coarsely denticulated or crenulated
shell margin (=compound NDCP), or arranged
into larger, zeroth-order, more or less horizontal
laminae in which first-order prism orientation differs slightly in adjacent sheets (=crossed
NDCP).
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nondenticular composite prismatic microstructure
(abbr., NDCP). A composite prismatic shell microstructure in which second-order prisms are arranged
into three-dimensional, stacked, fanlike first-order
prisms independently of coarse denticulation or
crenulation of the depositional surface, although
at high magnification, the depositional surface may
show some microrelief (C arter , 1980b; C arter
& Clark, 1985; Carter & others, 1990, p. 650).
Categories include columnar NDCP and noncolumnar NDCP. Compare with denticular composite
prismatic.
non-incubatory. Not brooding the larvae.
nonplicate ctenidium. A ctenidium that does not
appear minutely folded in its relaxed, uncontracted state; e.g., members of Isognomonidae and
Malleidae. Such ctenidia lack principal filaments
(Ridewood, 1903; see also Tëmkin, 2006a, p. 291,
fig. 13a–b).
normal extinction. Optical crystallographic extinction
that is parallel to the length axis of an element of
shell microstructure. See also granular extinction
and regular extinction.
nuculiform. Having a shell shape like Nucula Lamarck,
1799, i.e., subovate, anteriorly produced, and opisthogyrate (Fig. 199).
nymph (pl., nymphae). An external or submarginal,
opisthodetic, elongate, dorsally projecting, more
or less blunt-edged ridge that is morphologically
differentiated from the rest of the hinge, that
supports the fibrous sublayer of a dorsally arched
ligament, and that is flanked laterally by a groove
for the lamellar sublayer of the ligament. To be
a true nymph, rather than a pseudonymph, the
fibrous sublayer of the ligament must not extend
laterally beyond the base of the nymph. A true
nymph is the defining component of a parivincular
ligament. Compare with pseudonymph.
obconical. Bluntly conical.
objective synonym. Each of two or more synonyms
that denote nominal taxa with the same namebearing type, or (in the case of family-group and
genus-group names) that denote nominal taxa
with name-bearing types whose own names are
themselves objectively synonymous (ICZN, 1999).
obligate. Restricted to a condition of life, as in the
case of obligate parasites, which must use a host
to survive.
oblique. Extending in a direction that is neither parallel
nor perpendicular to growth lines, commonly in
reference to shell ornament. Guo (1998, p. 278)
defined four types of oblique ribs (a, b, c, d) for the
superfamily Trigonioidoidea (see Fig. 264). See also
V-shaped ribs, reversed V-shaped ribs, eu-V-shaped
ribs, and para-V-shaped ribs.
obliquity. (1) The angle between the dorsal shell
margin and the line bisecting the umbonal angle,
which see; (2) the angle between the dorsal shell
margin and the most distant point on the ventral
shell margin.
oblong. Having an elongate, broadly subelliptical
shape, with corners that are more rounded than
rectangular or subrectangular.
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Fig. 201. Right valve of upper Carboniferous myalinid
Septimyalina perattenuata (Meek & Hayden , 1858),
Kansas (AMNH 42888), showing opisthodetic, lowangle duplivincular ligament with both posteriorly and
anteriorly inclined ridges and grooves (adapted from
Newell & Boyd, 1987, fig. 7E; courtesy of the American
Museum of Natural History).
obscure. Faint, indistinct, lacking prominence,
commonly in reference to hinge teeth or shell
ornament.
obsolete. Indistinct or absent, commonly in reference
to a hinge tooth that is more strongly developed in
closely related taxa.
obtrullate. Shaped like a trowel blade, i.e., with four
straight sides, widest above the middle, and with
a length/width ratio of 1.5 to 2.0. Compare with
trullate.
obtuse. Bluntly pointed.
obtuse columnar nondenticular composite prismatic
microstructure (abbr., obtuse columnar NDCP). A

1

2

100 µm

Fig. 202. Upper Carboniferous myalinid Septimyalina
perattenuata (Meek & Hayden, 1858), diagram based
on specimen from Magoffin Member, Breathitt Formation, Milepost 55 on the Daniel Boone Parkway (UNC
13664). 1, Internal view of left hinge showing multiple
ligamental groove/ridge couplets in opisthodetic, lowangle, duplivincular ligament; figure width is about
15 mm; 2, transverse section through posterior part of
ligament, with lamellar sublayers restored as solid black
bands; SP, calcitic regular simple prismatic outer shell
layer; HOM, calcitic homogeneous outer shell layer; N,
nacre (adapted from Carter, 2004, fig. 2.1–2.2).
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Fig. 203. Dorsal view of united valves of noetiid Noetia
ponderosa (Say, 1822), showing monovincular D-1 ligament, opisthogyrate beaks, and other external features,
shell length several cm (adapted from Mikkelsen &
Bieler, 2007).

columnar, nondenticular composite prismatic shell
microstructure in which the second-order prisms
diverge at a high angle, sometimes nearly horizontally, from the longitudinal axis of the first-order
prism; e.g., the outer shell layer of the hiatellid
Cyrtodaria siliqua (S pengler , 1793) (Fig. 200)
(Carter , herein). Compare with acute columnar
NDCP and planar spherulitic simple prismatic
microstructure.
ocellus (pl., ocelli). A minute, simple eye. See postlarval ctenidial ocelli.
oesophagus. An alternate spelling of esophagus.
Official Indexes. Any of the four indexes maintained
and published by the ICZN, citing works or taxonomic names that have been rejected by their
rulings. They include rejected and declared-invalid
names of works, of family names, of generic names,
and of specific names.
Official Lists. Any of the four lists maintained and
published by the ICZN, citing works or taxonomic
names that have been ruled upon and accepted
as available in the Opinions of the Commission.
These include: Official List of Works Approved as
Available for Zoological Nomenclature, Official List
of Family-Group Names in Zoology, Official List
of Generic Names in Zoology, and Official List of
Specific Names in Zoology. See also their List of
Available Names in Zoology.
ontogeny. The sequence of development and growth
of an individual.
oocyte. An ovum; a developing egg.
oogenesis. The formation and maturation of female
gametes (ova).
oogonium (pl., oogonia). A primordial female germ
cell that gives rise to an oocyte.
Opinion. A published ruling by the ICZN involving
applications, interpretations, or suspensions of
provisions of the ICZN Code in cases affecting one
or more taxonomic names, nomenclatural acts, or
works. An Opinion states how the ICZN Code is

to be applied or interpreted, or the course of action
to be followed in a particular case.
opisthocline. (1) In reference to hinge dentition, a
tooth, usually a cardinal tooth, which is inclined,
from its lower end to its upper end, toward the
posterior, i.e., having a length axis dipping toward
the anterior end of the shell; (2) in reference to
shell shape, having the axis of maximum growth
inclined, from its distal, lower end to its proximal
end, toward the posterior, i.e., having the axis of
maximum growth dipping toward the anterior end
of the shell; same as procrescent.
opisthodetic. Positioned entirely posterior to the
beaks, commonly in reference to a ligament. See
also amphidetic and prosodetic. When the anterior and posterior ends of the shell cannot be
determined, the terms brevidetic and longidetic
can be used instead. Note that some opisthodetic,
low-angle duplivincular ligaments have ligamental
grooves and ridges that may be both anteriorly
and posteriorly inclined, as in the upper Carboniferous myalinid Septimyalina perattenuata (Meek &
Hayden, 1858) (Fig. 201–202).
opisthogyrate. Having the umbo, beak, and/or the
entire shell coiled such that the beak points toward
the posterior; e.g., the noetiid Noetia ponderosa
(Say, 1822) (Fig. 203).
opisthog yrous. Same as opisthogyrate, which is
preferred.
opisthopodium. (1) A posteriorly projecting sensory
appendage, commonly finlike, developed on the
posterior end of the visceral mass (B. M orton ,
1980), as in the pholadomyid Pholadomya G. B.
Sowerby I, 1823 in 1821–1834; (2) an expanded
heel of the foot, as in the arcoidean Noetia ponderosa
(Say, 1822).
optic tentacle. A tentacle that supports an eye, e.g., on
the tip of the incurrent and excurrent siphons of the
laternulid Laternula elliptica (K ing & B roderip ,
1832) (see Fig. 288).
optically heterogenous. Appearing as multiple optical
crystallographic entities in thin sections under
crossed polarized light, e.g., the regular simple
prisms in the calcitic outer shell layer of Pterioidea
and Ostreoidea.
optically homogeneous. Appearing as a single optical
crystallographic entity in thin sections under
crossed polarized light, e.g., the regular simple
prisms in the calcitic outer shell layer of many
Pinnoidea.
oral groove. Each of left and right ciliated grooves or
channels extending from the anterior end of a labial
palp to the mouth.
orbicular. Having a circular or nearly circular outline.
orbital muscles. A band of ventral pallial muscles
inserting on the shell proximal to the normal
pallial line, and extending into a (generally fused,
except at the pedal aperture) inner mantle fold.
These muscles may be evidenced by hyperwidening of the pallial line into a pallial band,
or by a second line of pallial muscle attachment
proximal to the normal pallial line, as in the
gastrochaenid Dufoichaena dentifera (Dufo, 1840)
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Fig. 204. Gastrochaenid Dufoichaena dentifera (Dufo, 1840), Lizard Island, northern Great Barrier Reef, alcoholpreserved (Australian Museum, Sydney, unnumbered specimen). 1, Anteroventral interior view of left valve, showing
pallial sinus, pallial band, and orbital muscle scars; 2, similar part of interior of right valve, but with overlying mantle
tissues intact (except for the free mantle margins, which have been cut away), showing pallial gland (Carter, new).

(Fig. 204). Not to be confused with interlinear
and ctenidial attachment scars, which are more
dorsally positioned. Also present in some Trapezidae and Hiatellidae.
ordinary filament. (1) A filament that forms part of
a uniform series of filaments in a homorhabdic
ctenidium, i.e., without differentiated, intervening,
larger (principal) filaments; (2) the smaller filaments in a heterorhabdic ctenidium, i.e., one
with differentiated larger principal filaments (Fig.

133–134). Ridewood (1903) noted that the development of ordinary filaments ontogenetically
precedes the appearance of principal filaments.
Compare with principal filaments.
organ of Bojanus. A kidney in the Bivalvia.
organ of Deshayes. The body containing nitrogenfixing, cellulase-producing bacteria in the ctenidia
of Teredinidae, wherein ducts in the afferent branchial vessels empty into the esophagus. Also called
the gland of Deshayes.
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Fig. 205. Dorsal view of gylcymeridid Tucetona pectinata (Gmelin, 1791 in 1791–1793), showing orthogyrate
beaks, shell length is 16.2 mm (adapted from Mikkelsen
& Bieler, 2007).
organs of Will. Pigmented glandular structures on the
middle and inner mantle folds of Pinnidae; they are
not eyespots, but are possibly associated with the
production of pigment rays on the shell.
original designation (abbr., OD). A designation of
the type species of a genus in the original publication. Governed by ICZN (1999) Articles 68.1
and 73.1.1.
ornament. Another term for shell sculpture.
oro-anal axis. The line connecting the mouth with the
anus, or with the center of the posterior adductor
muscle (which approximately coincides with the
anus) (Jackson, 1890).
orthocline. (1) In reference to hinge dentition, a tooth,
generally a cardinal tooth, oriented with its longitudinal axis perpendicular or almost perpendicular to
the hinge axis; (2) in reference to shell shape, a shell
that does not slope appreciably anteriorly or posteriorly, i.e., is neither prosocline nor opisthocline.
orthogyrate. Having the umbo, beak, and/or the entire
shell coiling such that the beak points toward the
commissural plane rather than toward the anterior
or posterior, as in the glycymeridid Tucetona pectinata (G melin , 1791 in 1791–1793) (Fig. 205).
Compare with prosogyrate and opisthogyrate.
orthogyrous. Same as orthogyrate, which is preferred.
orthomorphic. Same as orthomorphodont, which is
preferred (Sánchez, 1999).
orthomorphodont hinge tooth. A taxodont hinge
tooth that is more or less straight, i.e., neither
convexodont nor concavodont (B abin , 1966, p.
39) (Fig. 207). Also called orthomorphic (Sánchez,
1999).
orthothetic. Same as euthetic, which see.
osciculum. Same as lithodesma, which is preferred.
oscules. The openings in the free valve of a hippuritid
bivalve, usually near its margin, corresponding with
a pillar in the opposite, attached valve.
osculum (pl., oscula). See under septibranch.
osphradia (sing., osphradium). Sensory patches of
epithelium present on the wall of the mantle cavity
close to the ctenidia. Possibly chemoreceptors
for testing the quality of incurrent water (Félix
Bernard, 1890; Yonge, 1947, p. 510), or otherwise
related to the regulation of water flow (Y onge ,

1947). These generally occur in the suprabranchial
chamber as small patches on the undersurface of the
posterior adductor muscle, but in Pecten Müller,
1776, and Glycymeris da Costa, 1778, each osphradium forms a ridge along the axis of the posterior
extremity of each ctenidium.
ossicle. Same as lithodesma, which is preferred.
ossiculum. Same as lithodesma, which is preferred.
ostium (pl., ostia). A small opening in a ctenidium,
formed by the intersection of filaments and interfilamental junctions, or, in a ctenidial septum,
containing ctenidial filaments. Also called a
fenestra. See also eulamellibranch and septibranch.
ostracum. The shell excluding the periostracum.
ostreiform. Having a shell shape like Ostrea Linnaeus,
1758.
ostreine chomata. Chomata in the form of pustules,
sometimes individually antimarginally elongate,
occurring in a single line parallel with the shell
margin, and present only in the right valve, with
pits to receive them in the left valve (Harry, 1985,
p. 133); e.g., members of the ostreid tribe Myrakeenini.
ostreoid ligament. An alivincular ligament with a high,
triangular ligament area that in the first few millimeters of growth is curved or altogether straight,
but afterward becomes straight or only slightly
curved in the opposite direction (Malchus, 1990,
p. 76). These ligaments may be alivincular-arcuate
or alivincular-areate (which see), e.g., alivinculararcuate in the Recent ostreid Planostrea pestigris
(Hanley, 1846) (Fig. 7).
otocyst. Same as statocyst, which see.
outer demibranch. The half of a typical W-shaped
ctenidium that is farther from the animal’s midsagittal plane, or its homolog in modified ctenidia. In
its most complete form, the outer demibranch has
both ascending and descending lamellae (see Fig.
289 and Fig. 307).
outer ligament. (1) The lamellar sublayer of the
ligament, secreted beneath the periostracum and
topologically above the fibrous sublayer of the
ligament. This may occur as the outer part of a
simple, parivincular, or quasiparivincular ligament,
as part of each lamellar-fibrous ligament couplet
in a duplivincular ligament, as the anterior and
posterior parts of an alivincular ligament, or as
the external part of an alivincular ligament with
an external lamellar component and an internal
lamellar + fibrous component (e.g., in Pectinidae);
(2) a dorsal band of periostracum serving as a
functional replacement for the lamellar sublayer of
a ligament, when the true lamellar sublayer of the
ligament is submerged below the axis of rotation of
the valves; in such cases, the term periostracal outer
ligament is preferred over the term outer ligament.
outer-ligament articulation. Articulation of the shell
valves in certain pectinoids along a line at or near
the dorsal shell margins, ventral to any scrolls that
may be present. The lamellar, outer sublayer of
the ligament attaches to a dorsal ridge in the right
valve and to a dorsal groove in the left valve (e.g.,
Pernopectinidae), or vice versa (e.g., Entolioididae,
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Fig. 206. Nondenticular composite prismatic (NDCP) outer shell layer submerged ontogenetically into middle of
CL (crossed lamellar) middle shell layer in cardiid Acanthocardia (Acanthocardia) aculeata (Linnaeus, 1758), Europe
(UNC 15376); acetate peels of 1, radial and 2, transverse sections near adult ventral shell margin; scale bars = 100
µm (adapted from Schneider & Carter, 2001, fig. 6.1–6.2).

Entoliidae) (Waller, 2006, p. 322). Not present
in Aviculopectinoidea, Propeamussiidae, Tosapectinidae, Neitheidae, Pectinidae, and Spondylidae.
outer ligament groove (or outer ligamental groove). A
horizontal groove along or near the dorsal margin
of a valve, ventral to any scrolls that may be present,
which attaches to the outer, lamellar sublayer of the
ligament, and which receives a supporting ridge in
the opposite valve (Waller, 2006, fig. 2); e.g., in
the Permian pernopectinid Pernopecten yini Newell
& Boyd, 1995 (Fig. 30). See also outer-ligament
articulation.
outer ligament length. As defined for pectinids by
W aller (1969, p. 12), the length of the elongate, linear, lamellar ligament that joins the valves
dorsally along the hinge axis. This corresponds with
measurements C–F and C'–F' in Figure 219. In this
same figure, anterior outer ligament length corresponds with D–F and D'–F', and posterior outer
ligament length corresponds with C–D and C'–D'.
outer ligament ridge. A horizontal ridge along or near
the dorsal margin of a valve, ventral to any scrolls
that may be present, which fits into the outer
ligament groove in the opposite valve, and which
supports the outer ligament; e.g., the Permian
pernopectinid Pernopecten yini N ewell & B oyd ,
1995 (Fig. 30). See also outer-ligament articulation.
outer mantle fold. The mantle fold in contact with
depositional surface of the shell and the inner
surface of the periostracum in the periostracal
groove. Waller (1980, p. 4) provided a numbering
system in which this mantle fold is called outer
mantle fold 1, sometimes accompanied by an outer
mantle fold 2, the latter being positioned closer
to the pallial line (Fig. 172). The outer mantle
fold (outer mantle fold 1) in most bivalves serves
a primarily secretory function, but in arcoids, it
bears pallial ocelli and other structures associated
with photoreception (W aller , 1980; T ëmkin ,

2006a). See also duplicated outer mantle fold,
fourth mantle fold, inner mantle fold, and middle
mantle fold.
outer mantle fold 1 (abbr., OF-1). The mantle fold
in contact with depositional surface of the shell,
including the inner surface of the periostracum,
but excluding any outer mantle fold 2 that may
also be present (Waller, 1980) (Fig. 172). Outer
mantle fold 1 serves a primarily secretory function,
althouth in arcoids it has pallial ocelli (W aller ,
1980; Tëmkin, 2006a).
outer mantle fold 2 (abbr., OF-2). A small mantle fold
adjacent to the pallial line, positioned on the shell
side of outer mantle fold 1, as defined by Waller
(1980) (Fig. 172).
outer shell layer. The outermost layer of the shell
proper, i.e., excluding the periostracum and any
inductural deposits that may be present. This shell
layer is secreted exclusively by the outer surface
of the outer mantle fold. Its inner boundary is
defined by a microstructural difference from the
middle shell layer. The outer shell layer includes
any ligostracum that may be present between the
periostracum and the rest of the outer shell layer.
In shells with only one microstructurally uniform
layer between the periostracum and the pallial and
adductor myostracum, the shell layer immediately
beneath the periostracum is called outer when it
is microstructurally similar to the outer shell layer
in close relatives with microstructually distinct
outer and middle shell layers. For example, the
greatly expanded, simple prismatic outer shell
layer in pinnids is called outer and not outer +
inner, because it is microstructurally similar to the
simple prismatic outer shell layer in the ancestral
family Pterineidae. The shell layer immediately
beneath the periostracum is called middle if it is
microstructurally similar to the middle shell layer in
close relatives with microstructurally distinct outer
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diconvexodont
diconcavodont
convexoconcavodont
concavoconvexodont
convexodont
concavodont
orthomorphodont

Fig. 207. Terminology of palaeotaxodont tooth shape,
based on Babin (1966, fig. 3) (Carter, new).

and middle shell layers. For example, a CL layer,
which comprises the entire shell exterior to the
pallial and adductor myostracum, is called middle
if it is similar to the middle shell layer in closely
related species with a prismatic outer shell layer
and a CL middle shell layer. In some veneroids,
only isolated traces of an ancestral prismatic outer
shell layer may be present. In pectinids, a simple
prismatic outer shell layer is typically present only
in the early postlarval, juvenile stage, and a foliated

cones
closely
spaced

distal end

embryonic cap
inner margin
outer margin

smooth margin
fine serrations
serrated awns
periostracal portion
calcaneous portion
comblike serrations
coarse serrations

stalk

cone

blade
cones distantly spaced

blunt awn
web
nonserrated awn

Fig. 208. Composite diagrammatic sketch of a pallet
in teredinid Bankia Gray, 1842, showing all characters
(adapted from Turner, 1969, p. 705, fig. E164,3).

middle shell layer comprises the entire adult shell
exterior to the pallial and adductor myostracum. In
the cardiid Acanthocardia Gray, 1851, the prismatic
outer shell layer submerges, early in ontogeny, into
the middle of the CL middle shell layer (Popov ,
1977; Schneider & Carter, 2001) (Fig. 206).
outer sublayer of ligament. The dorsal, nonmineralized portion of a ligament, excluding the perio
stracum, or in a portion of the ligament, such as
in a single lamellar-fibrous couplet in a duplivincular ligament. This excludes any medial lamellar
sublayer between the left and right fibrous sublayers
of an internal, pectinoid ligament.
outline. The lateral profile of a shell.
oval. Broadly elliptical or ellipsoidal.
ovary. One of the usually paired female reproductive
organs, which produces eggs; in bivalves, this is
often a prominent part of the anatomy, as in the
lyonsiid Entodesma beana ( d ’O rbigny , 1853 in
1841–1853) (see Fig. 311).
ovate. Shaped like the longitudinal section of an egg.
override. To pass over without interruption, such as
commarginal ornament overriding radial ornament.
oviparous. A mode of indirect development in which
eggs are laid and then hatched externally (Lincoln,
Boxshall, & Clark, 1988). See also larviparous,
ovoviviparous, viviparous, and direct development.
ovoviviparous. Producing eggs that are retained within
the body of the female until a larval or juvenile
stage is attained, at which point the offspring are
released. See also larviparous, oviparous, viviparous,
direct development, and indirect development.
ovum (pl., ova). A female gamete; an egg.
pachyodont. Having heavy, blunt, amorphous hinge
teeth, e.g., many Hippuritidae.
padded. Slightly thickened or inflated.
paedapody. Complete loss of the foot early in postlarval life, when the larva settles and attaches, rather
than afterward, e.g., Ostreoidea (Harry, 1985, p.
123). Compare with gerontapody.
paedomorphosis. Heterochronic changes involving
the suppression of stages or characters from an
ancestral developmental sequence. The opposite of
peramorphosis.
palaeobranch. A protobranch ctenidium as developed
in the order Solemyida, as opposed to the ctenidiobranch ctenidium present in other members of
Protobranchia. A term based on both morphology
and phylogenetic relationship.
palaeotaxodont dentition. A hinge dentition
consisting of five or more regularly shaped taxodont
teeth that are not ventrally bifid, and that may be
orthomorphodont, concavodont, convexodont,
or a combination thereof (Fig. 207). This term is
herein restricted to members of the Protobranchia,
e.g., Nucula nucleus (Linnaeus, 1758) (Fig. 199).
Superficially similar hinges in the Pteriomorphia
(e.g., cyrtodontoids and arcoids) are called neotaxodont. Palaeotaxodont (and neotaxodont) hinge
teeth differ from pretaxodont hinge teeth in that
they increase significantly in number with shell
growth beyond 1 mm shell length. Palaeotaxodont
hinges may be gradidentate or heterotaxodont
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(which see). This is the basis for the group name
Palaeotaxodonta, originally proposed by Korobkov
(1954) for the Nuculidae, Ledidae (=Nuculanidae),
and Malletiidae.
pallets. Paired left-right, paddle-shaped, calcareousperiostracal structures secreted by the posterior
mantle at the base of the siphons, serving to close
off the entrance of a wood boring when the siphons
are retracted. Pallets may be in one piece, or they
may consist of several elements, as indicated for
the teredinid Bankia Gray, 1842, in Figure 208.
Present in all extant Teredinidae, where their
morphology is useful for distinguishing species.
pallial. Pertaining to the mantle (=pallium).
pallial aperture. An opening delimited by partially or
entirely fused left and right mantle margins, e.g., a
pedal aperture, incurrent siphonal aperture, excurrent siphonal aperture, or fourth mantle aperture.
pallial band. A relatively wide pallial line (which see),
e.g., ventrally in the gastrochaenid Dufoichaena
dentifera (Dufo, 1840) (Fig. 204).
pallial caecum. See caecum.
pallial canals. Longitudinal, thin-walled canals in the
shell wall of some Caprinidae, present in either
or both valves. The canals are bounded by radial,
transverse, and tangential plates lying normal to the
commissural plane.
pallial cavity. Same as mantle cavity, which see.
pallial curtain. A typically wide, innermost mantle
fold present in many members of Pteriomorphia,
which can be manipulated to vary the shape, size,
and location of openings between opposing mantle
margins.
pallial eyes. Organs of photoreception, innervated
by visceral ganglia, on a mantle fold near the shell
margin (e.g., Pectinidae, Spondylidae) or near the
end of a siphon (e.g., some Cardiidae and around
the incurrent siphon in the laternulid Laternula
truncata (Lamarck, 1818 in 1818–1822) (Fig. 209).
Also called pallial ocelli.
pallial fold. (1) A gutterlike, tapering extension
of the inner mantle fold that meets the tip of a
ctenidium; (2) a symmetrical structure present on
opposite sides of the posterior portion of the mantle
margins, separating the incurrent and excurrent
mantle apertures, the former positioned below and
the latter positioned above the pallial fold. Where
present in Pterioidea, e.g., in the pteriid Pinctada
imbricata Röding, 1798, the left and right pallial
folds are united by interlocking tentacles of the
inner mantle fold (Tëmkin, 2006a, p. 283).
pallial gills. Secondary respiratory organs formed by
modification of the inner surface of the mantle,
e.g., near the anterior adductor muscle in the
lucinid Phacoides pectinatus (G melin , 1791 in
1791–1793) (Fig. 210). These structures also aid
in separating respiratory surfaces from parts of the
anatomy containing endosymbionts. Also called
mantle gills.
pallial gland. A thickened, smooth or rugose portion of
the inner mantle, densely filled with secretion, just
proximal to the base of the inner mantle fold and
the pallial line, commonly containing two types of
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Fig. 209. Pallial eyes at tip of tentacles around incurrent siphon in laternulid Laternula truncata (Lamarck,
1818 in 1818–1822), Kungkraben Bay, Thailand, A F.
Sartori, collector, figure width approximately 2.9 mm
(Sartori, new).
secretory cells, and covered, on the mantle cavity
side, by ciliated epithelium. Secretes mucus to assist
in cleansing the mantle cavity and possibly also to
assist chemical boring, e.g., in the gastrochaenoideans Dufoichaena dentifera (Dufo, 1840) (Fig. 204)
and Spengleria (Fig. 176). In gastrochaenoideans,
this gland follows the curve of the pallial line from
the anteroventral mantle cavity to the base of the
pallial sinus (Carter, 1978). These glands cannot
be applied directly to the bored substratum, contrary
to B. Morton (1982b). Positionally similar glands
occur in the crassatellid Crassatella Lamarck, 1799
(Harry, 1966; Allen, 1968), and in some Carditidae (see Yonge, 1969), Myidae, Corbulidae, and
Hiatellidae. Also called pallial mucus glands and
crassatellid mantle margin glands.
pallial junction. The place where the anterior and
posterior branches of the pallial line meet.
pallial line. The line of attachment of the pallial
muscles to the shell. Relatively wide pallial lines
are also called pallial bands. The pallial line may
be continuous or discontinuous, and it includes
the pallial sinus and any orbital muscle scars that
may be present (Fig. 192). If an anterior adductor
muscle is no longer present, the pallial line may
extend only from the posterior adductor muscle
scar toward the hinge. In Pinnidae, where a pallial
line is absent, pallial muscle attachment is limited
to a small area anteroventral to the posterior
adductor muscle (see pallial retractor muscle).
pallial mucus glands. See pallial glands.
pallial muscles. Radially oriented mantle muscles
extending from the pallial line or pallial band
distally into one or more mantle folds. These
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Fig. 210. Pallial (mantle) gills lying along and extending ventrally beyond gutter between anterior adductor
muscle and anterior mantle margin in lucinid Phacoides
pectinatus (Gmelin, 1791 in 1791–1793); scale bar =
1 mm (adapted from Taylor & Glover, 2006, fig. 10C,
courtesy of John Wiley & Sons).
muscles attach the mantle to the shell and serve
to retract its margins; e.g., the gastrochaenid Spengleria sp. (Fig. 176). In gastrochaenids, orbital
pallial muscles may also be present, inserting
proximal to the normal pallial line, and in some
instances forming a second, more proximal line of
pallial muscle attachment.
pallial nerve. A nerve running close to and more or less
parallel with the mantle margin on each side of the
body, connected anteriorly with the cerebropleural
ganglion and posteriorly with the visceral ganglion.
pallial ocelli. Same as pallial eyes, which see.
pallial organ. (1) The pallial organ of P elseneer
(1911), a sensory organ near the siphonal retractor
muscles and innervated by the posterior pallial
nerve. Pelseneer speculated that this organ tests
respiratory water in siphonate bivalves, like the
abdominal sense organ in asiphonate bivalves.
Absent in many Protobranchia and Pteriomorphia,
present in Nuculanidae, Carditidae, Mactridae,
Donacidae, Pholadidae, and some Tellinidae; (2)
in Ostreidae, same as the abdominal sense organ,
which see; (3) in Pinnidae, a conspicuous, hydrostatic, tube-shaped organ extending posteriorly

Fig. 211. Diagram of anatomy of Pinnidae (adapted
from Mikkelsen & Bieler, 2007).

from the posterodorsal surface of the visceral mass
toward the posterior gape (Tëmkin, 2006a) (Fig.
211), probably serving for chemical defense and
to clean the mantle cavity (Yonge, 1953; Liang &
Morton, 1988).
pallial protractors. Radial mantle muscles that serve
to extend the mantle edge.
pallial punctae. Small, mutually isolated mantle
attachment scars, which see.
pallial region. The part of the shell interior to the
pallial line or pallial band.
pallial retractors. Radial mantle muscles that serve
to withdraw the mantle margins. These appear on
the shell interior as a pallial line, a pallial band, a
pallial sinus, a line of orbital muscle scars, a single
muscle scar anteroventral to the posterior adductor
muscle as in Pinnidae (Fig. 211) and Malleidae (see
Fig. 238), or as a short line of muscle scars between
the posterior adductor muscle and the hinge (e.g.,
in Ostreoidea).
pallial rib. Same as pallial ridge, which is preferred.
pallial ridge. An internal buttress extending in each
valve from either the visceral rim or, more dorsally,
from the insertion of the pallial retractor muscle,
more or less medially in the shell, toward the
ventral shell margin. Called the pallial rib by Boss
and Moore (1967). The pallial ridge corresponds
with the line along which the ctenidia are fully
extended (Boss & Moore, 1967). Present in many
Malleidae, e.g., Malleus candeanus ( d ’O rbigny ,
1853 in 1841–1853) (see Fig. 326).
pallial septum. See siphonal pallial septum.
pallial sinus. An embayment in the posterior part of
the pallial line that corresponds with attachment of
the siphonal retractor muscles. It demarcates that
part of the mantle cavity into which the siphons
can be retracted (Fig. 192, Fig. 212).
pallial siphon. See siphon.
pallial veil. An expanded inner mantle fold that serves
to close or partially close an unfused mantle margin
when the valves are gaping, e.g., in Pteriidae, Isognomonidae, Malleidae, Ostreidae, Gryphaeidae,
Pinnidae, Limidae, Pectinidae, Propeamussiidae,
Spondylidae, Plicatulidae, and Anomiidae. Also
called a velum. It is typically supplied with radial
and circular muscles, and it may have small and
large papillae and/or tentacles, e.g., in Limidae.
palliobranchial fusion. Tissue grade union between a
portion of the ctenidia and the mantle. Typical of
Ostreoidea, where the aboral ends of the ctenidia
are fused to the mantle lobes.
palp. See labial palps.
palp caecum. See palp pouch.
palp lamellae. One of four usually acutely triangular,
leaflike, contiguous flaps comprising the labial
palps. The lamellae of the upper (anterior) and
lower (posterior) lip are called the outer and inner
lamellae, respectively.
palp pouch. A non-extensible appendage representing
a pair of hypertrophied palp folds on each side of
the body at the posterior end of the labial palps,
positioned at the base of the two palp proboscides.
The palp pouch receives potential food particles
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Fig. 212. Middle Eocene clavagellid Clavagella insulana Belokrys, 1991, Dnepropetrovsk region, Ukraine (Geologic Museum of Krivorozh’ye Mining Institute, holotype (BV-147/51); right, slightly less convex valve. 1, Ventral
view of right valve showing chondrophore, posterior adductor muscle scar, and adjacent posterior pedal retractor
muscle scar; 2, lateral interior view of same valve, showing chondrophore, pallial sinus, anterior adductor muscle
scar (ant. add.), posterior adductor muscle scar ( post. add.), and posterior pedal retractor muscle scar ( post. pedal
retractor) (Carter, new).
from the palp proboscides prior to transport to the
palps for sorting. Present in Nuculidae (Fig. 213).
Also called a palp caecum.
palp proboscides (sing., palp proboscis). A pair of
extensile, ciliate, tentacle-like extensions of the
dorsoposterior corner of the left and right sides of
the outer palp lamella. Present in many Protobranchia, where it gathers food during deposit-feeding,
e.g., in Nuculidae (Fig. 213) and Sareptidae (see
Fig. 234).
papilla (pl., papillae). A small protuberance, distally
tapered or rounded, typically digitate, commonly
occurring on mantle margins at or near a mantle
aperture or siphon; less prominent and less complex
than a tentacle, e.g., on the incurrent and excurrent
siphons in the gastrochaenid Lamychaena cordiformis (Nevill & Nevill, 1869) (Fig. 22).

papillate. Having papillae.
papilliform. Shaped like a papilla; a small, nipplelike
process or projection.
paracladistic systematics. A modification of cladistic
systematics in which paraphyletic natural groups
(which see) are allowed, with their size being minimized through the use of paraplesions; plesions
and paraplesions are ranked; and the amount of
evolutionary change is considered when assigning
taxonomic rank. The methods and definitions of
cladistic systematics otherwise apply. In paracladistic systematics, as in evolutionary systematics,
one may regard the common ancestor of modern
birds as derived from a nontype species of Archaeopteryx, whereas in cladistic systematics, one must
erect a new, monospecific genus for the purpose of
containing such an ancestral species.
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Fig. 213. Diagram of anatomy of Nuculidae (adapted
from Mikkelsen & Bieler, 2007).
paradiscordant. Having differently sized shell valves
by virtue of the fact that one valve (usually the
right in Pteriomorphia) has lost, through decay,
the more distal parts of its organic-rich (generally
simple prismatic) outer shell layer, which is typically more extensive in the right valve (Newell &
Boyd, 1995, p. 13); e.g., many fossil pectinoids,
pterioids, and ostreoids.
paraphyletic. A set consisting of an ancestor and some
but not all of its descendants.
paralectotype. Each specimen of a former syntype
series other than the lectotype (ICZN, 1999).
paraplesion. A former member of a taxon that is
excluded on the basis that its inclusion would make
the taxon paraphyletic. For example, Carter and
others (2011, p. 8) designated the Pterineidae as a
paraplesion and excluded it from the Pterioidea in
order to avoid paraphyly of Pterioidea with respect
to the Pinnoidea. Compare with plesion.

F ig . 214. Para-V-shaped ribs in Lower Cretaceous
trigonioidoidean Trigonioides kodairai T. Kobayashi &
Suzuki, 1936, shell length 34 mm (adapted from T.
Kobayashi & Suzuki, 1936).

paratype. Each specimen of an original type series
other than the holotype.
para-V-shaped ribs. A rib sculpture pattern in which
adjacent b-ribs and c-ribs (see Fig. 264) intersect
distally below the umbos, but the more anterior
b-ribs and the more posterior c-ribs define imaginary lines that intersect above the umbos (G uo ,
1998); e.g., in the Lower Cretaceous trigonioidoidean Trigonioides kodairai T. Kobayashi & Suzuki,
1936 (Fig. 214). Compare with eu-V-shaped ribs.
parivincular ligament. An external or submarginal,
elongate, opisthodetic, dorsally arched ligament
in which the fibrous sublayer attaches to the
distal, more or less blunt edge of an elongate ridge
(nymph), and the lamellar sublayer attaches to a
laterally flanking groove; the fibrous sublayer may
also attach to the lateral surface of the nymph,
or both the fibrous and lamellar sublayers may
contact this surface, but the fibrous sublayer does
not extend beyond the lateral side of the nymph.
Found in Ctenodontidae (Fig. 215), Solemyidae
(Fig. 216), Modiomorphidae, Astartidae, Trigoniidae, and many Cardiida. Compare with quasiparivincular and planivincular, both of which have
a pseudonymph instead of a nymph.
parivincular, external ligament. A parivincular ligament in which the upper surface of the nymph
is even or nearly even with the dorsal margin of
the hinge plate, and not strongly overlapped by
the outer shell layer, e.g., the Silurian ctenodontid
Tancrediopsis gotlandica (H. S oot -R yen , 1964)
(Fig. 215).
parivincular, submarginal ligament. A parivincular
ligament in which the upper surface of the nymph
is distinctly recessed below the dorsal margin of the
hinge plate, or is strongly overlapped by the outer
shell layer, e.g., Devonian Modiomorpha Hall &
W hitfield, 1869, and Recent Solemya (Solemyarina) parkinsoni E. A. Smith, 1874 (Fig. 216).
patronym. A taxon name that is derived from a
personal name. Governed by ICZN (1999) Article
31; the current Code does not employ this term.
pauci-. A prefix indicating few, as in paucicostate.
pavement simple prismatic microstructure. A regular
simple prismatic shell microstructure in which the
prisms are shorter than they are wide, giving the
layer a pavementlike appearance. Differs from nacre
in consisting of just one layer of so-called tablets.
Called pavimental prismatic by S chein -F atton
(1988, pl. 2,6 ), and called pavement prismatic by
Carter and others (1990, p. 651). This structure
resembles the radially elongate simple prisms in
Propeamussiidae in terms of the low height/width
ratio of its prisms, but the prisms are here more
equidimensional in external view. Present as a
postlarval, early juvenile outer shell layer in many
pectinid right valves, e.g., in Leopecten diegensis
(Dall, 1898) (Fig. 217–218).
pearl. A mineralized body of variable color, usually
white, pinkish, or bluish grey, comprised of concentric layers secreted by the soft tissues of a mollusk
around a central nucleus. Generally nacreous in
pterioids and unionoids; rarely developed out of
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Fig. 215. External, opisthodetic, parivincular ligament in Silurian ctenodontid Tancrediopsis gotlandica (H. SootRyen, 1964); camera-lucida drawing based on a transverse section just posterior to beaks (adapted from Carter,
2001, fig. 9.3).
porcelaneous structure in some Cardiida, such as
Tridacninae and Veneridae.
pearl nucleus. Extraneous material around which
concentric layers of calcium carbonate (often nacre)
are deposited to form a pearl.
pearl sac. The mantle epithelium (usually within the
gonad) secreting a cultured pearl.
pectinate. Having closely parallel, toothlike projections; comblike. Compare with micropectinate.
pectineum. Same as ctenolium, which is preferred.
pectinidium. Same as ctenolium, which is preferred.

pectinid measurements. Measurements of pectinid
shells have been defined by Waller (1969, p. 9–13)
in reference to his figure 4, reproduced in Figure
219. With dashes indicating measurements, these
include adductor insertion center (j), adductor
insertion centrality (b–j/a–b), adductor insertion
first diameter (i–k), adductor insertion posteriority
(a–b/A–G), adductor insertion second diameter
(p–q), adductor insertion ventrality (b–j/A–M),
anterior dorsal half-diameter of disc (G–P), anterior flaring ratio of disc (D–G/G–P), anterior

prismatic outer shell layer

lamellar
sublayer

nymph
1 mm

fibrous
sublayer

Fig. 216. Submarginal, opisthodetic, parivincular ligament in solemyid Solemya (Solemyarina) parkinsoni E. A.
Smith, 1874, Awarua Bay, New Zealand (YPM 5364); camera lucida drawing based on a transverse section just
behind beaks (adapted from Carter, 1990a, fig. 17).
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5 µm

Fig. 217. Pavement simple prismatic microstructure,
diagram showing horizontal (H ), radial (R), and
transverse (T ) sections (adapted from Carter & others,
1990, p. 618).
half-diameter of disc (D–G), auricle height (anterior) (E–l), auricle height (posterior) (B–J), byssal
notch depth (E–F), byssal sinus depth (E'–F'),
ctenidial retractor insertions separation (f–g),
disc height (linear) (A–M), disc length (A–G),
extrapallial distance (m–n), internal groove width
(s–t), internal plica width (r–s), intersinal distance
(H–I), outer ligament anterior length (D–F), outer
ligament posterior length (C–D), posterior dorsal
half-diameter of disc (A–K), posterior flaring ratio
of disc (A–K/A–D), posterior half-diameter of disc
(A–D), resilial insertion area (a–d times c–e/2),
resilial insertion height (a–d), resilial insertion
length (c–e), separation of gill retractor insertions
(f–g), and ventral half-diameter of disc (K–M). See
separate entries for each of these terms and for disc
height (along curvature), the latter not illustrated
by Waller (1969).

Fig. 218. Pavement simple prismatic microstructure
in early juvenile outer shell layer of pectinid Leopecten
diegensis (Dall, 1898), California (YPM 7856), seen
in a transverse, vertical fracture, underlain by crossed
foliated middle shell layer (Carter, new).

pectiniform. Having a shell shape like the pectinid
Pecten M üller , 1776, i.e., with the upper valve
being relatively flat and the lower valve being
convex. This shape generally associates with life
habits in which the scallop excavates and occupies
a depression so that the upper, flatter valve is even
with the sediment surface. Sediment then accumulates on the upper valve and provides camouflage
(Baird, 1958; Waller, 1969, 1976).
pectinoid form. Same as pectiniform, which is preferred.
pectiniform stage. The early postlarval stage of Spondylidae, characterized by byssal attachment, prior
to cementation.
pectunculoid. Having a shell shape like Glycymeris da
Costa, 1778, a genus formerly called Pectunculus
Lamarck, 1799. See also glycymeriform, which is
preferred.
pedal. Of or pertaining to the foot.
pedal aperture. A single opening in the otherwise
fused, anteroventral mantle margins, serving for
protrusion of the foot, e.g., in Hiatellidae, Myidae,
Pholadidae, and Gastrochaenoidea.
pedal aperture muscles. A pair of muscles, each
attaching to the shell distal (anterior) to the anterior adductor muscle in one valve, and to a distinct
thickening of the anteroventral pallial line in the
opposite valve, with the two muscles crossing
each other as they pass within the ventrally fused
mantle, anterior to the pedal aperture (Purchon,
1956a, 1960a; Morton, 1981, 1982a). Present in
Pholadomyidae, e.g., Pholadomya candida G. B.
S owerby I, 1823 in 1821–1834 (Fig. 220). Also
called the anterior cruciform apparatus (Runnegar,
1979).
pedal elevator muscles. Muscles attached to the
shell in or near the umbonal cavity and serving
to raise the foot. Also called elevator pedis. Found
in some Cardiidae, Tellinidae, Psammobiidae,
Unionidae, and Meretricinae; present near the
hinge margin in Pteriidae, Isognomonidae, Malleidae, and some Limidae. Not to be confused with
ctenidial protractor or retractor muscles, which
can have a similar position on the shell, nor with
pedal retractor muscles, which attach closer to the
adductor muscle scars.
pedal feeding. Ingestion of food particles accumulated
on the foot, e.g., during sweeping motions of the
ciliated foot of juvenile unionoids.
pedal flagellum. A minute, narrow, elongate extension,
on the anterior end of the foot, which probably
serves a sensory function, e.g., in the anomiid
Enigmonia aenigmatica (Iredale, 1918) (see Yonge,
1977, fig. 31). Compare with pedal probing organ.
pedal ganglion (pl., pedal ganglia). A ganglion, typically paired, serving to innervate the foot. Secondarily reduced or lost in some bivalves lacking an
anterior adductor muscle, e.g., in Ostreidae.
pedal gape. A permanent opening between the shell
valves, which accomodates the foot, e.g., in the
laternulid Laternula elliptica (K ing & B roderip ,
1832) (see Fig. 290).
pedal levator muscle. Same as pedal retractor muscle,
which is preferred.

Illustrated Glossary of the Bivalvia
A'

B' C'

b'

H'
J'

D'

g'
k'

E' F'

G'

a
c d

I'

f'

G
e

F

127
D

E

I

P'

K'

q

H
J

k

K

m

m'

n'

A

j

P

q'

r' s' t'

B

p

i
i'

C

g

f

p'

j'

M'

b

u

t

v

s r
n

M

Fig. 219. Scheme of measurement of pectinoid shells, as illustrated by pectinid Argopecten gibbus (Linnaeus, 1758).
Upper-case letters refer to points delimiting external measurements, and lower-case letters refer to points delimiting
internal measurements; prime sign (') is placed after points on left valve to distinguish them from points on right
valve; point L, not shown, is point on exterior valve surface that is farthest from commissure plane; point O, also
not shown, is directly beneath point L on commissure plane; points a and D are the same. See pectinid measurements (adapted from Waller, 1969, fig. 4).

pedal muscles. The muscles used to move the foot,
passing either around the visceral mass (many
burrowing bivalves) or largely through the visceral
mass (many byssally attached bivalves). Divided
into pedal elevators, pedal retractors, pedobyssal
retractors, and pedal protractors.
pedal organ. See pedal probing organ.
pedal probing organ. A spatulate to digitate extension of the anterior of the foot, which is capable
of extreme elongation and chemically producing
pinhole-size borings in calcareous substrata. The
chemical boring agent is probably produced
by the anterior pedal gland, at the base of the
probing organ. Present in most gastrochaenids, e.g.,
Lamychaena cordiformis (Nevill & Nevill, 1869)
(Fig. 19). The minute probes apparently test the
thickness of the substratum in order to help the
animal determine an advantageous boring direction
(Carter, 1978). Compare with pedal flagellum.
pedal protractor muscle. A muscle that extends the
foot. The muscle may be indistinctly or distinctly
differentiated morphologically and in terms of
its shell attachment scar from the anterior pedal
retractor muscle. The associated muscle scar may
be posterior, dorsoposterior, posteroventral, or
anteroventral to the anterior adductor muscle scar;
e.g., the gastrochaenids Rocellaria dubia (Pennant,
1777) (Fig. 192) and Spengleria (Fig. 176); and
many unionoids (see Fig. 307).
pedal retractor muscle. A muscle serving to pull
the foot toward the body, e.g., the gastrochaenids Rocellaria dubia (P ennant , 1777) (Fig. 20)
and Spengleria sp. (Fig. 176). See also pedobyssal
retractor muscle, anterior pedal retractor muscle,
and posterior pedal retractor muscle. Not to be

confused with pedal elevator muscles, nor with gill
retractor or protractor muscles.
pedal scar. An impressed or raised area on the inner
wall of a boring or on the inner surface of a secreted
calcareous tube or igloo, marking the position of
the foot in life; e.g., many endolithic and tubedwelling Gastrochaenidae.
pediveliger. In Autobranchia, a larval stage in which
both the velum and foot are present. The associated shell form differs little from the preceding
veliger stage, apart from its larger size and, in some

anterior adductor

pedal aperture
muscles

pedal
aperture
Fig. 220. Pedal aperture muscles and pedal aperture
in pholadomyid Pholadomya candida G. B. Sowerby I,
1823 in 1821–1834, St. Thomas, West Indies (ZMUC
5/8/1838), viewed from interior of mantle cavity, figure
width 17.8 mm (Sartori, new).
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pedogenesis. Precocious sexual reproduction that may
persist in a lineage and potentially lead to evolutionary change.
pedomorphosis (adj., pedomorphic). Alternate spelling
of paedomorphosis (adj., paedomorphic), which
see.
pedunculate. Having a stalk (peduncle), e.g., the
cardinal teeth in many Solecurtidae.
pellicle. The initial, more or less round, periostracal
shell of a mollusk; secreted in bivalves during the
early trochophore stage, covering the apical pole of
the shell field cells, and not preceded by invagination of this zone (M ouëza , G ros , & F renkiel ,
2006).
pellucid. Having a clear, transparent, or nearly transparent appearance. Commonly used in reference
to myostracal deposits, as viewed in acetate peels
and thin sections.
peramorphosis. Heterochronic changes involving the
addition of new stages and/or characters to the end
of an ancestral developmental sequence. Compare
with paedomorphosis.
pericalymma larva. A molluscan larva in which
the embryo is protected below a layer (test, or
calymma) of cells with one to four girdles of
cilia, at the apex of which is a sensory plate of
ciliated cells (Fig. 221). Present in Protobranchia, where the developing juvenile grows out
apically from the test. Absent in Autobranchia.
Whether the bivalve pericalymma is homologous

Fig. 221. Diagram of pericalymma larva (adapted from
Mikkelsen & Bieler, 2007).
instances, more accentuated umbo (if present). See
also veliger stage and umbonate veliger.
pedobyssal retractor muscles. (1) Muscles that, in
their contraction and relaxation, affect the position of the foot, regardless of their direct association with the foot or byssus, and regardless of the
direction of their force, including pedal and byssal
retractors, pedal elevators, and pedal protractors
(Tëmkin, 2006a, p. 299). For nonbyssate taxa, the
corresponding term is pedal retractor, which see; (2)
more specifically, pedal and/or byssal muscles that
serve to retract the foot.

1

2

Fig. 222. 1–2, Fluorapatite intraperiostracal cylinders in the mytilid Lithophaga nigra (d’Orbigny, 1853 in 1841–
1853), Bermuda (UNC 13147). Cylinders have been freed from organic periostracum by partial digestion of the
latter in sodium hypochlorite, rinsing in tap water, and then air drying; view 1 also shows periostracal pores that
probably supplied mineralizing fluids; scale bars = 1 µm (adapted from Carter, 1990a, fig. 54A–B).
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Fig. 223. Aragonitic intraperiostracal granules and spikes in mytilid Trichomya hirsuta (Lamarck, 1819 in 1818–
1822), Western Pacific (YPM 10124). 1, Acetate peel of a radial, vertical section through periostracum, showing
numerous periostracal granules; underlying outer shell layer is also visible; 2, SEM of granules and a few spikes
freed from organic portion of periostracum by digestion of the latter in sodium hypochlorite, followed by rinsing
in tap water and then air drying (Carter, new).
with other molluscan pericalymma larvae, and
with the bivalve veliger larva, remains an open
question. See also veliger, umbonate veliger, and
pediveliger.
pericardial cavity. The space surrounding the heart.
pericardial glands. Glands occurring as lappets on the
auricles of the heart or as pouches on the pericardial
wall, either inside or outside the pericardial cavity;
these glands typically extend into the mantle and
function in excretion.
pericardial wall muscle. A minute muscle passing from
the left and right shell valves to the pericardial wall
in some pectinoids. The corresponding muscle scar
is immediately dorsal to the posterior adductor
muscle scar, e.g., the pectinid Chlamys islandica
(M üller , 1776) (Fig. 57). This was previously
called a gill-retractor muscle by Waller (1969, fig.
3), in his description of the pectinid Argopecten
gibbus (Linnaeus, 1758).

pericardium. A saclike membrane, of coelomic origin,
enclosing the heart and sometimes also part of
the intestines, or the cavity delimited by such a
membrane. The pericardium in bivalves generally
encloses two lateral auricles and a median ventricle.
perimyal collecting vessel. See collecting vessel.
periostracal cylinders. Minute, cylindrical, mineralized structures secreted within the periostracum.
These are fluorapatitic in the mytilid Lithophaga
nigra (d’Orbigny, 1853 in 1841–1853) (Fig. 222).
Compare with periostracal granules, spikes, pins,
needles, and plaques.
periostracal granules. Discrete, more or less equidimensional, mineralized structures initiated by
the inner surface of the outer mantle fold and
secreted simultaneously with normal, nonmineralized periostracum. The granules may be cemented
to the exterior of the subperiostracal shell, as in the
thraciid Thracia morrisoni Petit, 1964 (Fig. 126),
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Fig. 224. 1–2, Exterior views of irregular masses of a crystalline calcium phosphatic mineral, locally forming a
thin, contiuous, intraperiostracal sheet, in middle of posterior periostracum of lithophaginid Lithophaga antillarum
d’Orbigny, 1853 in 1841–1853, the Bahamas (UNC 13150); nonmineralized portion of periostracum has been
partially removed by digestion in sodium hypochlorite; periostracum has minute pores that extend from its inner
surface into some of the irregular masses (Carter, new).

or entirely embedded within the periostracum, as
in the mytilid Trichomya hirsuta (Lamarck, 1819
in 1818–1822) (Fig. 223, also including some
periostracal spikes). Compare with periostracal
spikes, pins, needles, cylinders, and plaques. See
also pseudoperiostracal mineralization.

periostracal hairs. Hairlike extensions of the periostracum, e.g., posteriorly on the arcid Fugleria
tenera (C. B. A dams , 1845) (see Fig. 229). The
so-called hairy periostracum described by some
workers for some Mytilidae is not periostracal, but
rather byssal.
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periostracal irregular masses. Mineralization of the
periostracum in the form of amorphous masses.
The irregular masses may locally combine to form
a thin, continuous, intraperiostracal sheet, as in
the posterior of the lithophaginid Lithophaga antillarum d’Orbigny, 1853 in 1841–1853 (Fig. 224).
periostracal mineralization. Discrete mineralization of the periostracum that is initiated by the
inner surface of the outer mantle fold, and that is
deposited simultaneously with laterally adjacent,
nonmineralized periostracum (C arter & A ller ,
1975). Carter and Aller (1975) rejected Aller’s
(1974) shell prefabrication hypothesis that the
spikes on Laternula represent parts of the outer
shell layer. Checa and Harper (2010) inaccurately
indicated that Carter and Aller (1975) accepted
Aller’s (1974) prefabrication hypothesis. Periostracal mineralization should not be confused with
pseudoperiostracal mineralization, which is initiated and secreted by the anatomically outer surface
of the outer mantle fold. Periostracal mineralization
may be intraperiostracal, extraperiostracal, or infraperiostracal, and aragonitic or calcium phosphatic,
i.e., calcium hydroxyl apatite (W aller , 1983),
fluorapatite, or calcium fluorapatite (C arter &
Clark, 1985). See periostracal granules, cylinders,
spikes, pins, needles, plaques, and irregular masses.
periostracal needles. Distally tapering, elongate mineralized periostracal structures with a length/height
ratio greater than 35, e.g., in the venerid Tivela
L ink , 1807 (Fig. 225) (C arter & L utz , 1990,
p. 23, pl. 97C; Ohno, 1996; Taylor & Glover,
2010, with needles only qualitatively defined).
In many cases, the distal ends of the needles are
pushed by growth at their bases beyond the exterior
of the nonmineralized periostracum (T aylor &
Glover, 2010). Compare with periostracal granules, cylinders, spikes, pins, and plaques.
periostracal outer ligament. A dorsal band of periostracum serving as a functional replacement for
the normal outer, lamellar sublayer of the ligament. Present in some taxa in which the lamellar
sublayer of the ligament is absent or submerged
below the axis of rotation of the valves. See also
outer ligament.
periostracal pins. Distally tapering or blunt-ended,
elongate mineralized periostracal structures with
a length/height ratio between 5 and 35, i.e., more
elongate than a periostracal spike, but less elongate
than a periostracal needle, e.g., in the venerid Pitar
trevori Lamprell & Whitehead, 1990 (Fig. 226)
(T aylor & G lover , 2010, wherein pin length/
height is not quantitatively defined). Compare with
periostracal granules, cylinders, needles, spikes,
and plaques.
periostracal plaques. Subovate to subrectangular,
flattened, mineralized periostracal structures. The
plaques are typically oriented in more or less
radial rows, with their length axes being more
or less commarginally aligned. They are separated from one another by a narrow area of thin,
nonmineralized periostracum. These are found in
the myoc hamid Myadora complex I redale , 1924
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Fig. 225. Aragonitic periostracal needles in veneroidean
Tivela (Tivela) byronensis (Gray, 1838), Guaymas, Gulf
of California (YPM 9737). SEM of a vertical fracture;
scale bar = 10 µm; prismatic to crossed lamellar outer
shell layer is visible on lower right (Carter, new).
(Checa & Harper, 2010, fig. 2E) and anteriorly
in the thraciid Thraciopsis angustata (Angas, 1868)
(Checa & Harper, 2010, fig. 2F) (Fig. 227, left
and right, respectively). Compare with periostracal
granules, spikes, pins, needles, and cylinders.
periostracal pores. Minute channels extending
outward from the inner surface of the periostracum,
apparently serving to provide fluids for periostracal mineralization, e.g., for aragonitic pins and
needles in venerids (Taylor & Glover, 2010; Fig.
226), fluorapatitic cylinders in Lithophaga nigra
(d’Orbigny, 1853 in 1841–1853) (Fig. 222), and
fluorapatitic irregular masses in Lithophaga antillarum d’Orbigny, 1853 in 1841–1853 (Fig. 224).

2 µm
Fig. 226. Aragonitic periostracal pins emerging from
pits in periostracum of venerid Pitar trevori Lamprell &
Whitehead, 1990, Moreton Bay, Queensland, Australia
(adapted from Glover & Taylor, 2010, fig. 6F, courtesy
of Oxford University Press).
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Fig. 227. Aragonitic periostracal plaques cemented to exterior of outer shell layer in 1, myochamid Myadora complexa
Iredale, 1924, and 2, anteriorly in thraciid Thraciopsis angustata (Angas, 1868) (adapted from Checa & Harper,
2010, fig. 2E–F, reprinted with permission of the Marine Biological Laboratory, Woods Hole, Massachusetts).

periostracal shingles. Nearly flat, elongate, imbricated
extensions of the periostracum, e.g., ventrally in
the arcid Fugleria tenera (C. B. A dams , 1845)
(Fig. 229).
periostracal spikes. Distally tapering, elongate mineralized periostracal structures with a length/height
ratio less than 5, e.g., in the gastrochaenid Spengleria rostrata (S pengler , 1783) (Fig. 143), and
in the mytilid Gregariella sp. (Fig. 228). Compare
with periostracal granules, cylinders, pins, needles,
and plaques.
periostracum (pl., periostraca). The outermost, largely
proteinous, nonmineralized or weakly mineralized
part of a molluscan shell (excluding any byssal
structures and inductural deposits that may be
present), the secretion of which is initiated in the

F ig . 228. Aragonitic periostracal spikes from perio
stracum of mytilid Gregariella sp., South Pacific (UNC
13148). Nonmineralized part of periostracum was digested in sodium hypochlorite, and mineralized residue
was then rinsed in tap water and air dried (Carter, new).

periostracal groove and completed by the anatomically inner surface and extreme distal edge of the
outer mantle fold, distal to the subperiostracal
outer shell layer. In some species with extensively
fused mantle margins, the periostracum may be
secreted by a topologically outer surface of the
outer mantle fold, but this surface is homologous
with the inner surface of the outer mantle fold.
The periostracum sometimes contains discrete
extraperiostracal, intraperiostracal, and/or infraperiostracal mineralization (which see). The exterior
surface of the periostracum may be flat, ridged, or
grooved, or it may have projecting shingles and/
or hairs, e.g., in the arcid Fugleria tenera (C. B.
Adams, 1845) (Fig. 229). Periostracal hairs should
not be confused with byssal hairs (which see) that
can form a periostracum-like covering exterior to
the true periostracum.
periphery. The part of the shell at or closest to the
shell margin.
perisiphonal. The area surrounding the siphon or
surrounding the siphonal aperture or apertures.
persistent. Remaining present.
phasic muscle. Same as quick muscle, which see.
phenetic. Pertaining to systematic schemes based on
overall similarity rather than evolutionary relationships.
photoreceptor. See eye.
phylogenetic. Of or pertaining to the history of
ancestry and descent (PhyloCode, May, 2012:
www.ohio.edu/phylocode/glossary.html).
phylogenetics. Same as cladistic systematics, which see.
phylogenetic systematics. (1) The study of evolutionary relationships among organisms through
explicitly documented inference of shared, derived,
inheritable traits. This includes evolutionary
systematics, cladistic systematics, and paracladistic
systematics; (2) as originally defined by H ennig
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(1950, 1966), the same as cladistic systematics and
phylogenetics.
phylogeny. The evolutionary relationships among
members of a taxonomic group.
pillars. (1) In rudists, inward foldings of the attached
valve’s shell wall, producing ridges normal to the
commissure, usually three in number, one marking
the ligamental position, and the other two presumably siphonal in location; marked in the free valve
by openings (oscules) through the valve; (2) myostracal pillars (which see).
pilose. Having slightly stiffened hairs ascending from
the surface, usually in reference to moderately long,
very fine, hairlike bristles of periostracum. Compare
with spicate, lanceolate, stubbly, and thatched
periostracum.
pins. See periostracal pins.
pinnate. Featherlike, i.e., having elongate parts
arranged along two sides of an elongate axis.
pinnid grade ligament. An opisthodetic, elongate,
external-submarginal, adult ligament in bivalves
with a larval shell displaying almost orthogyrate
umbos, and an asymmetric hinge with an anterocentral origin and anteroventral growth of the
ligament. The larval ligament dips slightly into a
submarginal position (M alchus , 2004b). Found
in post-Carboniferous members of Pinnoidea, e.g.,
Atrina rigida (Lightfoot, 1786) (Fig. 230).
pivotal axis. The axis around which the valves move
when opening and closing.
pivotal tooth. (1) The largest and most central (if
two or more of equal size) cardinal or subumbonal
tooth on an adult hinge, regardless of its ontogenetic origin; a morphological character devoid
of implied homology (N ewell & B oyd , 1975;
Carter, Campbell, & Campbell, 2000); (2) in the

SP
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Fig. 229. Periostracal hairs and shingles on arcid Fugleria tenera (C. B. Adams, 1845), shell length (excluding
periostracum) is 17.7 mm (adapted from Mikkelsen
& Bieler, 2007).
Félix Bernard (1895, 1896a, 1896b, 1897) system
of notation of heterodont dentition, the cardinal
tooth derived ontogenetically by modification of
the posterior end of the early juvenile innermost
anterior dental lamella. In a lucinoid hinge, this is
the left anterior cardinal (tooth 2). In a “cyrenoid”
(=veneroid) grade hinge, this is the right median
cardinal (tooth 1) (Casey, 1952, p. 122–123).
planar. Flattened.
planar spherulitic microstructure (abbr., PSph). Horizontally flattened spherulites with second-order
structural units radiating more or less equally in all
horizontal directions from a single crystal aggregate
or point of origin (Carter & others, 1990, p. 652,
fig. 9) (Fig. 232). Vertical stacks of planar spherulites comprise planar spherulitic simple prisms
(which see) in some Thraciidae and Hiatellidae.

lamellar sublayer

fibrous sublayer

nacre
100 µm

FP
ISP

Fig. 230. Pinnid Atrina rigida (Lightfoot, 1786), Sanibel, Florida (YPM 7194), diagram of transverse section
through medial part of reduced, low-angle duplivincular ligament; FP, aragonitic, fibrous prismatic ligostracum;
ISP, aragonitic, irregular simple prismatic subligamental ridge; SP, calcitic regular simple prismatic outer shell layer
(adapted from Carter, 2004, fig. 3.2).
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Fig. 231. Planar spherulitic simple prismatic (PSphSP) microstructure in outer shell layer of hiatellid Panopea
generosa (Gould, 1850), Puget Sound, Washington (YPM 9746). 1, Horizontal acetate peel showing several firstorder prisms separated by voids; scale bar = 100 µm; 2, SEM of polished and then acid-etched, vertical section
through outer shell layer in shell posterior, with prism in middle of picture cut along its medial longitudinal axis;
scale bar = 5 µm (Carter, new).

planar spherulitic simple prismatic microstructure
(abbr., PSphSP). A columnar simple prismatic
microstructure in which each first-order prism
consists of a stack of planar spherulites (which
see), e.g., locally developed in the aragonitic outer
shell layer of some Thraciidae (C arter & L utz ,
1990, p. 16, pl. 52) and Hiatellidae, e.g., Panopea
generosa (Gould , 1850) (Carter & L utz, 1990,
p. 16, pl. 48, labeled irregular simple prisms)
(Fig. 231). This microstructure commonly grades
into obtuse columnar nondenticular composite

prismatic microstructure, which is organizationally similar (cf. Fig. 200). Not to be confused with
planar spherulitic microstructure.
plane of commissure. See commissural plane.
planivincular ligament. An opisthodetic, elongate,
partially external and partially submarginal to
internal ligament in bivalves with orthogyrate (or
nongyrate) larval and ortho- to prosogyrate postlarval shells. The fibrous portion of the larval ligament is discontinuous with a single adult fibrous
ligamental sublayer, and the larval fibrous ligament
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has a posterocentral or central origination point,
followed by posteriorward growth of the adult ligament. The adult fibrous sublayer of the ligament
is buttressed laterally by a prismatic shelly ridge
called a pseudonymph (Carter , 1990a; Waller ,
1990; Malchus, 2004b, p. 1561). Typical of the
Mytilidae, e.g., Upper Cretaceous Modiolus meeki
(Evans & Shumard, 1857) (Fig. 233), and Recent
Mytilus edulis Linnaeus, 1758 (see Fig. 281). The
fibrous sublayers are rarely repeated in the adult
stage (see multiple planivincular ligament).
planktonic. Passively drifting or floating in the water
column. This term applies to free-swimming veliger
larvae, but it may also include some pericalymma
larvae (see Z ardus & M orse , 1998, and references therein), although some of the latter may be
demersal rather than planktonic. Less commonly
spelled planktic.
planktonic-planktotrophic. Planktonic larvae that
feed on plankton. The term planktotrophic has
commonly been interpreted to include a planktonic life habit, but some xylophaginid larvae are
only facultatively planktonic (K nudsen , 1961;
Turner, 1976). Less commonly spelled plankticplanktotrophic.
planktotrophic. Feeding on plankton. For autobranch
bivalves, this term generally refers to larvae feeding
on plankton during early development from yolkpoor eggs, which require an extended period of
plankton feeding to complete development. The
size of such yolk-poor eggs is known to vary from
about 35 μm to 90 μm. Egg size correlates roughly
with the size of prodissoconch-1. Larval planktotrophy is generally but not invariably associated with
planktonic life habits.
plantigrade stage. A recently metamorphosed, postlarval benthic developmental stage with functional
ctenidial filaments, on the verge of settling (Bayne,
1976). This roughly corresponds with the nepioconch to mesoconch stage (which see), and it may
be subdivided according to anatomy and/or shell
sculpture (C arriker , 1961; G ros , F renkiel , &
Mouëza, 1997).
platyvincular ligament. A monovincular-A or
monovincular-P ligament (Waterhouse, 2001, 2008).
plesion. An extinct, monophyletic sister group to a
crown clade or to a more inclusive clade composed
of a crown clade and several members of its stem.
Plesions are nonranked in cladistic systematics but
ranked in paracladistic systematics. Like paraplesions, plesions lack a normally expected, immediately higher Linnean category.
pleurothetic. Epifaunal resting, reclining, or cementing
on one side of the body, e.g., left-valve down Ostreoidea, right-valve down Anomiidae, and either valve
down (amphi-pleurothetic) Etheriidae. Compare
with euthetic and orthothetic.
plica (pl., plicae; adj., plicate). A radial or antimarginal,
relatively large rib forming an interlocking fold on
the shell margin (plication), affecting the entire
thickness of the margin (see Fig. 62, Fig. 148).
plicate ctenidium. A ctenidium that appears to be
minutely superficially folded in its relaxed, uncon-

135

10 µm

Fig. 232. Planar spherulitic microstructure, diagram
showing horizontal (H ), radial (R), and transverse
(T ) sections (adapted from Carter & others, 1990, p.
618, fig. 9).
tracted state. This commonly reflects the presence
of principal ctenidial filaments, although principal
ctenidial filaments are absent in the plicate ctenidia
of Mya arenaria Linnaeus, 1758 (Ridewood, 1903,
p. 251). Plicate ctenidia appear to be developed
independently of the presence or absence of interlamellar junctions; the homorhabdic ctenidia in
Malleidae and Pulvinitidae have the same kind of
interlamellar septa as the plicate ctenidia in Pteriidae (Tëmkin, 2006a, p. 291).
plicate organ. A vascularized, longitudinal series of
transverse folds between each inner demibranch
and the visceral mass in Mytilidae, serving as an
accessory respiratory organ.
plication. (1) A relatively large, interlocking fold on
a shell margin, produced by a plica; (2) a minute,
superficial fold in a gill, parallel with the ctenidial
filaments, present in the ctenidium in its relaxed,
uncontracted state.
plywood microstructure. A shell microstructure
consisting of horizontal laminae comprised of horizontal, elongate structural units, typically fibers,
oriented in different directions in subadjacent and
superadjacent laminae (C arter & others, 1990,
p. 611). The lamello-fibrillar variety of plywood
microstructure occurs in some Cambrian laterally
compressed tergomyans.
polytypic. A biological species consisting of two or
more geographic subspecies, or two or more widely
divergent ecomorphs.
porcelaneous (also spelled porcellaneous, porcelanous). (1) Having a shiny or dull, dense, opaque,
porcelain-like (non-nacreous, nonfoliaceous)
luster (H atchett , 1799, p. 316); (2) a category
of aragonitic shell microstructures characterized by
a porcelain-like depositional surface; this includes
simple crossed lamellar, complex crossed lamellar,
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fibrous ligament

0.5 mm
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pseudonymph

2

100 µm

3

50 µm

Fig. 233. Planivincular ligament and pseudonymph in Cretaceous mytilid Modiolus meeki (Evans & Shumard,
1857). Fibrous sublayer has been displaced ventrally by sediment compaction (adapted from Carter, 1990a, p. 280,
fig. 58; wherein fibrous sublayer of ligament is misidentified as a lithodesma); 1, acetate peel of transverse section
just posterior to beaks, showing pseudonymph and ventrally displaced fibrous sublayer of ligament; 2–3, higher
magnifications of fibrous sublayer of ligament.

crossed acicular, and finely textured homogeneous
microstructures (Carter, 1980a).
postanal tuft organ. A discrete patch of cells with
compound cilia, positioned dorsal to the anus in
larval bivalves, of unknown function. According
to Waller (1981), beating by the cilia causes the
posterodorsal notch to form. Possibly plesiomorphic for all Pteriomorphia, if not for all Bivalvia,
but lost in many groups (Malchus, 2004a, p. 104).
postcarinal sulcus or groove. In trigonioids, a radial
depression on the posterior area (which see), just
posterior to an umbonal or marginal carina (which
see) (Leanza, 1993, p. 17).
posteriad. Positioned toward the posterior; of or
relating to the posterior.
posteriodorsal. Same as posterodorsal and dorsoposterior, which are preferred.
posterior. Opposite of anterior, which see.
posterior adductor muscle. The adductor muscle positioned close to the anus (Fig. 192). In pectinoids
and ostreoids, this is generally the only adductor
muscle.
posterior area. The lateral exterior of a shell posterior
to an umbonal or marginal carina (see Fig. 53).

posterior dorsal half-diameter of disc. As defined
for pectinids by W a l l e r (1969, p. 13), the
distance between two parallel lines, one coinciding with the outer ligament, the other passing
through the most posterior point on the disc.
This corresponds with measurements A–K and
A'–K' in Figure 219.
posterior flange. A flange on the posterior of the left
shell valve in Gryphaeidae, separated from the main
body of the shell by a posterior, radial groove.
posterior flaring ratio of disc. As defined for pectinids
by Waller (1969, p. 13), the ratio of the posterior
dorsal half-diameter to the posterior half-diameter
of the disc. This corresponds with ratios A–K/A–D
and A'–K'/A'–D' in Figure 219.
posterior gape. A permanent opening between the
adducted valves at or near the posterior end of the
shell, generally corresponding with long siphons.
See also siphonal gape.
posterior half-diameter of disc. As defined for
pectinids by W aller (1969, p. 13), the distance
between two lines that are perpendicular to the
outer ligament, one passing through the origin of
shell growth, the other passing through the most
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posterior point on the disc. This corresponds with
measurements A–D and A'–D' in Figure 219.
posterior internal ridge. A more or less radially
oriented, commonly subtle, linear or slightly curvilinear elevation on the posterior, inner surface of
the shell. Same as proximal gill wheal, which see.
posteriority of adductor insertion. See adductor insertion posteriority.
posterior keel. Same as umbonal or marginal carina.
posterior lateral tooth. A lateral tooth positioned
posterior to the beaks.
posterior partition wall (of stomach). A wall extending
into the lumen of the stomach from its posterior
wall to the right of the intestinal orifice, creating
a left wall of a posteriorly extending embayment
of digestive diverticula on the right posterior side
of the stomach (Kuwatani, 1965; Tëmkin, 2006a,
p. 294), e.g., in the pteriid Pteria Scopoli, 1777.
posterior pedal retractor muscle. A pedal retractor
muscle attached to the shell near the posterior
adductor muscle scar, typically on the dorsal or
dorsoanterior side of that scar, as in the gastrochaenid Rocellaria dubia (Pennant, 1777) (Fig. 20).
In Limidae, the posterior pedal retractor muscle
attaches to the shell ventral or posteroventral to
the posterior adductor muscle scar. The muscle
is sometimes divided into three to six bundles of
muscle fibers, as in Mytilus edulis Linnaeus, 1758,
wherein the most anterior bundle is called the
pedal retractor sensu stricto, and the more posterior
bundles are called the byssal retractors, although
all of them merge together near the shell to make
a single, left and right muscle scar. In Anomia
L innaeus , 1758, the posterior pedal retractor
muscle is modified to form a byssal muscle or
muscles, developed only on the left side. In the
Pectinidae, the posterior pedal retractor, if developed at all, occurs only on the left side, along the
dorsal margin of the posterior adductor muscle scar.
posterior ridge. Same as umbonal or marginal carina,
which is preferred.
posterior sensory tentacle. A narrow, elongate tentacle
on one or both sides of the body, extending posteriorly from the posteroventral mantle margin,
e.g., on the left or right side in some Malletiidae,
Tindariidae, Nuculanidae, Phaseolidae, and Sareptidae (e.g., Yoldiinae, Fig. 234); present on both
sides or altogether absent in different species of
Solemya; absent in Manzanellidae. Also called a
posterior siphonal tentacle and a posterior unpaired
tentacle (see Yonge, 1939).
posterior siphonal tentacle. Same as posterior sensory
tentacle, which see.
posterior slope. A sector on the exterior of a bivalve
shell extending posteriorly and posteroventrally
from the umbo, commonly in reference to the part
of the shell, called the area, between an umbonal
carina and the dorsoposterior shell margin.
posterior unpaired tentacle. Same as posterior sensory
tentacle, which see.
postero-. The combining form of posterior, as in
posteroventral. The spelling posterio- is not
preferred.
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Fig. 234. Diagram of anatomy of Yoldiinae (Sareptidae)
(adapted from Mikkelsen & Bieler, 2007, p. 45).
posterodorsal. Both posterior and dorsal; same as
dorsoposterior.
posterodorsal notch. A small, sinoidal recess of the
posterodorsal shell margin in the left valve of
oysters, formed at or shortly after the beginning
of the growth of prodissoconch-2, and ending
at the prodissoconch-2/nepioconch boundary
(Waller, 1981). This notch leaves a conspicuous
antimarginal growth track, several μm wide, on
the posterodorsal exterior and interior of the
left prodissoconch-2 (M alchus , 2004a, p. 88).
It correlates with the presence of a postanal tuft
organ, which see. The corresponding margin of the
right prodissoconch-2 sometimes shows a barely
perceptible inflection. This feature is lacking in
ostreids with very long brood protection, e.g.,
Ostrea chilensis Philippi, 1846, and Ostrea lutaria

F ig . 235. Diagram of anatomy of Propeamussiidae
(adapted from Mikkelsen & Bieler, 2007).
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Fig. 236. Wenlock, medial Silurian colpomyid Aleodonta burei Liljedahl, 1994, Mulde Beds, Djupvik, Gotland,
Sweden. 1, Hinge of left valve, showing submarginal grooves for insertion of preduplivincular ligament (RMMo
25423); figure is 7.8 mm wide (adapted from Liljedahl, 1994, fig. 46E, courtesy of Wiley-Blackwell Press); 2–3,
transverse, vertical sections through ligament and hinge just posterior to beaks (2) and farther posterior to beaks (3),
showing later ontogenetic addition of a second fibrous sublayer (RMMo 23851); scale bars = 100 µm (Carter, new).

Hutton, 1873 (Jozefowicz & Ó’Foighil, 1998;
M alchus , 2000). Restriction of the notch to
the left valve may reflect the asymmetry of valve
shape in oysters. See also posterodorsal outlet and
posterodorsal ridge.
posterodorsal outlet. A generally narrow, posterodorsal
breach through the inner commarginal crest in
prodissoconch-2 with interlocking shell margins,
occurring symmetrically in the left and right valves
(M alchus , 2004a). Species lacking interlocking
shell margins may still have a tiny inflection of the
shell margin in this position. This feature is typical
of oysters and bakevelliids but also occurs in some
pinnids, anomiids, teredinids, and xylophaginids
(M alchus , 2004a; M alchus , herein). An inflection appears to be present in this position in Arca
noae L innaeus , 1758 (see L utz & others, 1982,
fig. 1b). In some cases, this outlet is accompanied
by a posterodorsal ridge on the shell exterior. The
breach, and the inflection, may mark the passage of
the excurrent water jet close to the anus, rather than
the position of the postanal tuft organ (Malchus,
2004a).

posterodorsal ridge. A low, narrow, round-crested,
posterodorsal elevation curving approximately
antimarginally on the posterodorsal side of prodissoconch-2. Originally described for Jurassic to
Recent arcoids (K iel , 2004; M alchus , 2004a,
citing Kiel, personal communication, 2004), but
also occurring in xylophaginid pholads (Turner,
L utz , & J ablonski , 1985, fig. 25b–c), which
also have a posterodorsal outlet. It occupies the
same position as the growth track of the ostreoid
posterodorsal notch, but unlike the latter, it is
found on both valves and does not widen during
prodissoconch-2 growth (K iel , 2004). All taxa
herein known to develop the ridge belong to Shell
Type 2, which see. See also posterodorsal outlet and
posterodorsal notch.
postlarval ctenidial ocelli (sing., ocellus). Eyes
consisting of a cup of apically ciliated, pigmented
cells located on the most anterior filament of the
descending lamellae of the inner demibranch, at the
ctenidium-palp junction. Also called a ctenidial eye,
eye spot, cephalic eye, and cerebral eye, although
in the latter two cases inappropriately so. Present
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in the isognomonid Isognomon costellatus (Conrad,
1837) (Fig. 88). A lens may be absent, as in most
pterioids, or present, as in Malleus Lamarck, 1799,
and some Pteria Scopoli, 1777 (Pelseneer, 1899,
1911; Tëmkin, 2006a, p. 301) (see also B. Morton,
1995). Present in some Mytilidae, Pteriidae, Malleidae, Isognomonidae, Arcidae, Philobryidae, and
Anomiidae. Found only on the first filament of
the left ctenidium in the anomiid Monia macroschisma (Deshayes, 1839). According to B. Morton
(1999), these are neotenous structures that are also
present in some bivalve larvae.
postrectal muscle. A small, adductor-like muscle
dorsal to the hindgut, more or less dorsoposterior
to the posterior adductor muscle, e.g., in Propeamussiidae (Fig. 235).
preduplivincular ligament. A submarginal, opisthodetic ligament with only two or three, nearly horizontal, postlarval, ligamental groove-ridge couplets,
and with a discontinuity between the larval and
first postlarval fibrous ligamental sublayers. This
ligament type is not derived from an ancestral
duplivincular or planivincular condition. Younger
individuals with only one ligamental groove-ridge
couplet may appear ligamentally similar to bivalves
with an adult submarginal simple ligament, but in
the latter case, there is no discontinuity between
the larval and postlarval fibrous sublayers. Found
in Colpomyidae and Modiolopsidae, e.g., in the
medial Silurian colpomyid Aleodonta burei Liljedahl , 1994 (Fig. 236). This is a restriction of
P ojeta ’s (1978, p. 238) term preduplivincular,
which also included some monovincular-P and
low-angle, opisthodetic duplivincular ligaments,
as defined herein.
prefabrication. A term proposed by Aller (1974) for
secretion of a part of the subperiostracal outer shell
layer in advance of the solid shell margin. Aller’s
examples were shown by Carter and Aller (1975)
to represent periostracal mineralization (which
see). True prefabrication of the outer shell layer is
presently known only in some Pholadidae, where
anterior shelly rasps in Barnea truncata (Say, 1822)
are sometimes prefabricated distal to the solid shell
margin (Carter, herein).
preoccupied. In the context of formal zoological
nomenclature, a name that has been previously used
for a different taxon.
pre-oral gland. An unpaired, excretory gland positioned dorsal to the mouth in Pinnidae.
preradial stage. The early growth stage of the left valve
of ribbed pectinid species prior to the initiation of
interlocking, radial or antimarginal ribs, generally
corresponding with the ontogenetic disappearance
of the columnar, regular simple prisms of the
calcitic outer shell layer (Waller, 1991, p. 6).
pretaxodont dentition. A hinge dentition consisting
of two to four stout, more or less orthomorphodont teeth that do not significantly increase in
number with an increase in shell length beyond
1 mm (C arter , C ampbell , & C ampbell , 2000).
The associated hinge plate does not extend far
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Fig. 237. Pectinid Similipecten nanus (Verrill & Bush
in Verrill, 1897), showing byssal fasciole and prodissoconch (adapted from Mikkelsen & Bieler, 2007).
posterior to the beaks because that part of the shell
is occupied by the ligament. Pretaxodont dentition
characterizes the lower Cambrian fordillid Pojetaia
sarhroensis Geyer & Streng, 1998.
primary glochidial host. A host species on which
glochidia are capable of transforming to the juvenile
stage with optimal success.
primary homonym. Each of two or more identical specific or subspecific names established for
different nominal taxa and originally combined
with the same genus name (usually by different
authors). Governed by ICZN (1999) Article 57.2;
see also Article 58. Compare with secondary
homonym.
primary inner mantle fold. Same as first inner mantle
fold, which see.
primary ligament. The ligament, including its superficial periostracum and underlying lamellar and
fibrous sublayers, but excluding any functional
anterior and/or posterior periostracal extensions
(Yonge, 1978). The periostracal extensions were
formerly called fusion layers and secondary ligament, but they are now identified as thickened
periostracum, thereby making the term primary
ligament obsolete (Yonge, 1982a).
primary ornament. An element of shell ornament
appearing earlier in ontogeny, as in primary and
secondary ribs, i.e., with primary ribs appearing
before the secondary ribs.
primary outer mantle fold. Same as first outer mantle
fold, which see.
primary shell. The early, purely organic shell of a
molluscan larva secreted prior to detachment of
the shell field cells from the shell (Bandel, 1982,
1988). Same as pellicle and dumbbell shell, which
are preferred. See also secondary shell.
primary shell layer. An archaic term for the subperiostracal outer shell layer, based on the incorrect
assumption that the outer shell layer is initiated
earlier in ontogeny than the underlying so-called
secondary shell layer.
primary synonymy. A list of all scientific names
applied to a given species subsequent to its original
description, but not necessarily including all of its
subsequent generic assignments.
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Fig. 238. Diagram of anatomy of Malleidae, showing
promyal passage, anal funnel, and a pallial retractor
muscle; post., posterior (adapted from Mikkelsen &
Bieler, 2007).

principal filament. A ctenidial filament occupying
the bottom of a depression between two successive
plicae in a plicate ctenidium; the principal filament
is larger than adjacent, ordinary ctenidial filaments (Ridewood, 1903, p. 153) (Fig. 133–134).
Compare with ordinary filament.
principle of priority. In taxonomy, the principle that
the valid name of a taxon is the oldest available
name applied to it, taking into consideration the
provisions of Article 23 of the ICZN (1999) Code,
provided that the name is not invalidated by any
other provisions of the ICZN Code, or by any
ruling of the ICZN.
prionodont. A hinge with teeth developed transverse to
the hinge margin (Dall, 1889). Same as taxodont,
although the term prionodont has traditionally
been applied only to members of the orders Cyrtodontida and Arcida. The basis for the group name
Prionodonta, originally established by M ac N eil
(1937) for filibranch bivalves with a prionodont
hinge, such as the Cyrtodontoidea, Arcoidea, and
Limopsoidea.
prismatic cells. Vertically oriented, polygonal chambers built into the walls of many hippuritoid
bivalves, comprising a cellulo-prismatic structure;
e.g., many Radiolitidae.
prismatic microstructure. A shell microstructure
consisting of mutually parallel, first-order columns
that do not strongly interdigitate along their
mutual boundaries. The prisms are called coarse
when they are generally greater than 100 μm in
width, fine when they are generally less than 5
μm in width, and medium when they fall between
these values. C arter and others (1990, p. 610)
defined four categories of prismatic microstructure: simple, fibrous, spherulitic, and composite
(which see).

prismatic stage. An ontogenetic stage in the Pectinidae
characterized by the presence of columnar, regular
simple prisms in the outer shell layer of the right
valve. These prisms are not secreted after this
stage. The left valve at this stage lacks these prisms
(Waller, 1991, p. 5).
prismatonacreous. Same as nacroprismatic, which is
preferred.
probing organ. See pedal probing organ.
probing tubules. Minute perforations of a calcareous
substratum, usually bored coral or shell, produced
chemically by a pedal probing organ, e.g., in the
gastrochaenid Rocellaria dubia (P ennant , 1777)
(Fig. 192).
proboscides (sing., proboscis). See palp proboscides.
procrescent. Having predominantly anterior shell
growth (N ewell & B oyd , 1995). Compare with
retrocrescent and infracrescent.
prodissoconch. A larval shell, equivalent to the protoconch of gastropods, consisting of periostracum
and underlying aragonitic, commonly homo
geneous, granular, and/or irregularly prismatic
microstructures, e.g., in the pectinid Similipecten
nanus (V errill & B ush in V errill , 1897) (Fig.
237) and in the philobryid Cratis antillensis (Dall,
1881) (Fig. 9). Planktonic developing autobranch
bivalves typically have two distinct growth phases,
called prodissoconch-1 and prodissoconch-2, separated by a distinct change in growth lines or sculpture. Nonplanktonic developing bivalves tend to
lack this distinct transition (Fig. 243). See also
cryptoconch and metaconch.
prodissoconch-1 (abbr., P-1). The earlier formed
part of the prodissoconch, secreted initially by the
shell field and later eventually by a differentiated
mantle of the larva prior to the prodissoconch-1-2
boundary; typically aragonitic with a periostracal
ligament (Waller, 1981) (see Fig. 243). It differs
from the subsequent prodissoconch-2 in lacking
commarginal growth lines and provincular hinge
teeth.
prodissoconch-1-2 boundary (abbr., P-1-2 boundary).
The discontinuity in larval shell growth believed to
correspond with the moment the shell valves reach
sufficient size to completely enclose the developing
embryo (W aller , 1981) (see Fig. 243). In some
cases, however, the periostracal shell may already be
sufficiently large to do so, e.g., in Chione cancellata
(Linnaeus, 1767 in 1766–1768) (Mouëza, Gros,
& F renkiel , 2006) before calcification begins.
Formerly believed to correspond with the transition from secretion by the shell field to secretion by
the mantle margin. The presence of marginal shell
accretion bands on the prodissoconch-1 of Ostrea
edulis Linnaeus, 1758 (cf. Waller, 1981) can also
be explained by progressive activation of shell field
cells (Malchus & Sartori, herein).
prodissoconch-1/2 ratio (abbr., P-1/2 ratio). The
ratio of prodissoconch-1 length divided by
prodissoconch-2 length. Higher ratios generally
indicate larger egg size and lecithotrophy, whereas
lower ratios indicate smaller egg size and plankto
trophy (Ockelmann, 1965).
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Fig. 239. Prophylaxis conchiolin sublayers in nacreous inner shell layer of margaritiferid Margaritifera falcata (Gould,
1850), Ozette River, Washington State (YPM 10158) (adapted from Tevesz & Carter, 1980, fig. 8).
prodissoconch-2 (abbr., P-2). The later-formed part
of the prodissoconch, secreted by the mantle and
differentiated mantle margin after the valves have
completely enfolded the body and can close against
each other (Waller, 1981) (Fig. 243). Differs from
prodissoconch-1 in having commarginal growth
lines and provincular hinge teeth; near the end of
its development, the ligament may have developed
a fibrous sublayer.
produced (adj.). A feature that is extended.
profile. (1) A representation of a shape in outline. (2)
more specifically, an anterior-posterior cross section
that cuts the shell at its maximum width normal to the
sagittal plane (Malchus & Sartori, herein).
progenesis. A type of paedomorphosis caused by
precocious maturation and resultant reduction
of the juvenile growth period. The opposite of
hypermorphosis.
pro-laterofrontal cilia. Smaller laterofrontal cilia
comprising a row on each side of a ctenidial filament in the Macrociliobranchia (A tkins , 1938);
generally associated with an adjacent row of
eu-laterofrontal cilia, which see.
promyal passage. An opening for a ventilating water
current either between the posterior adductor
muscle and the visceral mass (e.g., in Malleidae),
or above the posterior adductor muscle, between
the anterior and posterior parts of the excurrent
mantle chamber, lateral to the visceral mass (in
many Ostreoidea). In Ostreoidea, this passage is
present only on the right side in Crassostreinae
and in the Pycnodonteinae except for Hyotissa
Stenzel, 1971 (where it is present on both sides),
and it is entirely absent in Lophinae and Ostreinae.
The promyal passage actually has a supramyal, not
promyal position, so Tëmkin (2006a) called it the
supramyal passage in Malleidae. Harry (1985, p.
125) retained the term promyal passage for oysters
because of widespread usage. The promyal passage
(supramyal passage) allows for efficient passage
of excurrent water toward the posterior, e.g., in
Malleidae (Fig. 238). See also supramyal passage.

prophylaxis conchiolin sublayers. Laterally extensive
conchiolin sublayers, the secretion of which does
not represent a response to an external stimulus,
such as corrosion or parasitic infestation of the
shell or mantle (Tevesz & Carter, 1980). Present
in many unionoids, e.g., in the margaritiferid
Margaritifera falcata (G ould , 1850) (Fig. 239).
Compare with proto-ostracum.
prora. In Pholadoidea, the anterodorsal part of the
anterior slope of the shell, which terminates anteriorly either bluntly or acutely above the pedal
gape. It may be sharply or obscurely delimited
from the posteroventral part of the anterior
slope and by the angulation of the commarginal
ornament passing around the border of the pedal
gape (K elly , 1988, p. 346) (Fig. 24). A term
introduced by K elly (1988) to replace the term
beak sensu T urner (1954, 1955, 1969, p. 704,
fig. E163).
prosocline. (1) In reference to a hinge tooth, generally
a cardinal tooth, inclined, from its lower end to its
upper end, toward the anterior, i.e., having a length
axis that dips toward the posterior; (2) in reference to shell shape, having the axis of maximum
growth inclined, from its distal, lower end to its
proximal end, toward the anterior, i.e., the axis of
maximum growth dips toward the posterior; same
as retrocrescent.
prosocoelous. Same as prosogyrate, which is preferred.
prosodetic. The position of a ligament, or other
shell feature, anterior to the beaks. Compare with
amphidetic and opisthodetic. When the anterior
and posterior ends of the shell cannot be identified, the terms brevidetic and longidetic may be
used instead.
prosogyrate. Having the umbo, beak, and/or the entire
shell coiling such that the beak points toward the
anterior, as a consequence of retrocrescent, helicoidal growth, e.g., in the veneroidean Periglypta
listeri (Gray, 1838) (Fig. 35). Compare with orthogyrate and opisthogyrate.
prosogyrous. Same as prosogyrate, which is preferred.
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Fig. 240. Protobranch ctenidia in 1a–1b, solemyid Solemya togata (Poli, 1791 in 1791–1795), and in 2, malletiid
Pseudomalletia obtusa (G. Sars, 1872). 1a, Diagrammatic transverse section through middle of region occupied by
ctenidia, showing left and right ctenidia, relation of organs, and ventral intucking of fused ventral mantle; dorsal
is up; shell height is 6.8 mm; 1b, ctenidia and mantle cavity viewed from right side; shell length is 6.4 mm; 2, four
filaments from right ctenidium from region posterior to foot, viewed from an anteroventral aspect; ctenidium width
is about 1.0 mm; add., adductor muscle (redrawn by Carter from Yonge, 1939, fig. 11, 13, 15).

prosopon. A term proposed by Gill (1949) for what
is herein called exterior shell ornament or sculpture. Pojeta (1962, p. 173) objected to the use of
ornament because it carries an anthropomorphic
connotation. However, the term ornament is widely

Fig. 241. Protoplax of the pholadid Cyrtopleura costata
(Linnaeus, 1758), length 33 mm. See also Figure 175
(adapted from Mikkelsen & Bieler, 2007).

used, and its meaning is obvious to both amateur
and professional malacologists.
protandry (adj., protandrous, protandric). A form
of hermaphroditism in which the functional male
phase precedes the functional female phase during
the life cycle of the individual. See also hermaphroditic and protogyny.
proteinaceous. Comprised primarily or entirely of
protein.
protobranch ctenidium. A ctenidium consisting of
flat, nonreflected filaments, often called leaflets or
platelets, as in members of the Protobranchia (Fig.
240). The demibranchs are symmetrical or slightly
asymmetrical and comprised of simple, broad, leaflike filaments. Adjacent filaments are unconnected
or have at most only loose, sparse cilial attachments on the filament faces. The filaments have
chitinous supporting rods and are used primarily
for respiration rather than for feeding. Divided into
ctenidiobranch and palaeobranch types by SalviniP lawen (1980, 1988). The basis of the subclass
Protobranchiés (vernacular), originally defined by
P elseneer (1889) to include the Nuculidae and
Solemyidae; subsequently emended and referred to
as Protobranchia.
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protochomatal bands. Narrow, antimarginally oriented,
mutually parallel, faint structural bands believed
to be related to the formation of chomata, e.g., in
the ostreoidean Alectryonella Sacco, 1897 (Harry,
1985, p. 123).
protoconch. A univalved larval shell, as in Monoplacophora, Gastropoda, and Cephalopoda. Some
authors also use protoconch for prodissoconch,
although this is not preferred herein.
protogyny (adj., protogynous). A form of hermaphroditism in which the female phase precedes
the male phase during the life cycle of the individual. Rare in bivalves, but occurring in Kellia
T urton , 1822, and Montacuta T urton , 1822
(Oldfield, 1961). Compare with hermaphroditic
and protandry.
protonephridium (pl., protonephridia). A nephridium
consisting of a network of dead-end tubules lacking
internal openings. Absent in most mollusks and
Protobranchia, but present in limnic gastropods
and Autobranchia, suggesting, according to SalviniP lawen (1980), origination of Autobranchia in
variable salinity environments.
proto-ostracum. Organic material deposited by a
mollusk immediately following damage to its shell.
It differs in staining properties from periostracum
(D unachie , 1963). Compare with prophylaxis
conchiolin sublayers.
protoplax. A dorsally convex to nearly flat accessory
plate on top of a dorsally shifted anterior adductor
muscle. It may be calcareous and/or periostracal,
in one piece or divided longitudinally. Present in
many Pholadidae and Teredinidae; rarely also in
Gastrochaenidae, e.g., in Jurassic Carterochaena
F ürsich , P almer , & G oodyear , 1994 (Fig. 49,
Fig. 175, Fig. 241).

prodissoconch-2
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Fig. 242. Larval right valve of Jurassic bakevelliid, possibly Kobayashites Hayami, 1959, showing provincular
septum and provincular hinge teeth (adapted from
Tëmkin & Pojeta, 2010, fig. 18.6).
protostracum. Same as prodissoconch-1, which is
preferred.
protostyle. A rod-shaped inclusion in a type I stomach
(in Protobranchia) that reduces the size of ingested
food particles through rotational abrasion against
a gastric shield (and a chitinous lining, if present)
(see Fig. 301). It is secreted by tissues in the style
sac and is comprised of mucus and ingested food
particles. Believed to be homologous with the
prodissoconch-1 +
prodissoconch-2

prodissoconch-1

provinculum

resilium

denticles
2

1
planktotrophic shell

embryonic shell

Fig. 243. Diagram of internal views of 1, planktotrophic and 2, embryonic larval shell types (adapted from Malchus, 2004b, fig. 1).
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F ig . 244. Proximal gill wheal in Silurian umburrid
Umburra cinefacta J ohnston , 1991, shell height 35
mm (adapted from Johnston, 1991, fig. 2B, courtesy
of Alcheringa).
crystalline style of other bivalves, which similarly
contains amylase.
protractor muscle. Same as pedal protractor muscle,
which see.
provincular hinge teeth. The hinge teeth present on
a provinculum, e.g., in the Jurassic bakevelliid
Kobayashites? (Fig. 242). Provincular teeth are
retained into the adult stage in some bivalves, e.g.,
in Euchondriidae (see Newell, Cox, & Hertlein,
1969, p. 340).
provincular septum. A nearly straight, thickened
partition on the inner surface of prodissoconch-2,
extending slightly anteroventrally from the posteroventral surface of the provinculum, thereby subdividing the dorsal part of the shell cavity into larger
anterior and smaller posterior parts, as in the right
valve of the Jurassic bakevelliid Kobayashites? (Fig.
242). This corresponds to the myofringing crest of
adult Plicatostylidae, suggesting that it might be its

Fig. 245. Pseudoheterodont hinge with pseudocardinal
and pseudolateral teeth; Devonian cyrtodontid Ptychodesma knappianum Hall & Whitfield, 1871, Marcellus Formation, Morrisville, New York (YPM 10057-7)
(adapted from Carter & Tevesz, 1978b, pl. 1,2b).

ontogenetic precursor (Tëmkin & Pojeta, 2010, p.
1173). See also myofringing crest.
provinculum. (1) The median part of the hinge of a
prodissoconch, usually bearing small hinge teeth or
crenulations (Cox, Nuttall, & Trueman, 1969, p.
107); (2) the entire larval hinge system (Malchus,
2004a, p. 90, 2004b) (Fig. 243); (3) the vertically
striated area on each side of the resilifer in some
Pectinoidea, more appropriately called the resilial
hinge area.
proximal. Toward the center, or origin, or point of
attachment; opposite of distal.
proximal curtain valve. Same as basal siphonal valve,
which see.
proximal gill wheal. A low, more or less dorsoventral
ridge or break in slope, on the shell’s inner surface,
which marks the proximal margin of the ctenidium.
This is found in many Ostreoidea, in the Silurian frejid Freja Liljedahl , 1984, in the Silurian
umburrid Umburra P. A. J ohnston , 1991 (Fig.
244), and in some lucinoids. The wheal is neither
contiguous with nor aligned with the trace of the
anterior margin of the posterior adductor muscle
scar, and in some instances, it extends ventrally
beyond that scar. Also called a posterior internal
ridge. The spelling “weal” is not preferred.
proximal siphonal diaphragm. Same as basal siphonal
diaphragm, which see.
proximal siphonal valve. Same as basal siphonal valve,
which see.
proximal valve. Same as basal siphonal valve, which
see.
pseudoaxial suspensory septum. A tissue connection
extending from the interctenidial connection to the
midventral surface of the visceral mass. Absent in
Pterioidea but present in many Ostreoidea (Harry,
1985; Tëmkin, 2006a, p. 287). Called the pseudoaxial suspensory membrane by Harry (1985).
pseudocardinal tooth. An irregularly shaped cardinal
tooth in the Unionida; a cardinal or cardinolateral
tooth in the Actinodontida; or a cardinal tooth in
a nonmember of the Heteroconchia (Fig. 245).
pseudoctenodont dentition. A hinge dentition consisting
of numerous, short teeth oriented more or less
perpendicular to the hinge axis, in bivalves believed
to have been derived from ancestors with more
or less elongate, longitudinally oriented hinge
teeth. This is the basis for the group name Pseudoctenodonta, originally defined by Dechaseaux
(1952) for the families Arcidae and Parallelodontidae. See also neotaxodont dentition.
pseudoctenolium. A ctenolium-like structure formed
from external sculpture on the edge of the right
side of the byssal gape in some Pectinidae and in
Propeamussiidae; not formed in the same way as a
true ctenolium. Also present in some Monotidae,
Buchiidae and Oxytomidae (Sha & Fürsich, 1994,
table 5, as “ctenolium”).
pseudofeces (or pseudofaeces). Non-ingested waste
material from the respiratory-feeding current,
bound in mucus and carried by mantle cilia to be
discharged, generally through the incurrent siphon,
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2
Fig. 246. Parilimyid Parilimya pacifica (Dall, 1907), cotype, Hakodate, Japan (USNM 110545), showing hinge and
quasiparivincular-narrow ligament. 1, Dorsal view showing ligament with lamellar sublayer removed from upper
surface of fibrous sublayer; 2, interior dorsolateral (not dorsal) views of left and right hinges, showing pseudonymphs,
lamellar and fibrous sublayers of ligament, and condyles. Note that fibrous ligament does not insert onto apex of
pseudonymph (Carter, new).
the pedal aperture, or a fourth pallial aperture by
sudden contraction of the adductor muscles.
pseudoheterodont dentition. A hinge dentition
resembling the heterodont pattern (see heterodont
dentition), but present in groups other than the
Heteroconchia, e.g., in the cyrtodontid Ptychodesma
knappianum Hall & Whitfield, 1872 (Fig. 245).
Compare with heterodont dentition.
pseudohook. A hooklike structure or flange expansion
on the ventral margin of some glochidia, e.g., in
the unionid Elliptio Rafinesque, 1819, smoother
and less pointed than a typical glochidial hook
(O'Brien, Williams, & Hoggarth, 2003, p. 720).
pseudolamellibranch ctenidium. A ctenidium
comprised of filaments joined by a combination
of ciliary and tissue junctions, the latter being
only occasional or few. Found in some Pteriidae,
Isognomonidae, Malleidae, Ostreidae, Gryphaeidae,

Pinnidae, Pectinidae, Spondylidae, and Thyasiridae.
The term derives from Pseudolamellibranchiés
(vernacular) of P elseneer (1889), which originally included the Mytiloidea, Pectinoidea, and
Ostreoidea, but which was emended by Pelseneer
(1906, 1911) to include the Aviculidae, Vulsellidae, Pernidae, Pinnidae, Ostreidae, Pectinidae,
Amussiidae, Spondylidae, and Limidae. The group
Pseudolamellibranchia, as defined by Winckworth
(1932), included the Pteriidae, Pinnidae, Ostreidae,
and Limidae, whereas the Pseudolamellibranchia of
Atkins (1938) included the Arcoidea, Anomioidea,
Pterioidea, Pectinoidea, and Ostreoidea. Compare
with protobranch, filibranch, and eulamellibranch.
pseudolateral hinge tooth. A cardinolateral or lateral
hinge tooth in a member of the orders Actinodontida, Cyrtodontida, or other groups lacking true
heterodont dentition (Fig. 245).
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Fig. 247. Aragonitic pseudoperiostracal granules from
a conchiolin-rich portion of outer shell layer in lucinid
Lucina pensylvanica (Linnaeus, 1758). Granules were
freed from conchiolin matrix by digestion of latter in
sodium hypochlorite, rinsing in tap water, and air drying, SEM, scale bar= 1 µm (Carter, new).

pseudoligament. A medial, longitudinal portion of a
shell that is microstructurally specialized to enhance
dorsal flexing, but which lacks distinct left and
right insertion areas as in a true ligament, e.g., in
the Cambrian tergomyans Anabarella Vostokova,
1962, and Watsonella G rabau , 1900. This is a
restriction of the definition of pseudoligament by
C arter (2001, p. 233), which also included the
monovincular-U ligament of fordilloid bivalves.

F ig . 248. Alivincular-areate-medium ligament with
pseudoresilifers in the malleid Malleus malleus (Linnaeus, 1758), Indo-Pacific (UNC 12650). 1, Interior
lateral view of left valve; 2, section through resilifer of
united valves along direction indicated by position 2 in
view 1; 3, dorsoventral section through pseudoresilifers
of united valves at position 3 in view 1; RSP, regular
simple prismatic outer shell layer (Carter, new).

pseudomarginal tooth. A term proposed by B ailey
(2009) to replace pseudolateral tooth. The latter
term is widely used and is therefore retained
herein.
pseudonymph (pl., pseudonymphae). An elongate,
opisthodetic ridge associated with a planivincular
or quasiparivincular ligament. In a quasiparivincular ligament, the pseudonymph may appear
superficially like a true ligamental nymph, but the
fibrous sublayer of the ligament attaches primarily
or exclusively lateral to the dorsal, distal edge of
the pseudonymph, as in Hiatellidae and Margaritariidae (see Fig. 253), rather than primarily or
exclusively to its dorsal, distal edge. In certain
other quasiparivincular taxa, the pseudonymph is
more like a dorsally reflected dorsoposterior shell
margin, as in the pholadomyid Pholadomya candida
G. B. Sowerby I, 1823 in 1821–1834 (see Fig. 252)
and in the parilimyid Parilimya pacifica (D all ,
1907) (Fig. 246). In a planivincular ligament,
the pseudonymphs flank the submerged, largely
fibrous portion of the ligament, and they may be
submarginal, as in Mytilus edulis Linnaeus, 1758,
or internal, as in Cretaceous Modiolus meeki (Evans
& Shumard, 1857). In planivincular ligaments, the
pseudonymph is identified by the fact that it does
not produce dorsal arching of the fibrous sublayer
of the ligament, and it has a prismatic microstructure that differs from the laterally adjacent middle
and/or inner shell layers. Compare with nymph.
pseudoperiostracal mineralization. Discrete mineralization of a pseudoperiostracum, e.g., the aragonitic
granules in the pseudoperiostracum of the lucinid
Lucina pensylvanica (Linnaeus, 1758) (Fig. 247).
Bottjer and Carter (1980) and Taylor and others
(2004) called these granules periostracal, but they
are initiated and secreted by the anatomically outer
surface of the outer mantle fold, and are therefore
not periostracal as defined by C arter and A ller
(1975). See also pseudoperiostracum.
pseudoperiostracum. A proteinous or largely proteinous, outer part of an otherwise prismatic outer
shell layer, which differs from true periostracum in
being initiated and secreted by the outer surface of
the outer mantle fold, e.g., in the lucinid Lucina
pensylvanica (Linnaeus, 1758) (Taylor & others,
2004, fig. 13, 15, called calcified periostracal
lamellae). Internal growth bands continue from
the pseudoperiostracum into the laterally and/
or distally adjacent, more completely mineralized
portions of the outer shell layer, thereby indicating
simultaneous deposition with that layer. Pseudoperiostracum may have discrete, granular mineralization, as in L. pensylvanica (see pseudoperiostracal
mineralization), or it may be nonmineralized, as
in the organic matrix separating the outer ends
of columnar prisms, below the true periostracum,
in the outer shell layer of many Trigoniida and
Unionida.
pseudopillar. A low, broad, inwardly projecting
ridge on the inner shell wall of the attached valve
of a rudist. This corresponds with an opening
(oscule) in the opposing free valve, e.g., in the
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Fig. 249. Pteriid Pteria hurundo (Linnaeus, 1758), Mediterranean; exterior of right valve and interior of left valve,
each with a prominent posterior wing; hinge length 9.5 cm (adapted from Deshayes, 1848 in 1845–1848).
Upper Cretaceous radiolitid Lapeirousella orientalis
Milovanović, 1938 (Fig. 54).
pseudoplanktonic. Living on floating objects. Less
commonly spelled pseudoplanktic.
pseudoresilifer. A narrow, elongate, triangular, nonarticulating groove on a ligament insertion area,
which differs from a true resilifer in containing
only lamellar ligament; e.g., anterior to the true
resilifer in the malleid Malleus malleus (Linnaeus,
1758) (Fig. 248). Pseudoresilifers are also present
anterior and posterior to the resilifer in limopsids
with an alivincular-compressed ligament (which
see). They also occur in the replivincular ligament
of the claraiid Claraia Bittner, 1901, and of the
daonellid Halobia Bronn, 1830.
pseudoresilium (pl., pseudoresilia). The lamellar ligament which occupies a pseudoresilifer, which see.
pseudoseptibranch. Having a ctenidial septum innervated by the visceral ganglia, e.g., in Verticordiidae
(Salvini-Plawen & Haszprunar, 1982). Compare
with euseptibranch.
pseudosiphon. A siphonlike structure formed ventrally
or both dorsally and ventrally by closely approximated but not united mantle margins. There is no
cilial or tissue grade fusion in these positions.
pseudotaxodont dentition. A hinge dentition, in
nonmembers of the Protobranchia, consisting of
more or less irregularly shaped taxodont teeth,
generally aligned in one row, less commonly in
two partially overlapping rows. The teeth may
be strongly ventrally divergent and/or ventrally
bifid, but they are not regularly orthomorphodont,
concavodont, or convexodont. Examples include
the arcid Barbatia (Acar) gradata (B roderip &
Sowerby, 1829), the Upper Cretaceous cucullaeid
Cucullaea (Idonearca) vulgaris S. Morton, 1830,
the Devonian–Permian euchondriid Euchondria
M eek , 1874, and the iridinid Iridina L amarck ,
1819 in 1818–1822. Compare with microdont,
pretaxodont, palaeotaxodont, and neotaxodont
dentitions. See also resilial hinge teeth.
pseudotrabeculae (sing., pseudotrabecula). On a
cardinal area, radial or vertical shell ridges positioned below a single, continuous sheet of fibrous
ligament. The ridges do not correspond with indi-

vidual, differentiated fibrous or lamellar ligamental
sublayers. They are radially disposed in the Permian
deltopectinid Cyrtorostra varicostata Branson, 1930
(Fig. 11), and vertically disposed in the noetiid
Noetia ponderosa (Say, 1822) (Fig. 181). Compare
with trabeculae and pseudoresilifers.
pteriiform. Having a shell shape like the pteriid Pteria
Scopoli, 1777 (Fig. 249).
pteriomorphian ligament grades. Ligament grades
defined by Malchus (2004b, p. 1560) for members
of the Pteriomorphia, including duplivincular,
planivincular, pinnid, and alivincular-multivincular
grades, which see. These grades are not necessarily
equivalent to the ligament types of the same name.
pteriomorphic mantle margin retractors. A collective term for mantle margin retractor muscles, in
monomyarian pteriomorphians, originating near
the posterior adductor muscle and not leaving a scar
on the shell’s depositional surface. The major, and
in some instances the only, such muscle originates
in each valve from a single source on the anterior
curvature of the posterior adductor muscle margin,

Fig. 250. Punctate-stellate sculpture on prodissoconch-1
of philobryid Philobrya meleagrina (Félix B ernard ,
1896c); scale bar = 10 µm (Malchus, new).
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Fig. 251. Quadrangular shell shape illustrated by hiatellid Hiatella arctica (Linnaeus, 1767 in 1766–1768),
shell length 11.7 mm (adapted from Mikkelsen &
Bieler, 2007).
at a slight indentation between the quick and catch
parts of the adductor muscle. In some instances,
a few similar but smaller mantle margin retractor
muscles originate along the ventral and posterior
margins of the adductor muscle (Harry, 1985, p.
125). See also secondary mantle margin retractor
muscles.
puncta (pl., punctae). A pinpricklike depression or
minute pit visible on the surface of a shell, externally or internally, but generally internally. See also
mantle attachment scars.
punctate-stellate sculpture. A shell sculpture present
on the cicatrix of many larval shells, comprised
of a radial pattern with external pits; e.g., in the
philobryid Philobrya meleagrina (Félix B ernard ,
1896c) (Fig. 250) (Malchus, herein).
pustule (adj., pustulose). A small, calcareous, blisterlike, round or oblong prominence or projection
on the surface of a shell; smaller than a tubercle,
which see.
pustulose chomata. Chomata with a bumplike shape,
generally less than 1 mm wide, often occurring
in several rather regular rows along the commissure (Malchus, 1990), e.g., in the oysters Lopha
R öding , 1798, and Gryphaeligmus L ewy , 1982.
Pustulose chomata sometimes occur along with
lath-type chomata, e.g., in the oyster Alectryonella
Sacco, 1897.
pyloric process. Same as metasoma, which is preferred.
pyriform. Pear shaped, i.e., wide on one end, narrow
on the other end.
quadrangular. Having four angles, most generally
somewhat square or rectangular in lateral profile,
as in the hiatellid Hiatella arctica (Linnaeus, 1767
in 1766–1768) (Fig. 251).
quadrate. Having four sides, usually in reference to a
shell shape that is close to being square or rectangular.
qualifier statement. An indication of the contents
of a monophyletic clade based on closer common
ancestry with an internal specifier than with an
external specifier.
quasiparivincular ligament. An external, elongate,
opisthodetic, dorsally arched ligament in which
the fibrous sublayer attaches to both the dorsal

and lateral surfaces of a ligamental ridge (pseudonymph), and also extensively lateral to this ridge
(Carter, herein). See quasiparivincular-narrow and
quasiparivincular-wide.
quasiparivincular-narrow ligament. A quasiparivincular ligament in which the pseudonymph is represented by the dorsally upturned, dorsoposterior
shell margin, as in the pholadomyid Pholadomya
candida G. B. Sowerby I, 1823 in 1821–1834 (Fig.
252) and the parilimyid Parilimya pacifica (Dall,
1907) (Fig. 246).
quasiparivincular-wide ligament. A quasiparivincular
ligament in which the pseudonymph is a low ridge
on or near the margin of a wide, flat, more or less
horizontal ligamental insertion area, and not just
an upturned, dorsoposterior shell margin, e.g.,
in the hiatellid Panopea generosa (G ould , 1850)
(Fig. 253).
Quenstedt muscle. A small, circular muscle scar positioned between the posterior adductor muscle scar
and the umbonal cavity, e.g., in pseudomonotids
(Newell & Boyd, 1970), rhombopteriids (Johnston , 1992), umburrids (J ohnston , 1991), and
ostreids. Not homologous with a pedal muscle,
contrary to S tenzel (1971, p. 965) (see H arry ,
1985; Johnston, 1991, p. 313). This is an anterior
ctenidial elevator or ctenidial protractor muscle
scar, according to Boss (1982) and Harry (1985).
The Quenstedt muscle sometimes does not attach
to the shell, and consequently leaves no muscle scar,
e.g., in the Pteriidae (Malchus, herein). Ctenidial
elevator and ctenidial protractor muscles are probably plesiomorphic for the Pteriomorphia and
perhaps other bivalves.
Quenstedt muscle scar. A shell muscle scar produced
by the Quenstedt muscle, which see.
quick muscle. The striated muscle portion of the
adductor muscle, responsible for rapidly closing
the shell, which uses ATP more rapidly than the
unstriated, catch muscle, e.g., in the pectinid
Chlamys islandica (O. F. Müller, 1776) (Fig. 57).
This muscle is typically yellowish or light brown
and semitranslucent in appearance, with a very soft
consistency, as compared with the white, opaque,
opalescent appearance and tougher consistency of
the catch muscle. Also called phasic muscle.
rachis. The central axis or stalk of a ctenidium.
radial. (1) Having parts arranged like rays around a
common center; (2) in terms of shell ornament,
having parts fanning outward from the beak, but
not necessarily radial in the strict sense; the parts
may be truly radial or antimarginal, e.g., in the
glycymeridid Tucetona pectinata (Gmelin, 1791 in
1791–1793) (see Fig. 265); (3) in reference to shell
sections, perpendicular to both the plane of the
shell layer and to external and internal growth lines.
radial gashes. Millimeter-thin, more or less radial,
sharp-edged incisions visible on the exterior of the
outer shell layer of some gryphaeids with a flat to
concave, lidlike upper valve.
radial lamellar nondenticular composite prismatic
microstructure (abbr., radial lamellar NDCP).
A nondenticular composite prismatic shell
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Fig. 252. The pholadomyid Pholadomya candida G. B. Sowerby I, 1823 in 1821–1834, Tortola, West Indies (USNM
109211), showing hinge and ligament. 1, Dorsal view of quasiparivincular-narrow ligament; 2, left hinge viewed
perpendicular to commissural plane, showing pseudonymph, flanking ligament, a triangular condyle below beak,
and anterior, shell marginal socket; scale bar applies to both figures (Carter, new).
microstructure in which radially oriented first-order
NDCP prisms are stacked into more less vertical
columns, commonly visible as minute, vertical
microridges on the surface of a strongly reflected
shell margin. There is commonly some fusion of
superadjacent and subadjacent first-order NDCP
prisms. This structure commonly grades above and/
or below into normal, radial NDCP. Found in the
outer shell layer of the venerid Tapes (Tapes) literata
(Linnaeus, 1758) (Fig. 254), and in the outer shell
layer of the lucinid Codakia (Codakia) orbicularis (Linnaeus, 1758). Compare with compound
NDCP and crossed NDCP.
radial mantle glands. Same as arenophilic glands,
which see.
radial pallial muscles. (1) The pallial retractor muscles
that insert along the pallial line or pallial band; (2)
in pectinids, a single muscle that leaves a small,
linear scar on the posterior margin of the umbonal

cavity, just dorsal to a circular pallial muscle scar; it
may be distinct from or confluent with the circular
pallial muscle scar; e.g., present in Argopecten
gibbus (L innaeus , 1758) (W aller , 1969, fig. 3),
but apparently absent in Chlamys islandica (O. F.
Müller, 1776) (Waller, 1991, fig. 1).
radial section. An antimarginal shell section that is
perpendicular to the plane of the shell layer. A truly
radial section can only be approximated for most
bivalves because of their generally nonplanar coiling
and non-orthogyrate shapes.
radial umbonal ridge. A radial elevation in the
umbonal cavity for which association with a
particular muscle scar or fossa cannot be ascertained (Tëmkin & Pojeta, 2010, p. 1173). See also
myofringing ridge, fossate ridge, radial umbonal
septum, auricular transverse septum, apical transverse septa, myofringing crest, byssal ridge, posterior internal ridge, and provincular septum.
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Fig. 253. Quasiparivincular-wide ligament and pseudonymph in hiatellid Panopea generosa (Gould, 1850), Puget
Sound, Washington (UNC 15988); dorsal view of ligamental area of left valve, with anterior toward the right
(Carter, new).
radial umbonal septum. A distally narrowing, weakly
raised, radial thickening that extends to varying
degrees in both valves, from the ventral margin
of the near-umbonal hinge plate toward, but not
reaching, the anteroventral shell margin (Tëmkin
& P ojeta , 2010, p. 1173), e.g., in the Jurassic
bakevelliid Kobayashites hemicylindricus H ayami ,
1959 (Fig. 255).
radially elongate simple prismatic microstructure
(abbr., RESP). A simple prismatic shell microstructure in which the prisms are strongly elongate in a
radial or antimarginal direction (Carter & others,
1990, p. 655). This includes the lathic simple prismatic structure of Schein-Fatton (1988, pl. 2,8)
and C arter and others (1990, p. 647), wherein
the prisms are very elongate and also very short
(vertically) relative to their width, e.g., the right
outer shell layer of the propeamussiid Catillopecten
eucymatus (Dall, 1898), and the outer shell layer in
the solemyid Solemya parkinsoni E. A. Smith, 1874
(Fig. 256–257).
ramose. Branching.
range. The geographic, stratigraphic, and/or temporal
extent of an organism or group of organisms.
ray. A radial or antimarginal, continuous or discontinuous line of pigment in the periostracum or
the underlying outer shell layer, e.g, in the periostracum of many unionoids.
reclined. Dipping away from the beak, i.e., a feature
with its innermost point farther from the beak and
its outermost point nearer to the beak. Opposite
of inclined.
rectangular. Having the shape of a rectangle or approximating a rectangle. The corners are more angular
than in subrectangular.
rectum. The terminal portion of the intestine, either
sessile (lying adjacent to the posterior adductor
muscle) or with an extended anal funnel (Fig. 154).
recurved. Bent backward toward the beak, such as the
apices of commarginal shell ridges on a strongly
reflected shell margin. Compare with reflected.
reduced low-angle duplivincular ligament. A lowangle, opisthodetic, duplivincular ligament in
which the number of ligamental groove-ridge

couplets is reduced from 3 or more, to only 1 or
2 in the adult stage, e.g., the upper Carboniferous
pinnid Meekopinna americana (Meek, 1867) (Fig.
258) and the Recent pinnid Atrina rigida (Lightfoot, 1786) (Fig. 230). This differs from a preduplivincular ligament in that the preduplivincular
ligament is not derived from a former duplivincular
condition.
reflected. Turned or folded back on itself, as in a
reflected shell margin, or a reflected ctenidial filament.
reflected shell margin. A shell margin with a more
or less semicircular shape in vertical, antimarginal
section, with the anatomically most distal part
of the depositional surface being curved outward
and then backward toward the beak, e.g., many
Veneridae.
reflexed. Bent or curved downward.
regular extinction. Optical crystallographic extinction
that is uniform over an entire shell layer or over
an entire element of a shell layer, such as a prism,
e.g., the regular simple prisms in many Pinnoidea.
See also granular extinction and normal extinction.
regular simple prismatic microstructure (abbr., RSP).
A columnar, simple prismatic shell microstructure
in which each first-order prism has a more or
less equidimensional, polygonal cross-sectional
shape, which is rather uniform from exterior to
interior, e.g., the outer shell layer in the right
valve of the anomiid Anomia simplex d’Orbigny,
1853 in 1841–1853 (Fig. 259). The prism diameters may or may not increase toward the interior
through geometric selection. Not to be confused
with columnar regular spherulitic prismatic and
columnar nondenticular composite prismatic.
regular spherulitic prismatic microstructure (abbr.,
regular SphP). See spherulitic prismatic, regular.
regularly foliated microstructure (abbr., RF). A
calcitic, laminar shell microstructure consisting of
more or less mutually parallel laths and/or blades
arranged into laterally extensive sheets that dip at
the same angle and in the same general direction
over large portions of the depositional surface, e.g.,
the main shell layer in the left valve of Anomiidae
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Fig. 254. Radial lamellar nondenticular composite prismatic microstructure in outer shell layer of veneroidean
Tapes (Tapes) litterata Linnaeus, 1758, the Philippines (YPM 9679); acetate peels of 1, radial and 2, transverse
sections; bottom figure shows outer (top right) and inner (bottom left) portions of outer shell layer, with inner
portion showing less regular vertical stacking of prisms. Scale bar (50 µm) applies to both figures (adapted from
Carter, 1980b, fig. 11).
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F ig . 255. Middle Jurassic bakevelliid Kobayashites
hemicylindricus H ayami , 1959, interior of left valve,
showing radial umbonal septum (adapted from Tëmkin
& Pojeta, 2010, fig. 18.2).
(Fig. 260) (MacClintock, 1967, p. 18; Carter,
1980a; Carter & Clark, 1985; Carter & others,
1990, p. 611, 656). Varieties include simple regularly foliated and herringbone regularly foliated,
which see. Not to be confused with lath-type
fibrous prismatic, wherein the prisms are radially
oriented and lack a laminar organization, nor with
irregularly foliated microstructure, wherein thin,
lensatic groups of foliated laminae differ more or
less randomly in dip direction.
rejecta. Material collected by the mantle or gills and
then rejected by the animal as waste.
rejected name. (1) A name that, under the provisions of
the ICZN Code, cannot be used as a valid name and
that is set aside in favor of another name; (2) a name

100 µm

F ig . 256. Radially elongate simple prismatic microstructure in outer shell layer of solemyid Solemya
(Solemyarina) parkinsoni (E. A. Smith, 1874), diagram
showing horizontal (H ), radial (R), and transverse (T )
sections. See also Figure 257 (adapted from Carter &
others, 1990, p. 615).

that, as a matter of taxonomic judgment, is either a
junior subjective synonym of a name used as valid,
or is believed not to be applicable to the taxon under
consideration (ICZN, 1999).
rejected work. In taxonomy, any work included by the
ICZN in the Official Index of Rejected and Invalid
Works in Zoological Nomemclature (ICZN, 1999).
See also suppressed work.
relict (adjective). Representing the residue, remains, or
trace of a feature, e.g., traces of original aragonitic
shell microstructure retained in diagenetic calcite,
or relict anachomata on former shell margins in
the ostreoidean Alectryonella plicatula (G melin ,
1791 in 1791–1793) (Fig. 17). The term derives
from the Latin relictus, meaning something left
behind. In oysters, relict chomata are generally
better developed on the right valve near the hinge
(Malchus, 1990).
renal ducts. Ducts leading from the kidneys to the
suprabranchial chamber. Same as nephroducts.
reniform. Kidney shaped, e.g., the posterior adductor
muscle scar in many Ostreoidea.
renopericardial ducts. Ducts leading from the pericardium to the kidneys.
replacement name. A taxonomic name established
expressly to replace a previously established name.
This is indicated in taxonomy by the phrase nomen
novum. A nomen novum has the same name-bearing
type as the name it replaced. See also emendation
and substitute name.
replivincular ligament. An amphidetic, monovincular
ligament with radially disposed, narrowly triangular
pseudoresilifers medially and laterally on the ligament insertion area, not necessarily symmetrically
distributed, and not necessarily reaching the dorsal
margin of the ligament insertion area (W ater house, 2001, fig. 9g; 2008; see also H. Campbell,
1994, p. 57, fig. 4.5). Found in the daonellid
Halobia Bronn, 1830, and in the claraiid Claraia
Bittner, 1901 (Fig. 182). Believed by Waterhouse
(2008) to represent a relict amphidetic duplivincular ligament in which ligamental chevrons are
reduced to short segments, each of which is inclined
toward the umbo. According to Waller (in Waller
& S tanley , 2005), each triangular depression
(=pseudoresilifer as defined herein) represents a
knot of lamellar ligament.
resilial area. As defined for pectinids by Waller (1969,
p. 9), one-half the length of the resilium multiplied
by its height. This corresponds with measurement
a–d times measurement c–e, divided by two, in
Figure 219.
resilial buttress. A distinct, internal shell thickening
that supports an internal ligament and projects
only moderately from the hinge; e.g., in the myid
Mya arenaria (Linnaeus, 1758) (Fig. 70) and in the
lyonsiid Lyonsia norwegica (Gmelin, 1791 in 1791–
1793) (Fig. 261). Compare with chondrophore.
resilial chondrophore. Same as chondrophore, which see.
resilial hinge teeth. Lamellar hinge teeth bordering the
anterior and posterior sides of a pectinoid internal
resilium, in some instances positioned between the
resilium and a tooth or socket for an infradorsal
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Fig. 257. Radially elongate simple prisms in outer shell layer of solemyid Solemya (Solemyarina) parkinsoni E. A.
Smith, 1874, Awarua Bay, New Zealand (YPM 5364); 1, horizontal and 2, transverse sections; thick, two-layered,
but otherwise featureless periostracum is visible at top of transverse section; scale bars = 50 µm. See also Figure 256
(adapted from Carter & Lutz, 1990, pl. 20E–F).

tooth, or between the resilium and intermediate
teeth (Waller, 1991, p. 8). Found in some Entolioididae, Tosapectinidae, and Neitheidae, e.g.,
Upper Cretaceous Neithea quinquecostata W ade ,
1926 (Fig. 262). These exclude pseudotaxodont
teeth on the hinge plate anterior and posterior
to the resilium, as in the pectinoid Weyla (Lywea)
lycorrhynchus (Philippi, 1899) (Waller, 2006, fig.
10). Compare with crura.
resilial insertion. The more deeply incised part of a
resilifer, typically along its central axis, which is
flanked anteriorly and posteriorly by more shallowly
incised parts of the resilifer. The latter portions of
the resilifer allow for compressive changes in the
shape of the proteinaceous, central region of the
resilium (Waller, 1969, p. 13).
resilial insertion height. As defined for pectinids by
Waller (1969, p. 12), the linear distance between
the origin of growth and the midpoint of the base
of the resilial insertion. This corresponds with
measurement a–d in Figure 219.
resilial insertion length. As defined for pectinids by
Waller (1969, p. 12), the linear distance between
the most anterior and most posterior points of the
resilial insertion, measured parallel to its base. This
corresponds with measurement c–e in Figure 219.
resilifer. A more or less triangular, ovate, or square
depression on the ligament area that contains

fibrous or both fibrous and lamellar ligament
(i.e., the resilium), plus the growth track of this
depression on the hinge. The resilifer includes the
resilial insertion (which see) plus any less sharply
indented area immediately anterior and posterior

Fig. 258. Reduced low-angle, opisthodetic duplivincular ligament as seen in upper Carboniferous pinnid Meekopinna americana (M eek , 1867), Magoffin
Member, Breathitt Formation, Milepost 55 along
Daniel Boone Parkway, Hazard County, Kentucky
(UNC 7352); transverse section through united valves
(adapted from Carter, 2004, fig. 2.3).
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F ig . 259. Regular simple prismatic microstructure
in outer shell layer of right valve of Anomia simplex
d ’O rbigny , 1853 in 1841–1853, New Haven, Connecticut (YPM 9715); SEM of vertical fracture, with
shell exterior up; scale bar = 10 µm (Carter, new).
to the resilial insertion, which allows for compressive changes in the shape of the resilium. The term
resilifer is used for pteriomorphian alivincular
and multivincular ligaments, e.g., the pectinid
Caribachlamys sentis (Reeve, 1853 in 1852–1853)
(Fig. 89), and the Cretaceous–?lower Cenozoic
crassostreid Gyrostrea M irkamalov , 1963 (Fig.
129), as well as for nonpteriomorphian ligaments
with similarly shaped, submarginal or internal ligament insertion areas, e.g., in Nuculidae, Crassatellidae, and Mactridae, e.g., the mactrid Spisula
similis (S ay , 1822) (Fig. 263). See multivincular
ligaments for resilifer shape terminology.
resiliophore. Same as chondrophore, which is preferred.
resilium. The part of a ligament that occupies a
resilifer, e.g., in the alivincular philobryid Cratis
antillensis (Dall, 1881) (Fig. 9) and in the mactrid
Spisula similis (S ay , 1822) (Fig. 263). This term
is sometimes used for the fibrous sublayer of any
ligament.

F ig . 260. Simple regularly foliated structure in left
valve of anomiid Anomia simplex d’Orbigny, 1853 in
1841–1853, New Haven, Connecticut (YPM 9715),
as seen in a horizontal fracture through middle shell
layer; scale bar = 20 µm (adapted from Carter & Lutz,
1990, pl. 6,A).

resorption. In the context of molluscan shells, the
removal of previously deposited shell material by
biologically mediated chemical corrosion. This may
happen inadvertently through the action of acids
produced by anaerobic metabolism, or through
purposeful resorption of previously secreted ornament, hinge dentition, calcareous tube walls, or
calcareous boring linings.
resupinate. Having an inverted position; having a
heteroclite (which see) commissural plane.
reticulate. Relatively subdued, combined radialantimarginal and commarginal sculptural elements
that intersect to form a netlike pattern. When this
feature is prominent, the term cancellate is more
appropriate. Compare with clathrate and cancellate.
retrocrescent. Having predominantly posterior shell
growth (N ewell & B oyd , 1995). Compare with
procrescent and infracrescent.
reverse chevron-shaped ribs. Same as V-shaped ribs.
reversed V-shaped ribs. Same as chevron-shaped ribs;
an ornamental pattern consisting of intersecting
oblique a-ribs and oblique b-ribs, or oblique c-ribs
and oblique d-ribs, as defined by G uo (1998)
(Fig. 264). Compare with eu-V-shaped ribs and
para-V-shaped ribs.
rhomboidal (or rhomboid). Diamond shaped; having
four sides with the opposing sides and angles
equal, but the adjacent angles unequal; the corners
tend to be more angular than in subrhomboidal
shapes.
rib. One of a series of elongate, linear or curvilinear,
radial, antimarginal, or oblique elevations on a
shell other than the hinge dentition, buttresses,
and carinae, e.g., radial ribs on the glycymeridid
Tucetona pectinata (Gmelin, 1791 in 1791–1793)
(Fig. 265). Ribs may or may not affect the entire
thickness of the shell away from the margins,
and they may or may not correspond with shell
marginal crenulations. The term rib is sometimes
used interchangeably with ridge, costa, and costella.
Compare with buttress, carina, costa, costella, fold,
line, riblet, ridge, and thread.
riblet. A very narrow rib, e.g., on the limid Ctenoides
sanctipauli Stuardo, 1982 (Fig. 96).
ridge. A more or less linear or curvilinear elevation
in soft anatomy or on a shell surface, excluding
hinge teeth; e.g., in stomachs, on ctenidia, condylar
ridges, ligamental ridges, umbonal-posteroventral
ridges, and commarginal and radial ridges.
Compare with filum, line, lira, and ridgelet. A
smooth, low ridge is also called an undulation.
ridgelet. A very narrow ridge; similar to a line,
but more elevated, e.g., the ridglets comprising
shagreen microsculpture, which see.
right-convex. Having both valves convex, but with the
right valve being more convex than the left valve
(Waller, 1969, p. 13).
right valve. The shell valve on the right-hand side of a
viewer when a bivalve shell is placed with its anterior end pointing away from the viewer, its commissural plane vertical, and its hinge uppermost.
rod-type crossed lamellar microstructure (abbr., rodtype CL). A crossed lamellar shell microstructure
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Fig. 261. Lyonsiid Lyonsia norwegica (Gmelin, 1791 in 1791–1793), Plymouth, England (USNM 304916), showing
a submarginal-internal ligament with lithodesma removed, supported by an elongate, internal resilial buttress. 1, Left
hinge viewed perpendicular to commissure plane; 2, right hinge viewed ventrally and slightly obliquely (Carter, new).
in which the elongate, basic structural units are
not organized into second-order lamellae (Carter
& others, 1990, p. 612). This structure rarely
occurs in the Bivalvia, e.g., within the pallial
band of the Upper Triassic myophoriid Costatoria
ornata (Münster, 1841). Rod-type CL structure is
common in chiton shells.
rod-type fibrous prismatic microstructure. See fibrous
prismatic microstructure, rod-type.
rostrate. (1) Beaked or pointed; (2) having an elongate or drawn-out extension of the shell (rostrum),
typically associated with siphons or siphonlike
extensions of the mantle cavity, as in the cuspidariid
Cuspidaria rostrata (Spengler, 1793) (Fig. 266).
rostrum. An elongate or drawn-out extension of the
shell, e.g., on the cuspidariid Cuspidaria rostrata
(Spengler, 1793) (Fig. 266).
rotund. Spherical or nearly so.
rounded pallial sinus. A pallial sinus in which the
anterior apex is circular or broadly ovate.
row stack nacreous microstructure. A form of
nacreous shell microstructure with elongate tablets
aligned end-to-end in mutually parallel rows, with
each row representing a vertical column of tablets.
Known only in the Pinnoidea (Fig. 267). Compare
with sheet nacreous and columnar nacreous microstructures.
rudimentary. Undeveloped, vestigial or abortive.
rugose. Having an ornament of rugae (singl., ruga),
i.e., relatively coarse, wrinkle-like elements, as in
the Permian bakevelliid Cassiavellia galtarae Tëmkin
& Pojeta, 2010 (Fig. 268).
rugulose. Finely wrinkled.
saddle-shaped shell. (1) A shell with a margin or
margins upturned along one axis and downturned

along a second axis, the second axis being more or
less perpendicular to the first one; e.g., the Eocene
ostreid Cubitostrea sellaeformis (Conrad, 1832 in
1832–1835); (2) for larval shells, synonymous with
the term dumbbell shell, which is preferred.
sagittal plane. (1) Any plane that is parallel with the
midsagittal plane, including the latter; (2) just the
midsagittal plane, in which case, all other planes
parallel to it are called longitudinal planes.
satiny. Satinlike; smooth, glossy, e.g., the surface of
some periostraca.
scabrous. Rough or scaly.
scale. A tile-shaped or hoodlike projection, commonly
positioned on the apex of a rib. Compare with
scute.
scallop. A vernacular term for a pectinoid, usually in
reference to the Pectinidae.
scalloped. Having a series of regular flutings corresponding with the distal terminations of external
ribs, as on the inner shell margin of many shells
with strong external ribs.
scar. See muscle scar.
schizodian-grade hinge. The hinge grade characterized by Carboniferous–Permian Schizodus de
V erneuil & M urchison , 1844 (Fig. 269). As
described by N ewell and B oyd (1975, p. 77):
hinge teeth short and unstriated, pivotal tooth of
left valve typically not extended posteriorly, and
with a more or less triangular, chisel-, or wedgelike shape, with a faint median sulcus on the
lower (distal) margin, the latter representing the
precursor of the cleft in this position in myophorian and trigonian-grade hinges. Main tooth of
right valve is the anterior of the principal teeth of
the two valves, and it is reinforced by an arcuate
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Fig. 262. Resilial hinge teeth in Upper Cretaceous neitheid Neithea quinquecostata Wade, 1926, in nonmatching
1, right and 2, left valves, Ripley Formation, Coon Creek, Tennessee (adapted from Waller, 2006, fig. 9, courtesy
of John Wiley & Sons).
ridge reaching from the distal end of this tooth
backward along the rim of the posteriorly adjacent
socket, terminating in a short, bladelike posterior
tooth. Left valve generally with only two teeth,
but rarely, there is an obscure ridge along the
lower margin of the ligamental nymph that functions as a tooth.
schizodont dentition. A hinge dentition consisting of
one tooth, the median tooth in the left valve, that
is split into two widely divergent parts, making it
deeply bifid and very broad; e.g., in the trigoniid
Neotrigonia Cossmann, 1912 (see Fig. 315). This

Fig. 263. Shallow to deeply submarginal, resilial ligament in mactrid Spisula similis Say, 1822, figure is a
few cm wide (adapted from Mikkelsen & Bieler, 2007).

is the basis for the group name Schizodonta Steinin Steinmann & Doderlein (1888), which
originally included just the Trigoniidae. Schizodont
dentition should not be confused with a schizodiangrade hinge (which see).
scissulate sculpture. A sculpture of oblique but neither
chevron-shaped nor divaricate ribs (Oliver, 1992,
fig. 8); e.g., the upper Cenozoic tellinid Scissula
Dall, 1900, and the Recent tellinid Temnoconcha
brasiliana (Dall, 1921) (Fig. 270).
screw dislocation. A cr ystallographic dislocation (i.e., defect or irregularity) in which the
atomic planes within a crystal form a spiral
ramp winding around the line of the dislocation.
Present in some nacreous and semi-nacreous, and
all spiral cone complex crossed lamellar structures (see Fig. 275).
scroll. An outward folding of the outer, dorsal
auricular surface above the hinge line, which
descends ventrally to the level of the insertion
of the linear outer ligament on the hinge axis,
e.g., in the Permian pernopectinid Pernopecten
yini N ewell & B oyd , 1995 (Fig. 30). Same as
fasciole scroll.
sculpture. Raised or impressed structures on the
external surface of a shell, such as ribs, costae,
carinae, keels, ridges, grooves, and scales, including
microsculpture. Also called ornament.
mann
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Fig. 264. Oblique rib types a through d, as defined by
Guo (1998) for Trigonioidoidea. Exterior of left valve
(adapted from Guo, 1998, fig. 1).

Fig. 265. Exterior of glycymeridid Tucetona pectinata
(G melin , 1791 in 1791–1793), showing equilateral
shell shape and radial ribs (also called radial costae),
shell length 16.2 mm (adapted from Mikkelsen &
Bieler, 2007).

scutes. Very large scales, e.g., on the ribs of the
tridacnid Tridacna squamosa L amarck , 1819 in
1818–1822.
second diameter of adductor insertion. See adductor
insertion, second diameter.
second inner mantle fold. Same as inner mantle fold
2, which see.
second outer mantle fold. Same as outer mantle fold
2, which see.
secondary. (1) An element of shell ornament appearing
later in ontogeny than a primary element, generally referring to radial ribs; (2) diagenetic, such as
secondary calcite replacing original shell aragonite.
secondary fusion. Fusion of the left and right mantle
lobes, other than in the mantle isthmus.
secondary glochidial host. Same as marginal glochidial
host, which see.
secondary hinge teeth. Hinge teeth believed to have
evolved independently of hinge teeth in most other
bivalves, e.g., isodont hinge teeth in Spondylidae
and Plicatulidae.
secondary homonym. Each of two or more identical specific or subspecific names established for
different nominal taxa and originally combined
with different genus names, but subsequently
placed in the same genus (ICZN, 1999). The later
established name becomes the junior secondary
homonym and is invalid except under circumstances outlined by the ICZN (see ICZN, 1999,
Articles 53.3, 57.3, 59). Compare with primary
homonym.
secondary inner mantle fold. Same as second inner
mantle fold, which see.
secondary ligament. Thickened periostracum that
functionally extends an external or submarginal,
elongate ligament anteriorly and/or posteriorly,
or which unites the valves along the dorsal shell

margin in cases where the nonperiostracal ligament
is entirely internal. Secondary ligament is herein
called thickened periostracum.
secondary mantle margin retractors. Mantle margin
retractor muscles originating at isolated spots along
a line at about the level of the gill diaphragm. Each
muscle extends as a single bundle or branches
before inserting into the mantle margin. These
muscles occasionally leave an irregular, interrupted
line of scars in the position of a pallial line (Harry,
1985, p. 125). Present in the ostreid Saccostrea
Dollfus & Dautzenberg, 1920 in 1902–1920.
secondary outer mantle fold. Same as outer mantle fold
2, which see.
secondary shell. The calcified molluscan larval shell (cf.
primary shell of Bandel, 1988). Use is not recommended, as it corresponds with the prodissoconch
in bivalves and protoconch in univalved mollusks.
Also, secondary implies the replacement of one
structure by another, which is not the case here.
secondary water tubes. Small tubes formed by accessory partitions in the gravid marsupial portion of

rostrum
Fig. 266. Cuspidariid Cuspidaria rostrata (Spengler,
1793), illustrating rostrum, shell length 20 mm (adapted from Mikkelsen & Bieler, 2007).
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Fig. 267. Row stack nacre in pinnid Atrina rigida (Lightfoot, 1786), Beaufort, North Carolina (UNC, unnumbered
specimen, from Amelie Scheltema). 1, Diagram showing horizontal (H ) and vertical (V ) sections (adapted from
Carter & others, 1990, p. 618); 2, depositional surface showing aligned nacre tablets (Carter, new).

the ctenidium, present just before and persisting
until just after the gravid period, e.g., in the
unionid tribe Anodontini.
second-order folia (sing., folium). The more or less
planar structural units that comprise the firstorder folia in calcitic simple crossed-foliated (CF)
and complex crossed foliated (CCF) microstructures. Each second-order folium contains mutually
parallel, lath- or bladelike, elongate structural units,
called third-order folia, which have sharply angular
terminations on the depositional surface.
second-order lamellae (sing., lamella). The more or
less planar structural units that comprise the firstorder lamellae in aragonitic simple crossed-lamellar
(CL) and complex crossed lamellar (CCL) microstructures, e.g., in the anomiid Anomia simplex
d ’O rbigny , 1853 in 1841–1853 (Fig. 271). Also
called second-order crossed lamellae, these consist

F ig . 268. Guadalupian, middle Permian bakevelliid
Cassiavellia galtarae Tëmkin & Pojeta, 2010. Left valve
showing auricular sulcus, wing, and rugose ornament
(adapted from Tëmkin & Pojeta, 2010, fig. 6.1).

of narrow, elongate structural subunits called thirdorder lamellae. Second-order lamellae are not
present in some CL and CCL structures, such
as rod-type CL and fine CCL. Rod-type CL has
only first- and third-order lamellae, whereas fine
CCL has only third-order lamellae, i.e., structural
subunits similar in size and shape to the third-order
lamellae in normal CL structure. The term secondorder lamellae has also been applied to second-order
folia in calcitic simple crossed foliated and complex
crossed foliated structures, but second-order folia is
preferred for these structures.
sedentary. Same as sessile, which see.
semelparous. Having only one reproductive period
during the life of the organism. Rare in bivalves,
but occurring in some Pisidiidae (Mackie, 1984,
p. 375). Compare with iteroparous.
semi-foliated aragonite. The aragonitic form of semifoliated microstructure (which see). This is found
in the middle and inner shell layers of the lower
Cambrian fordillids Pojetaia runnegari Jell, 1980,
and Fordilla troyensis Barrande, 1881. The basic
structural units are blades or laths with flat to
irregular terminations in the middle and inner
shell layers of F. troyensis and the middle shell
layer of P. runnegari. However, they have rounded
terminations in the inner shell layer of P. runnegari
(see R unnegar & B entley , 1983, fig. 4a) (Fig.
272), where some large-tablet, imbricated nacre is
also present. Semi-foliated aragonite also occurs in
some Recent tryblidiid monoplacophorans (Checa,
Sánchez-Navas, & Rodríguez-Navarro, 2009, as
“foliated aragonite”).
semi-foliated calcite. The calcitic form of semi-foliated
microstructure. This is found in the transition
between chalky and foliated microstructures in
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Fig. 269. Schizodian-grade hinge in upper Carboniferous Schizodus ulrichi Worthen, 1890, Lane Shale, Kansas City,
Missouri (adapted from Newell & Boyd, 1975, fig. 12E–F; courtesy of the American Museum of Natural History).
the ostreid Crassostrea virginica (Gmelin, 1791 in
1791–1793) (Fig. 273).
semi-foliated microstructure. A calcitic or aragonitic
shell microstructure consisting of more or less
mutually parallel blades, laths, and/or slightly
elongate, elliptical flakes dipping at the same angle
and in the same general direction over a small
or large portion of the depositional surface, but
not comprising laterally continuous, well-defined
laminae. In the latter respect, semi-foliated microstructures differ from truly foliated microstructures.
The basic structural units may have have flat,
rounded, and/or irregular terminations on the
depositional surface, unlike the more consistently
sharply angular terminations of the basic structural
units in truly foliated microstructure. In some
cases, the basic structural units are longitudinally
creased or keeled (Carter & Clark, 1985; Carter
& others, 1990, p. 612, 657; definition expanded
herein to include aragonitic as well as calcitic
varieties). See also semi-foliated aragonite and
semi-foliated calcite.
semi-foliated simple prismatic microstructure (abbr.,
SFSP). A simple prismatic shell microstructure in
which each first-order prism has a semi-foliated
second-order structure; e.g., in the calcitic outer
shell layer in the right valve of the propeamussiid
Propeamussium dalli (E. A. Smith, 1885) (Carter
& Lutz, 1990, pl. 25B–C; Esteban-Delgado &
others, 2008, fig. 2J) (Fig. 274). This includes
some but not all foliated prismatic structures sensu
Esteban-Delgado and others (2008). Semi-foliated
simple prismatic differs from transitional irregular simple prismatic/irregular complex crossed
foliated (ISP/ICCF) microstructure in having a
more distinctly and regularly layered substructure.
Compare with fibrous simple prismatic, homogeneous simple prismatic, and planar spherulitic
simple prismatic.
semi-infaunal. Living with the shell partially buried in
sediment, generally with the posterior end exposed.
semi-nacreous microstructure. A laminar shell microstructure consisting of flat, mutually parallel tablets
arranged in less continuous laminae and having
more abundant screw dislocations than nacreous
microstructure (Carter & Clark, 1985; Carter
& others, 1990, p. 619, 657) (Fig. 275). Locally

developed in the hinge teeth of trigoniids, where
disruption of the nacreous laminae reflects deposition on tightly curved surfaces. Also locally found
in the inner shell layer of some Pterinopectinidae and Aviculopectinidae, where this structure
grades into CL and CCL microstructures in the
same general shell layer (Carter, 1990a, p. 239).
Compare with lenticular nacreous microstructure.
seminal species. A species that is directly ancestral to
the common ancestor of a descendent clade. For
example, the pterineid Leptodesma H all , 1883
in 1883–1884, is believed to contain the seminal
species for the descendent superfamily Pinnoidea
(see Carter, 1990a, p. 213).
seminal vesicle. A sperm-storage organ; also called a
vesicula seminalis.
senior homonym. The earliest proposed of two or
more homonyms. In the case of simultaneous
proposal, the one given precedence under Article
24 of the ICZN (1999) Code.
senior synonym. The earliest proposed of two or more
synonyms. In the case of simultaneous proposal, the
one given precedence under Article 24 of the ICZN
(1999) Code; see also Article 23.9.
sensu lato (abbr., s.l.). Latin for in the broad sense.
Commonly italicized.

Fig. 270. Scissulate ornament on right valve of tellinid
Temnoconcha brasiliana (Dall, 1921), shell length 37
mm (adapted from Keen, 1969a, fig. 111,8a).
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Fig. 271. Aragonitic crossed lamellar microstructure
in Anomia simplex d ’O rbigny , 1853 in 1841–1853,
New Haven, Connecticut (YPM 9715), SEM of radial,
vertical fracture showing roughly planar second-order
lamellae and lathlike third-order lamellae (Carter, new).
sensu stricto (abbr., s.s.). Latin for in the strict sense.
Commonly italicized.
separation of ctenidial retractor insertions. See
ctenidial retractor insertion separation.
Sepia-type laminar microstructure. An aragonitic shell
microstructure that is similar to lamello-fibrillar
except that the basic structural units include
bifurcating as well as straight rods (C arter &
Clark, 1985; Carter & others, 1990, p. 657, as
“Sepia sp. laminar structure”). This comprises the
septa in the cephalopod Sepia (Fig. 276), and it is

F ig . 272. Cast of depositional surface of aragonitic
semi-foliated inner shell layer, in midvalve position,
of lower Cambrian fordillid Pojetaia runnegari J ell ,
1980, near top of Ajax Limestone, Mount Scott Range,
Flinders Ranges, South Australia (adapted from Runnegar, 1983, fig. 10B; labelled “cast of shell prisms,”
courtesy of Geoscience Australia).

locally approximated in some Cambrian laterally
compressed tergomyans (Carter, 2001).
septal ostia. Ctenidial septum openings that contain
ctenidial filaments or cilia and that have thickened
edges functioning as valves for opening and closing;
e.g., in Poromyidae (Fig. 40).
septal retractor muscles. Anterior and posterior
muscles serving to raise the septum in a septibranch ctenidium, inserted dorsal to the adductor
and pedal retractor muscles, e.g., in Cuspidariidae
(Fig. 277) and Poromyidae (Fig. 40).
septal valvula (pl., septal valvulae). Thick, muscular,
dish- or crescent-shaped posterior extensions of
the septum in Poromyidae (Fig. 40). Also called a
compensation sac.
septibranch. Having a suspended muscular pumping
septum pierced by windowlike ostia, with the
latter containing either eulamellibranch filaments
(=branchial sieves in Poromyidae; also called sieve
plates or oscula) or just cilia (e.g., pores in Cuspidariidae). Innervation patterns suggest that the
septibranch septum is mostly ctenidial in origin.
The ctenidia in Verticordiidae are considered to
be septibranch by most authors, although the
ctenidia themselves are distinct from the septal
ostia. Compare with euseptibranch and pseudoseptibranch.
septum. (1) A partition separating, or assisting the
ctenidia in separating, the infrabranchial and suprabranchial, or the infra-septal and supra-septal
chambers, i.e., the chambers below and above the
ctenidia or ctenidial septum, e.g., in Poromyidae
(Fig. 40); (2) a siphonal ctenidial septum, which
see; (3) a siphonal pallial septum, which see; (4) a
platform-shaped myophore supporting the pedal
retractor muscles, as in the dreisseniid Mytilopsis
leucophaeata (Conrad, 1831 in 1831–1833) (Fig.
278); (5) an annular or oval, calcareous constriction, also called a baffle (which see), in a boring
or secreted calcareous tube, separating the shell
chamber from the siphonal part of the boring or
tube, e.g., in the gastrochaenoidean Eufistulana
Eames, 1951.
sequential hermaphrodite. A hermaphrodite that
changes sex over a period of time.
serrate. Having a very finely notched or toothed
margin. This term is commonly applied to shell
margins other than the hinge. Compare with
denticulate, crenulate, and fluted.
sessile. Nonmobile, either free living or attached. Same
as sedentary.
shagreen microsculpture. A very fine sculpture with
the appearance of a fine net, and with spaces locally
covered by frilly projections of ridgelets extending
from the borders of the spaces; e.g., in the pectinids
Chlamys islandica (M üller , 1776) (see W aller ,
1991, pl. 1,7,11), and Chlamys coruscans coruscans
(Hinds, 1845 in 1844–1845) (Fig. 279).
s h e e t n a c re o u s m i c r o s t r u c t u re . A va r i e t y o f
nacreous shell microstructure in which the tablets
have smooth, flat, mutually parallel upper and
lower surfaces, few screw dislocations, and laterally extensive laminae. The tablets may show
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Fig. 273. Semi-foliated microstructure, diagram showing horizontal (H ), and vertical (V ) sections (adapted
from Carter & others, 1990, p. 619).

irregular, stair step, and/or brick wall stacking
modes (Fig. 280). Compare with columnar
nacreous, lenticular nacreous, row stack nacreous,
and semi-nacreous.
shell. An exoskeleton secreted by mantle epithelium
and consisting of a nonmineralized to weakly
mineralized periostracum and more strongly
mineralized, subperiostracal shell layers, the latter
generally referred to as outer, middle, myostracal
and inner, or outer, myostracal and inner. In the
Bivalvia, the shell also includes a dorsomedian
ligament with one or more pairs of unmineralized
lamellar, and partially mineralized, generally fibrous
sublayers. Secretion of the shell begins during the
larval phase. See calcareous tube, accessory plate,
and pallets for skeletal components with a postlarval onset.
shell chamber. The portion of a boring or secreted
calcareous tube or igloo that contains the shell
valves, e.g., in the gastrochaenid Rocellaria dubia
(P ennant , 1777) (Fig. 192). The shell-bearing
portion of a crypt (which see).
shell conus. See conus.
shell field. An area of ectodermal cells on the dorsal
side of a molluscan trochophore larva responsible
for shell secretion (cf. Mouëza, Gros, & Frenkiel,
2006). Called shell gland by some authors (e.g.,
Bandel, 1982, 1988). See also pellicle.
shell gland. Same as shell field, which see.
shell height. See height of shell.
shell layer. A bed of shell material exhibiting uniform
microstructure or uniform fine alternations of
microstructures. In bivalves, the shell layers are
commonly referred to as the periostracum, outer,
middle, myostracal, and inner.
shell length. See length of shell.

Fig. 274. Semi-foliated simple prismatic microstructure
in outer sublayer of calcitic outer shell layer in right valve
of propeamussiid Propeamussium dalli (E. A. Smith,
1885), west of Martinique, Windward Islands (YPM
8387); underlying sublayer of calcitic outer shell layer is
predominantly fibrous prismatic to irregular spherulitic
prismatic (see also Carter & Lutz, 1990, pl. 25B–C).
SEM of a polished and then acid-etched, radial, vertical
section (Carter, new).
shell marginal socket. (1) A socket receiving a shellmarginal tooth, e.g., in Crassatella Lamarck, 1799,
and on the left dorsoanterior shell margin of
Pholadomya candida G. B. S owerby I, 1823 in
1821–1834, where the dorsoanterior right shell
margin is received (Fig. 252); (2) one of several
minute, articulating sockets near the anterior
shell margin of some mytilids, not believed to be
homologous with normal hinge tooth sockets; e.g.,
in Mytilus Linnaeus, 1758 (Fig. 281).

1 µm

Fig. 275. Semi-nacrous microstructure, diagram showing horizontal (H ) and vertical (V ) sections (adapted
from Carter & others, 1990, p. 619).
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Fig. 276. Sepia-type laminar microstructure, diagram
showing horizontal (H ) and vertical (V ) sections
(adapted from Carter & others, 1990, p. 619).
shell marginal teeth. (1) Hinge teeth consisting of part
of the dorsal shell margin of one valve, typically
received by a shallow depression or shell marginal
socket in the opposing valve, e.g., in Crassatella
Lamarck, 1799; (2) one of several minute, articulating, commissural denticles near the anterior
shell margin of some mytilids, not believed to be
homologous with true hinge teeth; e.g., in Mytilus
edulis Linnaeus, 1758 (Fig. 281).
shell microstructure. See microstructure.
shell structure. A general term referring to all aspects
of shell construction except shell morphology,
including shell architecture, shell microstructure,
shell ultrastructure, shell layering, and shell growth
layering (Carter & others, 1990, p. 658).
Shell Type 1 (abbr., ST-1). Early ontogenetic
shells characterized by the primary absence of a
prodissoconch-2 and abrupt onset of nepioconch

Fig. 277. Partially dissected specimen of cuspidariid
Cardiomya cleryana (d’Orbigny, 1842 in 1835–1847),
Santos (SP) a São Francisco do Sul (SC), Brazil, 35–62
m depth, showing mantle cavity, ctenidial septum, and
septal retractor muscles, figure width 14 mm (Sartori,
new).

growth, usually in conjunction with development
of pretaxodont or protobranchian hinge teeth in
the nepioconch stage; shell tubules are lacking.
Typical of Protobranchia and probably also Pojetaia
(Malchus & Sartori, herein).
Shell Type 2 (abbr., ST-2). Early ontogenetic
s h e l l s c h a r a c t e r i ze d by we l l d i s t i n g u i s h e d
prodissoconch-1 and prodissoconch-2, or by
a reduced prodissoconch-2 (e.g., the mytiloidean Crenella). The degree of reduction of P-2 is
highly variable across taxa. The prodissoconch is
moderately to highly convex. Type 2 is restricted
to Autobranchia, exclusive of order Unionida
(Malchus & Sartori, herein).
Shell Type 3 (abbr., ST-3). Early ontogenetic shells
(mainly metaconch or cryptoconch, which see)
characterized by poorly distinguished or indistinguishable prodissoconch-1 and prodissoconch-2,
with a moderate to low convex profile, or by an
early ontogenetic shell, often including part of the
nepioconch, with a conspicuous shell brim and/or
other hatlike shapes. Type 3 is restricted to Autobranchia, exclusive of order Unionida (Malchus &
Sartori, herein).
Shell Type 4 (abbr., ST-4). Early ontogenetic shells
(mainly cryptoconchs, which see) characterized
by shell pores (lost in the nepioconch), and shell
margins with fine to large spikes and/or shell hooks
(on a glochidium, which see), or by an organic
monovalve (lasidium, haustorium, which see).
Internal and external prodissoconch surfaces are
commonly, but not invariably, finely pustular. Type
4 is restriced to the order Unionida (Malchus &
Sartori, herein).
shell ultrastructure. See ultrastructure.
shell width. See width of shell.
shield. See umbonal reflection.
shifting center-proliferation. The mode of growth
of a duplivincular ligament in which new fibrous
sublayers are initiated anterior to the previous
anterior fibrous sublayer, and/or posterior to the
previous posterior fibrous sublayer (M alchus ,
2004b, p. 1555–1556) (Fig. 282). Compare with
stacked center-proliferation.
short-term brooder. A unionoid bivalve that broods
glochidia from late winter or spring to summer;
same as tachytictic.
shoulder. Descriptive term for the dorsolateral flanks
of an early ontogenetic shell.
sieve plate. See septibranch.
simple arched ligament. A simple ligament (which
see) in which the fibrous sublayer is dorsally arched.
See also simple planar and simple reverse arched
ligaments.
simple crossed foliated microstructure (abbr., simple
CF, or just CF). A crossed foliated shell microstructure in which the elongate, basic structural
units (third-order folia) are arranged into sheetlike second-order folia, the second-order folia are
mutually parallel within each first-order folium,
and the third-order folia in adjacent first-order
folia show two and only two predominant dip
directions relative to the shell margin, e.g., the
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Fig. 278. Dreisseniid Mytilopsis leucophaeata (Conrad, 1831 in 1831–1833), New Bern, North Carolina (UNC
15989), interior view of right hinge, showing opisthodetic, submarginal simple ligament, septum, myophore, and
muscle scars; 1, with posterior part of ligament removed; 2, with all of ligament removed (Carter, new).
middle shell layer of the Middle Jurassic gryphaeid
Gryphaea (Bilobissa) bilobata J. de C. S owerby ,
1840, in Sowerby & Sowerby, 1812–1846 (Fig.
38). Simple crossed foliated structure is commonly
referred to as just crossed foliated.
simple crossed lamellar microstructure (abbr., simple
CL, or just CL). An aragontic crossed lamellar
shell microstructure in which the elongate, basic
structural units (third-order lamellae) are arranged
into sheetlike second-order lamellae, the secondorder lamellae are mutually parallel within each
first-order lamella, and the third-order lamellae in
adjacent first-order lamellae show two and only
two predominant dip directions relative to the
shell margin (Wise, 1968, p. 325; Waller, 1978;
Carter & Clark, 1985; Carter & others, 1990,
p. 612, 658), e.g., in the trapeziid Trapezium
(Neotrapezium) sublaevigatum (Lamarck, 1819 in
1818–1822) (Fig. 283). This category excludes
rod-type CL structure, wherein the basic structural
units do not form sheetlike second-order lamellae.
It also excludes complex crossed lamellar microstructures, which have more than two dip directions. The unmodified term crossed lamellar (CL)
is generally considered to indicate simple crossed
lamellar microstructure.

simple foliated. A term used by Malchus (1990) for
simple regularly foliated microstructure, which
see.
simple lamellar fibrous prismatic microstructure. See
fibrous prismatic microstructure, simple lamellar.
simple ligament. An elongate, external or submarginal, largely or entirely opisthodetic ligament with
a single adult fibrous sublayer supported by an
external gutter or by a submarginal fossette, without
a differentiated nymph or pseudonymph. The
fibrous sublayer of the larval ligament is assumed
to be continuous with the fibrous sublayer of the
adult ligament (C arter , 1990a; W aller , 1990);
e.g., the submarginal simple ligament in Lucina
pensylvanica (Linnaeus, 1758) (Fig. 284). The adult
fibrous sublayer may be dorsally arched (=simple
arched), planar or nearly planar (=simple planar),
or ventrally arched (=simple reverse arched), which
see. Not to be confused with preduplivincular
ligaments.
simple pallial line. An entire or complete pallial line,
which see.
simple papillae. Papillae that are not distally divided
or branched.
simple planar ligament. A simple ligament (which
see) in which the fibrous sublayer is nearly planar,
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Fig. 279. Shagreen microsculpture, showing uneroded
areas with strongly projecting, cell-forming flanges and
eroded areas forming typical shagreen pattern. Near
ventral edge of right disc of Chlamys coruscans coruscans
(Hinds, 1845 in 1844–1845), Tuamotu Islands. Coated
with ammonium chloride; scale bar = 500 µm (adapted
from Waller, 1972a, fig. 12).

F ig . 280. Sheet nacre in inner shell layer of pteriid
Pinctada imbricata Röding, 1798, from Bimini, the
Bahamas (YPM 6889); SEM of oblique fracture; scale
bar = 10 µm (Carter, new).

as opposed to dorsally or ventrally arched. Compare
with simple arched and simple reverse arched
ligaments.
simple prismatic microstructure. A prismatic shell
microstructure in which each first-order prism
has well-defined, not strongly laterally interdigi-

tating boundaries, a low to moderate length/width
ratio, a length axis at a high angle to the depositional surface, and second-order structural units
that do not diverge in a fanlike or cone-in-cone
manner toward the depositional surface. Each
prism may have a homogeneous, fibrous prismatic,

vacuolated pseudonymph
shell marginal teeth

5 mm

periostracum
1
lamellar

fibrous sublayer

FP

nacre

pseudonymph
vacuole

1 mm

2
Fig. 281. Planivincular ligament and shell marginal teeth and sockets in mytilid Mytilus edulis Linnaeus, 1758; 1,
lateral interior view of hinge based on camera lucida, Long Island Sound (YPM 9542); and 2, medial, dorsoventral,
transverse section through hinge, New England (UNC 13620); FP, fibrous prismatic outer shell layer. Note that
innermost part of fibrous ligament is not yet fully mineralized (Carter, new).
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Fig. 282. Shifting center-proliferation growth pattern of lamellar (L) and fibrous (F ) sublayers in a multivincular
ligament. 1, Elementary L-F-L pattern in first adult ligament; 2, L-F-L pattern in mature adult ligament (adapted
from Malchus, 2004b, fig. 6B,D).

semi-foliated, or planar spherulitic substructure (see
homogeneous simple prismatic, fibrous simple prismatic, semi-foliated simple prismatic, and planar
spherulitic simple prismatic). Simple prism shapes
are classified as regular, irregular, asymmetric,
radially elongate, blocky, and pavement simple
prismatic. Optical properties of simple prisms, as
seen in vertical thin sections in crossed-polarized
light, may be optically homogeneous and clear,
optically heterogenous and granular, or optically
heterogeneous and irregular-wavy (see optically
heterogeneous and optically homogeneous).
simple regularly foliated microstructure (abbr., simple
RF). A regularly foliated shell microstructure in
which the third-order laths and blades are mutually parallel throughout the shell layer, as in some
Ostreoidea and Anomioidea, e.g., in the placunid
Placuna (Fig. 285). This structure was called simple
foliated by Malchus (1990, p. 64, pl. 26,1).
simple reverse arched ligament. A simple ligament (which see) in which the fibrous sublayer
is ventrally arched, e.g., in the Middle Devonian
montanariid Montanaria sp. (Fig. 286). Compare
with simple arched and simple planar ligaments.
simultaneous hermaphrodite. An hermaphrodite that
produces eggs and sperm at the same time.
sinuate (or sinuous) pallial line. A pallial line with a
pallial sinus.
sinupalliate. Having a pallial sinus.
sinus. An indentation or embayment, e.g., a pallial
sinus or an embayment of the shell margin, as in
the Toarcian, Lower Jurassic trigonioid Trigonia
sulcata (Hermann, 1781) (Fig. 53).
siphon. A mantle extension that serves for the
passage of incurrent and/or excurrent water, and
that involves cuticular and/or tissue-grade union
of the left and right, inner mantle folds, and
in some cases also the middle mantle folds. See
also siphon sensu lato and siphon sensu stricto.
The unmodified term siphon generally refers to
a siphon sensu lato.
siphon sensu lato. The siphon sensu stricto (which see)
plus any associated ctenidium-bearing, posterior
extension of the mantle cavity.
siphon sensu stricto. The part of a mantle extension,
serving for the passage of water, that does not
contain a posterior extension of the ctenidia (see

Fig. 291). This excludes any ctenidium-bearing,
posterior extension of the mantle cavity, which is,
however, part of the siphon sensu lato.
siphon type. Y onge (1957, 1982b) defined siphon
types A, A+, B, B/C, C, and D based on their
observed or inferred degree of mantle fusion (see
below). Waller’s (1980) mantle fold terminology
(inner fold 1, inner fold 2, outer fold 1, outer fold
2) is herein added to Y onge ’s definitions, which
originally used the traditional terms inner, middle,
and outer mantle fold. Note: Yonge (1982b) indicated that his siphon type B/C should be regarded
as simply type B.
siphon type A. A siphonal apparatus with at least
the dorsal wall of the excurrent aperture formed
by tissue-grade fusion of the inner (=inner fold 2)
mantle fold, but not the middle (=inner fold 1)
or middle and outer (=outer fold 1) mantle folds,
and without tentacles and eyes on the ends of the
siphons (Y onge , 1957, 1982b), e.g., the mytilid
Lithophaga (Leiosolenus) hancocki T. S oot -R yen ,
1955 (Fig. 34). The middle mantle fold is retained
in the plesiomorphic position around the posterior
shell margins, and the siphon lacks a periostracal
covering. In Yoldiella Verrill & Bush, 1897, cilial

F ig . 283. Simple crossed lamellar microstructure in
outer shell layer of trapeziid Trapezium (Neotrapezium)
sublaevigatum (Lamarck, 1819 in 1818–1822), Bahia,
Philippines (YPM 9717); SEM of a radial, vertical
fracture; scale bar = 5 µm (Carter, new).
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5 µm

F ig . 284. Submarginal, simple ligament in lucinid
Lucina pensylvanica (Linnaeus, 1758), Florida (YPM
10017); acetate peel of transverse, dorsoventral section
behind beaks, with right portion of ligament partially
missing (Carter, new).

junctions form the siphonal pallial septum and the
ventral margin of the incurrent aperture. In Nuculana Link, 1807, and some Yoldia Möller, 1842,
the excurrent siphon is formed by tissue-grade
fusion, but the ventral margin of the incurrent
aperture is formed by cilial junctions. In Malletia
Des Moulins, 1832, Yoldia limatula (Say, 1831),
the Erycinidae, and the Tellinoidea, both siphons
are Type A and entirely tissue-grade. In Lithophaga
Röding, 1798, and Botula Mörch, 1853 in 1852–
1853, the excurrent siphon is tissue-grade, but the
ventral margin of the incurrent aperture is formed
by simple apposition of the left and right middle
mantle folds.
siphon type A+. A siphonal apparatus with excurrent and incurrent siphons formed entirely by
tissue-grade union of the inner (=inner fold 2)
mantle folds, but not the middle (=inner fold 1) or
middle and outer (=outer fold 1) mantle folds, with
tentacles and/or eyes only on the inner mantle fold,
apically and in some instances also near the shell
margins. Typical of the gastrochaenid Lamychaena
cordiformis (N evill & N evill , 1869) (Fig. 22,
Fig. 287). Some portions of the middle mantle
fold may be greatly reduced, but in certain cases,
other, nonsiphonal portions of the middle mantle
fold may be hypertrophied, e.g., to assist boring
in Tridacna (Chametrachea) squamosa L amarck ,
1819 in 1818–1822, and in the gastrochaenid
Cucurbitula Gould, 1861 (Yonge, 1982b; Carter,

Fig. 285. Simple regularly foliated microstructure, diagram showing horizontal (H ), radial (R), and transverse
(T ) sections. Also commonly called regularly foliated,
as opposed to herringbone regularly foliated (adapted
from Carter & others, 1990, p. 619).

herein). Found in Veneridae, Cardiidae, Hemidonacidae, and some but not all Gastrochaenidae. Note
that some siphons previously classified as Type A or
B (Yonge, 1957; Sartori & others, 2008) are now
classified as type A+ (Carter, herein).
siphon type B. A siphonal apparatus formed by tissuegrade union of the inner mantle folds (=inner fold
2) and the inner surfaces of the middle mantle folds
(=inner fold 1), thereby expanding the surface of
the middle mantle fold (Y onge , 1957, 1982b),
e.g., the gastrochaenid Gastrochaena cuneiformis
Spengler, 1783 (see Fig. 291). The middle mantle
fold is not papillate near the base of the siphon, but
it may be duplicated near the shell margin, forming
a ridge on the inner side of the periostracal groove.
The original (posteriorly situated) middle mantle
fold forms a single ring of papillae or tentacles
around the combined incurrent and excurrent
siphonal apertures, and the inner mantle fold forms
a terminal, apical siphonal diaphragm on the excurrent siphonal aperture, and a ring of papillae or
tentacles in one or more series around the incurrent
siphonal aperture, e.g., Glossidae, Solenidae, Lyonsiidae, Pandoridae, and the gastrochaenid Gastrochaena S pengler , 1783 (C arter , herein). Y onge
(1982b) excluded the Cardiidae, Tridacninae, and
Hemidonacidae from this category, reclassifying
them as type A+.
siphon type B/C. A siphonal apparatus similar to type
B, but with the ctenidia (and hence the mantle
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bourrelet

1 mm
F ig . 286. Simple reverse arched ligament in Middle
Devonian montanariid Montanaria sp., Hecla Bay Formation, Melville Island, Northwest Territories, Canada
(TMP 87.123.3). Diagram of reconstructed ligament,
based on dorsoventral acetate peel through valves far posterior to beak; solid black, lamellar ligament, as indicated
by concentrations of framboidal pyrite; ventrally bowed
layer with hatching, fibrous sublayer of ligament; CL,
crossed lamellar microstructure (Carter, new).
cavity) extended posterior to the shell margins, and
with periostracum covering this posterior extension
of the mantle cavity, but not covering the more
posterior surface of the siphons sensu stricto, e.g.,
some Pholadidae. Y onge (1982b) indicated that
this category is better regarded as type B. Type B/C
is therefore no longer used.
siphon type C. A siphonal apparatus formed by tissuegrade union of all surfaces of the inner (=inner
fold 2) and middle (=inner fold 1) mantle folds, as
indicated by the posterior position of the periostracal groove at the base of a ring of tentacles encircling both the incurrent and excurrent siphonal
apertures. This ring is believed to originate from
the middle mantle fold, and the diaphragm and
papillae or tentacles around the individual siphonal
apertures are believed to originate from the inner
mantle fold (Yonge, 1957, fig. 9), e.g., Mactridae,
Myidae, Corbulidae, Hiatelloidea, Laternulidae.
See Laternula elliptica (King & B roderip, 1832)
(Fig. 288).
siphon type D. A siphonal apparatus encased in
a calcareous shelly sheath secreted by the outer
surface of the outer mantle fold (=outer fold 1), and
representing a posterior extension of the shell. The
siphons are attached about halfway along this shelly
tube, and they lack a periostracal covering. Found
in Cuspidariidae. Y onge (1957) noted that this
siphonal anatomy is like type B, but the presence
of the shelly sheath requires a distinction. Yonge
(1982b) emphasized that the outer surface of the
outer mantle fold (=outer fold 1) is not involved in
siphon formation.
siphonal area. The siphons, or the part of the shell
adjacent to the siphons.
siphonal baffles. See calcareous baffles.

F ig . 287. Siphon tips of gastrochaenid Lamychaena
cordiformis (N evill & N evill , 1869), Ko Khai Nai
Island, near Phuket, Andaman Sea, Thailand (UNC,
unnumbered specimen), showing apical diaphragm on
excurrent siphon tip (Carter, new).
siphonal band. One of two longitudinal bands on
the surface of the shell of some rudists (mainly
radiolitids), differing in ornament from the rest
of the surface and believed by some to have been
secreted by a portion of the mantle where respiratory currents enter or leave the mantle cavity.
siphonal boring. The part of a boring containing the
siphons sensu lato, e.g., in the gastrochaenid Rocellaria dubia (Pennant, 1777) (Fig. 192).

Fig. 288. Type C siphons in laternulid Laternula elliptica
(King & Broderip, 1832), showing periostracal sheath
with arenophilic threads (or lines) (adapted from Sartori,
Dias Passos, & Domaneschi, 2006, fig. 3, courtesy of
John Wiley & Sons).
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F ig . 289. Siphonal ctenidial septum and associated
ctenidial anatomy in gastrochaenid Lamychaena hians
(Gmelin, 1791 in 1791–1793); ID, inner demibranch;
OD, outer demibranch (adapted from Carter, 1978,
fig. 5).
siphonal branchial septum. Same as siphonal ctenidial
septum, which see.
siphonal burrow. The part of a burrow or secreted
calcareous tube containing the siphons sensu lato.
siphonal ctenidial septum. A horizontal, widely
perforated partition (more like an open scaffolding) separating the suprabranchial and
infrabranchial chambers at the level of the left
and right ctenidial axes, positioned posterior to
the visceral mass and anterior to any siphonal
pallial septum that may be present, e.g., in the
gastrochaenid Lamychaena hians (G melin , 1791
in 1791–1793) (Fig. 289). The posterior end of
the ctenidial septum corresponds with the anterior
end (base) of any siphon sensu stricto that may be
present. A siphonal ctenidial septum extending
posterior to the shell margins is located within a
posterior extension of the mantle cavity, and not
within the siphon sensu stricto.

siphonal diaphragm. See apical and basal siphonal
diaphragms.
siphonal ganglia. A concentration of nerve cells innervating the siphons.
siphonal gape. A permanent gape between the fully
adducted shell valves through which the siphon
or siphons extend, e.g., in the laternulid Laternula
elliptica (King & Broderip, 1832) (Fig. 290).
siphonal membrane. A term used by Kellogg (1915)
for what is herein called a basal siphonal diaphragm
or a basal siphonal valve.
siphonal pallial septum. A flat, solid, horizontal
partition consisting of fused left and right mantle
tissue, which separates the incurrent and excurrent
channels within the siphon sensu stricto, and which
defines the anterior (proximal) end of the siphon
sensu stricto; e.g., in the gastrochaenid Gastrochaena cuneiformis Spengler, 1783 (Fig. 291). The
posterior ends of the ctenidia may be attached by
cuticular or tissue-grade fusion to the proximal
end of the pallial septum. Compare with siphonal
ctenidial septum.
siphonal retractors. Pallial retractor muscles serving to
withdraw the siphons, typically attached along the
pallial sinus. These represent modified radial mantle
margin muscles.
siphonal septum. A siphonal pallial septum or a
siphonal ctenidial septum, which see.
siphonal septum muscle. A muscle extending from the
base of a siphonal pallial septum to the shell below
the posterior adductor muscle scar, serving to assist
in siphonal retraction. See muscle scar b.
siphonal sheath. A periostracal covering on the siphon
sensu lato, e.g., in the myid Mya Linnaeus, 1758,
and in the laternulid Laternula elliptica (King &
Broderip, 1832) (Fig. 288).
siphonal tentacle. Same as posterior sensory tentacle,
which see.
siphonal valve. Same as basal siphonal valve, which
see.

pedal gape

siphonal gape

Fig. 290. Ventral view of laternulid Laternula elliptica (King & Broderip, 1832), Hangar Cove, Antarctica, 4 m
depth, showing siphonal and pedal shell gapes, figure width 7.9 mm (Sartori, new).

Illustrated Glossary of the Bivalvia

169

Fig. 291. Gastrochaenid Gastrochaena cuneiformis Spengler, 1783, Kiribati, Tarawa, western Pacific (FMNH
282418), sagittal section through alcohol-preserved specimen showing type B siphons, siphonal pallial septum,
ctenidium, posterior adductor muscle, incurrent siphon (bottom thick arrow), excurrent siphon (top thick arrow),
and incurrent and excurrent apical siphonal diaphragms (Carter, new).
siphonoplax. A calcareous and/or periostracal structure added to the posterior end of the shell in
the adult stage, serving to protect the proximal
end of the siphons, e.g., the pholadid Martesia
striata (L innaeus , 1758) (Fig. 24, Fig. 48–49,
Fig. 175) and many other Pholadidae plus some
Teredinidae.
skewed rib. A rib in which the slope is steeper on one
side than on the other side.
slope. A posterior or anterior area on the exterior
surface of a shell, below the dorsal margin, which
is characterized by different ornament and/or a
flatter surface than the central part (flank) of the
shell, e.g., the anterior and posterior slopes in
Pholadidae (Fig. 24).
slow muscle. Same as catch muscle, which see.
smooth ctenidium. Same as a nonplicate ctenidium,
which see.
socket. A recess or depression that receives a tooth in
the opposite valve.

socketed tooth. A hinge tooth that is received by a
distinct recess or depression in the hinge of the
opposite valve. Not to be confused with a shellmarginal tooth, which is received only by a slight
depression on the opposite shell margin.
soleniform. Having a shell shape like Solen Linnaeus,
1758 (Fig. 292), i.e., similar to but slightly less
elongate than ensiform.
solitary. Living isolated from other members of the
species; not growing in clusters.
sorting area. A ciliated area on the stomach wall where
ingested particles are accepted as food or rejected,
largely on the basis of particle size and density.
spat. A newly settled bivalve larva. Also used as a
collective term for such larvae.
spatulate. Elongate spoon shaped, i.e., oblong, with a
broad, rounded end and a narrow, attenuate base.
Also spelled spathulate.
species germinalis. The earliest member or members
of a branch-based clade, identifiable retrospectively

Fig. 292. Soleniform shell shape as illustrated by solenid Solen vagina Linnaeus, 1758, Europe; exterior of left valve;
scale bar = 1 cm (adapted from Chenu, 1862).
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50 µm

Fig. 293. Irregular spherulitic prismatic microstructure, diagram showing horizontal (H ), radial (R), and
transverse (T ) sections (adapted from Carter & others,
1990, p. 618).

through ancestor-descendant relationships, which
do not exhibit the apomorphies used to infer
membership in the clade (paraphrased from CelaConde & Altaba, 2002). The existence of species
germinalis is a consequence of the fact that cladistic
analyses do not evaluate whether the early members
of a branch-based clade possessed the apomorphies
inferred for the clade. Had the species germinalis
been included in the original analysis, it would have
either been excluded from the clade, or its presence
would have altered the apomorphies identified for
the clade.

1

species inquirenda (pl., species inquirendae). A species
under investigation, meaning that the species
has doubtful identity and requires further study
(ICZN, 1999). Commonly italicized.
spermatid. A cell, derived from the division of a spermatocyte, which differentiates into a spermatozoan.
spermatocyte. A cell, derived from a spermatogonium,
which ultimately produces four spermatids.
spermatogenesis. The formation and maturation of
male gametes (spermatozoa).
spermatogonium (pl., spermatogonia). A primordial
male germ cell that gives rise to a primary spermatocyte.
spermatozeugmata. Unencapsulated sperm aggregates
held together by an extracellular matrix, as opposed
to spermatophores, which are encapsulated.
spermatozoan (pl., spermatozoa). A male gamete,
usually motile.
sperm morula (pl., sperm morulae). A cluster of DNA
surrounded by a thin layer of cytoplasm; a multinucleated inclusion.
spherulitic microstructure. A shell microstructure
consisting of spherical to subspherical aggregates
of elongate structural subunits, with the subunits
in each aggregate radiating in all directions from
a central spindle or nucleation site (Flajs, 1972;
C arter , 1980b, fig. 16–18; C arter & C lark ,
1985; C arter & others, 1990, p. 660). This
is found in the outer shell layer of the lucinid
Anodontia (Pegophysema) bialata (P ilsbry , 1895)
(Fig. 296). Not to be confused with irregular
spherulitic prismatic microstructure, wherein the
crystal growth direction is perferentially toward the
depositional surface.
spherulitic prismatic microstructure (abbr., SphP).
A prismatic shell microstructure in which each
first-order prism consists of elongate second-order
prisms radiating toward the depositional surface
from an initial spherulite, spindle, or single point

2

Fig. 294. Irregular spherulitic prismatic microstructure in outer shell layer of lucinid Divalucina cumingi (A. Adams
& Angas, 1864), seen on 1, depositional surface, scale bar = 10 µm; and 2, in a radial, vertical acetate peel, shell
margin is toward left, scale bar = 50 µm (Carter, new).
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of origin (Fig. 293–295). Varieties include regular
and irregular spherulitic prismatic (see below).
Not to be confused with composite prismatic and
spherulitic microstructures.
spherulitic prismatic microstructure, irregular (abbr.,
irregular SphP). A spherulitic prismatic shell microstructure in which the first-order prisms have irregularly conical shapes with strongly interdigitating
mutual boundaries. Each first-order prism consists
of a bundle of elongate second-order prisms radiating toward the depositional surface from a single
spherulite, spindle, or point of origin (M utvei ,
1964; Carter, 1980b; Carter & others, 1990, p.
659) (Fig. 293). Not to be confused with composite
prismatic structure, where the first-order prisms are
more columnal. Present in the calcitic outer shell
layer of the left valve of some Strebochondriidae,
Pernopectinidae, Entolioididae, and early Propeamussiidae, along with some radial or antimarginal
fibrous prisms. Present in the aragonitic outer shell
layer of the lucinid Divalucina cumingi (A. Adams
& Angas, 1864) (Fig. 294).
spherulitic prismatic microstructure, regular (abbr.,
regular SphP). A spherulitic prismatic structure in
which the first-order prisms are columnar (Carter
& Clark, 1985; Carter & others, 1990, p. 656)
(Fig. 295). Similar to columnar nondenticular
composite prismatic microstructure, but with
a single, three-dimensional, fanlike, instead of
concatenated fanlike, second-order structure.
Found in the outer shell layer of some extant
Monoplacophora and in the initial growth stage of
some columnar nondenticular composite prisms in
trigonioids and unionoids. Compare with irregular
spherulitic prismatic.
spicate periostracum. A periostracum with short,
bladelike bristles standing more or less erect and
not forming a wide fringe (Oliver, 1981, p. 80).
See also thatched, lanceolate, and pilose perio
stracum.
spike. In reference to periostracal mineralization, a
projecting or entirely embedded, mineralized structure with a length/height ratio <5 (see Fig. 143).
See also periostracal pins and needles.
spine. A stiff, long, pointed structure.
spinule (adj., spinulose). A small spine.
spiral cone complex crossed foliated microstructure
(abbr., spiral cone CCF). A cone complex crossed
foliated shell microstructure in which each firstorder folia consists of a single, spiral second-order
folia.
spiral cone complex crossed lamellar microstructure
(abbr., spiral cone CCL). A cone complex crossed
lamellar shell microstructure in which each firstorder lamella consists of a spiral second-order
lamella (Carter & others, 1990, p. 660); e.g., in
the cyrenid Corbicula cf. C. fluminea (M üller ,
1774 in 1773–1774) (Fig. 297).
spirogyrate. Coiled outward from the sagittal plane; a
term applied to umbos.
squamose. Having small scales.
stacked center-proliferation. The mode of growth
of a duplivincular ligament in which new fibrous
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F ig . 295. Regular spherulitic prismatic microstructure, diagram showing horizontal (H ), radial (R), and
transverse (T ) sections (adapted from Carter & others,
1990, p. 618).
sublayers emerge directly below the point of emergence of the previous fibrous sublayer, causing
the growing ends of the older fibrous sublayers to
move anteriorly and/or posteriorly away from their
initial point of emergence (M alchus , 2004b, p.
1555–1556) (Fig. 298). The anterior and posterior
branches of the ligament may be added synchronously, in alternation, or in irregular alternation
(see duplivincular synchronous). Compare with
shifting center-proliferation.
stair step nacreous microstructure. A variety of sheet
nacreous shell microstructure characterized by

Fig. 296. Spherulitic microstructure in outer shell layer
of lucinid Anodontia (Pegophysema) bialata (Pilsbry,
1895), tidal sand flat, Tsingtao, China (YPM 8963);
SEM of a radial, vertical fracture; scale bar = 10 µm
(Carter, new).
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Fig. 297. Spiral cone complex crossed lamellar microstructure in cyrenid Corbicula cf. C. fluminea (Müller, 1774 in 1773–1774); SEM of a vertical fracture
through outer part of outer shell layer; depositional
surface is toward top of figure; scale bar = 1 µm (adapted
from Prezant & Tan-Tiu, 1986, fig. 5).
steplike tablet stacking; e.g., in the middle shell
layer of the unionid Elliptio complanata (L ight foot, 1786) (Fig. 299).
standard transect (for shell microstructure). An imaginary, curvilinear line on the inner shell surface
originating at the deepest part of the umbonal
cavity, passing immediately ventral and posterior
to the posterior adductor muscle scar, crossing the
posterior pallial line or the apex of the pallial sinus
at a right angle, and meeting the posterior shell
margin at a right angle. If a pallial sinus is present,
the standard transect runs along its central, longitudinal axis. This transect is used to illustrate the
distribution of shell microstructures on the shell’s
interior and to provide a basis for defining firstorder crossed lamellar width and length (Carter,
1976).
standardized outline. The graphic representation
of the lateral profile of an early ontogenetic shell
valve, built on a set of standard rules for comparability (M alchus & S artori , herein). Same as
contour graph of Malchus (2006a), which is herein
replaced for the sake of clarity.
statoconia. Multiple small bodies within a statocyst;
also called otoconia.

L1
1

F1

statocyst. A fluid-filled, capsulelike organ of equilibrium, open or closed, usually paired, and located
near the pedal ganglia (ventral to the posterior
adductor muscle) but innervated by the cerebral ganglia; usually includes ciliated hair cells
and contains a single, dense body (statolith)
or a number of smaller ones (statoconia). Also
called an otocyst. The statolith and/or statoconia
interact with the cilia lining the capsule, probably conveying information about orientation. In
inequivalve bivalves, such as Pecten Müller, 1776,
the statocysts are also unequal, with one being more
complex or larger than the other. Usually present
in larval bivalves, but often absent in adults. B.
Morton (1985a) defined several types of statocysts
for members of Anomalodesmata, as summarized in
the following entries.
statocyst type A. A statocyst with the capsule
penetrated by nerve endings and containing a
multicellular statolith (B. Morton, 1985a), e.g.,
Pholadomya candida G. B. S owerby I, 1823 in
1821–1834.
statocyst type B. A statocyst with a large, multicellular capsule of ciliated cells, e.g., most Bivalvia. B.
Morton (1985a) divided this category into types
B1, B2, and B3 (see below).
statocyst type B 1. A statocyst with a capsule with
ciliated cells as sensory receptors, and containing a
single large statolith (B. Morton, 1985a), e.g., in
Pandoridae, Lyonsiidae, Thraciidae, Poromyidae,
and some Verticordiidae and Parilimyidae (see B.
Morton, 2003, p. 377).
statocyst type B 2. A statocyst with a capsule with
ciliated cells as sensory receptors, and containing
both a single large statolith and statoconia (B.
Morton, 1985a), e.g., in Periplomatidae and some
Verticordiidae.
statocyst type B 3. A statocyst with a capsule with
ciliated cells as sensory receptors, and containing
numerous crystal-like statoconia, one of which
can be enlarged into a statolith, e.g., in Lyonsiellidae and Parilimyidae (B. Morton, 1985a, 2003,
p. 377).
statocyst type C. A statocyst with a small capsule
comprised of a few cells lined by microvilli, and
containing a large oval statolith that does not move

L1

L1

L2

L3

F3

L3

L2

L1

2

Fig. 298. Stacked center-proliferation growth pattern of lamellar (L) and fibrous (F ) sublayers in a duplivincular
ligament. 1, Elementary L-F-L pattern in first adult ligament; 2, L-F-L pattern in mature adult ligament; fibrous
sublayers F1 and F2 not labelled on right (adapted from Malchus, 2004b, fig. 6A,C).
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freely within the capsule (B. Morton, 1985a), e.g.,
in Cuspidariidae.
statolith. A single large body within a statocyst; also
called an otolith.
Stempell’s organ. A mechanoreceptor on the anterior
adductor muscle in Nuculidae, which detects its
degree of contraction (Fig. 213).
stenohaline. Tolerant of only a narrow range of sanilities. Opposite of euryhaline.
stenothermic. Tolerant of only a narrow range of
temperatures. Opposite of eurythermic.
stepwise texture. A term used by Kouchinsky (1999,
p. 177) for lamello-fibrillar microstructure, e.g., in
the inner shell layer of the lower Cambrian stenothecid tergomyans Anabarella plana V ostokova ,
1962, and Watsonella Grabau, 1900 (Fig. 300).
stomach. The major organ for processing food,
embedded in the visceral mass, connecting the
esophagus and midgut, generally with ciliated
sorting areas, grooves, and other surfaces, openings to ducts to the digestive diverticula, and a
rotating rodlike structure (crystalline style or protostyle) that abrades against the surface of a gastric
shield (and chitinous lining, if present) to macerate
ingested material. Purchon (1956b, 1957, 1958a,
1958b, 1959, 1960b, 1960c, 1963a, 1985, 1987,
1990) classified bivalve stomachs into types I, II,
III, IV, IVa, IVb, and V. Purchon’s (1987, 1990)
stomach type IV is herein divided into stomach
type IV sensu stricto and stomach type IVc, these
two being equivalent to Dinamani’s (1967) Section
II and Section III, Group B stomachs, respectively.
stomach type I. A stomach consisting of an elongate,
bipartite chamber with a rounded dorsal region
containing only 2 or 3 ducts to the digestive diverticula, with a food sorting area on the right side,
a cuticularized region (chitinous girdle) on the
left side, a gastric shield, and a dorsal chamber.
An elongate ventral region (style sac) produces
an amorphous protostyle (Fig. 301). The major
typhlosole and the accompanying intestinal groove
do not enter, or simply enter, the dorsal chamber
(P urchon , 1956b). Found in deposit-feeding
Protobranchia, including Nuculida (Nuculidae),
Nuculanida (Nuculanidae, Sareptidae), and, in
simplified (or reduced) form, Solemyida (Solemyidae and Manzanellidae). See P urchon (1956b,
1957, 1958a, 1958b, 1959, 1960b, 1960c, 1963a,
1985, 1987, 1990). V illarroel and S tuardo
(1998) divided type I stomachs into three subcategories according to details of the sorting areas
and typhlosoles. This is also called a protostyle-sac
stomach.
stomach type II. A stomach with a thick, outer
muscular coat and a thinner, inner lining of scleroprotein; a large muscular sac with a small to very
large esophageal opening, a small to absent sorting
area, 2 to 3 openings (without associated ducts) to
the digestive diverticula, and a reduced style sac
(combined or separate from the midgut), producing
a short crystalline style (Fig. 302). A gastric shield
and dorsal hood are present or absent. The stomach
may be separated from the adjacent viscera by
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Fig. 299. Stair step nacre in middle shell layer of unionid Elliptio complanata (Lightfoot, 1786), Sangerfield
River, near Hamilton, New York (YPM 4923); SEM of
vertical fracture; scale bar = 5 µm (Carter, new).

a hemocoel, thereby allowing more freedom of
movement for crushing (Purchon, 1956b). Typical
of Poromyidae, Cuspidariidae, and Verticordiidae.
A similar stomach is developed convergently in
carnivorous Propeamussiidae. This stomach type
probably lost ancestral suspension feeding sorting
areas, and is specialized as a crushing gizzard for
carnivory and/or scavenging. See Purchon (1956b,
1957, 1958a, 1958b, 1959, 1960b, 1960c, 1963a,
1985, 1987, 1990).
stomach type III. A stomach with a long, slender
tongue of the major typhlosole penetrating a foodsorting caecum to its apex, accompanied throughout
by an intestinal groove (Fig. 303). The stomach has
a more or less oval dorsal chamber, an elongate,
ventral, combined style sac–midgut, numerous
scattered ducts to the digestive diverticula, a crys-

Fig. 300. Lamello-fibrillar microstructure (=stepwise
texture) in inner shell layer of lower Cambrian stenothecid Anabarella plana Vostokova, 1962, replicated by
a thin phosphatic crust covering depositional surface;
scale bar = 5 µm (adapted from Kouchinsky, 1999,
fig. 2E).
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F ig . 301. Diagram of stomach type I of P urchon
(1956b) (adapted from Mikkelsen & Bieler, 2007).
talline style, and a gastric shield. Some examples
have a ciliated groove linking the apex of the
tongue of the major typhlosole with the apex of
the dorsal hood (Purchon, 1956b, 1957, 1958a,
1958b, 1959, 1960b, 1960c, 1963a, 1985, 1987,
1990). Found in many pteriomorphian suspension
feeders, including Arcida (Arcidae, Glycymerididae,
Limopsidae, Philobryidae), Mytilida (Mytilidae),
and Pteriida (Pteriidae, Isognomonidae, Malleidae,

F ig . 302. Diagram of stomach type II of P urchon
(1956b) (adapted from Mikkelsen & Bieler, 2007).

Ostreidae, Gryphaeidae, and Pinnidae). This is
equivalent to Section I of Dinamani (1967).
stomach type IV sensu P urchon (1957, 1958b). A
stomach with a more or less oval, dorsal chamber
with an elongate ventral style sac–midgut, the
latter two components being separate or combined.
The dorsal chamber has a major typhlosole (and
accompanying intestinal groove) passing across
the floor of the stomach (without extension or
deviation) and terminating close to the left pouch.
There are numerous clustered ducts to the digestive diverticula, usually in the left pouch (which
serves to anchor the gastric shield), between the
left pouch and the major typhlosole, and on the
right side of the stomach. A crystalline style and
gastric shield are present (Purchon, 1957, 1958b)
(Fig. 304). Found in many suspension feeders, e.g.,
Pteriomorphia (Limidae, Pectinidae, Spondylidae,
Plicatulidae, and Anomiidae), and Heteroconchia
(Crassatellidae, Astartidae, Carditidae, Condylocardiidae, some Psammobiidae, Lucinidae, Thyasiridae, some Chamidae, Lasaeidae, Hiatellidae, some
Veneridae, some Donacidae, Gastrochaenoidea,
Pandoridae, Lyonsiidae, Periplomatidae, and Thraciidae). This stomach type is herein divided into
stomach types IV sensu stricto, IVa, IVb, and IVc
(J. Carter, herein).
stomach type IV sensu Purchon (1987, 1990). Purchon
(1987, 1990) restricted his original (1957, 1958b)
definition of stomach type IV to exclude stomach
types IVa and IVb. This category is herein further
subdivided into type IV sensu stricto and type IVc,
corresponding with Dinamani’s (1967) Group B,
Section II, and Section III stomach types, respectively.
stomach type IV sensu stricto. A subset of stomach
type IV of P urchon (1957, 1958b) and also
a subset of stomach type IV sensu P u rc h o n
(1987, 1990), which excludes stomach types
IVa and IVb of P urchon and stomach type IVc,
defined herein (=D inamani ’s, 1967, Group B,
Section III stomach type) (J. C arter , herein).
Stomach type IV sensu stricto is characterized
by the major typhlosole and its accompanying
intestinal groove emerging from the midgut and
curving evenly to the left across the stomach
floor, without a typhlosole tongue, and without
entering into an embayment on the right anterior
side of the stomach. There are many scattered
or clustered duct orifices. The major typhlosole
passes toward the left pouch, and there is a
conspicuous sorting area on the stomach floor
between the esophageal orifice and the intestinal
groove. This is equivalent to stomach Section II
of D inamani (1967, p. 244). Typical of Pectinidae, Spondylidae, Limoidea, and Anomioidea.
stomach type IVa sensu P urchon (1987, 1990). A
stomach similar to type IV sensu Purchon (1987,
1990) except for the lack of an extensive sorting
area on the stomach floor. The major typhlosole and intestinal groove pass toward the left
caecum in Trigonioidea, Crassatellidae, Astartidae,
Carditoidea, Hiatelloidea, Pholadomyidae, and in
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F ig . 303. Diagram of stomach type III of P urchon
(1956b) (adapted from Mikkelsen & Bieler, 2007).

F ig . 304. Diagram of stomach type IV of P urchon
(1957, 1958b) (adapted from Mikkelsen & Bieler, 2007).

the transitional type II/IVa Parilimyidae, but they
penetrate the left caecum in the Unionoidea, Leptonoidea, Galeommatoidea, and Gastrochaenoidea.
The latter four superfamilies may have reverted
from type V to type IVa through simplification
(Purchon, 1987).
stomach type IVb sensu Purchon (1987, 1990). A
stomach paedomorphically or otherwise simplified
from an ancestral stomach type V. See P urchon
(1987, p. 227–230) for details. Found in some
Chamidae, some Tellinidae, some Donacidae, and
in the Lucinidae, Fimbriidae, Thyasiridae, and
Sphaeriidae.
stomach type IVc. A stomach type differentiated
herein from type IV of P urchon (1987, 1990),
equivalent to stomach type Group B, Section III of
Dinamani (1967, p. 262) (J. Carter, herein). The
duct orifices are concentrated into a few embayments of the stomach wall. There is a short major
typhlosole and accompanying intestinal groove,
either very posterior or passing toward the left
caecum, and a conspicuous anterior sorting area
on the stomach floor between the esophageal orifice
and the intestinal groove. Found in Pandoridae,
Cleidothaeridae, Periplomidae, Myochamidae,
Laternulidae, Lyonsiidae, and Clavagellidae.
stomach type V. A stomach with a semicircular or
elongated flange of the major typhlosole, accompanied by an extension of the intestinal groove,
projecting into the right caecum (Purchon, 1960b)
(Fig. 305). The stomach has a more or less oval
dorsal chamber and an elongate, ventral combined
or separate style sac–midgut. The dorsal chamber
has numerous ducts to the digestive diverticula
concentrated in the left pouch, left and right caeca;
and on the right side of the stomach, a 7-shaped
major typhlosole and its accompanying intestinal

groove enter into the right caecum and then into
the left caecum. A crystalline style and gastric
shield are present. Found in suspension feeders in
many heteroconchian families, e.g., some members
of Cyrenoididae, Chamidae, Trapezidae, Arcticidae, Cyrenidae, Cardiidae, Veneridae, Tellinidae,
Donacidae, Psammobiidae, Semelidae, Solenidae,
Solecurtidae, Pharidae, Mactridae, Dreissenidae,
Myidae, Corbulidae, Pholadidae, and Teredinidae.
straight hinge veliger. See D-shape veliger.

F ig . 305. Diagram of stomach type V of P urchon
(1960b) (adapted from Mikkelsen & Bieler, 2007).
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F ig . 306. Supernumerary hook and micropoints in
glochidium larva of unionid Epioblasma triquetra
(Rafinesque, 1820); scale bar = 2 μm (adapted from
Hoggarth, 1999, fig. 69D, courtesy of the American
Malacological Society).

striation. A very narrow element of elongate, incised
shell or tooth sculpture; narrower than a groove,
e.g., dental striations in many trigonioids.
structural cavities. See chambers.
structure. See shell structure.
style. See crystalline style, protostyle, style sac.
style sac. A ventral or posterior extension of the
stomach in many mollusks, including most bivalves,
which secretes and holds a rod-shaped inclusion
(crystalline style or protostyle) that reduces the size
of ingested food particles through rotation against
a gastric shield and, in most mollusks, through the

posterior pedal retractor
posterior adductor

shell

digestive actions of the included enzyme amylase
(Fig. 130, Fig. 301–305).
stylet. Same as a glochidial hook, which see.
styliform. Having the shape of a style, i.e., elongate,
with nearly parallel sides, one end pointed, the
other end blunt.
subcircular. Having a nearly circular shape, e.g., the
shell of the glycymeridid Glycymeris (Glycymeris)
glycymeris (Linnaeus, 1758) (Fig. 123).
subexternal ligament. An external ligament tending
slightly toward a submarginal position.
subinternal ligament. An internal ligament tending
slightly toward a submarginal position.
subjective synonym. In taxonomy, each of two or more
names whose synonymy is a matter of the taxonomist’s opinion. Compare with objective synonym.
submargin. One of the dorsal edges of the disc or body
of the shell in Pectinoidea, adjoining the lower
border of an auricle.
submarginal collecting vessel. See collecting vessel.
submarginal ligament. A ligament, or a component of
a ligament, attaching to the shell on the articulating
surface of the hinge plate, either just below its
dorsal surface (shallow submarginal), on its ventral
surface (deep submarginal), or both. See ligament
position and Figure 160.
submerged ribs. Shell ribs, generated by marginal
denticles, not appearing on the shell exterior, and
covered internally by the inner shell layer. Away
from the shell margins, the ribs are visible only in
sections through the shell. Present in the nuculid
Nucula Lamarck, 1799.

cut mantle
dorsal muscles

anterior pedal retractor
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aperture
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mantle bridge
pedal
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shell

outer demibranch inner demibranch

foot

Fig. 307. Unionid anatomy, viewed with right valve removed and mantle cut away, showing supra-anal aperture
(adapted from S. Trammel in J. Williams, Bogan, & Garner, 2008, fig. 9.11).
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subnacreous luster. A slightly pearly luster, i.e., not
as brilliant as typical nacreous microstructure. The
associated shell microstructures may be nacreous,
matted, or foliated.
subsequent designation (abbr., SD). The designation
of the type species of a genus after the original
publication. Governed by ICZN (1999) Articles
69.1, 74, 75.
subsequent monotypy (abbr., SM). The situation
arising when a nominal genus or subgenus was
established before 1931 without an included
nominal species, and only one species denoted by
an available name was first subsequently referred
to that genus. Governed by ICZN (1999) Article
69.3.
subspecies (pl., subspecies). The taxonomic rank
immediately below species. This is the lowest taxonomic rank regulated by the ICZN (1999) Code.
substitute name. In taxonomy, any available name,
whether new or not, used to replace an older available name. See also emendation, replacement name
(nomen novum), and synonym.
substratum (pl., substrata). The material on or in
which an organism lives; the material at the bottom
of a body of water. Substrate, and not substratum,
is used in the context of chemical reactions.
subtended. Extended under.
subtrapezoidal. Having a nearly trapezoidal shape,
e.g., the arcid Arca imbricata B ruguière , 1789
(Fig. 25).
subulate. Slender and tapering to a point.
sulcus (adj., sulcate). A radial depression on the
exterior of a shell, commonly on the anterior
side of an umbonal carina or ridge, or between
anterior and posterior slopes, e.g., the anterior
auricular sulcus in the Permian bakevelliid Cassiavellia galtarae Tëmkin & Pojeta, 2010 (Fig. 268),
and the posteroventral sulcus in the Lower Jurassic
gryphaeid Gryphaea arcuata Lamarck, 1801 (Fig.
127). See also the posteroventral sulcus in the
Lower Jurassic trigoniid Trigonia sulcata (Hermann,
1781) (Fig. 53) and the umbonal-ventral sulcus in
Pholadidae (Fig. 24).
summit. The dorsalmost point of a shell when viewed
along the hinge axis, or from the side with the
hinge axis being horizontal.
superconglutinate. A packet of glochidia containing
the entire annual reproductive output of an individual, tethered to the excurrent aperture of the
producing female by a hollow mucous tube, which
mimics the food of glochidial hosts. Present in the
unionid Hamiota Roe & Hartfield, 2005.
supernumerary glochidial hooks. Small (2–5 µm)
triangular to lanceloate projections on the ventral
margin of a glochidium larva, other than the main
glochidial hook; present in many Unionoidea, e.g.,
in the unionid Epioblasma triquetra (Rafinesque,
1820) (Fig. 306). Supernumerary hooks are smaller
than the main glochidial hook and are essentially
isolated microstylets (which see).
suppressed work. A taxonomic work that the ICZN
has ruled to be unpublished or unavailable. See also
published work.
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F ig . 308. Supramyal septum as developed in many
Pterioidea (adapted from Tëmkin, 2006a, fig. 6).
supra-anal aperture. A posterodorsal opening just
dorsal to the excurrent aperture, e.g., in many
unionoids (Fig. 307).
supra-anal aperture length. The distance between the
ventral terminus of the supra-anal aperture and its
dorsal terminus, measured in a straight line.
supraaxial extension. A well-defined, dorsal extension of the outer lamella of the outer demibranch
present in some bivalves with synaptorhabdic
ctenidia, e.g., many Veneridae.
suprabranchial chamber. The narrow, elongate
mantle chamber dorsal to the ctenidia, above

Fig. 309. Silurian cardiolid Cardiola contrastans Barrande , 1881, showing swollen band in each valve
produced in ontogenetic stage III; different ontogenetic
stages are shown by different patterns on shell (adapted
from Kříž, 2007, fig. 11).
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Fig. 310. Parilimyid Parilimya fragilis Grieg, 1920, as
seen from right side after removal of right shell valve
and right mantle (adapted from B. Morton, 1981,
fig. 15).
the infrabranchial chamber. Also called exhalant
chamber, excurrent chamber, and epibranchial
chamber.
supradorsal teeth. In Pectinidae, a pair of lamellar
teeth on each side of the hinge in the left valve,
dorsal to the sockets for the pair of dorsal teeth in
the right valve (Waller, 1991, p. 8). See also infradorsal teeth, dorsal teeth, and intermediate teeth.
supramyal passage. An opening in the mantle cavity
between the dorsal surface of the posterior adductor
muscle and the overlying mantle isthmus, flanked
by the left and right mantle lobes, e.g., in Ostreoidea and in the malleid Malleus regulus (Forsskål,
1775). In many Pterioidea besides Malleus, this
passage is sealed off by a supramyal septum, which
see. Yonge (1968) and Harry (1985) called this the
promyal passage, which see.
supramyal septum. A transverse membrane connecting
the right and left mantle lobes on the dorsal side
of the posterior adductor muscle, and penetrated
by the intestine, e.g., in many Pterioidea other

F ig . 311. Anatomy of lyonsiid Entodesma beana
( d ’O rbigny , 1853 in 1841–1853), Myrtle Beach
South Carolina. Abbreviations: ant. add., anterior
adductor muscle; p.add., posterior adductor muscle;
exh., exhalant siphon; inh., inhalant siphon (adapted
from Prezant, 1981, fig. 13, courtesy of The Nautilus).

than Malleus (Fig. 308). This septum seals off the
supramyal passage (=promyal passage). Its absence
in Malleus allows the supramyal passage (which see)
to shunt excurrent water posterodorsally (Tëmkin,
2006a, p. 284).
supraseptal chamber. The mantle chamber dorsal to
the septum and the infraseptal chamber in septibranch bivalves; analogous to the suprabranchial
chamber in nonseptibranch bivalves. Found in
Poromyidae and Verticordiidae.
surface ornament. The relief pattern present on the
external surface of a shell.
suspension-feeding. A feeding type in which organic
particles are harvested from the water column.
suspensory membrane of the posterior adductor
muscle. A membrane extending from the anterior
or anteroventral region of the posterior adductor
muscle to the ctenidial axes, e.g., in many Pterioidea (Tëmkin, 2006a, p. 287).
swollen band. A distinct commarginal inflation of the
shell developed in ontogenetic stage III in most
genera of the Silurian superfamily Cardioloidea. The
swollen stage III is followed by nonswollen stages IV
and V, e.g., Silurian Cardiola contrastans Barrande,
1881 (Kříž, 1979, 2007, fig. 11) (Fig. 309).
synapomorphy. A shared, derived character state
inherited from a common ancestor that possessed
the state, but whose own immediate ancestor did
not possess the state.
synaptorhabdic ctenidium. A ctenidium with exclusively tissue-grade (not also cilial grade) interfilamental and interlamellar junctions, so that the
interfilamental spaces are divided into a series of
ostia or fenestrae; e.g., in Ostreoidea, Pinnoidea,
and Veneroidea. Compare with eleutherorhabdic
and eulamellibranch. This term is the basis for the
group name Synaptorhabda of Ridewood (1903),
which originally included pseudolamellibranchs,
eulamellibranchs, and septibranchs. The definition
herein is restricted from Ridewood’s (1903, p. 154)
definition: “gills with filaments united by organic
interfilamentar junctions, with consequent division
of the interfilamentar spaces into series of fenestrae,
so that the lamellae appear reticulate.”
syngamete. A fertilized gamete; a zygote; a diploid
cell formed by the fusion of two haploid gametes
(Lincoln, Boxshall, & Clark, 1988).
synonym. In taxonomy, each of two or more names
of the same rank used to denote the same taxon
(ICZN, 1999).
syntype. Each specimen of a type series for which
neither a holotype nor a lectotype is designated.
The syntypes collectively constitute the namebearing type.
tachytictic. Having a brooding period that lasts only a
few months, typically from late winter or spring to
summer; a short-term brooder, e.g., some unionoids.
taenioid muscles. A pair of left and right, elongate
pallial retractor muscles attaching to the siphonal
pallial septum and to the shell far anterior of the
pallial sinus, as a single, prominent muscle scar in
each valve, e.g., in the parilimyid Parilimya fragilis
G rieg , 1920 (Fig. 310). Purported to retract an
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elaborate incurrent apparatus during prey capture.
Found in Parilimyidae and Verticordioidea (Lyonsiella G. O. Sars, 1872); reduced in some Pholadomyidae (Pholadomya G. B. S owerby I, 1823 in
1821–1834) and Verticordioidea (e.g., Laevicordia
S eguenza , 1876). Absent in Cuspidariidae and
Poromyidae (B. Morton, 1982a, 1985b).
tangential section. In terms of shell sections, a section
that cuts through a shell layer parallel with a
tangential plane. A strictly tangential section is
impossible for curviplanar shell layers, because the
tangential plane intersects the curviplanar shell
layer at a single point and does not cut into the
shell layer.
tautonymy (abbr., T). The identical spelling of
a generic or subgeneric name and specific or
subspecific name of one of its originally included
nominal species or subspecies. See also absolute
tautonymy.
taxodont. Having numerous adjacent, short, straight
or chevron shaped, regularly or irregularly shaped
hinge teeth. This includes pretaxodont, neotaxodont (Fig. 123), palaeotaxodont (Fig. 124), and
pseudotaxodont hinges. The basis for the group
name Taxodonten of Neumayr (1884), which originally included the Nuculidae and Arcidae.
taxon (pl., taxa). A grouping of organisms, whether
named or unnamed.
taxonomic taxon. A formally named taxon, such as
a family, genus, or species, including whatever
nominal taxa and individuals zoologists at any
time consider it to contain in endeavors to define
the boundaries of a zoological taxon. A taxonomic
taxon is denoted by the valid name determined
from the available names of its included nominal
taxa.
teeth. See hinge teeth.
teleodont. Having differentiated cardinal and lateral
teeth. Similar to diagenodont, but with additional
elements giving rise to a more complicated hinge,
e.g., the hinge dentition of the venerid Venus
Linnaeus, 1758. An obsolete term.

1
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Fig. 312. Transitional granular/prismatic microstructure locally developed in aragonitic, otherwise prismatic
outer shell layer of Recent hiatellid Cyrtodaria siliqua
(Spengler, 1793), off Martha’s Vineyard, Massachusetts
(YPM 4995); SEM of a radial, vertical fracture; shell
exterior is up and shell posterior is toward right; scale
bar = 10 µm (Carter, new).
tentacle. An elongate, flexible process, typically
extending from the margin of a mantle fold, which
is more prominent than a papilla.
teratological. Having a shape, configuration, or
anatomy that is abnormal for the species.
terebratuloid fold. A single, wide fold on the ventral
valve margin, as in the brachiopod Terebratula,
and in the ostreoidean Flemingostrea Vredenburg,
1916.
terminal. Forming the most anterior or posterior point
on a shell; a term commonly applied to beaks.
terminal taxon. One of the units of a phylogenetic
tree, appearing at the tip of an undivided branch,
whose collective phylogeny is being reconstructed.
It may be an extant or extinct species or higher
taxon.
tertiary rib. A rib appearing later in ontogeny than
primary and secondary ribs.
test-cell larva. See pericalymma larva.

2

Fig. 313. Transitional irregular simple prismatic/irregular complex crossed foliated (ISP/ICCF) microstruture in
calcitic inner shell layer of Cretaceous gryphaeid Rhynchostreon mermeti (Coquand, 1862). 1–2, Two vertical sections; shell exterior is up in both figures; scale bars = 1 mm (adapted from Malchus, 1990, pl. 26,13–14, as “bent
foliated structure”).
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Fig. 314. The Claibornian, Eocene carditid Venericardia parva I. Lea, 1833, Alabama, with normal (N ) and transposed (T ) cardinal and anterior lateral teeth (adapted from Cox, Nuttall, & Trueman, 1969, fig. 50).
testis (pl., testes). A typically paired male reproductive gland that produces sperm. In bivalves,
the testis may be small and inconspicuous, or
relatively large and highly convoluted, as in the
lyonsiid Entodesma beana ( d ’O rbigny , 1853 in
1841–1853) (Fig. 311).
tetragenous. Having all four elements of a ctenidium
used as marsupia; e.g., some unionoids.
thatched periostracum. Long, fine bristles lying flat
against the shell and forming a wide fringe (Oliver,
1981, p. 80). Compare with spicate, lanceolate,
and pilose periostracum.
thickness. (1) The distance between the inner and
outer surfaces of a shell; (2) the maximum width
of a shell valve or of the adducted shell valves.
Compare with thickness index.

thickness index. The volume of material comprising
an entire bivalve shell divided by the volume of the
space between its adducted valves (Stanley, 1970).
third-order folia (sing., third-order folium). The
narrow, elongate structural units that comprise the
second-order folia in a crossed-foliated or complex
crossed-foliated microstructure. Each third-order
folium has a sharply angular termination on the
depositional surface.
third-order lamellae (sing., third-order lamella). The
narrow, elongate structural units that comprise
the sheetlike second-order lamellae, or just the
first-order lamellae (in the absence of sheetlike
second-order lamellae) in a crossed-lamellar (CL)
or complex crossed lamellar (CCL) microstructure,
e.g., in the anomiid Anomia simplex d ’O rbigny ,

Fig. 315. Trigonian-grade hinge and schizodont dentition in Neotrigonia margaritacea (Lamarck, 1804), Australia
(adapted from Newell & Boyd, 1975, fig. 12A–B; courtesy of the American Museum of Natural History).
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1853 in 1841–1853 (Fig. 271). The term thirdorder lamellae has also been applied to the thirdorder structural units in calcitic crossed foliated and
complex crossed foliated structures, but the term
third-order folia is preferred for these structures.
thread. A very narrow rib; narrower than a riblet.
toe. A digitate or spatulate organ on the anterior of the
foot. In some bivalves, such as the gastrochaenid
Lamychaena cordiformis (Nevill & Nevill, 1869),
the toe is modified into a pedal probing organ
(Fig. 19).
tooth generation 1. See generation 1 teeth.
tooth generation 2. See generation 2 teeth.
tooth numbering system. See heterodont.
topotype (adj., topotypic). An unofficial term (not
regulated by the ICZN Code, 1999) for a specimen
originating from the same locality and geological
horizon as a type specimen or type series of a
species or subspecies.
trabeculae (sing., trabecula). Radial ridges and grooves
on the underside of (i.e., beneath) a prismatic
shell layer deposited over a ligament insertion area
(Johnston & Collom, 1998, p. 350); e.g., present
in many Inoceramidae. Compare with pseudotrabeculae and pseudoresilifers.
transitional granular/prismatic microstructure. A
shell microstructure consisting of first-order structural units that are generally greater than 5 μm in
width and that vary in shape from more or less
equidmensional to slightly vertically elongate; e.g.,
in the outer shell layer of the hiatellid Cyrtodaria
siliqua (Spengler, 1793) (Fig. 312).
transitional irregular simple prismatic/homogeneous microstructure (abbr., transitional ISP/
HOM). A shell microstructure that appears to be
homogeneous at the level of optical microscopy
but that consists of short, irregular simple prisms
with poorly defined mutual boundaries, in some
instances with minor amounts of true homogeneous
structure. This occurs in the aragonitic outer shell
layer of the mytilid Mytella guyanensis (Lamarck,
1819 in 1818–1822) (Fig. 159).
transitional irregular simple prismatic/irregular
complex crossed foliated microstructure (abbr.,
transitional ISP/ICCF). A calcitic, superficially
irregular simple prismatic shell microstructure
in which each prism shows irregularly inclined
second-order structural trends. The dip directions
of the second-order structural trends are more
irregular than in semi-foliated prismatic microstrucure. Present in the inner shell layer in some
Ostreoidea (Malchus, 1990, pl. 26,13–14 ) (Fig.
313). Malchus (1990, p. 64) called this structure
“bent foliated.” Compare with semi-foliated simple
prismatic.
transitional ligament. An opisthodetic, elongate,
external or submarginal ligament with one long,
posterior, lamellar sublayer, one long, posterior,
fibrous sublayer below this, and a second, much
shorter, lamellar sublayer below the beaks, anterior
to the fibrous sublayer. The ligament insertion
area otherwise shows only fine, horizontal growth
lines and no discrete oblique or vertical ridges

181

5 mm
Fig. 316. Tubercles on exterior of left valve of Aptian,
Lower Cretaceous myophorellid Yaadia (Quadratotrigonia)
nodosa (J. de C. Sowerby, 1826, in Sowerby & Sowerby,
1812–1846) (adapted from Lycett, 1872–1873).

and grooves (N ewell & B oyd , 1987). Examples
include the Paleozoic cypricardiniid Cypricardinia
Hall, 1859 in 1859–1861, the Permian eurydesmatid Eurydesma M orris , 1845, and the upper
Paleozoic–?Triassic atomodesmatid Atomodesma
Beyrich, 1865. This category is too broadly defined
to be useful, as it includes some preduplivincular,
transitional simple arched/parivincular, and monovincular ligaments.
transitional simple/parivincular ligament. A ligament
that resembles a shallowly impressed, external,
simple ligament, except for having a very low
and indistinct ligamental ridge (incipient nymph)
on the commissural side of the ligament groove;
e.g., in the upper Carboniferous edmondiid
Edmondia gibbosa (M’Coy, 1844) (see Fig. 327).
The ligamental ridge is less distinct than in a typical
parivincular ligament.
transposed hinge. A hinge in which certain hinge teeth
occupy positions that are more typical of teeth in
the other valve, in closely related species or in other

F ig . 317. Hinge of juvenile of philobryid Philobrya
wandelensis Lamy, 1906, Antarctica or Southern Ocean
region, Natural History Museum, Stockholm (SMNH
1079), showing ligament, G1b hinge teeth, and openings of several tubules (Malchus, new).
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bourrelet
resilifer
Fig. 318. Alivincular-areate-medium turkostreoid ligament in Eocene crassostreid Turkostrea Vialov, 1936
(adapted from Malchus, 1990, fig. 25c).

representatives of the same species, e.g., the Eocene
carditid Venericardia parva I. Lea, 1833 (Fig. 314).
trans-prismatic. A term used by K obayashi (1969,
1971) for what is herein called dissected crossed
prismatic microstructure.
transverse. (1) Regarding an entire shell valve, a dorsoventral plane that is perpendicular to the hinge axis;
(2) regarding shell microstructure, a plane that is
parallel with external growth lines and perpendicular to the plane of the shell layer.
transverse external slit. Same as umbonal fissure,
which see.
trapeziform. Same as trapezoidal, which is preferred.

Fig. 319. Interior of atomodesmatid Atomodesma sp.,
lower Artinskian, Cisuralian, lower Permian, Tiverton
Formation, near Homevale, central Queensland, Australia, composite restoration of right valve, showing
anterior pedal byssal retractor muscle scar (ABR) on
umbonal cavity side of umbonal septum (adapted from
Kauffman & Runnegar, 1975, fig. 6B).

trapezoidal. Having four straight sides, only two of
which are parallel.
triangular crossed lamellar microstructure (abbr.,
TCL). A crossed lamellar shell microstructure
in which the first-order lamellae have triangular
shapes as observed on the depositional surface and
in horizontal sections (Fig. 82).
trifid. Divided distally into three approximately equal
parts.
trigonal. Same as triangular.
trigonian-grade hinge. A hinge type characterized
by Oligocene–Recent Neotrigonia C ossmann ,
1912 (Fig. 315). Newell and Boyd (1975, p. 73)
indicated there are three principal cardinal teeth
in the left valve and two in the right valve. The
largest tooth in the left valve is broad, conspicuous, and chevron shaped, with anterior and
posterior limbs being separated by a wide, ventral
indentation or sulcus. The articulating surfaces
of this tooth have striae that tightly engage striae
lining the corresponding socket in the right
valve; the latter socket has anterior and posterior walls diverging from the beak at an angle
of about 75˚. In most cases, the median socket
of the right valve and its adjacent cardinal teeth
are incompletely supported by a low umbonal
platform extending ventrally from the hinge plate
at the umbo. However, this platform may be
absent, in which case, the median socket in the
right valve is unfloored, and the flanking teeth
are attached directly to the floor of the valve. In
either case, a myophoric buttress supports the
anterior adductor muscle scar. The right valve has
one anterior and one posterior striated cardinal
tooth flanking the right cardinal socket.
trimyarian. Having three functional adductor muscles,
i.e., the anterior and posterior adductor muscles
plus a ventral or posteroventral accessory adductor
muscle. Typical of many Tellinoidea, Pholadidae,
and Teredinidae (Fig. 2).
trinomen. A taxonomic name consisting of genus,
species, and subspecies.
trochophore. The motile, ciliated larval stage that
follows the gastrula stage and precedes the veliger
stage. Less commonly spelled trochophora.
trochosphere. The ciliated larval stage prior to the
formation of the shell gland (J ackson , 1890, p.
288).
true ctenolium. See ctenolium.
trullate. Shaped like a trowel blade, i.e., having four
straight sides, the widest side below the middle,
and a length/width ratio of 1.5 to 2.0. Compare
with obtrullate.
truncate. Ending abruptly, more or less squarely. A
term commonly used in reference to the shape of
the posterior end of a shell.
truncavincular. An anteriorly truncate alivincularareate ligament, i.e., one in which the anterior
bourrelet is absent, so the resilifer extends to
the far anterior end of the ligament insertion
area (W aterhouse , 2008, p. 10). Same as an
alivincular-areate-truncate ligament, which see.
tube. See calcareous tube.
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F ig . 320. Wallowaconchid Wallowaconcha raylenea
Y ancey & S tanley , 1999, from Upper Triassic of
Oregon; reconstruction of interior of right valve of
mature adult, showing hinge plate and cutaway view
of chambered portion of valve (adapted from Yancey
& Stanley, 1999, fig. 2, drawing by Roxanne Jumer).

tubercle. A small, round or oblong knob or prominence on a shell, in some instances positioned on a
rib, e.g., in the Lower Cretaceous trigonioid Yaadia
(Quadratotrigonia) nodosa (J. de C. Sowerby, 1826,
in Sowerby & Sowerby, 1812–1846) (Fig. 316).
tubules. Minute, cylindrical, and/or branching
perforations of the shell originating at the inner
shell surface and extending outward through some
or all of the shell layers, e.g., in the philobryid
Philobrya wandelensis Lamy, 1906 (Fig. 317). Each
tubule is made by an extension of the mantle,
called a caecum, which may supply secretions to
deter boring organisms (R eindl & H aszprunar ,
1996).
tumid. Swollen, bulging, or strongly inflated.
turkostreoid ligament. An alivincular-areate ligament with a relatively long, narrow, flat ligament
insertion area that is very strongly curved, so that
its total length axis becomes nearly parallel with
the hinge axis (Malchus, 1990), e.g., the Eocene
crassostreid Turkostrea Vialov, 1936 (Fig. 318).
type A–D siphons. See siphon types A–D.
type I–V stomachs. See stomach types I–V.

left
valve

cardinal
4b

2b

Fig. 321. Diagram of veliger larva and its velum (adapted from Mikkelsen & Bieler, 2007).
type species. The unique species on which a genus or
subgenus is based.
type specimen. A holotype, lectotype, neotype, or
any syntype.
typhlosole. (1) A longitudinal fold or ridge on the
floor of the stomach, which functions to assist in
sorting food particles; (2) a longitudinal fold in
the ventral wall of the intestine, which functions
to increase its surface area.
ultrastructure. Aspects of shell microstructure that are
clearly visible only with the assistance of electron
microscopy, i.e., they are beyond the resolution of
light microscopy.
umbo (pl., umbos or umbones). The strongly convex
part of the shell around the beak, extending to the
beak and in some cases coinciding with it (Newell
& Boyd, 1995, p. 13), e.g., in the venerids Dosinia
discus (Reeve, 1850) (Fig. 94) and Periglypta listeri
(G ray , 1838) (Fig. 35). The spelling umbos is
preferred over umbones, although both are widely
used.
umbonal angle. In pectinoids, angle of divergence
of the umbonal folds. In other bivalves, the

residue of limb 1 of 2b and lateral 1AII
laminar IV
2a

cardinals
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lateral AIV

lateral AIII

lateral AII

lateral AI

cardinal 3b
right
cardinal 3a valve

cardinal 1

Fig. 322. Diagram of veneroid grade hinge as seen in left and right right valves; residue of limb 1 of 2b and lateral
1AII forms a short, narrow interconnection at apex of cardinal teeth 2a and 2b (adapted from R. N. Gardner, 2005,
fig. 10.4, 11.4, courtesy of R. N. Gardner).
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left
valve

4b

right
valve

lateral 1AII dissected
laminar IV

2a
2b
cardinals

lateral AIV

lateral AIII

lateral 2AII

lateral AI

3a
1
cardinals 3b

1

4b

2b
1AII
2AII

2
Fig. 323. Venielloid grade hinge. 1, Diagram of left and right valves (adapted from R. N. Gardner, 2005, fig. 15.1c,
16.1c, courtesy of R. N. Gardner); 2, left valve of Upper Cretaceous veniellid Veniella conradi (S. Morton, 1833),
view 2 is 5.5 cm wide (adapted from R. N. Gardner, 2005, fig. 9, courtesy of R. N. Gardner).

Fig. 324. Vesicular structure in right valve of gryphaeid
Hyotissa hyotis (Linnaeus, 1758), Calapan, Mindoro,
Philippines, YPM 7150; scale bar = 10 µm (adapted
from Carter, 1990b, p. 355, fig. 2E, there misidentified
as Dendostrea folium [Linnaeus, 1758]).

approximate angle of divergence of the dorsoposterior and dorsoanterior parts of a lateral profile
of a shell.
umbonal carina. A carina that extends in a more or less
radial or antimarginal direction from the umbonal
area, where best developed, toward the posteroventral shell margin. Commonly used in reference to
trigonioid shells. When the carina is very ridgelike,
the term umbonal ridge is sometimes used instead.
Compare with marginal carina.
umbonal cavity. The space inside a single shell valve
between the umbo and the hinge plate.
umbonal crack. Same as umbonal fissure, which is
preferred.
umbonal deck. Same as an umbonal septum, which
see.
umbonal depression. A small depression at the apex
of the umbo, e.g., in some Arcoidea.
umbonal fissure. A more or less dorsoventral, tensional
fracture formed during shell growth, present in
both valves of some thin-shelled taxa just anterior
to the beaks, e.g., many Periplomatidae and Laternulidae (Fig. 59). Also called a transverse external
slit, an anterior cleft, and an umbonal crack.
umbonal fold. A ridge originating at the umbo and
separating the body of the shell from the auricle.
Commonly applied to pectinoid shells.
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umbonal platform. A ventral extension of the hinge
plate that forms the floor of the proximal part of
a median socket and that supports adjacent hinge
teeth, e.g., in the right valve of some trigonoids
with a trigonian-grade hinge (N ewell & B oyd ,
1975, p. 73) (Fig. 315).
umbonal pole. The point of maximum curvature of a
longitudinal, dorsal profile of a shell valve.
umbonal reflection. An extension of the anterodorsal
shell margin dorsally and outwardly over the umbo,
e.g., in the pholadid Cyrtopleura costata (Linnaeus,
1758) (Fig. 71). Also called an umbonal flange or
shield.
umbonal ridge. (1) A very ridgelike umbonal carina;
(2) a radial umbonal ridge, which see.
umbonal septum. A broad, platelike, inward extension
of the anterior and dorsoanterior shell margins that
separates the umbonal cavity from the commissural plane. It may support an anterior adductor
muscle, as in many Dreissenoidea, or an anterior
pedal retractor muscle, as in the atomodesmatid
Atomodesma Beyrich, 1865 (Fig. 319). Compare
with myophore.
umbonate shell. A prodissoconch in which the umbo
projects markedly beyond the straight hinge
(umbonate veliger) (Malchus, herein).
umbonate veliger. An intermediate prodissoconch-2
veliger larva (also called veliconcha), characterized
by a more or less distinct umbonate shell, formed
after the D-shaped prodissoconch-2 stage. Swimming and feeding organs are well developed at this
stage, although the foot is not yet present. See also
pediveliger.
uncinate. Hooked at the apex.
undulation. In the context of shell ornament, a rather
smooth, low ridge.
unicostate. Radial and/or antimarginal costae that
maintain the same number throughout shell
growth.
uniplicate. Plicae that maintain the same number
throughout shell growth.
unjustified emendation. In taxonomy, a demonstrably
intentional change of an original spelling that does
not fulfill ICZN (1999) Articles 33.2.1 or 33.2.2;
the emended name is available with its own author
and date (see ICZN, 1999, Article 33.2.2).
valid. In taxonomy, an available name or a nomenclatural act that is acceptable under the provisions
of the ICZN Code and, in the case of an available name, is the correct name of the taxon in an
author’s judgment (ICZN, 1999).
valve. (1) One of two opposing halves of the shell in
a bivalved mollusk; (2) an anatomical structure
that temporarily closes off a passage or orifice, or
permits movement in one direction only, as in a
basal siphonal valve, which see.
valvula. See septal valvula.
valvular siphonal membrane. An apical or basal
siphonal diaphragm, which see.
vanes. Non-articulating, elongate projections on a
hinge plate, extending outward at angles varying
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Fig. 325. Posterior end of visceral mass in periplomatid
Periploma compressum d’Orbigny, 1846 in 1835–1847,
Bombinhas (SC), Brazil, 5–10 m depth, showing visceral
ganglion, kidneys, and several fecal pellets, figure width
6.8 mm (Sartori, new).
from 10° to 45°, with the vanes of the two valves
in direct opposition, e.g., on the posterior hinge
plate of the Upper Triassic wallowaconchid
Wallowaconcha raylenea Yancey & Stanley, 1999
(Fig. 320).
variety. In taxonomy, a name that, if published after
1960, is deemed to denote an infrasubspecific rank.
Such names lack formal taxonomic standing, but if
published before 1961, are to be interpreted according
to Article 45.6.3–45.6.4 of the ICZN Code (1999).
veliconch. The shell of a veliger larva. Same as a
prodissoconch when the larva is pelagic.
veliconcha. See umbonate veliger.
veliger. The planktonic or demersal larval stage of
most bivalves and many other mollusks, characterized by a ciliated locomotory organ (velum) that
is either discarded or resorbed at metamorphosis.
See also umbonate veliger, pediveliger, and pericalymma larva (Fig. 321).
velum. (1) A generally oval to disc-shaped, membranous organ, typically with profuse ciliation at its
rim, used for swimming and feeding in the larval
stage. Unlike the Gastropoda velum, the Bivalvia

F i g . 326. Interior of malleid Malleus candeanus
( d ’O rbigny , 1853 in 1841–1853), illustrating pallial ridge and visceral rim, shell 55 mm in maximum
dimension (adapted from Mikkelsen & Bieler, 2007).
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F ig . 327. Upper Carboniferous edmondiid Edmondia gibbosa (M’C oy , 1844), Kendrick Shale Member, Breathitt Formation, Ligon, Kentucky (UNC
13751b), showing edentulous hinge, insertion area of
opisthodetic, external, transitional simple/parivincular
ligament, and ventral projection of hinge plate, with
visceral suspensory muscle scar; 1, nearly dorsal, slightly
oblique view; 2, interior view, nearly perpendicular to
commissure plane (Carter, new).
velum is not normally lobed (Fig. 321); (2) a pallial
veil (which see); (3) a thin diaphragm at the apical
or basal end of an excurrent or incurrent siphon,
e.g., a basal siphonal diaphragm or a basal siphonal
valve, which see.
veneroid grade hinge. A name proposed by R. N.
Gardner (2005, p. 330) to replace cyrenoid and
corbiculoid grade hinges; a hinge grade restricted
to members of the Veneridae and Cyrenidae (Fig.
322). See also arcticoid, isocyprinoid, lucinoid,
and venielloid grade hinges, plus early veneroid
and advanced veneroid grade hinges. Described by
Gardner (2005) as follows: Cardinal teeth 1 and
2a are slightly prosocline to slightly opisthocline, so
that the dorsoventral axis of the cardinals is vertical
and approximately aligned with the beaks. This
axis may vary between the anterior and posterior
face of both cardinal teeth. Cardinal tooth 2b is
gradually reoriented to become more opisthocline,
at the same time allowing 1 and 2a to move to
their ultimate positions. Teeth 2a and 2b now form
a chevron that is acutely angled at the apex. Both
cardinal teeth are linked at their dorsal ends by the
remnant 2b 1- 1AII (isocyprinoid), or the residual
lateral 1AII (arcticoid), that have been reduced to
an extremely short, thin, and rounded development. In the veneroid hinge, 2b often develops a
second bifid condition. The general hinge formula
showing the final position of cardinal teeth for the
veneroid hinge is: AI (AIII) 3a 1 3b (PI) / AII (AIV)
2a 2b 4b (PII).
venielloid grade hinge. A heterodont hinge grade
defined by R. N. Gardner (2005) for the family
Veniellidae, e.g., Upper Cretaceous Veniella
conradi (S. M orton , 1833) (Fig. 323). See also
arcticoid, isocyprinoid, lucinoid, and veneroid
grade hinges. Described by G ardner (2005, p.
337) as follows: “The right valve of the venielloid
hinge differs from the isocyprinoid or arcticoid to

veneroid process [i.e., evolutionary development]
in that cardinal tooth 1 is reorientated [sic] into
an orthocline position anterior of tooth 3a and
the beak. During the early stage of hinge development, tooth 1 is colaminar with AI. During
successive stages of development, 1 and 3a are
gradually reorientated [sic] at the same time to
become less prosocline. This ultimately results in
tooth 1 developing into an orthocline position
anterior of a slightly prosocline to orthocline 3a.
The development of the left valve hinge in terms
of cardinal teeth 2a, 2b and lateral tooth AII is
similar to the process observed for the arcticoid
hinge. However, subtle differences have been
detected. During the early phase of venielloid left
hinge development, the sockets for tooth 3a and
lateral AIII are colaminar and positioned dorsally
of the structure 1AII-2a-2AII. During subsequent
development, tooth 3a socket is reorientated [sic]
into a slightly prosocline to orthocline position
that passes across lateral 1AII, and thus gradually
merges with the socket for cardinal tooth 1. This
results in the enlarged socket structure S1+S3a
developing into a receptacle for receiving both
cardinal teeth 1 and 3a. The large size of the
socket separating teeth 2a and 2b causes 2a to
develop into an orthocline position anterior of
the beak. Due to the above factors, the final stage
of hinge development cannot be considered to be
strictly synonymous with the veneroid hinge. The
general hinge formula showing the final position
of cardinal teeth in Veniellidae is as follows: AI
AIII 1 3a 3b PI / AII 2a 2b 4b PI.”
ventral. Opposite of dorsal, which see.
ventral adductor muscle. An accessory adductor
muscle that spans the valves at the midventral or
posteroventral shell margins, e.g., in Teredinidae
(Fig. 2) and some Gastrochaenoidea. Also called an
accessory adductor muscle.
ventral half-diameter of disc. As defined for pectinids
by Waller (1969, p. 13), the distance between two
lines that are parallel with the outer ligament, one
passing through the most posterior point on the
disc, the other passing through the most ventral
point on the disc. This corresponds with measurements K–M and K'–M' in Figure 219.
ventrality of adductor muscle insertion. See adductor
insertion ventrality.
ventricle. The heart chamber that receives blood from
the auricles.
ventricose. Swollen or strongly inflated.
ventroposterior junction. In trigonioids, the normally
angular intersection between the posterior and
posteroventral shell margins, forming the ventroposterior angle (Leanza, 1993, p. 17).
vermiculate. Having a wiggly outline.
vermiculate chomata. Closely spaced chomata,
oriented normal to the shell margins, with small,
rounded ridges. They are slightly twisted and taper
so that they have varying lengths, or they divide
and fuse. They are mostly restricted to the shell
margins near the ligament. Vermiculate chomata
in opposite valves do not interdigitate (H arry ,
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1985; Malchus, 1990), e.g., Pycnodonteinae and
Exogyrinae in Ostreoidea.
verrucose. Having small, wartlike projections.
vertical. In the context of shell microstructure, a
section that is perpendicular to the plane of the
shell layer.
vesicula seminalis. Latin for seminal vesicle, which see.
vesicular structure. A very porous, spongelike shell
layer or part of a shell layer, consisting of a network
of thin calcareous partitions enclosing numerous
small cavities. The cavities have rounded to irregularly polygonal shapes and are readily visible at
low magnification (10×), unlike the smaller cavities comprising chalky structure. Found in many
Pycnodonteinae, e.g., Hyotissa hyotis (L innaeus ,
1758) (Fig. 324).
vestigial. A degenerate or imperfectly developed
structure or organ serving little or no function,
but in ancestors or in a former developmental stage
serving a useful function.
vinculum (pl., vincula). (1) A shelly callosity developed between two hinge teeth, thus causing the
dentition to appear simpler than dental homology
suggests. A vinculum may become incorporated
into the basic hinge structure, as in the transition
from Resatrix s.s. C asey , 1952, to Dosiniopsella
Casey, 1952, wherein a vinculum unites teeth 2a
and 2b at their apices (Casey, 1952, p. 166); (2) a
secondary deposit of shell material on the hinge,
thereby partially submerging and obscuring the
earlier formed dentition, e.g., the medial part of the
hinge in some gerontic Glycymeris da Costa, 1778.
viscera. Same as visceral mass, which see.
visceral attachment muscles. Muscles attaching the
visceral mass to an internal shell surface proximal
to the pallial line. This excludes adductor, retractor,
protractor, orbital, and radial mantle muscles.
These muscles make a rather large, crescentic
scar behind the anterior adductor and a smaller,
more elongated scar in a mediodorsal position in
the iridinid Spatha I. Lea, 1838. In the solemyid
Solemya Lamarck, 1818 in 1818–1822, they make
a narrow band that ascends obliquely from the
posteroventral corner of the anterior adductor
muscle scar toward the dorsal margin, where it
broadens to merge with the pedal retractor muscle
scars. See also visceral suspensory muscle scars.
visceral ganglion (pl., ganglia). A concentration of
nerve cells innervating the heart, ctenidia, pericardium, the posterior part of the mantle (including
the siphons), and the posterior adductor muscle,
e.g., in the periplomatid Periploma compressum
d ’O rbigny , 1846 in 1835–1847 (Fig. 325). The
left and right visceral ganglia lie below the rectum,
close to the posterior adductor muscle.
visceral lobe. A lateral extension of the visceral mass
in Lucinidae, containing part of the reproductive
organs.
visceral mass. The region of a bivalve’s body containing
most if not all of the digestive and excretory systems
and the central part of the circulatory and nervous
systems, suspended dorsally between the ctenidia
by pedal retractor and visceral suspensory muscles,
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and terminated ventrally by the foot. A distinct,
posteroventral extension of the visceral mass is
called a metasoma (Fig. 176). The visceral mass
does not include the ctenidia, mantle, siphons,
palps, nor most of the foot.
visceral rim. A roughly commarginal, distinct elevation on the inner shell surface where the prismatic
outer and nacreous inner shell layers meet. The
mantle and ctenidia can be withdrawn proximal to
this rim, thereby protecting them when the valves
are closed. Present in most Isognomonidae and
Malleidae, e.g., Malleus candeanus ( d ’O rbigny ,
1853 in 1841–1853) (Fig. 326).
visceral suspensory muscle scar. A muscle scar or line
of scars inserting on a narrow, flangelike, ventral
projection of the posterior hinge plate, e.g., upper
Carboniferous Edmondia gibbosa (M’Coy, 1844)
(Fig. 327).
vitelline membrane. The thin casing that encloses an
egg (ovum).
viviparous. Producing offspring by direct development
from within the body of the parent (L incoln ,
Boxshall, & Clark, 1988). See also larviparous,
oviparous, ovoviviparous, and indirect development.
V-shaped ribs. A group of ribs formed by the intersection of b-ribs with c-ribs below the umbo,
either as eu-V-shaped ribs (which see) or para-Vshaped ribs (which see) (Guo, 1998). See the term
oblique and Figure 264 for rib types b and c, as
defined by G uo (1998). Compare with reversed
V-shaped ribs.
wall lamellae. A pair of left and right mantle ridges or
flaps extending anteriorly from the sides of the base
of an incurrent siphon, to a point below the apex of
the pallial sinus. Also called the wall lamellae of the
waste canal (Kellogg, 1915). They probably guide
pseudofeces into the incurrent siphon, e.g., in the
mactrid Raeta plicatella (Lamarck, 1818) (Harry,
1969, fig. 3).
waste canal. A ciliated groove bounded by folds
and produced on the inner surface of the mantle
margins distal to the upper edge of the ascending
lamellae of the outer demibranchs (Tëmkin, 2006a,
p. 286), e.g., Pinnidae.
water tube. One of many canals in the intralamellar
space of a ctenidium, extending from the dorsal to
ventral margin of the ctenidium.
width of shell. The distance between two planes, both
parallel with the commissural plane and the hinge
axis, which just touch the most lateral part of the
left valve and the most lateral part of the right
valve, with the valves closed.
wing. A more or less triangular, anterior or posterior
extension of the shell that is set off from the beak,
umbo, or main body of the shell by an elevation,
groove, or other change in slope, e.g., the posterior wing in the Permian bakevelliid Cassiavellia
galtarae Tëmkin & Pojeta, 2010 (Fig. 268) and in
the Recent pteriid Pteria hirundo (Linnaeus, 1758)
(Fig. 249). The terms wing and auricle are often
used interchangeably, but wings are generally more
prominent than auricles. Compare with ala.
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wrinkle. In terms of shell ornament, a small, irregular
furrow or ridge.
xenomorphic sculpture. A shell sculpture that reflects
the substratum of attachment, as in some attached
and unattached valves in Anomiidae, Gryphaeidae,
and Ostreidae (Fig. 127). Sometimes erroneously
called an allomorphism.
zigzag lamellar structure. A term used by B øggild
(1930, p. 266–267) for herringbone regularly foliated microstructure, defined herein.
zooxanthellae. Unicellular algal cells that live symbiotically within the cells of a larger organism, e.g.,
in many Cardioidea.
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