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ABSTRACT

The forty-four genera of the Superfamily Stropho-
menacea (Brachiopoda) may bs arranged into a phylogeny of
four families, The Famiiy Oepikinidae, which.csntains
the oldest species of the sﬁperfamily, possesses archaic
characters including fine pseudOpunctae, subrectangular to
prolate shape, plano-convex to concavo-convex profile and
prominent dorsal septa. The Family Leptaenidae diverges
from the oldest oepikinids by acquisition of coarse pseudo-
punctae, prominent geniculation and rugae, The Leptaenidae -
subsumes the Subfamilies Mﬁrinéliinae, nov., with prominent

dorsal septa, Leptaeninae, without prominent dorsal septa,
and Leptaenoideinae, with‘cemented habit. The Family o
Réfinesquinidae'6riginates from early oepikinids by loss
of dorsal septa and acquisition of coarse pseudopunctae.

- The Family Strophomenidae arises from the oeplkinids with
the development of a biconvex, flattened or resupinate pro-
file. The Strophoménidae subsumes the Subfaﬁilies Furci-
te111nae, with evident dorsal septa and unusual shell
shapes and profiles, and StrOphomeninae, with strong re-
supination and obscure dorsal septa. o

Many morphological structures undergo modification

throughout the history of the StrOphomenacea. The shape

and profile of the valves, size of pseudopunctae and form

vi -
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of the teeth and diductor muscle scars are taxonomic
differentia at the familial level. The pseudodeltidium,
chilidium, pedicle foramen and dorsal septa undergo
parallel evolution in the various families. The cardi-
nal process displays poorly defined taxonomic differen-
tiation and parallel evolution; The profile of the
valves, dental lamellae, muscle bounding ridges and
socket buttresses undergo collateral changes which are
indicative of interrelationship. The adductor muscle
scars, posterior platform, meso-cardinal ridge, vasculae,
radial prosopon and size of species have little taxonomic
or evolutionary 31gnif1cance. .

A revised shell-layer nomenclature for brachiOpods
is proposed to replace standard terminology which is
either inappropriate or ambignous; The shell-layers.are,
from external to internal surface, the periostracum, the
outer carbonatevlayer (primary layer of authors), inner

- initial layer (seconda:y layer of authors) and secondary
deposits. ‘Mlcrostructural designations may be substituted
for these layer-names in reference to specific brachiopod
'groups. . '

Strophomenaceans do not possess ev1dence of perios-
tracum. The -outer carbonate ‘layer is a dark lamellar

layer on the disk of the valves and a thick microcrystal-

vii
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1ine.1ayer on the palintrope. The pseudodeltidium and
chilidium are continuations of the microcrystalline
layers of the palintropes. The microcrystalline 1ayers
of the palintropes are folded complexly along the sides
of the denticular plates and into the gsockets, The inner
initial layer is pseuHOpunctate lamellar tissue which
..forms most of the bulk and’ morphological features of the
valves. The denticular plates and socket plates are com-
posed of specialized inner initial tissue. The inner
initial tissue of the dental lamellae is not separated
from the palintrope or floor of the valve by sutures.
The pedlcle conduit penetrates the inner initial tissue
at the apex of the ventral valve. The secondary deposits
are limited generally to the muscle scars and cardinal
regions of the valves. The structure of the .secondary
deposits of the muscle scars is complex. The myophores
of the cardinal process are formed of cancellus secondary
deposits, A spondylium triplex and a hemisyrinx are |
formed of secondary deposits in the apex of the delthy-
rial cavity of a few species.
All strOphomenaceans are pseudopunctate; most bear
taleolae. Fine pseudopunctae are randomly dispersed in
oepikinids and strophomenids and coarse pseudopunctae are.

geometrically positioned in rafinesquinids and leptaenids.

viii
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In genéral, there is an inverse relationship between the

diameter and packing density (number per unit area) of

taleolae. |
Evidence suggests that those strophomenaceans which

possess_a‘sealed pedicle foramen in adulthood prqbably

rested upon the concave valve during'iife."

ix
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INTRODUCTION

The articulate brecniOpods of the Order Stropho-
menida 6pik flourished from Lower Ordovician time
throughout'the-rest of the Paleozoic Era. The order
diminished in early Mesozoic time and reacned extinction
in the Jurassic if the taxonomically perplexing thecid-

. eoids (Triassic to Recent) are excluded. vThe order as
it is understood today subsumes more genera than any
other order of the Brachiopodao No other order of
‘brachiopods exceede the Strophomenide in morphological
diversity or ecological adaptations. - |

The four suborders and nine superfamilies of the .
Strophomenida form a related continuum but their extreme
diversification precludes the p0551bility»of a succinct,
unequivocal diagnosis for the entire group. Most of the
strophomenides possess pseudopunctate wiell structure.
The valves generally have wide hinge-lines and concavo-
convex, less commonly resupinate or biconvex, profiles.
Generally, a supra-apical pedicle foramen in the juvenile
shell, a pseudodeltidium and a chilidium are present.
The cardinal process is rarely absent but this structure
may be varied in form. There is rarely a prominent or
elevatedistructure.for support‘of'the'lophophore.' The
Order Strophomenida differs frou all other orders by the

combination of these characters but‘not one character is
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- unique to the order or invariably present.

The Order Strophomenida'is divided into the Sub-
orders StfoPhomenidina dpik, Chonetidina Muir-Wood,
Productidina Waagén and Oldhaminidina Williams. The
Strophomenidina (Ordovician to Triassic).inéludes the

oldest and least specialized species of the.ordEra There
is no single unique and ubiquitous character which dis-
tinguishes the Strophomenidina from the related sub-
orders. The Strophomenidina has the characters of the
order but lacks the hinge spines of'the Chonetidina, thé
excessively‘uonCavo-convex or conical profile and the
hollow spihes of the Productidina and the slotted interw=
nal plate aud oyster-like shape of the Oldhaminidina,

This study concerns thg Superfamily Strophomenacea :
King which is one of five superfamilies of the Stropho-

" menidina, The other supeffamilies are the‘Plectambo-
nitacea Jones, the Christianiacea Williams, the Stropheo-~
dontacea Caster and the Davidsoniacea King (=Orthotetacea
Waagen), The oldest species of the Strophomenacea are
early Middle Ordovician in age. StrOphomenaceéns occur
in great number “and diversity in rocks of Middle and
Upper Qrdovlcian age. Of the four families of stropho-'
menaceans, the Oepikinidae Sokolskaya becomes extinct in
the Upper Ordovician, the Rafinesquinidae Schuchert and
Strophomenidae Kihg continue in reduced numbers into‘the

§ilurian where they become extinct and the Leptaenidae
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Hall and Clarke rénges into the Mississippian.

The Plectambonitacea (Lower Ordovician to Devonian)
incorporates’the.oldest,species of the Strophomenidipa

~and in many respects possesses the fundamental morpho-
logical characteristics of the suborder., As is the case
in many ancestral stocks, certain structures of the
Plectambonitacea are so diversely formed that if the
variations were present in later stocks the variations
would constitute major taxonomic differentia. For exam-
ple, the cardinal process of the plectambonitaceans is

either absent, a single blade or trifid, that is, a set
of three blades. The cardinal process of the other
superfamilies is bifid, i.e. a pair of blades.

The Strophomenacea is an evolutionary derivative
from the Plectambonitacea. Unfortunately, the Plectambo-
nitacea is not known in suf ficient detail ‘to permit a
more épecific judgment of the source of the Strophomen-
acea. The Stropheodontacea and,DavidSOniacea are dérived
from the Strophomenacea; the origin of the Christianiacea
is unresolved. The Strophomenacea is differentiated from
the Plectambonitacea by the character of the cardinal
process, The simple teeth of the Strophomenacea are ab-
sent from the StrOpheodontacea and:in their place occur
rows of denticles along the hinge-line. The Strophomen-
;acoa and Christianiacea are differéntiated.most readily

by the .shape, profile and prosopon of the valves. The
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valves of the Strophomenacea have the shape of a shield,
The profile of the valves is flattened to moderately
concaQq-convex or resupinate. "The prosopon of thezexfm
ternal surfaces is distinctly costellaté. The valves of
the Christianiacea are much ldnger than wide and are
deeply concavo-convex. - The Christianiacea has only faintv
traces of externai prosopon. The Davidsoniacea is not as
easily differentiated from the Strophomenacea as are the
other superfamilies, Few species of strophdmenaceans
lived cementéd'to an object on the sea-floor. The pos-
terior platform in the dorsal valve is a prominent struc-
ture of the St:ophomenacea. The simple teeth generally
are supported by dental lamellae. The lobes of the car-
dinal process are disjunct or barely fused (conjunct) at
the posterior. In contrast, most species of the David-

- sonfacea lived cemented to an object on the sea-floor., A
ppsteriof platform and dental 1ame11#e generally are ab-
sent and the lobes of‘tﬁe cardinal process éommonlj are
completely ankylosed to form a shelf like structure. A
more detailed justification for the novel superfamilies
Christianiacea andls;rOpheodontacea is presented in the
introduction.to the section on Sysfemétic Paleontology.

The object of this study has been to document and
cl;rify.rhe morphology and shell histblogy of the Ordo-

vician strophomenaéeans. No comprehensive analysis of
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the entireAeuperfamily hae‘been published. Those works
which treat taxonomically,tstratigraphically or geoQ
graphically restricted portions of the superfam11§ con-
tain some unresolved discrepancies in observation, in-
terpretation and terminology. In the course of. the work
over 1300 peel sections and 1400 photographs have been
made; The extensive collection 6f'0rdovician.stropho-

_ ménaceans in the United States National Museum as well as
collections and specimens from other museums have been
studied. It is hOped that this work may be useful in |
consolidating and expanding the understanding of stropho-
menacean morphology and histology. | '

| Early in the course of study it became apparent that
the taxonomy of the Strophomenacea required revision.
Neither morphological or histological studies could be

| rationally pursued without a. detailed taxonomic framework
to‘guide the inQestigation. The sections on Systematic

| ?aleontology and Phylogeny are the. result. Takonomy has

not been a goal of this study but a necessary and hope- |

Afully significant adjunct to the study.

Genera are not diagnoséd or descrlbed in the section
on Systematic Paleontology. The genera are clearly diag-
‘nosed and 11lustrated in the recently published (Novem-
ber, 1965) Treatige on Invertebrate Paleontology, Part H,
grachiggoda, hereafter called the z;eatige. Additional
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excellent contemporary descriptions and'illustrationS'
of most strophomenacean genera appear in Cooper (1956)
and Spjeldnaes (1957). Fortunately, these works.permit'
the laborious and voluminous descriptions and illustra-
tions to be omitted. Several new genera have been re~
cognized in thevcourse of the study. These do not add
significaﬁtly to the descriptions or ranges of the fami-
l1ies of the Strophomenacea nor do they evidence new taxa
of familial rank, Inasmuch as manuscript names do not
have formal status or protection under the International
Code of Zoological Nomenclature and these genera do not
add significantly.to this study, the newly recognized
genera are neither_uamed nor described. |

Most of the taxa within the Order Strophomenida
have been the subjects of contemporary, comprehensive
studies, The catalogue includes the works of Williams
(1953) on the Stropheodontacea and Oldhaminidina, Elliot
(1958) on the enigmatic Thecideidina, Muir-Wood and
Cooper (1960) on the Productidina and Muir-Wood (1962)
on the Chonetidina. Only the Plectambonitacee, Stropho-
uenacea and Orthotetacea have not received a detailed
comprehensive study in recent years. It is hoped that
this investigation to some extent will contribute to our

understanding of the Strophomenacea.
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Teghnigues.- The nature of strophomenacean brachiopods
has required development of several novel preparation
téchhiques. These include techniques for tﬁe study of
‘pseudopunctae, for preparation of thin sections and peel .
 sections and for removing matrix from brachidpods.
Pseudopunctae may be-obsefved on the external and
internal surfaces of strophomenacean valves. The number
and arrangement of pseudopunctae near theAinternal sur-
face is controlled and obscured by secondary deposits.
It is‘more.practical to count pseudopunctae on the ex-
ternal surface of the valve for an accurate determination
of their packing density in the ihnef initial Iayef. Not
"~ all pseudopunctae, howevér,,reach the external surface of
the innef initial layer., Moreover, some;areas1of the ex~
ternal surface of the valves may bé covered by outer car-
bonate layer, which is not penetfated by pseudopunctae,
or by matrix and some areas may be bruised or abraded,
The packing density of pseudopuhctae may be computed
eésily from counts made upoh tangentiél peels. The'pla-.
nar tangential peels can pass throughvonly one small area
of a curved brachiopod shell, Brief etching of the en-
tire external surface of a2 valve is more oractical than B
fabrication of tangential peels. Complete etching per-
mits packing densities to be computed for several reglons
,of a valve for comparison.

Brief etching in acid causes. pseudopunctae to become
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§rqminent pits in the shell surface. Etching also re-
moves the outer carbonate layer, thin matrix deposits
and obliterates bruises and scratches. The surface ef
the valve is cleaned and polished after etching. Counts
of'pseudopunetae may be made directly from the shell sur-

face under a microscope with a callbrated grid reticle.

!\l\:

Valves are etched satisfactorily in O. SSNl/ acetic acid
for 10 to 20 minutes depending upon shell thickness. This
technique is not recommended for rare or exceptional spec-
imens and, of course, renders specimens unsuitable for
photography or display. |
Tangential peels are useful for measuring the diam-
,eter of taleolae. Details of the preparatlon of peels
are furnished in the paragraphs on serial sectioning to
follow. The center of the external surface of the ven-
tral valve is ground to a flat surface for preparat1on of
a tangential peel. The surface is ground until the vis-
ceral cavity is reached. The taleolae te be measured
occur about halfway between the center and the edge of
the ground surface, that is, taleolae diemeters are meas-
ured at épproximately the middle 6f‘the inner initial
layer. Taleolae diameters are measured with an accurate;

| ly calibrated finely divided reticle at high magnifica-

1/ 0.85N acetic acid may be made by mixing 1 part 17N C.P.

glacial acetic acid (from the bottle) with 19 parts water.
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tlon (X100).

Only longitudlnal thin sections of strophomenaceans
may be made by cqnventional techniques., Transverse and
sagittal sectiOns require special preparation. The shell
material flakes away if a sagittal or transverse edge of
a speclmen is ground in the conventional manner upon a
rotary lap or a glassvplate. Shell material is too im-
permeable to impregnate with Canada balsam or Lakeeide
70. Specimens have been invested in plaster compounds
wlth hope that the plaster would prevent spalling of tis-
sue. Plaster is brittle and does not'adhere-well to the
surface of the specimens. :Specimens have been invested
in polyester resin plasticszl with limited success.
Polyester resins bond’ tightly to specimens, are strong
and'may be'ground with edse, Unfortunately, polyester

- plastic warps ahd‘becomes flexible at the temperature
needed to cement the ground surface to a,glass slide with
Lakeside 70 (145° C.). Several brands of epoxy cement
have been used for BOnding the lapped surface to glass
microscope slides. The epoxy bond is satisfactory'but
all epoxy cements that have been tried have bubbles and

flbrous structure or objectionable flow-structures after

2/ polylite (8237), Reichhold Chemicals, Inc., White
Plains, New York. E-Z Cast, Clear Polyester Casting Re-

sin, Industrial Arts Supply Co., Minneapolis, Mlnnesota.
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|
polymerization, The cover glass is mounted with cold

setting Permounti/o Slides made by this method are
satisfactory for study but are not adequate for pub-
lished illustrations. |

Closely spébed, serial thin sections of brachiopod
shell cannot be made with éommonly available equipﬁent.

~ Closely spaced, serial peel seétions may be made quickly
and easily with parallel grinding instruments as those
described in the Treatise (p. H253)., Peel sections are
well suited for studies of brachiopods in which it is
necessary to follow changes of morphology and histology
of structures, | -

Peel sections are prepared by grinding a surface
into a specimen with‘fine abrasiVe; etching the ground
surface in acid and replicating the etched surface in
transparent plastic. The process works because a crystal
of calcite (and other ahisotrogic crystals) etches at
different velocities in different crystallographic direc-
tions. A ground and etched surface through a bréchiOpod
shell has topographic relief which is determined by the
crystallographic,orientation of ﬁhe calcite plates, £i-
bers and granules 6f which the shell is constructed. The

-plastic replica has a frosted, translucent appearance ex-

cept in areas where the plastic incorporates insoluble

3/ Fisher Scientific Co., Fair Lawn, New Jersey.
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grains of opaque matrix which have been'liberated~by
etching, The peel section of the fossil has the appear=-
ance of a thin section in phase contrast‘illumination
because the surface of the plastic acts as a flne dif=-
fraction grating. Histolog1ca1 differences in the shell
are more apparent in peel sections than in thin sections.

Transverse peel sections of brachiopods are most
useful because every structure in a transverse peel sec~
tion is symmetrical or paired. It is'easy to locate the
position of a transverse section on a whole Specimen to
which it is compared. |

Serial sections for this study were ground with a
modified S1mpson serial section machineél A Simpson
serial sectioning machine permits faster but less accu-
rate grinding than a Croft parallel grinder. Neverthe-
less, grinding error with a Simpson serial sectiomer is
30.002 inches which is less than the depth of etching.

' Preparation of peel sections is outlined by Boardman

and Utgaard (1964), Their procedure is unnecessarily
complicated for brachiopod studies and is modified as

follows:

(1) Make a carefully oriented, transverse cut with a

4/ G. G. Simpson, A simplified serial sectioning techniqﬁe
for the study of fossils. Am. Mus. Novitates 6343 June
10, 1933. |
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diamond saw through the'anterior end of a brachiopod spe-
cimen., Cut several Specimens of the same species. Stand
or a glass ringéj. Very small specimens may be held in
a small pyramid of modeling clay; Leave at least 1/4
inch (about 5 mm.) space between the specimens. Be care-
ful to oriént all specimens in the same way for conven-
ience in later study. Stand several éutomatic pencil
graphite "Ieads" in modeling clay pyramids near the edges
of the mold. The spots made by the "leads" will serve as
indicator marks in the finished series of peels,

(2) Invest the specimens in polyester resin= 6/ ~ Re-
move the plastic block from the mold.

(3) Grind the tdp of the plastic block to a flat
surface and cement the top with epoxy resin to a holder.

of the serial section machine.

5/ Glass rings may be made by cutting small vials with a
diamond saw. Place the glass ring on a sheet of glass and
seal the edge with.modeling clay. Metal molds are avail-
able from Ward's Natural Science Establishment, Inc.,
Rochestef, New York.
IQ/ Polylite (8237) Reichhold Chemicals, Inc.,.wﬁite Plains,
New York, has been found to be exéellent. Unlike bther
 plastics, Polylite (8237) has a Mohs hardness of 3, is

acetone and acid resistant and does not smear when‘ground.
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(4) Affix the holder'énd‘plastic block to the serial
section machine. Grind with coarse abrasive on a rotary
lap to a desired surface in the brachiopod specimens.
Grinding should procéed from anterior to posterior.

(5) Record the setting of the serial section machine.
Remove the holder and plastic block and finish the sur-
face on a glass plate'with number 600 grit abrasive. It
is not necessary to polish the surface with tin oxide as
Boar&man and Utgaard indicate because etching polishes
the surfaces of the Specimeﬁs and removes the—sczatéhes

‘produced by the fine grinding. | |

(6) Etch.the‘finished'surface for 20 seconds in
0.6N hydrochloric acid, Comparative tests show that hy-
drochloric acid proddces a finer surface than acetic or
formic acid., During etching, agitate the specimen to dis-
lodge Bubbles and to prevent ﬁnequal etching., Let the
plastic block and specimens dry.thoroughly. Do not touch
the etéhed’surféce.'“‘ ‘ |

(7) The peel is made in 0.06 inch thick cellulose
ace;ate sheet stockzj. Cut the cellulose acetate sheets
into pieces twice as large as the.ground surface of the
plasﬁic block. A large'border aroﬁhd the peel sections

minimizes warping of the‘plastic sheet.

Z/VObtainablé from the Transilwrap Compahy of_Cleveiand;

Inc., Cleveland, Ohio.
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(8) Immerse the ground surface of ‘the plastic block
in acetone. Drip acetone onto the cellulose acetate
- slide to form a puddle larger than the ground surface of
the plastic block. Acetone must not flow onto the under-
side of the‘cellﬁlose acetate sheet. Press the gfound
surface of the plastic block into the cellulose acetate
sheet and place a small weight (3 1bs. is satisfactory)
on the plastic block., This step of the process must be
done quickly becaose acetone.evaporates.rapidly. Both
surfaces must be ‘wet with acetone or bubbles will occur
in the peel. Too much weight on the plastic block Wlll
cause the cellulose acetate sheet to warp. Contrary to
Boardman and Utgaard, some weight on the plastic block
seems to be necessary unless the specimen holder is quite
heavy. |

(9) Allow the acetone to evaporate for at least 30
minutes. Long periods of drying (overnight) do not _cause
damage, ”_ |

(10) Snap the plastic block from the cellulose ace-
tate. sheet, Rub one bordef of the slide with a coarse
typing eraser. Label the slide in this area with drawing
ink and cover the label with clear lacquer.

(11) Replace the plastic block and holder in the
eetial section machine. Adjust the serial section machine
to the desired depth of grinding. Grind a new surface.

Repeat the entire operation.
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Conventional methods of cleaning brachiopod speci-
mens with steel needles and potassium hydroxide pellets
méy injure specimens, ' Hard matrix may require these
cieaning.methods as a last resort. Matrices which con-
tain clay may be removed by immérsing the specimen in

- 30% hydrogen peroxide., The hydrogen peroxide will cause
the clays to oxidize, expand and soften. Transfer the
.specimen to- an ultrasonic c1eaner§/. The ultrasonic
cleaner will‘remove most‘clay deposits but leave sand
grains upon the surface of the specimen, The sand grains
may be removed under a microscope with a needle or brush.
The procedure may be repeated as many times as necessary.

 Use 30% hydrogen peroxide with caution; it is extremely
caustic and potentially explosive.

All photographs for this study, except those taken
by the Audio-Visual Service, Miami University, oxford,
Ohio, have been made with a 35 mm., single-lens reflex
camera, equipped with a 55 mm. lens. Photographs were
made on Eastman”Kodak, Higﬁ Contrast COpy'film, developed
in Dektol and printed on Polycontrast paper. ‘All speci-
mens were coated with ammonium chiofidg'sublimate for

phofography. Specimens were backlighted with a portable

'8/ The ultrasonic cleaner that has been used successfully

has a maximum output of 100 watts at 40 kilocydlés fre-

- guencye.
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1light table to obviate close cropping of each photograph.
Dark field'illunination is advantageous for photography
of peel sections. |
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ORIENTATION AND GENERAL MORPHOLOGY

Terminology of orientation and direction.- The general
terminology of orientation of articulate brachiopods, as
éntefior, posterior, dorsal and ventrél, is adequately‘ |
understood and will not be reviewed, It should be noted
that the description by Percival (1960) of orientation
dufing the larval devélopment,of Notosaria nigricans
(Sowerby) reverses his earlier.observations (1944) of
‘orientation during the larval development of Terebrafella
ihconégicua (Sowérby). Consequently, descriptions of
brachiopods may'again include reference to dorsél and
ventral valves without explanation and the cumbersome and
commonly inappropriate terms, pedicle valve and brachial
valve, may be retired.

There is a deflnite "need for a more rigid discipline
of'términdlogy cOncerned with directions in_brachioPOds,'
especially the directional terminoloéy‘aﬁplied to struc-
tures on the internal surfaces of the valves., ‘Even in
Ipublished'descriptions of fecent date, it is not uncommon
to find directibnal'terms'so ambiquousiy employed that-
authors"meénings are clear oniy by reference to illus-
trations. Text-Figure 1 illustrates some of the recom-
mendations which follow. For brevity, only those terms

which are new in this‘study or commonly. subject to misuse
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or ambiguous application are discussed.

Text-Figure l.- flanes; seétions and directions in brach-
iopods., A and.B,'Transverse and sagittal planes. C, The
clear area in the center of thé brachiopod marks the sur-

- face of intersection of the longitudihal plane (top sur-
face of block) and the brachiopod.__The'center is an
arbitrary point along the medial axis about mid-way be-

" tween the anterior and posterior extremes of the brach-
iopod. D-a, The direction of longitudinal sections may
vary from parallel to tﬁe pléne of commissure to parallel
to the external, posterior surface of a‘valve. The upper
1limb of the angle_éf longiﬁudinal sections is parallel to
the line aboﬁe the external, posterior surface of the
dbrsal valve. Transvefse sections are normal to longitu-

dinal sections.

It is éonvenient to imagine a brachiopod set'in;o a
rectangﬁlar prism, as in Text-Figure 1, A, B, G, for def-
inition of directions. It may be seen in the text-figure
that "anterior", “posterior", "dorsal" and "ventral" may
be used as positional terms (the anterior, etc,), and as
difectional terms (towafd thé-antefior; etc.).

Another set'of directional terms is needed in addi-
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‘tion to anﬁefior, posterior, dorsal and ventral. This
set of directional terms is "medial" and "létéral". The
plane of bilateral symmetry is a sagittal plane which |
divides the brachiopod ihto mirror-image halves. The
plane of bilateral symmetry éo:responds tb the medial
sagittal plane. "Medial" is preférred to "median", al-
though the latter is customary, becauée of the establish-
ed usage of "median“ in statistics and because the adjec-
tive "medial" combines more euphoniously with most nouns.
Structureé included in the medial Sagiﬁtél plane have a |
‘medial positioh; Structures which face or are directed
toward the medial sagittal plané have a.mgdial direction.
WLateral" is used to indicate the direction or position
away from the medial sagittal plane. "Dorsad", #ventrad",
"mediad" and "laterad" are convenient adverbial forms of
these terms. | |

Most structures of brachiopods are oriented at an
angle to the anterior-posterior, dorsal-ventral and
mediai-lateral directions. It is necessary commonly to
combine directional terms to describe thé orientation of
oblique structures. For example, the surfaces of muscle
bounding ridges which converge toward the posterior may
be called the anterior-medial surfaces and the posterior-
lateral surfaces. If structures converge or diverge, as

in the example, the direction of convergence or divergenee
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‘must be specified or clearly understood.

A brachiopod valve has an "internal surface" and an
"external surface. The space between articulated. valves
is the "interior". There is.no "interior surface" andvno
"exterior‘surface"; The iﬁfernal sufface is called the
Wfloor" of the valve by some authors. Use of "floor" in
this manner should be suepressed because if one imagines
articulated valves the floors face one another. "Floor"
may Ee used for restricted areas of the internal surfaces
of valves,'as the "floor" of the delthyrial cavity or the
#floor" of the umbonal chamber, because.there is no sat-
isfactory_substitute term.

The words "in", "out", "inner", "outer", "inside" .
and "outside" should be avoided in aesc:iption of qrien-
tation and direction of structures. These words are dif-

ficult to apply without ambiguouely meaning either the
medial to lateral direction or the dorsal to ventral di- °
rection. "Inward" and "outward" may be used with cau- B
tion, as shown in Text-Flgure 1, D-b, to indicate direc-
tion across the thickness of one valve. |
nMiddle" is a meaningless term with respect to
brachiopods. wMiddle" may mean medial, the interior, the
surface of the visceral cavity of a valve or a position
midway between the posterior and anterior along the

edial plane. "Center" may be used for the position mid-

L

&
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way between anterior and posterior along the medial sag-
jttal plane as‘shown.in Text-Figure 1, C.
By.conventibn, the "plane'of-commissure",.Text-
Figure 1, D-a, is misused in this work and elseﬁhere_with
reference to the oriehtation of longitudinal and trans-
verse sections of strongly curved concavo-convex and
resupinafe-brachiopods. The line marked "plaﬁe of com- 
missure" in Text-Figurgvl,,D-a, is parallel to the plane
which includes the line of ‘commissure of a curved brach-
iopod as shown. It is customary to say that longitudinal
sections are ground parallel to the plane of commissure
and that|t:ansversé sections are ground normal to the
plane of commissure.  1In réality, longitudinal sections
are ground pa;allel to a plane tangential to the medialf'
posterior region of the external surface of the‘disk‘of
the valve (see glossary for "disk of the valve") and
transverse sections are ground normal to longitudinal
sections, Tﬁese orientations provide the most intelli-
gible sections through structures of the internal sur-

faces of the valves,

General morphological terminology of strophomenacean
‘.valves.- The general morphological térmihdlogy of brach-

idpods is well known and does not need discussion here.
Some of the general and specialized terms required for

taxonomic desctiptioh and discussion of the comparative
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morphology of the Strophomenacea are illustrated in Text-

Figures 2 through 6. The many standard and commonly used

o

Text-Figure 2.- Morphological terms applicable to stropho-
menoid brachiogods. ‘ca - cardinal angle, cp - ca:dinal
brocess, dv - dorsal walve, gm - genital markings, vsa -
vascula arcuata, vsb - vascula bifurcata, vsg - vascula

genitalia, vsm - vascula media, vst - vasgula.terminalia,

vsy - vaécula aria, vv - ventral valve.

1. The éhapé of thg.profileé of some brachiopods. The

| dorsal valve is directed toward the top of the page.

2. The shape of the geniculation of some bxachiépods as
seen in profile. Note that geniculation of the
ventral valve results in geniculation in the'dorsal
direction, i.e. dorsal geniculation.

3. The shape of the anterior margin of some brachiopods.

4y A profile view of the anterior diaphragm of the dor-

sal valve, as found in species of Murinella.

5. A sharply geniculated flap or tongue on the anterior-
medial margin of the ventral valve of Notolegtaena
and Rugoleptaena fits against a complementary tongué
of the dorsal valve. |

6. The shape of brachiopod valves in plan-view.

7. Variation of the shape of the aiae or cardinal angles

of brachiopods.
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8. Vascular markings on the internal surfaces of resupi-
nate strophomenacean braehiopods. The vascular
markings are reconstructed from traces on valves
of several species of Stroghomena. The ventral
valve is on the left; the dorsal valve is on the
right.,

9. Vascular markings on the internal surfaces of con-
cavo-convex strOphomenacean brachiopods. A rentral
valve is shown on the left, a dorsal valve on the
right., The ventral valve (left) is reconstructed l

o from several specimens of Macrocoelia expansa, see
Text-Figure 6, number 13. The dorsal valve (right)
is reconstructed from published illustrations and
several specimens of species of Leptaena and Kiaero-

mena.

tétms which appear in this work and which are satisfacto—
r11y defined in the glossary of the Treatise on Inverte-
brate Paleontologx Part H, Brachiopoda, pp. 138-155, do
 not require redefinition. The authors of the Treatise
apparently believe that their glossary is complete, They
state (p. H3) that they hope to have achieved "...a con-
sistent terminology'of manageable proportions that will
act as a deterrent to any further maintenance of elabo-

rate private vocabularies". Notwithstanding, detailed
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accessory tooth or
®e— lateral socket buttress
' socket buttress
lateral ridge

posterior dorsal septum
a -accessory septum '
b -breviseptum
|m -medial dorsal septum
ms-medial septum

p -posterior platform

anterior dorsal septum

intervascular septum or
adventitious septum
marginal diaphragm

Text-g_gg;_ 3.~ The ridges on the internal surface of the
dorsal valve of a generalized strophomenacean brachiopod.
These structures may be called either ridges or septa de=-
pending upon their shape in various Species. The lateral
socket buttress may be called an accessory tooth 1£ this
structure has an articulatory function. The lateral ridge
and medial septum or ridge are parts of the posterior
platform. Intervascular septa may be called adventithus
septa if their form is irregular. The accessory septa are
intervascular septa which are not to be related to the
five transmuscle dorsal septa. The medial dorsal septum
is the medlal member of the five transmuscle dorsal septa
(that is, it is a breviseptum overlain by secondary de-
posits) whereas the medial septum is the anterior projec-

tion of the posterior platform.
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investigation of any group of organisms, fossil or living,
is certain to uncover features and concepts which have
not been recognlzed previously. New terms are necessary
for these features and concepts to avoid awkward descrip~-
t1ve phrases and to avoid unfortunate implication of ho-

mology where none exists. Consequently, it has been
necessary to assemble a "private vocabulary" of terms
which are necessary for taxonomic description and morpho-
logical discussion of the StrOphomenacea.

All entries in the glossary to follow are either new
| terms, rarely used terms not included in the glossary of
the Treatise, terms defined in an unconventlonal manner
for specific application to strophomenaceans or terms of

disputed definition for which a preferred definltion has

been selected

Key to abbréviations on Text-Figures 4, 5 and 6.~

adm, adductor muscle scars. Flg. 4: 2,3,4,5,6; Figs 5
4,5,6a. |

ajm, adjustor muscle scars., Fig. 4: 3; Fig. 5: 4,5.

al, ala. Fig, 3: 2; Fig. 6: 14,

anm, anterior margin. Fig. 6: 14.

ant, anterior. Fig. 4: 4. |

apv, apex of the valve. Fig. 5: 4; Fig. 6:;14.4

aso, accessory socket., Fig. 5: 4. |

ath, accessory tooth. Fig. 4: 1,5; Fig. 35 6c.
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avs,
bep,
br,
bvs,
ca,
cft,
ch,
opl,
.dc,
ddm,

df,
~ dkv,
dl,
~ dn,

dp,

dsa,

dsm,
dsp,
es,
fin,
gm,

gn,

hn,

ia,
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adventitious septa. Fig. 4: L. |

bifid cardinal process. Fig. 4: 1,23 Fig. 5: 6a.

beak ridge. Fig. 6: 11.

breviseptum. Fig.v4: 1,5.

cardinal angle. Fig. 4: 3,4.

cleft, Fig. 4: 6. |

chilidium.. Fig. 4: 5; Fig. 5: 6a,6b; Fig. 6: 11,12,

cardinal process lobe. Fig;.h: 5,6; Fig. 5: 6a,6c.

delthyrial cavity. Fig. 4&: 3;4.

diductor muscle‘scar. Fig. 4tv3,4; Fig. 5: 4,5;
Fig. 6: 13. o

dorsal foramen. Fig. 5: 6a.

disk of the valve. Fig. 6: l4.

denﬁal lamella. Fig. 5: 3.

dorsal node or protegular node. Fig. 6: 12.

denticular plate.‘ Fig. 5: 5; Fig. 6: 8,11,

anterior dorsal septum. Fig. &4: 2,5,6.

medial dprsal.sePtum. Fig. &4: 2,6:

posterior dorsal septum. Fig. 4:;2,6

endospihes. ‘Fig. 4: 1,3.

fiange. Fig. 6: 8.

genita1 markings; Fig. 5: 1; Fig. 6: 13.

geniculatioﬁ;,‘Fig. 6: 14,

hemisyrinx, Fig. 6: 10.

hinge nick. Fig. 4: 3; Fig. 5: 1.
interarea. Fig. 4: 1,3,4,5; Fig. 5: 4; Fig. 6: 1L,
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mbr,
mer,

“d,
mdr,
mgb,
myr,
pcC,
pd,

_pde,

pll,

ppl,
pre,
.psm,

g,

sb,
/8CS,
spn,

st,

tr, -

uc,

VS,
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lateral ridge. Fig. 4: 5; Fig. 5: 6a,6b,6c.
muscle bounding ridge. Fig. 5: 4; Fig. 6: 10.
meso-cardinal riage. Fig. 5: 6b.

marginal diaphragm. Fig. 4: 1,2,3,6; Fig. 5: 1,2.

medial ridge. Fig. 4: 3,5,6; Fig. 5: 4,6b,6c.

marginal beads. Fig. 4: 2; Fig. 5: 2.

myophore ridges. Fig. 5: 4,5,6c.

pedicle conduita" Fig; 6: 10.

pseudodeltidium. Fig. 4: 3,4§ Fig. 5: 4,5; Fig. 6:
11,12, |

pédicle callist. Fig. 5: 5; Fig. 6: 9.

papillae. Fig. 6: 4. | ,

postérior platform. Fig. 4: 1,5,6; Fig. 5: 6c.

primary costa. Fig. 6: 1,4.

posteribf'margin. Fig. 6: 14,

ruga. Fig. 6: 6,14, |

socket, Fig. 4: 1,2,5,6; Fig. 5: 6a,6b,6c.

socket buttress. Fige 4:.1,2,5,6;'F1g. 5:v6a,6b.

secondary costa, - Fig., 6: 1,4, |

septal node. Fig. 4: 2.

spondylium triplex. Fig. 5: 4; Fig. 6: 10,

tooth. Fig. &4: 3,4; Fig. 5: 4,5; Fig. 6: 8,9.

trail. Fig. 6: l4. '

umbonal cavity. Fig; 4: &4; Fig. 5: 2,4,

vascular markings. Fig. 4: 1.
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vsa, vascula arcuata, Fig. 4: 3; Fig. 5: 1,2.

vsb, vascula bifurcata. Fig. 5: 2; Fig. 6: 13,

vsg, vascula genitalia. Fig. 5: 1.

vsm, vascula media, Fig. 5: 1; Fig. 6: 13.

vst, vascula termihalia. Fig. 4: 1,3; Fig. 5: 3; Fig.'6:
13, |

Text-Figure 4.- General features of the internal surfaces

of valves of strophomenacean brachiopods.

1. 1Internal surface of the dorsal valve-of Strophomena
vetusta (James). The cardinal process lobes ére
élightly abraded. Note the irregular form of the
adventitious septa. Whitewater Formation. Paint
Creek, one mile west of Camden, Ohio. M.U. 130-T.
X1l.5.

2. Interhai surface of the dorsai valve of Oegikina

| gegtata Salmon. Lebanon Formation. Smitﬁ Co.,
Tennessee. Hypotype, U.S.N.M. 117830, X2.7.
3. Internal surface of the ventral valve of Strophomena
' glanumbona'elongata (James). Waynesville Formation.
Clarksville, Ohio. M.U. 131-T. X2.6. |

4., Internal surface of the ventral valve of Rafinesguina
ponderosa Ulrich. An enlargement of the cardinal
area is'éhowh in Fig. 4, number 5. Waynesville |

Formation. Southwest corner of Boudinot Avenue and
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Westwood-Northern Boulevard, Cincinnati, Ohio.
MU, 132-T.  X1.35.

5. Posterior-medial region of the internal surface of a
dorsal valve of Holtedahlina gulcata (Verneuil).
The specimen is gerontig. Whitewater Formation.

. Richmond, Indiana. M.ﬁ. 133-T. X4.5.

6. Enlargement of the central region of the internal
surface of a dorsal valve of Qepikina formosa Cooper.
Note that the right cardinal prbcess 1obé of this
specimen has been lost sincé the specimen was il-
lustrated by Cooper (1956, Pl., 243, 24-26). Bromide
Formation. Rock Crbssing of Hickory Creek, Carter

C?. s Oklahoma. Paratype, UsS«NM. 117808. X3.75.

lgggrzigggg Se- Features of the cardinal fegions and vas-

cular markings of strophomenacean brachi0pods.

1-3. Internal su?faces of three ventral valves of Stropho-
mena planumbona (Hall) showing the vascular mark-
ings. (1) Liberty Formatibn. Crossing of Mixer-
ville Road and Indian Creek, Butler Co., Ohio.
‘M.U. 134-T. X2.5. (2) Liberty Formation. oxford,
Ohio. M.U. 135-T. X2.75. (3) Liberty Formation,
‘oxford, Ohio. M.U. 136-T. X2.7.

4 | Internal surface of the posterior-medial region of
the ventral valve of Strophomena vetusta (James).

The hemisyrinx is obscured by the pseudoﬂéttidiﬁm;
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wayhesville Formation. Collins Run, Oxford, Ohio.
M.U. 137-T. X3.65. ‘

S Internﬁl surface of the posterior-medial region of
the ventral valve of Rafinesquina ponderosa Ulrich.
Note the denticles on the denticular plate. Same
specimen as shown.in Fig. 4, number 4. X3.6. |

6. Three views of the internal surface of the postériot-
medial region of the dorsal valve of’Rafinegguina
ponderosa Ulrich. - (6a) View parallel to the plane
of commissure. ‘(6b) Specimen rotated about 60 de-
grées from the horinntal. (6c) View normal to the
plane pf commissure.‘ Arnheim Fofmafion; Martin- |
dells Creek, a triButary of Four Mile Creek, Butler
Co., Ohio. M.U, 138-T. X3.8.

Text-Figure Q.-.Prosopon'and miéceilaneous featufes of
~ strophomenacean brachiopods,
1. Réfinesquinoid prosopon with alternate‘costaé on the
external surfabe'of the ventral valve of Rafines-

- quina fracta [7] (Meek). waynesville Formation.

Collins Run, Oxford, Ohio. M.U. 139-T. X4,
2. Strophomenoid prosopon with un1form costae on the ex=
" ternal surface of the dorsal valve of Strophomena

planumbona subtenta (Hall). Formation and locality

unknown. Charles Dyche Collection at Miami Univer-

sity. M.U. 140-T. X&4.5.
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Scotlcoid prosopon on external surface of ventral
valve of an immature specimen of §troghomega [i]
scotica Bancroft. .Gasworks Mudstone, Lower Llan-
dovery. Haverfordwest, Wales. U.S.N.M., no num-
ber. X3.5.

Glyptomenoid prosopon with kjaerinoid medial costa

n the external surface of the ventral valve of
Kigg;;gg‘ squamula (James). Latonia Formation.
Newport, Kentucky. M.U. 141-T. X3..

Glyptorthoid prosopon showing accentuated varices on
external surface of the ventral valve of Glyptorthis
insculpta (Hall). Waynesville Formation. Addison's
Creek, 3 miles north of Oxford, Ohio. M.U. 142-T.
X5. |

Ptychoglyptoid prosopon on external surface of dorsal.
valve of Bellimurina subguadrata.COOper. Bromide
Formation. Springer, Carter Co., Oklahoma, Para-
type, U.S.N.M. 117655¢c. X4.9.

Endospines on the jnternal surface of the ventral
valve of Strophomena glanumbona elongata (James).
Same specimennas.shown in Fig. &4, number 3. X7,

Internal surface'of fhe_posterior;medial region of
the ventrél valve of Strophomena vetuSta (James).
The interarea of this gerontic specimen is eroded
and exposes the flange of the microcrystalline layer

of the palintrope underlying the denticular plate.
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Formation unknoﬁn. From the area of oxford, Ohio.

McUo 143"1‘- X3.

9. A latex cast of the internal surface of the poste-

. rior-medial region of the ventral valve of Macro-
coelia expansa (Sowerby). The pedicle callist ex-
tends between the dorsal-medial edges of the teeth
and is draped into the delthyrial cavity. Caradoc

gandstone (G, of King, 1928), Soudleyan. West side
of Gallty Aner., Mei ford District, Mbntgomeryshire,
Wales. U.S.N.M., 105890; latex cast, M.U., 144-T.
X3.1. | o

10.. A specimen of Strthoména planumbona (Hall) tilted to
show the hemisyrinx and spondylium ﬁriplex in ‘the
delthyrial eavity of the ventral valve. Liberty
Formation., One mile south of Camden, Ohio. M.U.
145-T. Xb. = |

11-12. Medial region of the interareas of two specimens of
Strophomena planumbona subtenta (Hall). The speci-
mens are inclined for haximum view of the pseudodel-
tidium and chilidium; the doréal valve. is toward the
top of the page. The ventra.l'i'nterarea of number 11
is slightly eroded, Formation and locality unknown.
Both specimens from the Charles Dyche Collectlon at

Miami University, number De280D. (11) M.U. 146-T;
(12) M.U. 1478T. Xé&.7.
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13. Latex cast showingvthe vascular markings of the in-
ternalisurfaée of .the ventral valve of Macrocoelia
expansa (Sowerby). The approximate valve outline is
reéonstructed, Caradoc Sandstone (C, beds of King,

11928), Soudleyan. Allt Fawr, Meiford District,
Montgomeryshire, Wales. U.S.N.M., no number, Latex
cast, M.U. 148-T. XL.4. |

14. teptaenoid prosbpon on the external surface of the
ventral valve of Kiaeromena richmdndensis (Foe:ste).'
The trail (tr) is the deflected part of the valve
between the geniculation (gn) and the anﬁeriér and
lateral margins of the valve. The disk of the valve
(dkv) is the valve including the trail minus the
palintrope. Waynesville Formation, Coilins‘Run,

near Oxford, Ohio. M.U. 149-T. ‘X1.75.
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accessory septa. See dorsal septa.

accessorg socket., A shailow groove or pit in the palin-
trope of the ventral valve lateral to the denticular

- _plate. The accessory socket accommedates the acces-
sory tooth or lateral socket buttress of the dorsal
valve, ‘ | |

accessory géégh. A ventrally Birected'projection from
along'the‘posterior-lateral margin of the socket of

" the dorsal valve (lateral socket bﬁttressf which arti~
culates with a groove or pit (accessory socket) later-
al to the denticular plate in the palintrOpe of the
ventral valve,

adventitious septa or rldges. Septa of the internal sur-
face of the dorsal or ventral valve exclusive of the
true dorsal septa,accessory septa and medial septum.
Adventitious septa correspond to intervascular septa
but‘adventitious'septa have irregular form and common-

ly are not bileterally arranged.

alternate costae. Costae which alternate large and small,

that is, primary and:secondefy.

anderidium (a) . The pair of septa or ridges which flank
the medial septum or ridge on the internal surface of
the dorsal valve of chonetoids and plectambonitoids.

The anderidia of plectambonitoids possibly correspond
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to the anterior-dorsal ridges of the Strophomenacea.
anterior disphragm. A high septum on the internal sur-
face of the dorsal valve ﬁhich is concentric to the
anterior margin of the valve. The anterior diaphragm
is a modification of the marginal diaphragm in the
anterior region. The anterior diaphragm bridges the
apace between the two valves and may cause a comple-
mentary‘groove in the ventral valve. The anterior
diaphragm is most pronounced in species of Murinella.
anterior dorsal septa or ridges. See dorsal septa.
gggg of the valve. The posterior-most point of a brach-
iopod valve where the protegulum is situated. Radial-
ly diaposed featureslof brachiopods, e.g. costae,‘con4
verge toward the apex of the valves, Strophomenaceans
do not have elongated ﬂbeaks" as have other groﬁps of
brachiopods. The apex of the valve has been called
the "umbo" but aﬁthors haVe used umbo with conflicting
meanings. | _ |
bimuroid prosopon. Extefnal aspect caused by the ante-
rior extension of the edges of coarse varices (comae)
at regular intervals along the length of the valve.
The comae commonly are deformed and chipped and impart
a rough and ragged appearance to the valve. The bimur-
oid,aspect is well developed on the dorsal valve of

Bimuria buttsi Cooper.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



42

brachial ridges. A éynonym of dorsal ridges.
breviseptum. A thin septum which extends anteriorly from
the anterior end of the medial tigge of the posterior
platform of the dorsal valve, The breviseptum of
stroohomenaceans appears to correspond to the brevi-
septum of chonetoids and productoids. The.breviseptum
is comnosed of coarsely granular calcite in contrast
to the lamellar calcite of adjacent shell tissue.
cancellus tissuye. A microstructural type of shell tissue
which'has a ce11u1arvcharacter; In the StrOphomenacee,
the cancellus structure seems to be. confined to the
muscfe attachment.sites on the cardinal process lobes.
cagdgnal process, A process or processes which'project
1nward from the internal, medial-posterior surface of
the dorsal valve and which serve for attachment of the
diductor muscles. The cardinal process of the Stropho-
menacea is bifid,'that is,\divided into two lobes.
‘Descriptive terms applied to cardinal process lobes
are: blade (tabular, elongated in anterior-posterior
direction), shaft (short, cylindrical, erect),}cylin-
drical (tall,'erect, round in cross section), lobate
(irregular, short, obese), petaloid (top flattened and
overhanglng, as a mushroom, flattened top generally
wider at anterior end than posterior end), hooked

(ventral end curved in posterior direction).

-
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cardihaldgrocéss lobe. One process of the pair of pro-
‘cgsses_which togéther constituté<the bifid cardinal
process of the Strophomenacea.
chilidium, By conventional definition, the flac or .con-
- vex plate which partly or completely closes the notoe
thyrium. The dorsal interarea of strophomenaceans is
so narrow that a'posterioremedial notch, the notothyr-
jum, is obscure. For the~Strophomenaceé,‘the chili-
dium must be defined as continuation of the microcrys-
 ta11ine tissue of the interarea which extends from
socket to socket across the posteribf faces of the -
cardinal process lobes. The chilidium covers that
part of the posterior base of the cérdinal procesé
which would'Le exposed by the delthyrium. No evidence
of péired chilidial pl#tes occurs in the strOphomenacea.
christianioid prosopon. The e#térnal aspect/of a valve
which is smooth. The surface of‘the valves of most
species of Christiania bear, at most, only the faintest
traces of capillée and fila. o

clear lamellar tissue. A type of secondary deﬁosit which

is lamellar and which is bfighter or clearer than other
' lamellar tissue when observéd:in peel sections. -
cleft. The space between the lobes of a bifid cardinal
process. } |
- compound prosopon pattern. The external surface of valves

of some species may bear two superimposed prosopon pat-
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terns. This condition is called a compound pattern.
Prosopon patterne ere listed under "prosoponﬂ.__ -

conjunct cardinal process. A type of bifid cardinal pro-
cess in which the posterior ends of the lobes are
pressed together or ankylosed., The posterior ends of
conjunct cardinal process lobes are covered commonly "
by the chilidium.

gynng_ myophore. A myOphore surface on a cardinal pro-
cess lobe that is cupped or folded.,

_ggmogr“ogh;oi prosopon. A type of external prosopon in

which the valve has the appearance of seersucker fab-
ric. The surface of the valve bears widely spaced
primary costa separated by fields of secondary costa.

" Bach field between primary costa is rugose. The rugae
of adjacent fields are alternate,~tﬁat is, én outward
projecting ruga lies next te.eﬁ inward prOjecting ruga.
zThe alternating rugae of meny species are not sp regu-
latr as to produce a definite geometric pattern, . The
rugae of a few species do form geometric patterns re-
sembling a checkerboard made of rhombs. The cymo- |
strophioid aspect is named for tﬁe stropheodontid
genus CxﬂegtrOtha.

dark lamellar tisgve. A type of secondary deposit which

is lamellar and which is darker than other lamellar

tissue when observed in peei,sections.
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dental lamella (gg). .Tébular, vertical structures which
unite the .teeth and delthyrial margin of the palintrope
of the ventral valve with the posterior;internal sur-
 face of the ventral valve, The tissue of fhe dental
lamellae is confluent with the tissue of the palintrope
and the internal surface of the valve, that is, dental
lamellae are not bounded by sutures. Structures with
similar position which are sutured to the floor of the
valve and to the palintrope should be called dental
plates. Dental plateé"afe not foﬁnd in the Stropho-
menacea.
denticular plate. A plate in the tooth of strophomenoid
brachiopods which is sutured along the ventral edge or
surfece to the dental lamella and along the lateral
surface to the palintrope. The denticular plate is
the principal articulatory projection. The denticular
plate is composed of lamellar tissue formed into tabu-
 lar pseudopunctae in the Stropﬁomenacea.

dictvostrophioid prosopon. An external prbsopon pattern
formed by the crossing of varicesvand secondary costae

of equal prominence. Strongér primary costae divide !
v the reticulate,pattérn into fig;dé. The qompouﬁd pat-
tern resembles tﬁé surface of édme fossil hyalosponges,
[-19-0 Dictxoggdngia.'The pattern is named for the stro-

" pheodontid brachiopod Dictyostrophia.
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disjunct cardinal process. A type of bifid cardinal pro-
‘cess in which the lobes are distinctly separated.
disk of the valve. A valve minus the palintrope.
gggggl foramen., The dorsal foramen is a questionable
perforation near the apex of the dorsal valve of juve-
nile strophomenaceans. Thin sections through the apex
of the dorsal valve of adult strosﬁomenaceans show a
point of very thin shell at the apex of the'notothyr-
ial cavity and the posterior edge (juvenile edge) of
the chilidium. This thin ssot in the shell separates
ﬁhé bulbous base of the chilidium from the ldng,'thin
plate of the adult chilidium. Probably the dorsal
foramen is always closed by secondary deposits in
adult strophomenaceans. Rupture of the thin filling
of secondary tissue may give rise to an apparent do;-
sal foramen in adults at the site of the original dsr-
. sal foramen (Text-Figure 5, 63). 'Ehé function of the
dorsal foramen is not definitely established. Spjeld-
naes (1957) has suggested that the dorsal foramen may
be a juvenile pedicle foramen. |
’ dorsal geniculation. Dorsal geniculation refers to an
% angular bend in the valves, concentrlc to the marg1n,
such that the trail is flexed in the dorsal direction.
dorsal node. A node or facette on the apex of the dorsal
valve. According to Keme¥ys (1965, p. 505) the.dsrssl
node of Spjeldnaes (1957, p.'50-52) is equivalent to
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vfhe dorsal protegular fold. The dorsal node is also
| called the protegular node.

‘dorsal septa or ridges. A set of five ridges or septa
ﬁhieh aré found on the internal surface of the dorsal
valve of many species of stroﬁhomenaceans. The five
ridges include the medial dorsal septum, a pair of
_antefior dorsal sépta-and a pair of ﬁosteriof.ddrsal
septa., The medial dorsal septum may be the brevi-
septum or may be a breviseptum covered by>secondary
shell deposits. The medial dorsal septum is a pro-
jection of'the medial ridge of the posterior platform
anterior to theladductor_muscie'scars. The medial
ridge of the posterior ﬁlatfo:m commonly is wider
than the medial dorsal sepfum because of addition of
secondary tissue along the medial borders of the mus-
cle scars. The anterior dorsal septa may correspond
to the anderi&ia of the-plectambonitaceans. The pos-
terior dorsal septa arise in the boundary between the
anterior énd posterior adductor musclé scars.

4Syn6nyms for the dorsal septa include transmuscle
 septa and brachialvsepta; Syﬁohyms for the anterior
and posterior pairs of'dorsal septa include anterior
and  posterior laferal septa, flcor plates, stahding
plates and submedian ﬁépta.

Other septa or ridges may be_fcuhd on the interior
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of the dorsa1_§a1ve which may be confused with the

true dorsal septa. These are the intervascular septa

or ridges which border or overlie the vascular chan-

nels in the shell, Adventitious sépta afe_irregﬁ-

larly formed intervascular septa. The pair of acces-

sory septa may iie between the posterior dorsal septa

and the lateral ridges of the~posteribr platform; 'The

accessory septa may resemble the true dorsal septa'but

the accessory septa are intervascular (i.e. adjacent

fo the vasculae cruralia). |

drape. The fold of the chilidium into the cleft of the
bifid cardinal process. .

endogpines, Short, sharp, elevated spines on thé internal
surface of either valve. An éndospine generally en-
cases the end of a taleolas. Thefe is little differ-
ence betweeﬁ endospines and papillae except that endo-
spines are sharp and erect and papillae are blunt, lo-

' bate or pimple-like and very short or recumbent.
| glgggg{ The flange is a structure encased entirely with-

in the shell material of the véntral palintrope. The
flange has no expression on either the'external‘qr in-
ternal surface of the palintrope or Vaiveo TheAflange
is a ridge on the ventral sﬁrface (underside) of the
microcrystalline layer of the vehtral palintrope which
projects between the lateral surface of the deﬁticular

plate and lamellar tissue at the juﬁétion of the den-
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tal‘lamella and the palintrope. See Text-Figure 6,
number 8, and Text-Figure 25. '

glgg_ nlgggg. Synonym for the anterior and posterior
dorsal septa. ‘

fglg;gl plates. Concave plates of lamellar tissue which
constitute the lateral part of the socket plates. .The -
fulcral plates line the inner surface of the socket.of’
the StrOphomenacea and brace the socket buttress. Ac-
cessory teeth seem to be formed from the fulcral
plates. The fulcral plates of Stroghomenacea should
‘be called #recumbent fulcral plates" because they are
fused into the floor of the socket.

glyptomenoid px oEOQOn. The external prosoPon'pattern |
shown by legtoggna in which there are wide fields of
uniform secondary costellae separated by primary costa.

glyptorthoid nrggogon. The external prosopon pattern
shown by species of glxptorthig, an orthoid, and some
species of Kie erulfina, a strophomenacean, in which the

varices extend a short distance outward from the shell
surface, but not as far outward as the comae of the
bimuroid pattern._ The glyptorthoid pattern has the - |
appearance and the feel of a mill file.
granular tigsye. See microcrystalline tissue. |
hinge g;g&; A groove on the interarea parallel and near
| to the free, anterior edge of ﬁhe paiintrope. The
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s i iaded Lt

hinge nick may mark the site of attachment of a liga-

NI AT TR

ment or the site of abrasion by the edge of the oppos-
i ing interarea. . | ' _
‘igitigl layers.- The layers of the brachiopod shell which
are secreted at the margin of the mantle. = These in- |
clude the periostracum, outer carbonate layer and in-
ner initial iayer. The boundary of the initial layers
" and the secbndary deposits is indistinct, .
ipmer initial laver.- The mineral shell layer which un-
derlies the outer carbonate layer. The'iﬁner initial
layer is secreted by the margin of the mﬁntle. In the
Strophomenacea, the inner jnitial layer is lamellar
and PSGUdopunctate. For synonyms, see Table 2. -

intervascular septa.- Septa situated between or upon the

main branches of the vascular channels in the shell.,
Intervaséuiar septa which afe irregulzr in form are
called adventitious septa. . |

kjgerigoid"ggggg.- One exceptionally prominént costa
along the midline.pf the'vaive, usually the ventral

| valve. This common feature is prominently displayed.

by species of the genera Kjaerina, Megamyonia and
Kierulfina. L

lateral.- The direction opposite to medial, that is,
toward the sides of the valve. |

lateral ridge.- The ridge which extends latefally from

L]
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the base of the cardinal process or from the posterior
end of thevmedial ridge of the dorsal valve. The
lateral ridges form the blades of the anchor-shaped
posterior platfofm. The posterior margin of the lat-
eral ridges may merge with the socket buttresses. The
iateral ends of the lateral ridges may merge with the
posterior-medial ends of the mafginal diaphragm. The
. adductor muscle scars lie in,theFCrotcheé'between the
lateral ridges and the medial ridge. "Lateral ridge"
as défined corresponds to the lateral ridge of pro-.
ductoids as used by Muir-Wood and Cooper (1960) but
nof to "lateral sgpta" (=anderidia) of chonetoids as
used by Muir-Wood (1962).
Legtaenoi prosopon. The external pattern of prosopon}in ‘
~ which uniform or alternate costae are crossed by regu-
larly spaced concentric rugae, as shcwn on species of
Leptaena and Kiaeromena.
mafginal beads. .Rdunded nodes along the course of the
marginal.diaphragm. The marginal beads are commonly
best developed near the anterior-medial margin of the
~dorsal valve. Marginal be#ds are formed by interrup-
tion of the marginal diaphragm by vascular canals.
marginal ¢ hambgr or marginal tunnel. A tunnel or chamber
around the lateral and anterior marglns of articulated

valves between the marginal diaphragms of both valves
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.and the edges of the valves. The vascula terminalia
are found on the surface of the margiﬁal chamber.

marginal diaphragm. A low ridge on the internal surface
bf a valve which is concentric to the margin of the
valve. The marginal“diaphragm arises in the umbonal
cavity or at the lateral ends of the lateral ridges..
The marginal diaph;agm may be interrupted in the me-
dial-anteriot‘region for passageiof the vascula media.
The marginal diaphragm separates the surface of the
visceral cavity from the surface of the marginal cham-
ber upon which are found the~channels of the vascula
terminalia. The margiﬁal diaphragm may be a low ridge
or a high septum as in species of Murinella. Margin-
al diaphragm of the strophomenacea is equivalent to
the marginal ridge of the Pfoductoidea,. .

.mgglgl. The posterior té anterior'liné or plane which -
divides fhe valve. (or articulated‘valves) into equal,
mirror-image halves. Also used to mean toward the
medial line or plane. The direction opposite to me-
dial is "lateral". o

mgg;gl'glgg_. The.medial-anterior.projection of the pos-
terior platform of the dorsal valve or a medial ridge
which separates the.diductor and adductof musclé scars
of the ventral valve.

meso-cardinal ridge. A ridge or septum in the cleft be-
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tween the lobes of a bifid cardinal process. Also
called the "undifferentiated process'.

microcrystalline tissue. Microscopically granular shell
tissue associated with the surface of the palintrope
or with muscle scars, This is the fibrous tissueof
authors. - In strophomenoids the crystalloid units of
this tissue tend to be more.equidimensional than elon-
gated.

mzoghore‘glggg_.' The low ridges on muscle scar areas.
The myophore ridges ﬁsuall& are radiaily oriented.

. They are most pronounced on the diductor muscle scars.
nervose prosopon. 'The external pr050p6n pattern found on
Nervostrophia in which the primary costae, and to a
lesser'extent, the secondary costae, vary-in’height

along their length from apex to margin. The interrup-
tions of the costae are random in position and impart
to the.surface a rough appearance. v |

notothxglal platform. 1In strOphomenOid brachiOpods the
notothyr1a1 platform is called the posterior platform,
Notothyrial platform should not be used in reference to
strophomenoids because the posterior platform is not
situated near the notothyrium., A notothyr1a1 cavity

| may be designated in strophomenoids as the space be-

tween the chilidium and the posterior surface of the

bases of the cardinal process lobes.
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outer carbonate tissue. The thin, external layer of .

mineral shell tissue in brachiopods. The ‘outer car-
bonaté layer uhderlies the periostracum. The outer
carbonate layér‘on the disk of the valves of the Stro-
phémenacea is finelyglameilar; the layer mayAbe'finely
granular in other brachiopod groups. For syﬁoﬂyms, |
see Table 2. | .v
Qalintroge; The posterior, flexed part of a ‘brachiopod
valve, The external surface of the,palintrbpe is the
~ interarea. Palintrope is here defined in the sense of
Thomson'(1927, p.‘49, not.p. 64), Shrock and Twenhofel
(1953, p. 293), Moore, Lalicker and Fischer (1952,
p. 210) and Schuchert and Cooper (1932, p. 9).
Cloud's definition of palintrope (1942, p. 14) which
is based upon Thomson's definition (1927, p. 64, not
pp. 49-50 which Cloud cites) restricts palintédpe to
a synonym of false cardinal area. Cloud's definition
must be rejected by convention and because Cloud‘s -
definition leaves the pfdminent'and'important reflex~
ed part of the valve without a suitable name.
papillae. Short or recumbent, blunt, lobate, or pimple-
1ike projections on the internal sﬁrface of either
“valve. ?apillae may or may not encase taleoléé.
pedicle conduit. The conduit within the sheil material

of the apex of the ventral valve which serﬁed for pro-
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trusion of the pedicle. Thé exﬁernal éxpressiOn of the
pedicle conduit is.the pedicle foramen.

pedicle ;ggg or sheath, A tube on the external, medial-

| posteriorvéurface of the ventral valve of juvenile
strophomenoid brachiopods throﬁgh which the pedicle
extended. |

plate. A discrete structure joined tolthe rest of the
shell by sutures. The tissue of a plate is not con-
fluent with the tiséue of the rest of the valve., The
only plates of Strophomenacea are the sdcket plates -
and the denticular plates.‘«"Dentai plate" is inappro-

‘ priate in reference to the Strophomehaceao |

posterior-dorsal septa or ridges. Seeldorsal septa.

.gosterior.glatfbrm., An anchor~shaped thickening in the
media14§osterior.region of the dorsal valve from which
arises the cardinai process. The posterior platform
is composed of the medial septum and the lateral
ridgeé; "posterior platformﬁ, Muir-Wood (1960, p. 7),
replaces '"notothyrial platform" in reference to stro-
phomenoids because the platform is not located under .
the notothyrium and'because the platfofm ﬁay‘éxtend a
considerable distance anterior to the bése of the car-

. dinal proceés. |
'.;osteriorw;gggg. Localized rugae ﬁear the posteriof mare-

gin and cardinal extremities of brachioPQd valves.
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The posterior rugae ccmmonly are oblique, that is,
not concentric to varices and fila.

Prosopon. Prosocon signifies thoee generally'repetitiVe
surface features of fossils which are judged to have
minor taxonomic ;mportance. Among brachiopods, proso-
pon includes features &s costae, rugae and papillae.
Prosopon replaces the term "ornament" because prosopon
carries no asthetic connotation.

Dif ferent patterns and comblnations of prosopon on
the external gurfaces of brachiopods may be named for.
genera or Species which typically carry the pattern;
For strophomenaceans, it is convenient to recognize the
following patterns: bimuroid, christiani01d cymostro-
phioid' dictyostrophioid, glyptomenoid, glyptorthoid,
nervose, ‘leptaenoid, ptychoglyptoid, refinesquineid,
scot1co1d, sowerbyelloid and strophomenoid. These
patterns are'lndexed separately in this glossary.

grotegglar fold.- A medial node or fold on the ‘dorsal
protegulum of strophomenide brachiopods. Equlvalent
to the dorsal node.

pseudodeltidium. A flat to convex structure of the ven-
tral valve which extends across part of the delthyrium
between the medial-dorsal edges of the dental lameilae.
The pseudodeltidium is confluent with the microcrystal-

line tissue on the surface of the palintrope; the
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pseudodeltidium does not possess a medial suture. The
microcrystalline tissue of the pseudodeltidium may |

- have a backing of secondary tissue. Pseudodeltidium .
is used in preference to "deltidium" of Shrock and
Twenhofel (1953, p. 285) and "xenidium" of Cloud
(1942, p. 20).

ptychoglyptoid Prosopon. - The external prosopon pattern
exhibited by tzghoglyptus and Bellimurina in which
rugae between adjacent or nearly adJacent primary
costa are chevron-shaped, with the apex of the chev-
rons pointed towardithe apex of the valve.

rafinesquinoid prosopon.- The common prosopon pattern,

" as found on afines uina, which is composed of primary
costae which separate narrow fields of secondary and
tertiary costae., The rafinesquinoid pattern differs
from the glyptomenoid pattern in the narrowness of the.
fields between the primary costae and differentiation
of costae therein, | _

scoticoid progopon.- ‘External prosopon in which the inter-
section of each major cesta and varix is accentuated
by a node, Commonly, the node is comma-shaped, with
the tail of the comma lying along the varix. The tails
of the commas may point alternately to either side a-'
vlong the length of a costa. This alternatlon gives

the costa a zig-zag appearance. This aspect is named
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for Strophomena scotiéa Bancroft; this'pattern is well
.developed also on S. scabrosa (Davidson) |
'sgcgndarz degosits. Mineral shell tissue deposited on
the internal surface of the inner initial. layer poste-~
rior to the margin of the mantle. Secondary deposits
in the StrOphomenaéea are composed of lamellar or
graﬁular tigsue and are rarely taleolate or pseudo-
punctate, For synonyms; see Table 2.
gemidenticles., The irregular denticles on the dorsal and
medial surfaces of the denticular plate of strOphomeho
aceans. -
gggggliggggg or septal bosses. Elevated nodes near the
afiteriot ends of the dorsal septa. | |
shaft buttresses.. Vértical lamellae which are oriented -
parallel to the medial sagittal ﬁlane and which but-
tress the anterior bases of the cardinal process lobes.
~ size. Species of Strophomenacea are described arbitrarily
according to the following size classes for adults:
small, specimens generally less than 20 mm. (3/4 in.)
wide; medium, specimens generally between 20 mm. and
40 mm. (1% in.) wide; large, specimens generally larger
than 40 mm. wide. .
socket buttress. A-ridge’which exteﬁds aioﬂg the medial
margin of the sgcket. The socket buttress contains

'the'granular blade or rod of the socket plate., '"Sock-
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et buttress" is preferred to "socket ridge" because
socket ridge has been used for structures of several
'brachiopod groups which are not cibsely related to
sﬁrophomenoids. See Muir-wood (1962, p. 21).

socket ridge. See socket buttress. -

" gocket plate. A plate which lines the sockets of the
Strophomenacea. The socket plate is for;;a of two
pieces, a granular blade or rod located.along the
médial margin of the socket and a concéve plate of
dark, finely lamellar‘tissue in the Base'of the sock-
et, The granular blade or rod may be hoﬁologous to
the brachiophore of the orthoids, at least they have
the same microstructure and position., The concave
plate of dark lamellar tissue may be a homglogue of
the fulcral plate of orthoids. Williams (1953) calls
the socket buttress a socket plate.

§owerb2elloid prosopon. The pattern of prosopon found
on séecies of Sowerbyella in which the secondary cos-
tae and, to a lesser extent, the primary costae are
" rows of tiny beads formed at the intersection of the
costae and varices. The sowerbyelloid pattern resem-
bles the scoticoid'pattern exéept that the nodes of
the scoticoid pattern occur only on primary costae,
arellarge and tend to cause the costae to zig zag,

whereas the beads of the sowerbyelloid pattern are

-
- —
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small and uniformly distribntedt

standing p lates. Thin, high, anterior dorsal septa which
partition the internal cavity between the valves into
chambers. Standing plates may extend across the en-
tire thickness of the 1nterna1 cavity between the
valves. The exaggerated standing plates of some spec-
imens of Teratelasma neumani Cooper perforate the ven-
tral valve. |

strophomenoid prosopon. The common external pattern of
prosoﬁon exhibited,by many species of Strophomena, in
which fine, uniform costae are crossed byvfaint vari-
ces. | v _

tangue. A flap of shell at the anterior-medial margin of
a valve which bears a sulcus. The tongue fits into
the complementary.space provided by the foia along the
enterior-medial margin of the opposing valve.

uniform costa. Costae of regular size which cannot be
divided into primary and secoridary ranks by reference
to size. |

varix (varices).A A growth line. Minor varices, fila,
are the fine, regularly spaced concentric lines on the
external surfaces of valves, Major varices are the
coarse, randomly spaced concentric‘grooves_on the ex-
ternal curface of a valve which are evidence of a

major interruption of growth.
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vascular canals, channels or markings. Bréﬁéhing canals
producé& by the impression of vascular sinuses (=pa1-
lial sinuses) upon the internal surfaces of valves.
"Vascular sinuses" or “pallial sinuses" properly refer
to elongated cavities within the flesh of the brachio-
pod and éoﬁsequéntly‘should not be applied to the marks
which they produce in the sﬁell.

ventral genicuiation.‘ Geniculation of the valves such
that the trail is bent'in the'ventral direction. This
is 6pposite to.dorsal geniculation in which the trail
is bent in the dorsal direction.

visceral cavity. The,central-médial region of the interé
nal surface of the valves to whigh‘was attached the

visceral mass of the living animal including the mus-

cles.
visceral disk. The portion of the disk of the valve which

overlies the visceral cavity on the'internél surface of

the valve upon which was situated the principal organs

and muscle attachment areas of the living animal.
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- SYSTEMATIC PALEONTOLOGY

The principal aim of this work is to document the
comparative morphology of selected features and the shell
histology of the Ordovician Strophomenacea. In such
work, it‘becomes necessary to refer to taxa, most gener-
ally of genericlor familial rank, This‘systematic‘review '
of the Strophomenacea is presented to permit the cited
genera and fa@ilies'to be.plaqed in their proper context
within the superfamily. The concept of the Superfamily
Strophomenacea has had a long and complex history in
paleontology. The evolution of the strOphomenacean con-
cept, from 1846 when King proposed the Family StrOphomen-
idae to Muir-Wood'!s comprehensive classification in 1960,

is summarized in Chart 5, in the pocket at the end of
this manuscript. ' |

The recently published Treatise on Invertebrate
Paleontology, Part H (1965) contains diagnoses of the
faniliés and genefa, notation of the type species of
genera, geographic and stratigraphic range of genera and
111ustrations of the type species of genera of the Stro-
phomenacea (pp. H383-H395), The fam111a1 assignments
vand diagnoses of somekgenera_presented in the Treatisge
are not acceptable to'thié writer whose claésification
of the group was constructed by phylogenetic analysis |

prior to publication of the Ireatise. The diffecences

[
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between the classifications of the Zgégglgg and this
manuscript are minor and should not be stressed., They
. are 1argely differences of opinion as to where familial
boundaries should be constructed with respect to transi-
ional genera and dif ferences of opinion concerning the
rank of suprageneric taxa., The writer was surprised and
pleased to review the class1fication in the Treatise be-
cause the Treatise supported so many of the systematic
conclusions concerning the Strophomenacea which had been
| independently derived, even to the creation of several
identical suprageneric taxa names. .
There is a movement in paleontology today to stand-’
ardize the endings of suprageneric taxonomic names. The
International Code of Zoological Nomenclature specifies
endings_for familial-rank taxa only. These endings are
wini" for tribe, "inae" for subfamily,."idae" for family
and "acea" for superfamily. Standardized endings for
suprafamilial taxa of brachiopods have been adopted in
the Treatige although such endings are not required by |
the International Code. The standardized endings are
nijdina" for suborder and "ida" for order.. It.is conven-
 ient and conventional to modify suprageneric taxonomic
names to form vernacular nouns and adjectives. A recom-
mendation is made in Fbotnote 1 of the reatige Pe Hl2,

that the endings of vernacular nouns formed from proper
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taxonomio names be constructed as follows: "ins" from
subfamily names, nids" from family names, "aceans" from
»superfamily names, "idines" from suborder names and
"jdes" from order names. The adjectival form of each
vernacular noun is constructed by deleting the final "st,
Most of this manuscript was written before publication of
the Treatise. The recommended endings have been adopted
herein with the exception that the more conventional ‘ter-
mination "oios"~is employed for the'vernaouler form of
subordinal taka, e.g. the Suborder Strophomenidina, the
stroohomenoids. | | | |
An outline of the suprageneric classification is
given below to assist in the correlation of the present
classification with that of the Treatise on Imyertebrate
gleontologx Part H, Brachiopoda (1965). Illﬁstrations
of the type spec1es of most genera of the Strophomenacea
2may be seen in the Treatise (pp. H383-H395). Additional
illustrations of many species may be found in Cooper
(1956, plates 208, 212-267) and Spjeldnaes (1957, plates
6-14). | | |
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A cgggarisoh of the strgghomenaéean classification of the

Treatise and that employed in this study.-
Classification of the Treatise

Superfamily Strophomenacea King, 1846

Family Strophomenidae King, 1846
Subfamily Strophomeninae King, 1846
Subfamily Furcitellinae Williams, 1965
Subfamily Rafinesquininae Schuchert, 1893
Subfamily Glyptomeninae Williams, 1965
Subfamily Oepikinae Sokolskaya, 1960
Subfamily Leptaenoideinae Williams, 1953

Family Foiiomenidae‘Williams, 1965

Family Christianiidae Williams, 1953

Family Leptaenidae Hall and Clarke, 1894

Family Stropheodontidae Caster, 1939
Subfamily Stropheodontinae Caster;~1939
Subfamily Leptostrophiinae Caster, 1939
Subfamily Douvillininae Caster, 1939
Subfamily Pholidostrophiihae Stainbrook, 1943
Subfamily Shaleriinae Williams, 1965
Subfamily Leptodontellinae Williams, 1965
Subfamily Liljevalliinae Williams, 1953 |
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gLassification in this work

Superfamily StrOphomenacea King, 1846
Family Oepikinidae Sokolskaya, 1960
| Family Rafinesquinidae Schuchert, 1893
Family'Leptaenidaé Hall and Clarke, 1894
Subfamily Murinellinae, nov.
Subfamily Leptaeninae Hall and Clarke, 1894
Subfamily Leptaenoideinae wWilliams, 1953
Family StrOphomenidae King, 1846 |
Subfamily Furcitellinae Williams, 1965
Tribe Furcitellini Williams, 1965
Tribe Glyptomenini Williams, 1965
Tribe Teratelasmini, nov.
Subfamily Strophomeninae King, 1846
Superfamily Christianiacea Williams, 1953
Superfamily Stropheodontaéea Caster,'1939

R . o .
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Phylum BRACHIOPODA Duméril, 1806
Class ARTICULATA Huxley, 1869
Order STROPHOMENIDA bpik, 1934

guborder STROPHOMENIDINA Opik, 1934
Superfamily STROPHOMENACEA King, 1846

Diagnosis.- Pseudopunctate and generally taleolate,
finely costate strOphoﬁenoids, with concavo-convex, re-
supinate; biconvex or rarely plano-conve#'profile, wide
hinge lihe, relatively narrow interarea, bifid cardinal
proceés énd a supra-apical pedicle foramen.

Description.- In addition to the.diagnos51c featurés,
all str0phomehaceans'bear a pseudodeltidium and chili-
dium. = The pseudodeltidium or chilidium méy be reduced in
éertain species with complementary enlargement of the op- .
posinglstructure. The teeth are distinct and bear a
semidenticulate denticular plate. Socket buttresées, lat-
eral to the base of the cardinal process, are fixed along
their length to the inte:nallsurface.df the valve. The
socket buttresses are reinforced by a socket plate. The
lateral, free edge of the socket buttresses is corrugated
to compliment the semidenticles of the teeth. Dental la-
mellae commonly are present. They are‘histologi§a11§,con-
flﬁént with the palintrope, internal surface of the valve
and, if present, muscle bounding ridges. The dental la-

mellae may recede under the palintrope or may be endased
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in secondary deposits. Prominent dorsal septa are present
in olderlSpecies; they are reduced, modified or absent in
younger Speciee. The diductor mﬁscle scars are large and
flabellate in most concavo-convex species and small and
réétricted.by a muscle bounding ridge in most piano-con-

- vex, biconvex and resupinate species, The pedicle fora-
men of adults may be.open or sealed, According to authors,
the lophophore was spirolophous.

Agg.- Ordovician (lower Chazy, Whiterock) into Mississip-
plan.

lgemarks.- The origin of the Strophomenacea lies most
certainly within tﬁe Plectambonitacea but a convincing
progenitor has not been discovered. The meso-cardinal
ridge between the lobes of the cardinal process of some
strophomenaceans is a superfic1a1 appendage. The Stro-
phomenacea may not be related to these plectambonitaceans
which bear a trifid cardinal process on the basis of the
meso-cardinal ridge. Pseudopunctation of certain clitam=-
bonitoids can be regarded only as coincidental. There is
no evidence of evolutionary relationship between these
clitambonitoids and the Strophomenacea.

The Treatise incorporates the Superfamily Stropheo-

dontacea Caster into the Str0phomenacea as the Family “
StroPheodontidae. The number of stropheodontacean genera

(38) rivals the number of strophomenacean genera (42).
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The morphological diversification, geographic distribu-
tion and stratigraphic range of the StroPhebdontacea is
as'great as that of the Strophomenacea. The astonishing
homeomorphy of genera indicates only that the groups are
clogély reléted. In fact, the earliest genera of.the
Stropheodontacea, Eostropheodonta, grotomegastrophia'énd
Eostrophonella, are not clearly differéntiated from some
strophomenaceans.‘ All strophomenaceans possess a denti-~
cular plate in gach tooth which is the homologue 6f the
attenuﬁted denticular plate along the free edge of the
palintrope ofAstfdpheodontaceans. It is the loss of trﬁe
teeth and thé elongatioh of the denticular plate along
the hinge, not just the possession of a denticular plate,
which is the true differentium of the Stropheodontacea.
The evidence suggests that a greater degree of dif-

ference exists between the(stroPheodontid'group and ﬁhe
families of the Strophomenacea, s.s. than between any of
the families of the Strophomenacea,.g.g.. The rank of
the stropheodontid group is clear; it is a superfémily-
derived from the Strophomenacea. The Superfamily Ortho-
tetacea (Davidsoniacea of the Treatise) is collateral
with the Stropheodontacea in having been derived.from the
StrOphomenégea. -

" The Stropheodontacea and Strophomenacea do not dis-
play heterochronous parallel evolution as would seem to

be indicated upon first consideration of the groups. The
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)

sequence of evolutionary stages through which some of .the
features of the StrOpheodontacea progress is the inverse
of the evolutionary sequence for these features in the
Strophomenacea. For example, the stropheodontaceans show
largement of the pseudodeltidium and reduction of the
chilidium WIth evolutionary advance whereas the stropho-

'~ menaceans show reduction of the pseudodeltidlum and en-
largement of the chilidium. The strOpheodontacean cardi-
nal process progresses from the conjunct condition to the
disjunct condition whereas the strophomenacean cardinal
process progresses from disjunct to conjunct. The ear-
liest stropheodontaceans, mentioned aone, have closest
affihities to moderateiy advanced strophomenaceans, for
example, Kjaerina and Hedstroemina. bThus, it is not
strange that advanced strOphomenaceans_should have heter--
ochronous homeomorphs in primitive and moderately advanc~-
ed stropheodontaceans.

Christiania cannot be placed in the phylogeny of the
Strophomenacea. The‘genus does possess a bifid cardinal
process which is the oniy diagnostic feature of the Stro-

.phomenacea also pbssessed by Christiania. The cardinal
process of Christlania does not resemble in shape the |
cardinal process of any true strophomenacean. In fact,
the cardinal process of hrigtiania most closely resem-
bles the bilobed, shelf-like cardinal process of the
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- thecideoids (Thecidella), some ofithe advanced orthotetids
(Stregtorhxgchus) and the thecospirids (Thecospira).:
Othef features, for example, the pseudopuncta, socket
buttresses and pseudodeltidium require inclusion of

Christiania into thevstrophomenid complex but not neces-

sarily into the Strophomenacea. The'shape'of Christiania,
the form of the ventral muscle field, the unique.dorsai
septa and the digitate vaséulaf markings,are complétély
foreign to the StrOphomenaceao Spjeldnaes (1957) makes a
strong case for inclusion of Chrlstiania into the Plect-

ambonitacea. On the basis of non-plectambonitacean

shape, cardinal process and dofsal septa of Christiénia,
thls genus is regarded as typifying a new superfamily,
the Christianiacea. The Christianiacea is probably a
derivative of the plectambonitacean complex. .The new su-
perfamily mimics the Strophomenacea in possession of a
bifid ca:dinal procesé but in all other respects is a

unique strophomenoid.
Williams (1965, pp. H368-H369) discusses the forms

of the lophophores borne by strOphomenid brachiopods. He
tentatively proposes that certain of the Plectambonitacea
were s¢h12010phous or ptycholophous, that Chrigtiania was
schizolophous and that the resf of the strophomenid brach-
iopods, including the Strophomenacea, Davidsoniacea, Pro-

ductidina and certain plectambonitaceans, were spirolo-
)
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phous. Williams'.suppositions would seem appropriate
considering the rather lowly evolutionary positibn gener-
ally assigned to the strophomenids among the orders of
brachiopods. Mbreover, the unquestionable spire of the
orthotetacean Thecos ira, the spiral ramp in the ventral
valves of the orthotetacean‘Davidsenia,verneuili Bouchard
and the plectambonitacean Leptaenisca jukesi (DaVidson),
suppert the supposed snirolophe of the Strophomenidina.
Unfortunately, the form of the lophophore witn speeific
reference to the Strophomenacea and Productidine'is not
certain. | |
The internal surface of the dorsal valve of Leptae~
nisca concava Hall bears paired serpentine ridges and the
' same surface of many productoids and strophomenaceans bear
asymmetrical paired ridges.or septa, the brachial ridges
or dorsal septa. These ridges may be regarded either as
"pads" which served for support of the lophophore or as
"spacers" which separated the Varieus segﬁents of the lo-
phophore and which may have'ehanneledeater intb,the lo-
phophore apparatus. 1f hypothetical lophophores are
drawn upon the serpentine ridges of Leptaenisca, the
‘brachial ridges of a productoid or the dorsal septa of a
strOphomenacean, a 5p1r010phe is not formed regardless of
whether the ridges are considered '"pads" or "spacers". |

Hypothetical lophophores constructed upon the serpentine-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



73

ridges of Legtéenisca are either schizolophous or plecto-
lophous. Hypothetical 10phophorés constructed upon the
brachial ridges and dorsal septa of productoids and stro-
phomenaéeans are either ptycholophous or plectolophous.
These strophomenids probably posséssed the simpler lopho-
‘phore éystems, that is, they.probably were schizblophoué
or ptycholophous., '

The marginal diaph;égm of the Strdphomenacea does
.not seem to be homologous to the concentric dorsal ridge
of the Plectambonitacea., Koz¥owski (1929) and bpik (1930)
have proposed that the concentric dorsal ridge of plect-
ambonitaceans supported a schizolophe., Sagittal thin
secﬁioné‘show that the mérginal diaphragm of strophomen-
aceans could not have been a lophophore support; there
was ﬁot enough space between the valves at this poéition.
In all probability, the marginai diaphragm,was.a'strainer
device, as in the productoids, and may‘have been a poste~
rior and medial retaining wall for the marginal coelomic

canal in the marginal chamber.

Family OEPIKINIDAE Sokolskaya, 1960
Diagnosis.~- Finely pseudopunctate strophoménaceans with
concavo-conﬁex profiles, pfolate to subrectangular shape
and promineht dorsal septa or standing plates.

Description,- The cardinal process lobes are low, gener-

ally posteriorly curved shafts or hemicylinders with a
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cupped myophore on the posterior faces. The teeth are
stout and semidenticulate, The socket buttresses gener-
ally are straight and possess deeply corrugated lateral
margins. The pseudodeltidium and chilidium are variable

in size. Older species bear large pseudodeltidia and
small chilidia; younger species bear small pseudodeltidia
and large ¢hilidia. The chilidium commonly possesses a
drape which unites with the meso-cardinal ridge. The |
posterior platform is strongly developed. A breviseptum
is present but may be buried in secondary shell tissue.
The diductor muscle scars are flabellate and generally
lack muscle bounding ridges. The marginal diaphragm is
prominent on-the internal surface of the dorsal valve.

' The pedicle foramen is open in older genera, sealed in
younger. genera. |
Age.- Ordovician (Lower Chazyan, Whiterock to Richmond-
ian).

Generic content.- Oegikina Salmon, 1942 Kirkina Salmon,

1942; Dactylogonia Ulrich and Cooper, 1942; Hesgerinia

C00per,_1956, Macrocoelia Cooper, 1956; Maakina Andreeva,
1961, |

Remarks.- The Oepikinidae is the primitive family of the
' StrOphomenacea from which other families have been derived.

The Leptaenidae differs from the Oepikinidae by gradual

deletion of the dorsal septa, coarse pseudopuncta, devel-
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~opment of various elaborations ongenicula;ion and ruga-
tion anderestriction of the diductor muscle field. The
Refinesquinidae and Strophomenidae share a common deriva-
vtion from the Oepikinidae.»_The Rafinesquini&ae retains
the concave-convex shape of the Oepikinidae but deletes
the dorsal septa and acquires coarse pseudopuncta: The
Strophomenidae are little more than plano-convex to re-
supinate oepikinids with mechanical modifications, as
muscle bounding ridges and receding dental lamellae, re-
.quired by their profile.
| The Oepikinidae of this study and the Oepikinae of

the Treatise differ in inclusion (here) of Dactylogonia
and Hesperinia and exclusion (here) of Colaptomena. Dac-
tylogonia and Hesperinia are closely related if not syno-
nymous. Specimens of Hes-erinia, the oldest strophomen-.
acean, are too poorl& preserved to permit complete analy-
sis. Hesperinia is not related to the glyptomenid complex

as indicated in the. Treetise. Appafently Hesge;inia has
been compared to Glxgtomena parvula Cooper [:gxghomena ?
parvula (Cooper)], a lentaenid not to Glxgtomena sculp-
‘turata Cooper, type‘species. Dactylogonia and Hegperinia
are transitional between the Oepikinidae and the Leptaen-
jdae., Their inelusion'in one family or the other is
largely arbitrary provided they both receive the same al-

location. These genera are placed in the Oepikinidae be- .
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cause of the finely pseudopunctate structure of Dactylo-
gonia and the-prominent'dofSal septa or standing plates
of both genera. ‘ | |

Colaptomena and‘MacrocoeLia-are‘closely related gen-
era which afe transitional between the Oepikinidae and |
the Rafinesquinidae. Macrocoelia is judged to be an
oepikinid because it possesses.fine pseudopuncta and
small dorsal ridges. Colaptomena ie,placed in the Rafi-
nesquinidae because the genus is coarsely pseudopunctate,
bears no stronger dorsal ridges than. any rafinesquinid
and has a large diductor muscle field. "The diductor mus-
cle field of the archaicvoepikinids tends to be small and
restricted by lateral bounding ridges in the fashion of
the lepteenids. Advanced oepikinid genera, €s80 glkiﬁa
and Ma rocoelia, have larger diductor muscle fields which
tend to completely surround the adductor muscle scars.
Nevertheless, the diductor fields of these advanced oepi-
kinids are smaller and more deeply impressed than the di-
ductor muscle field of the Rafinesquinidae.

Kirkina, the second oldest strophomenacean, is known
from only one poorly preserved specimen of the internal
surface of the dorsal valve and several specimens of ex-
ternel surfaces. Kirkina, as Macrocoelia, lies along the
lineage connecting the Oepikinidae and Rafinesquinidae,

Kirkina has fine pseudopuncta and reduced dorsal septa
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and cohsequently is a phylogenetically advanced oepikinid.
jrkina indicates that either the age of the 0il Creek
Shale of Millard Co,, Utah, is younger than lower Chazyan
(Whiterock) or that the base of the strophomenacean phy-

logeny is older and more complex than can be documented

at this time,

Family LEPTAENIDAE Hall and Clarke, 1894
Diagnosis.- Coarsely pseudopunctate, coarsely‘taleblate
strophomenaceans with biconvex or concavo-convex, subrec-
tangulaf, oblate, rarely prolate valves, variously devel-
oped geniculation and‘rugatioh, modified,'reduéed or ab-
sent dorsal septa, open pgdicle'foramen‘and prbnqunced
pseudodeltidium present in older species and smallvre?'
stricted diductor muscle field with adductor muscle scars
.Opeh,to the anteriof.

Description.-~ IA addition to the diagnoétié features,
fhe cardinal pfOcess lobes of the leptaenids are low,
stout nodes or shafts in older genera to blades with pet-
aloid or cupped, posteriorly facing myophores in_youngef
genera., Older genera lack a meso-cardinal ridge, younger
genera possess a meso-cardinal ridge which hay be united
to theAchilidium. The chilidium‘bf older genera is sma11; 
the chilidium of younger genera'is large commonly domed |
and protrusive. A pedicle callist commonly océurs in

place of a pseudodeltidium ambng younger species. The
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teeth are semidenticulate. 'The socket buttresses are
straight and corrugéted along their lateral margins.
Dental lamellae are recessive immediately'under the
teeth but merge with the muscle bounding ridge of the
diductor muscle scar. The diductor muscle scar is gener-
ally small, The muscle bounding ridge of the diductor
muscle scar is weakly to strongly developed and commonly
.present'only along the lateral margins of the muscle
scars. If the muscle boundiﬁg ridge occurs along the
‘anterior margin of the muscle scars, the muscle bounding
ridge is drawn out toward the anterior to produce a
.1anceolate or, petaloid shape. The posterior platform is
strongly developed. The adductor muscle scars of the dor-
sal valve of older genera which bear weak dorsal ridges
are obscure. Younger genera which 1ack.dorsa1 ridges
have circular adductor muscle scars‘in the dorsal valve.,
The circular adductor muscle scars are formed by the lat-
eral and anterior curvature of the lateral ridges of the
posterior platform. The medial ridge of the posterior
platform of younger genera bifurcates anterior to the
anterior edge of the adductor muscle scars to fqrm_e cir-
cular depression or low platform; Preminent endospines -
.and dorsal marginal diaphragm generally are present.

Age.- Ordovician (lower Champlainian, Ashby) into Missis-

.sippian.
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Remarks.~ The Leptaenidae may be divided into three sub-
families, the Leptaeninae with dorsal geniculation and
concéntric rugaé, the Leptaenoideinae with a cemented
habit and the Murinellinae with elaborate prosopon, un-
usual géniculation and reduced or modified dorsai ridges.
The Leptaenidae df"this,classification differs from the
Leptaenidae of the Treatise by division of the family
into subfamilies, incofporation of the Leptaéhoideinae |
which the Treatise places in the Strophomenidae, and in-

corporation of Murinella and Megamyonia.

| Subfamily MURINELLINAE, nov.

Diagnosigs.~ Primitive 1epfaenids possessing reduced or
modified dorsal septa, elaborate prosopon and unusual
‘geniculation, o | |

pgggrigtgdn.- The murinellins possess glyptomenoid,
@tychoglyptoid; nervose or rarely rafinesquinoid proso-
pon which is coﬁmonly combined with weak cdncehtric to
oblique rugae, The profile varies from biconvex to plano-
‘convex with -dorsal gehiculétion or multiple geniculation,
If dorsallridges are present, they appear to be smeared
or flattened against the internal surface of the valve.

A prominent marginai diaphragm occurs in the dofsél valve.
Age.- Ordovician (Champlainian, Ashby into Trentohnian).
Generic content.- Murinella Cooper, 1956; Cyphomena
Cooper, 1956; Bellimurina C00pef, 1956 ; Limbimurina
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Cooper, 1956; ﬁuestionably gglggggg'Spjeldnees, 1957;
Remarks.- The Murinellinae is the ance stral-group of the
Leptaenidae. Murinella is related structurally to _gggxgr
ogonia and Hes.erin1a, thus Murinella is one of the least
advaneed of all strOphomenaceans. All specimens of Muri-
nella examined ty-the writer are silicified with the con-
sequehce that details of the pseudopuhcta are not knoWn,
1f Mgrinella should prove to be finely taleolate, the
genus shoitld be placed in the Oepikinidae. Mhrinella is
placed in the Furcitellinae jn the Treatise. Except for '
the biconvex to plano-convex erofile of Murinella, this
allocation cannot be‘supported. '

The familial assignment of Oslomena cannot be deter-
mined satisfactorily. Oglomena may be closely related to
Cyphomena of the Murlnellinae or synonymous with Glypto-
mena of the Furcitellinae. williams' discussion (1962)
does not solve the pos1tion of Oslomena because he does
not indlcate whether he compares Oslomena osloensig
Spjeldnaes, type species, to Glzgtomena sculgtugata

4 COOper, type “species, or to 'Ljptomena parvula Cooper
[= Cyphomena ? ' parvula (COOperil The internal surface of
the dorsal valve of Q. papilio Spjeldnaes resembles that
surface of Belliggrina charlottae (Winchell.and Schuchert),

and supports the murinellinelassignment of gslomena.'
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Subfamily LEPTAENINAE Hall and Clarke, 1894

Diagnosis.- Leptaenids with subrectangular to subtri-
engular shape, dorsal or rarely ventral geniculation,
concavo-convex or rarely biconvex profilé, weak to strong
concentric rugae, poorly defined or no true dorsal ridges.
Qesgr;gtion. All older leptaenids have subrectangular
to subtriangular shapes with pronounced alae; younger
species may be oblate.or prolate. All older species pos-
sess simple dorsal geniculation; younger spec1es may be
biconvex or ventrally geniculate, with or without a -
tongue. Most species bear regularly spaced, concentric
rugae on the visceral diskjbut not on the trail., The

~ fine prOSOpon of the external surface is rafinesquinoid,
nervose Or dictyostrophioid The pseudodeltidium is com-
monly small to obsolete, rarely large and prominent. The
chilidium is protrusive, th1n and united with the poste-
rior base of the:meso-cardinal ridge. The cardinal pro-
‘cess lobes are blades with cupped or petaloid myOphores
directed toward the posterior. The lobes of the cardinal
process of young species (Devonian and Mississippian) may
be so conjunct as to form a shelf-like structure. The
socket buttresses are low, straight and short. True dor-
sal ridges are obscure or absent but there may be advent1-
tious ridges or erratic ridges formed by the'coalescence

of recumbent endospines. The dental lamellae are low,
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receding and commonly obscured by filling of the umbonal
cavifies with secondary shell tissue..“A pédicle callist
is present at the apex of thé'delthyrial cavity of ybung
species which do not possess an open pedicle foramen.
The diductor muscle scars are enclosed, laterally or
completely, by muscle bounding ridgeé. The muscle bound-
ing ridges commonly are drawn-out towaxrd the anterior.
The internal surfaces of the valves bear recumbent endo-
spines and pronounéed marginal diaphragms. The pedicle
'foramen is open or sealed.

Age.- Ordovician (Champlainian, Porterfield) into Mis-
sissippian.‘

Generic éontent.- Legtaen#.nalman, 18283 giaeromena‘
SpJeldnaes, 1957; Legtagonia McCoy, 1844; Leptaenella
Frederlks, 1917; Bekkeromena Roomusoks, 1963 Notolegtaena

Gili, 1951, Rugolentaena Havli%ek, 1956; Megamyonia, Wang,

1949, Kjerfulfina Bancroft, 1929,
Remarks.- The'Subfamily Leptaeninae contains all of the

well known species associated‘with the family. The group
has had a long and complex history in brachiopod taxonomy.

In older classifications, the names Leptaenidae and Rafin-

esquinidae signified identical groups of genera., The gen- .

era of these two families, as they are now dif ferentiated,

have many similar attributes, for example, the reduced

pseudodeltidium, petaloid cardihal pfoéess‘lobes, large

¥
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taleolae and tack of dorsal septa°‘ These similarities
are isophenes in parallel evolving lineages. Because of
the parallelism, the familial assignments of several gen-
era are uncertain.

The relationship of Bekkeromena to the Leptaeninae
is not certain. The shape and curvature ‘of the valves,
the posterior platform and the adductor muscle scars of
the dorsal valve relate this genus to the Rafinesquinidae.
The protrusive chilidium, pedicle callist, attenuated
muscle bounding ridges lateral to the diductor mqscles
‘andslow, obscure dental lamellae are leptaenid features.
The leptaenid feaccres are judged to be more strongly de-
veloped and offgreater significance than the rafineaquinid
features.

Megamyonia is placed in the Rafinesquinidae in the
Treatise. The subtriangular to oblate shape, dorsal geni-~
cu1at1on, recumbent teeth and round adductor-muscle scars

in the dorsal valve indicate relatlonshlp to the Leptaen-
-idae, The large diductor muscle scars which lack muscle
bounding ridges and absence of rugae are rafinesquinid
characters. |

K]g;ulfina is a most unusual leptaenid.. Externaily,
K]erulfina is a rugose, ventrally genlculate homeomorph of .
the rugose, dorsally geniculated rafinesquinid Kjaerina.

Desplte the rugae and geniculation which in this case
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have no signiflcance, Kjerulfina is a leptaenid and not a
rafinesquinid because the genus has leptaenoid diductor
and adductor muscle scars in the ventral valve, receding
dental lamellae, a pedicle callist, circular adductor
muscle scars in the dorsal valve and short socket but-
tresses, Internally, Kjerulfina closely resembles. Actln-
", omena of the Furcitellinae but K]erulfina bears coarse
pseudopunctae. The kjaerinoid_cdstg of Kjerulfina and
Megamyonia seems to have no taxonomic significance.' In

spite of all observations, the taxonomic position of

Kjerglfina is not settled.

Subfamily LEPTAENOIDEINAE Williams, 1953
Diagnosis.~ Small, subrectangular, concavo-convex leptaen-
ids with dorsal geniculation, which cemented the medial-
-posterior region of the ventral valve to a foreign object.
Description, - The Leptaenoidelnae 1ncludes very . small

| strophomenaceans with leptaenid shape and a cemented hab-
it. The pseudopuncta are coarse and widely spaced, The
prosopon is rafinesquinoid to glyptomenoid, with faint
rugae, many major varices and disfor;ion caused by the
cemented habit, The cardinal process lobes are low, ir-
regular nodes without a distinct nyophore. ‘There is no
meso-cardinal ridge. The socket buttresses are short,
straight, thick ridges which are’dlréétéd anterior-later-

ally from the lateral margin of the cardinal process
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nodes. The posterior platform does not bear distinct
lateral ridges. The medial ridge of the posterior plat-
form is medially grooved and bears an alveolus at its.
gnterior ;ermination. A breviseptum extends tdward‘tﬁe
anterior from the alveolus., A serpentine coiled ridge
'extends laterally from-the medial ridge of the posterior
platform. The semidenticulate teeth‘are sypported by
low, recéding,to obsélete dental lamellae. The faint
dental lamellae merge with muscle bounding ridges along
the lateral margins of the diductor muécle scars. A pro-
minent mediél ridge bisects the diductor muscle scars and
the delthyrial cavity. The pseudodeltidium is small,
thick and crudely formed. The interior of the ventralf
valve bears many bead-like papillae, There is a pedicle
foramen in juvenile specimens. |

Age.- Upper Silurian into Lower Devonian.

‘ggnerig content,~. Legtaenoidea Hedstrom, 1917; Leptaen-
isca Beecher, 1890, |

Remarks.- The name of this subfamily is poorly chosen be-
cause the interior of the dorsal valve of Legtaenoidea is
unknown. The Subfamily Leptaenoidéinae is placed in the
Family Strophomenidae by the Ireatise. ' This assignment

cannot be supported by any feature or structure. The
leptaenoideins are leptaenids by virtue of their shape

and profile, coarse pseudopunctae, teeth, obscure dental

-
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lamellae and muscle bounding ridges. The interior of the
dorsal valve of Leptaenisca does not resemble that of any
known st:bphomenagean. When more is known about this
curious group, it probably will be necessary to place it
in a separate superfamily. - |
The coiled ridges of the brachial valve may have
been callosities for support of a spiroloﬁhousvlophOphore
as has been suggested by Muir-WOOd (1960, p. 20)., If
this is true, these ridges are the only indication of the
shape of the strophomenacean 10ph0phore. ‘The coiled
| ridges do no seemrto be.homoiogues of the dorsal septa of
the oepikihids, The microstruéture of the coiled ridges
is not known. ‘ |
The stroﬁheodonfécean Liljevalia gotlandica Hedstrgm
has been plaéed by authors in the Leptaenoideinae. L.
| gétléhdica is a true stropheodontacean. ' The curious per-
forations of the ventral interarea of this species are.
céﬁsed by accidental rupturé of thin shell at the apices
of the umbonal cavities and not by perforation of the |

pseudodeltidium by the cardinal process lobes.

Family RAFINESQUINIDAE Schuchert, 1893
Diagnosis,- Coarsely pseudopunctate étrophomenéceans with
concavo-convex, non-geniculate or dorsally gehiculaté pro-
file, prolate to subtriangular shape, distinct dental la-

mellae, adductor muscle scars encircled by large diductor
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muscle scars in the ventral valve, no dorsal septa and no
muscle bounding ridges marginal to the diductor muscle
scars.
Description.- The raf1nesqu1nids bear rather coarse,
regularly'Speced pseudOpunctae. The pros0pon is rafines-
quinoid or glyptomenoid, with or without oblique or con- .
centric rugae and a kjaerinoid costa. ~ The. profile is
concavo-convex and smoothly curved to indecisively geni-
culate. The pseudodeltidium is greatly reduced the chi-
lidium is large, thin and recumbent upon the posterior
bases of the cardinal process lobes. The cardinal pro-
cess lobes are blade-like in older species and juveniles
to massive and petaloid in young species. There is no
meso-cardinal ridge in juveniles and older species., The
socket buttresses are long, straight and deeply'corrugat-
ed along the free edge. The posterior platform is anchor-
shaped to arrowhead-shaped. The medial ridge of the
posterior platform does not extend far anterior of the
adductor muscle scars and does not bifu:cate.' A brevi-
septum is rarely present. The adductor muscle scars‘of
the dorsal valve are not circular. The semidenticulate
teeth are supported upon diétihct,dthin, non-receding den-
tal lamellae. The dental lamellae rarely are prolonged |
to the anterior to form weak muscle bounding ridges on

the poster10r-1atera1 margin of the diductor muscle scars.
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The diductor muscle scars are large and flabellate. The
adductor muscle scars of the ventral valve are situated
near the center of the diductor muscle scar area. The
pedicle foramen is generally sealed, rarely minute and
supra-apical. Endospines and a marginal diaphragm are
weakly to strongly developed.
Age.- ordovician (upper Chazy, Ashby) into Lower Silu=
rian.
Generic content.- afinesgg;na Hall and Clarke, 1892;
Colaptomena Cooper, 1956 Pionomena Cooper, 1956; Kjaeri
Bancroft, 1929; Hedstroemina Bancroft, 1929,
Remarks.,- The Rafinesquinidae is a distinctive family
which arose from a Mpcrocoelia-like ancestor by deletion.
-of the dorsal septa and enlargement of the pseudOpuncta.
Rhipidomena of the Furcitelllnae is so closely related to
,Macrgcoelia that Rhigldomena could be considered a rafin-
esquinid if it were not flnely.pseudOpunctate and gently
resupinate. As noted, Colaptomena possesses coarse pseudo-
puncta and lacks dorsal septa. In other respects, Colapt- |
omena closely resembles Macrocoelia. This would ihdicate
that the coarsely pséudOpunctate condition arose abruptly
and without related structural change.

The type species of Kjaerina and Hedstroemina afe
distinct, Other species of these genera seem to be inter-

gradational. Whether these genera are distinct but
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| partly homeomorphic or truly intergradational has not

been established. “
The generic assignment of the late Ordovicién-spe-v

cies of Rafinesquina has been questioned by Salmon (1942).
The late Ordovician species have no relationship to Long-
yillia, contrary to her suggestion. The number of spe-
cies of Rafinesquina is so great that there are no p¥os
minent discontinuities in the morphogenesis of the genus.
1f the record of this genus were incomplete, the early |
Trentonian species and the Cincinnatian species would
probably be placed in separate genera.
‘ Pionomena is known from several casts of the external
surface of the valves and one poorly preserved internal -
surface of the posterlor region of the ventral valve,
ziohomena is tentatlvely placed in the Rafinesquinidae on
the basis of external appearance, prominent tetth, well

deve10ped dental lamellae and coarse pseudopunctae.

Family STROPHOMENIDAE King, 1846
p;agngsis.- Finely pseudopunctate, resuplna;e,'biconvex
or rarely plano-convex or concavo-convex stroPhomenaceans
with recurved socket buttresses, commonly with receding
"dental 1ame11ae, restricted diductor muscle scars, true
but reduced ‘dorsal ridges or adventltious ridges and a
breviseptum from the blfurcate anterior end of the medial

ridge of the posterior platform.

Re i missi I [ v .
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Déscription.- The Strophomenidae‘includes species with
every possible stropﬁomenacean shape. The profile com-
“monly is resupinate or biconvex but may be biplanate,
'plano-convex or concavo-convek in atypical species. The
valves have either smoothly curved profiles or ventral
geﬁiCulation. The anterior margin may be rectimarginate,
sulcate or uniplicate. The prosopon generally is stropho-k
menoid or glyptomenoid but every other variety of prosopon
known in the Strophomenacea is found. The pseudodeltidium
and chilidium are preseht in all species. The size of the
pseudodeltidium varies from large to small; the chilidium
is small. The cardinal process lobes are erect cylinders
or nodes. The cardinal process myophores of advanced
species are cupped or peta101d Few species have a meso-
" cardinal ridge which, if present, is hidden under the
chilidium. The socket buttresses are recurved in. the
shape 6f a hunting bow. The posterlor-medial ends of the
socket buttresses are widely divergent. The lateral eods
of the socket buttresses generally merge into the palin-
trope lateral to the socket. The floor of the socket may
be elevated above the nearby reglon of the 1nternal sur-
face of the valve. The free edges of the socket buttres-
ses areucorrugated. The posterior platform is small.
The lateral ridges of the posterior platform are short

and not sharply curved toward the anterior. The medial
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.ridge of the posterior platform generally is bifurcate.
The breviseptum arises in the split end of the medial
ridge. The adductor muscle scars of -the dorsal valve are
, indistinct. The internal surface of the dorsal valve may
~ or may not possess true dorsal ridges or adventitious
ridges. The teeth are stout, The blunt, semldenticulate
anterlor end of the denticular plate projects toward the
anterior from the free edge of the palintrope. An acces-
sory socket for reeeption-of the lateral socket buttress
(—accessory tooth) may occur in the free edge of the pal-
- intrope lateral to the denticular plate., The dental la-
mellae commonly recede under the teeth. The dental.Lamelf
lae merge into muscle bounding ridges. The muscle bound-
.ing ridges vary from short ridges along the lateral-poste-
rior margin of the small diductor muscle scars to ridges
which almost surround the diductor muscle scars., The ad-
ductor muscle scars are situated near the anterior margin
of the diductor muscle field, The adductor muscle scars
are not enclosed to the anterior by the diductor muscle
scars. Prominent adjustor muscle scars may interrupt ‘the
posterior-lateral segments of the muscle bounding ridges.
The interior surfaces of the valves may be smooth or may
bear napillae or endospines. The marginal diaphragm is
weakly to strongly developed. The pedicle foreﬁen is

open or sealed.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



92

Age.~ Ordovician (lower Champlainian, Ashby) to Upper
silurian, | ‘ |
'" Remarks,- The Family Strophomenidae is the.largeSt most
complex and most diverse family of the StrOphomenacea.
There is no absolute differentia for the Strophomen1dae
.but combinations ‘of features permit their recognition.
The Strophomenidae arises from a Macrocoelia-like oepi-
kinidl The earliest strophomenid, Rhi idomena, is a gen=-
tly resupinate Macroceelia. The Orthotetacea surely a-
rise: from the Subfamily Furcltelllnae.

Other descriptions of strophomenids specify that the
muscle bounding ridges arise from the medial surfaces of
the dental 1ame11ae and, by inference, are not anterior
continuations of the dental lamellae. This interpreta-

~tion is. not correct. ‘The muscle bounding ridges and the
dental lamellae are histologically continuous structures.
The adjustor muscle scars are impressed into the site o
' where the dental lamellae become ridges. The effect is

shown in Text-Figure 5, number 4.

Subfamily FURCITELLINAE Wwilliams, 1965
biagnosis.f Biconvex, biplanate, resuplnate or rarely
concave;convex'strophomenids with ineomplete muscle bound-
ing ridges, slightly reduced or modified dorsal septa,

. large-pseudodeltidium and an open' or sealed pedicle fora-

men.
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| Description.- Theﬁshape, profile, nature of thevanterior
commissure, and prosopon may be ‘any of‘the various forms
listed for che family. The profile is rarely concavo-
convex, geniculéte or strohgly resupinate. The chiiidiom
is small; the pseudodeltidium generally is large. The

_ cardinal process lobes are nodes in older species. In
Ayounger species, the cardinal process lobes are posterior~‘
ly bent, low cylinders with cupped myophores in the poste=~
rior face, The socket buttresses and posterior platform
are those described for the family. True dorsal ridges or
standing plates occur in all but.the most - advanced spe-
cies, The teeth are more delicate and more pointed than
the teeth of the Strophomeninae. The dental lamellae may :
of,may not recede, The diductor muscle fieid is small |
and restricted by lateral muscle boonding ridges. The .
diductor muscle field is not elevated above nearby regions
of the internal surface of the valve. The pedicle.fofamen
is open in all but the most advanced species.. The inter-.
nal surfaces of the valves may be smooth or may bear pa-:
pillae or endospines. The marginal diaphragm is weakly
developed, | | | |
Age.- Ordovician (lower Cﬁamplainian, Ashby, to upper
Cincinnatian, Richmondian). | )
Remarks, -~ The Furcitellinae includes the primitive stro-

phomenids as indicated by the presence of true dorsal

5
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septa, an open foramen, large pseudodeltidium and great,

variability of shape, profile and anterior commissure.

Tribe GLYPTOMENINI williams, 1965

_o nosis.- wEakly plano-convex, biplanate, resupinate ‘
Oor concavo-convex. furcitellines with prolate shape, a
rectimarginate anterior commissure, weak to absent poste-
rior platform, strong to absent true dorsal septa, in-
complete muscle bounding ridges aﬁd‘cylindrical or. minute;
bead-like cardinal process lobes. | .
Age.~ Ofdovioian (Lower Champlainian, Ashby, into Cin-
cinnatian, Maysvillian).
}ggng;ic content.- Rhigidomega Cooper, 1956 Glyptomena
Cooper, 1956; glatzmena Cooper, 19563 Actinomegg Bpik
1930; Mjoesina Spjeldnaes, 1957.
"Eemargs. - The principal distinguishzng features of the
Glyptomenini are the flat profile and the prolate shape.

The Glyptomenini are the least advanoed tribe of the'
Furcitellinae. There is a major gap in the phyletic rec-
ord between Rhipidomena, the most primitive genus of the
tribe, and the suooeeding genera, glzntgmgga'and Platymena.
Rhipidomena is not typical of the tribe by possession of
- strong, true dorsal septa, cylindrical cardinal process

lobes, a large posterior platform, no muscle bounding
ridges, and stout teeth, Rhipidomepa could be considered
to typify a monogeneric tribe. Rhigidomgga is weakly re=~
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supinate to biplanate and prolate. Consequently, Rhipi-
domena fits into the Glyptomenini if a hiatus is accepted.
The Glyptomenini are ancestral to the Furcitellini

and to the Strophdmeninae.

| Tribe FURCITELLINI Williams, 1965

Diagnosis.~ Biconvex, oblate or subtriangular, rectimar-
ginate-qr~uniplicate,‘coarsely costateAfurcitellines with
strongly to weakly develobed true dorsal ridges, incom-
pleté muscle bounding ridges and cardinal process lobes
bent toward the poéteriof.

Age.- Ordovician (lower Trenton!into upper Cincinnatlan,
Richmondian).

ggneric content.- Fgrcitella‘COOpér, 1956; Holtedahlina
Foerste, 1924, -
Remarks.- The most characteristic features of ﬁhe Furci-
Atellini are the biconvex profile and oblate shape.

Egrcitella and Holtedahlina are quite similar in all

features except for the stronger dorsal ridges of Furci-

tella and the,fold of Holtedahlina. When middle Trenton

species are found, the two genera probably will not be

'differentiable.

The Teratelasmini probably arises from pre-Furcitella

Spécies of the'Furciteilini.'
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Tribe TERATELASMINI nov.
Diegnogis.- Small, very oblate, weakly biconvex or con-
cavo-convex furcitellines with very prominent anterior
dorsal septa, with or witheut a medial dorsal septum,
with widely divergent socket buttresses, uniformly capil-
late or smooth external surfaces, without muscle bounding
ridges, with bead-like or no cardinal process 1obes.
Age.~- Ordovician ( middle Champlainian, Porterfield, and '
upper Cincinnatian, lower Ashgill).
ggne;ic»content;- Teratelasma Coeper, 1956; Foliomena
Havli¥ek, 1952,
Remarks.-, These two strange, minute furcitellin genera

dif fer by the presence of a high medial dorsal septum in -

Teratelasma and the smooth external surfaces of Foliomena.
The prominent anterior dorsal septa of Teratelasma seem
to be formed by the fusion of both the anterior and the
posterior dorsal sesta. There do not seem to be cardinal
process lobes on Foliomena. This may be'an accident of
preservatlon. The differences between Teratelasma and
Foliomena may be explained by the long interval, middle

Champlainian to middle Cincinnatian, which sevarates them.

Subfamily STROPHOMENINAE King, 1846
Diagnosis.- Resupinate strophomenids with muscle bounding
ridges extended around the anterior margin of the diductor

muscle field, true dorsal septa weakly developed to ab-
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sent, adventitious septa strongly developed to absent.
Description.- The Strophomeninae includes strophomenids
'which'generally are stfdngly resupihate, with or without
ventral geniculation; The shapé‘of,the valves is pro-
late, subtriangular, subrectangular or farél& oblate.
The prosopon commonly is stroyhomenoid but may be rafi- -
nesquinoid or glyptomenoid. Unusual species have ner- -
vose, cymostrophoid or ptychogiyptoid pfosoﬁon. Weak
concentric or oblique rugae may be combined with any of
the common pattérns of prosopon.’ The'pseudodeltidium is
large, rarely small; the chilidium is small, The cardi-
nal processllbbes are slen&er to stout cylinders which
bear a posteriorly directed petaloid or,cupped myophore.
A @eso-cardinal ridge is rarely present. The socket but-
tresses are recufved toward the interarea on the lateral-
posterior side bf the socket. Both the socket buttress
and the lateral socket buttress are generally corrugated.
The posterior plétform is small but highly elevated. The
medial ridge of the posterior platform generally is bi-
~ furcate. A breviseptum may arise in the split end of the
medial ridge, True but reduced,dorsal ridges transect the
adductor muscle field of some species. Thick adventitious
or intervaécular ridges may occur in the rééién”ahterior'
and anterior-laterél to the adductor muscle scars. Those

species with prominent adventitious ridges commonly have
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brev1septum—1ike ridges or narrow grooves in the positions
of the true anterior dorsal septa and posterior dorsal
septa. Some species lack all traces of dorsal,septa or
adventitious septa. The teeth are stout and semidenticu-
late on the:ddrsal surface. A transverse muscie'bounding
ridge may occur albng the anterior'margin of the adductor
muscle field of‘thgldorsal valve., The dental lamellae
commonly recede. .fhe muscle bounding ridges of the ven-
tral valve almost encircle the anterior ends of the small
diductor muscle scars, The adductor muscle scars of the
ventral valve generally are not enclosed toward the ante-
rior by the muscle bounding ridges., There may be a small
spondylium'triplex-and hemisyrinxlin the apex of the del-
thyrial cavity. The pediéle'foramen is sealed but com-

" monly apparent because of differential erosion. The inter-
nal surfaces of the valves may be smooth or may bear pa-
pillae or endospines. The marginal diaphragm qommonly is
well developed in the ventral.vélve.

Age.- Ordovician (middle Champlainian, Pofterfield) into
Upper Silurian; ' | ‘
Generic dontent. Stroghomena Rafinesque, in deBlain-
'ville, 1825 Tetraghalerella wang, 1949; Longgillia Ban-
croft, 1933; GunnareLla,SpJeldnaes, 1957; Pentlandia Ban-

croft; in Lamont, 1949; Txigrammaria Wiisdn5'1945; Micro-
- trypa Wilson, 1945; Luhaia'RSBmusoks, 1956.
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Remarks.- The nomenclatural validity of §§;oghgggg§ is
not established, The type species of Strophomena is S.
rugosa Rafinesque, in deBlainville, 1825. illustrations
of 8. rugosa are unrecognizable; the type specimens ap-
parently are lost. A strict interpretation of the Inter-
natlonal Code of Zoological Nomenclature would require
that Stroghomena be declared unrecognizable and invalid
Hall and Clarke (1892) and Nickles (1903) have reviewed
the status of Stroghomena and the history ‘of the name.
Nickles suggests that Leptaena planumbona Hall, 1847 [ S.
planumbona (Hall)] is probably not conSpecific w1th S.
;ggggg Rafinesque as Hall and Clarke'(l892) claim it to
be. Nickles concludes, in substance, that this is not
significant inasmuch as authors, "King, Davidson, Hall
and Clarke, Winchell and Schuchert", have understood the
.type of Strophomena to be S. planumbona (Hall). Authors
subsequent to Nickles, e.g. Cooper and Williams, aleo
have based Strophomena upon 3. ﬁlanumbona (Hall) The
status of Strophomena has not been ruled upon by the In-
ternational Commission on Zoological N;menclature. The
type should be fixed as trgghomega glanumboga (Hall) by.
‘appeal to the commission so that no uncertainty_continues.
Unfortunately, the Treatise compounds the Stropho- |
mena-problem. The internal surface of a dorsal valve

shown in Fig. 246, 3c (p. H385) which is identified as
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S. planumbona (Hall) is actually S. vetusta (James).

True dorsal rldges do occur in the Strophomeninae.
These are not the thick, adventitious ridges which may be
so apparent on the internal eurface of the dorsal valve,
The true dorsal ridges are slender ridges or faint
grooves located between the adventitious ridges. Both
the adventitious ridges and the true dorsal ridges may
arise in the adductor musele field. Generally only'the
medial dorsal ridge, i.e. breviseptum, and the anterior
lateral dorsali ridges are present. The true dorsal septa

~are most apparent on slightly eroded or naturally etched
calcite specimens because the inner initial tissue which
forms the true dorsal ridges is slightly darker in color -
than the secondary tissue which forms the adventitious
ridges. o

The nomehclatural validity of Longgillia'Bancroft
and Pentlandia Bancroft has been questioned. The obscure
publications in which these gehera are descfibed by the
fact of their obscurlty, have attracted the attention of
brachiopod-speclalists. Consequently, these names must
be judged to be acceptably published. Longgillia Bancroft
1s not a synonym of §troghomena, as shown in the reatige,
if the type species of §tr02homena is S. planumbona (Hall)
Longvillia grandis (Sowerby), type species, has a flatten-

ed resupinate profile, delicate teeth, a weakly developed
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muscle bounding ridge and no dorsal septa.

The differentiation of Microtrypa from Strophomena
is uncertain. The typeJSpeciﬁens of M. altilis Wilson,
type species, are too poorly preéerved to permit an ade-

quate diagnosis of this genus.

OTHER GENERA
The genera of the follow1ng 1ist have been at one
time assigned to the StrOphomenacea. The reason for re-
jection of each name is indicated.
Bekkerella Reed, 1936; - Inadequately known and
| probably a stropheodontacean. |
Brynella Bancroft, 1933, - nomen nudum
Christiania Hall and Clarke, 1892, - Placed in a new
superfamily, the Christiéniacea.
Coolinié Bancroft, in Lamont, 1949. - Probably an
| orthotetacean. | ' |
Prummuckina Banéroft, in Lamont, 1949. - Probably
a stropheodontacean. | |
Goniotrema Ulrich and Cooper, 1936, - A plectambo-
nitacean. -
Lamanskya Moberg and Segerberg, 1906, - Unrecogniz-
éble.' _
Legtaenélla Sarycheva and Sokdlskaﬁa, 1952, - A sy-
nonym of Leptagonia McCoy, 18445 a homonym of
ngtaenella Frederiks, 1917.
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-

Legtaenuibﬁéi Haupt, 1878. - A synonym of Leptaena,
genikinella Wilson, 1945. - Probably a synonym of

Strgnhomena.
Playfairia Reed, 1917, - An unrecognizable subgenus

of Rafinesquina. |
PSeudélegtaena‘Miloradovich; 1947, - A synonym of
| ngtagonia. |
‘Saughina Bancroft, in Lamont, 1949. - Probably an

orthotetacean,

§
[
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PHYLOGENY

A phylogeny of the Strophomenacea of the Ordovician
may be postulated from the morphological characteristics
of the groups whichAhave been described inh;he last sec-

tion. The postulated phylogeny is shown in Text-Figure 7.

Text- ;ggre Za= The postulated phylogeny of the families

of the Strophomenacea.

Many dendrograms of the Strophomenacea have been
constructed in the course of this study. None are en-
tirely satisfactory. Twofdimensional dendrcgrams can
show only the diVergence of the various grcups.‘ The two-
dimensional dendrogfams‘cannot show the relative degree
of divergence of the groups involved nor can they show
convergence., Every possible juxtaposition of families °
and subfamilies, within the limits of their relation-
ships, has been drawn. There is separation of closely
felated or convcrgent families‘inbevery possible combina-
tich. ‘The phyiogeny of the Strophomenacea properiy should

be viewed in three dimensicns, as shown in Text-Figure 8.

Text-Figure 8.- Phylogeny of the families of the Stropho-

menacea shown in three dimensions.
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The Oepikinidae contéins the fundamental characteris-
tics of the Strophomenacea. These basic strophomenacean
traits include fine pseudopuncta, the bifid cardinal pro-
cess with shaft-like lobes bearing myophores on the poste-
rior face, concavo-éonvex p:ofilé,'prolate to subrectangu-
lar éhape, a large pseudodeltidium with an open, supra-
apical pedicle forahen, distinct dental lamellae, unre-
stricted diduc;or muscle scars, straight socket buttresses
and true aorsal septa. The diagnostic characteristiés of
'the other faﬁilies'occur by modification or loss of one or
more of these fundamental characters. 1In a three-dimen-
sibnal view of strophomenacean phylogeny, the Oepikinidée.
has an axial or central position. Thé most priﬁitive
oepikinids: Hesgerinié,and bactxlogonia; most closely re-
semble the 1eptaeﬁids,.whereas the advanced oepikinids,

Kirkina, Macrocoelia and Qepikina, closely resemble the

rafinesquinids and the earliest strophomenids,' Conséquent-
ly, graphic illustration of the Oepikinidae must show the
family situated between the Leptagnidae-and“the Rafines-~
quinidae. The basal portion of the‘oepikinid lineage must
be near the Leptaenidae and the upper portion of the oepi-
kinid lineage must be bent toward the Rafinesquinidae.
Téxt-Figufe 9 shows the relationsﬁip of genera of the Oepi-
kinidae and Rafinesquinidae. | |
The Léptaenidae divergesvfrom the Oepikinidae in

. early Chazyan time by the acquisition of coarse pseudo-
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Text-Figure 9.- The relationship and stratigraphic distri-

bution of genera of the Oepikinidae and Rafinesquinidae.

»-:puncta and modification of the dorsal septa. Later in the
history of the leptaenid lineage, the divergence is rein-.
forced by the development Qf strong gen;culatlon, rugae
and incomplete muscle bounding ridges, the reduction of
dental lamellae and the pseudodei:idium, and further modi-
fication or loss of the dorsal septa, The relationship
and stratigraphic distribution of genera in the Leptaen-

idae is shown in Text-Figure 10.

Text-Figure 10.- The relatidnship'and stratigraphic dis-

tribution of genera of the Leptaenidae.

.

'The‘Leptaenidae divides into two subfamilies in
Chazyan time. The Murinellinae is distinguished by ela-
borate geniculation'and'prOSOpon and by retention of a
foramen, large pseudodeltidium and modified dorsal septa
through much of its history. The Murinellinae is a more
primitive lineage than the Leptaeninae by reason of these
characters and consequently occupies a position between‘
the Oepikinidae and the Leptaeninae.‘ Moreover, the proso-
‘pon, posterior piatform, socket buttresses and dorsal seb-

ta of the Murinellinaé resemble those features in the
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Furcitellinae. A three-dimensibnal model shows the Muri-
nellinae closer to the Oepikinida€ than the Leptaeninae
" and bent into convergence with the Furcitellinae.

' Tﬁe Leptaeninae di&erggs further from the Oépikinidée
than.dqes the Murinellinae by complete loss of the dprsal
septa and reduction of the pseudodeltidium. The Leptaen-
inae shows some convergence toward the Rafinesquini;:lae by
development of bladed cardinal process lobesAwhigh become
petaloid, loss of the dorsal septa, réduction of the
pseudodeltidium, and in sdme*genera, the shape of the
postefior platform, the ldss of rugae, geniculation, sub-

~ rectangular shape and muscle bounding ridges. H

The Leptaenoideinae diverges from the Leptaeninae'iﬁ
late Ordovician or early Silurian time. The cemented ha-
bit of these minute leptaenids does not occur elsewhere in
the Strophomenacea. The Leptaenoideinée, thus, must be
imagined to diverge centripetally from the strophomenacean
compiex.

The Rafinesquinidae.diverges from an advanced oepi-~
kinid by development pf coarseApseudépuncta, loss of the
dorsal septa and increase in the size of the diductor mus-
cle field. Also, the’petaloid myophores of the most ad-
vanced rafinesquinids face in the posterior-dofsal direc-
tioh unlike the myophores of all oepikinids. In all other

characters, the Rafinesquinidae resembles advanced genera
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of the Oepikinidae which have prolate shape, a sealed
pedicle foramen and a reduced pseudodeltidium. As noted,
the Rafinesquinidae and the Leptaenidae show some conver-
gent characteristics. A three-dimensional jllustration
of the Strophomenacea would show these families bent
toward each other:—*

The Strophomenidae arises from the same advanced
oepikinid stock as do the Rafinesquinidae, The strati-
graphic distribution and relationship of genera of the

StrOphomenidae is shown in Text-Figure 11. The earliest

Tekt-Figgre Ll.- The relationship and stratigraphic dis-

tribution of genera of the Strophomenidae,

strophomenid, Rhipidomena, is so nearl& intermediate that
only the gentle resupination and obsble:e'dental lamellae
require thaflthe genus be rejected from the Oepikinidae.
Moreover, the morphology of Rhigidomena places this genus.
at the bifurcation of the Furcitellinae and the StrOpho-
meninae. Rhigidomena is assigned to the Furcitellinae,
Tribe Glyptomenini, only because the Furcitellinae collec-
tively displays more primitive features than does the
Strophomeninae. :

The Furcitellinae encompasses the pfimitive but ex-

perimgptal‘strophomenids. The primitive attributes of
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the‘group are internal and include features as the prbmi-
nent dorsal septa, the node or shaft-like cardinal pro-
cess lobes and theﬁincomﬁlete muscle bounding ridges.

The shape, pfofile and prosopon of the Furcitellinae are
experimental features. They include the flattened pro-
file of the Glyptomenini the oblate shape of the Furci-
tellini and Teratelasmini, the biconvex profile of the
Furcitellini and Teratelagma'and the concavo-convex ﬁro-
file of Foliomena, ’

In a phylogenetic recohstruction, the Furcitellinae
must be shown closer to the Oepikinidae than the Stropho-
‘meninae. In additibn, the Glyptomenini and Furcitellini

are convergent with the Murinellinae. A three-dimensional
view of the strophomenacéa shows the Glyptomenini and Fur-
citeliini near the @rigin of the Strophomenidae and bent
in the direction of the‘Muriheilinae. The Teratelasmini
do not resemble any other strophomenaceans. This tribe
-must be imagined to diverge from the Furcitellini in a
direction away from the oepikinids.

The Strophomeninae is the progressive subfamily of
the Strophomenidae. The fundamental structures retained
by this subfamily from the Oeplklnid origin are fine
pseudopuncta, prolate shape and in less advanced spec1es,
the dorsal septa, the cylindrical ca:dinal process lobes
with the myophore on the posterior face and a large |

pseudodeltidium. The pfogressive features of the sub-
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family include the extreme resupination, strong muscle
bounding ridges and adventitious septa of many spec1es.
The Strophomeninae is divergent from the base of the

Glyptomenini in a direction away from the Oepikinidae.
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'COMPARATIVE MORPHOLOGY

Many of the morphological and microstructural charac-
teristics of the‘Strophomenacea change throughout the
history of the superfamily; Morphological variation in
the Strophomenacea is'summérized in Table 1. Some of the
éhanges seem to be related to chahges in the profile of
the valves; other ch‘ange‘s‘seem’to be independent of the
profile. The features which seémingly undergo change

- without relationship to‘profile include the size and shape
of the valves, pseudopunctae, teeth, diductor muséle
scars, prosopon, the cardinal process lobes, the pseudo-
deltidium, the chilidium, the pedicle foramen, thé dorsal
septa and the meso-cardinal ridge. Characters which may
éhange collateral to changes of profile include the den-
tal laméllae, fhe muscle bounding ridges and the socket
'bﬁttresses. It is convenient to discuss the modifica-
tions of these characters in respect to variations of the
profile of the valves. The selection of profile as the
standard of reference is arbitrary. The charaétérs, in-
cluding profile, chahge collaterally. No character has
prqudenCe over another; chéngesvof profile are not neces-
sarily a cause which produce an'effect in‘;he-other char-~
acters. |

The structures which change without relationship to

profile of the valves may be divided into three catego=
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TABLE l.- SUMMARY OF MORPHOLOGICA]

i

TAXONOMIC LEPTAENTIDAE OEPIKINIDAE R A I
DIFFERENTIA LEPTAENINAE|MURINELLTINAE
PSEUDOPUNCTAE C O A R S E F I N E
SHAPE SUBRECTANGULAR OR SUBTRIANGULAR P R O L A

, RARELY OBLATE OR PROLATE ARCHAIC SUBRECTANGULARI
PROFILE . PLANO-CONVEX, CONCAVO-CONVEX, BICONVEX CONCAVO-CON
: , } DORSAL, RARELY VENTRAL OR MULTIPLE GENICULATION. ARCHAIC GENICULATION | WEAK |
DENTAL LAM. RECEDING TO ABSENT C o M P L E T E
TEETH DELICATE, POINTED LARGE, BLUNT, STRAIGHT DEL

COMMONLY CURVED ROUNDED ANTERIOR PROJECTION COMMON

CARDINAL DISJUNCT BLADES TO CON- DISJUNCT BLADES, SHAFTS OR NODES  HEMICYLINDERS
PROCESS JUNCT PETALOID BLADES : col
MUSCLE BOUND. L AT E R A L ™ C O M P L E T E ' N 0
RIDGES COMMONLY LANCEOLATE | : S |
'DIDUCTOR s M A L L, P O S T R I O R 'LARGE F

MUSCLE SCARS

RARELY LARGE FLABELLATE

| —

L

STRAIGHT TO CURVED, SHORT TO LONG,

STRAIGHT, MEDIUM Z

SOCKET STRAIGHT, SHORT, LOW
'BUTTRESSES SMALL ANGLE LOW TO HIGH, LOW TO MEDIUM ANGLE SHORT, HIGH LONC
POSTERIOR . _
PLATFORM : <:) ~ -—-?
. 7 75 ' / d) \ / \ / \
| HABIT LEPTAENOIDEINAE (FAMILY LEPTAENIDAE) CEMENTED BY VENTRAL VALVE TO SUBSTRATE.
STRUCTURES DORSAL RIDGES OR SEPTA CARDINAL PROCESS
WHICH UNDERGO ] ADVANCED TRUE DORSAL RIDGES OR SEPTA ABSENT LOBES FUSED
PARALLEL. STRONGLY REDUCED OR MODIFIED RIDGES LoBES doNgUNCT LARggépgggg
SLIGHTLY REDUCED OR MODIFIED RIDGES |

EVOLUTION FIVE PROMINENT SEPTA OR RIDGES

' PRIMITIVE FIVE PROMINENT STANDING PLATES 'LOBES DISJUNCT  SMALL MYOPH
FEATURES SIZE.- NOT TAXONOMICALLY DISTINCTIVE. PROSOPON.- NOT DISTINCTIVE FOR ADDU
OF LITTLE GENERAL INCREASE FROM OLDER TO FAMILY RANK TAXA. . MUCH HOMEO- ST
SIGNIFICANCE YOUNGER GENERA WITH MANY EXCEPTIONS. MORPHY. NO EVOLUTIONARY TRENDS. NO
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OF MORPHOLOGICAL VARIATION IN THE STROPHOMENACEA

_

-

DAE RAFINESQUINIDAE STROPHOMENTID
FURCITELLTINAE S
TERATELASMINT | FURCITELLINT | GLYPTOMENINT
) cC 0 AR S E ' F I N E
P RO DL AT E O B L A T E P R
TANGULAR | SULCATE | UNIPLICATE
CAVO-CONVEX BICONVEZX FLATTENED
CULATION | WEAK DORSAL GENICULATION CONCAVO-CONVEX | '
L E T E , NONE | COMPLETE TO RECEDING | NONE RE
DELICATE, POINTED, STRAIGHT POINTED LARGE, POINTED, STRAIGHT
: CURVED
YLINDERS DISJUNCT BLADES TO POORLY SHAFTS MINUTE NODES
, CONJUNCT PETALOID BLADES KNOWN :
N 0 . N E SHORT LATERAL RIDGES
| RARELY LATERAL RIDGES | RARELY LONG |
FLABELLATE s M A L L, P O S§ T

L AR

G E

RARELY SMALL

l RARELY LARGEI

—

PRAiGHT, MEDIUM ANGLE

', HIGH®

LONG, MEDIUM HIGH LONG,

STRAIGHT, HIGH

LARGE ANG.

CURVED, GENERAI
MEDIUM TO LJ

—

1

\

e

KN

‘)

m—

ALL OTHERS LIVED FREE UPON SEA FLOOR OR TETHERED BY PEDICLE.

JBSTRATE.
INAL PROCESS PSEUDODELTIDIUM CHILIDIUM | VENTRAL INTERAREA }
ABSENT PEDICLE LARGE NARROW- SEALED
CALLIST
LARGE, PETALOID UTE

cT o PRORES MIN QUOIN"///

: SMALL, CONVEX SMALL
CT  SMALL MYOPHORES LARGE, CONVEX SMALL WIDE LARGE
' FOR ADDUCTOR MUSCLE SCARS.- POSITION AND MESO—CARDINAL RIDGE.- A GERONTIC | VASC
HOMEO- STZE NOT TAXONOMICALLY DISTINCTIVE.  STRUCTURE. NO EVOLUTIONARY OR D
, PRENDS . NO EVOLUTIONARY TREND OBSERVED. TAXONCMIC SIGNIFICANCE.
SR S
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—— — —— _T
STROPHOMENTIDAE »
FURCITELLTINAE STROPHOMENTINAE
TERATELASMINI | FURCITELLINT | GLYPTOMENINI - ‘
' F I N E
O B L A T E P R O L A T E
SULCATE | UNTPLICATE

BICONVEX FLATTENED . RESUPINATE
CONCAVO-CONVEX | ' -

NONE | COMPLETE TO RECEDING | NONE RECEDING, RARELY COMPLETE
POINTED LARGE, POINTED, STRAIGHT LARGE, POINTED TO BLUNT
CURVED STRAIGHT TO SLI. CURVED
POORLY SHAFTS MINUTE NODES - CONJUNCT SHAFTS
KNOWN : TO HEMICYLINDERS -
SHORT LATERAL RIDGES GENERALLY COMPLETE RIDGES

| RARELY LONG | CIRCULAR
s M A L L, P O S T E R I O R’

[ RARELY LARGEI

. STRAIGHT, HIGH CURVED, GENERALLY LONG, HIGH
LONG, LARGE ANG. MEDIUM TO LARGE ANGLE
L S

EA FLOOR OR TETHERED BY PEDICLE.

CHILIDIUM | VENTRAL INTERAREA PEDICLE FORAMEN
ICLE LARGE NARROW- SEALED DELTHYRIAL APERTURE
L IST WITH
r PEDICLE CALLIST

SMALL /
SMALL WIDE LARGE | |

AND MESO—CARDINAL RIDGE.— A GERONTIC | VASCULAR MARKINGS.- TOO OBSCURE
'IVE. ~ STRUCTURE. NO EVOLUTIONARY OR TO BE EVALUATED.
. TAXONOMIC SIGNIFICANCE.
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" ries, The shape and profile of the valves, nature of the
pseudopuncta; teeth, and diductor muscle scars, in general,
are taxonomic differentiae at the.familial level. These
features do not change through a sequence of evolutionary
stages within the superfamily, nor do the variations‘of
these features, in general, occur at random'within the
superfamily. hanges which occur in the pseudodeltidium,
jnterarea of the ventral valve, chilidium, ‘foramen and
dorsal septa are the result of evolutionary parallelism
in the various lineages. The cardinal process shows
poorly defined taxonomic differentiation and evolutionary
progressioh. Size, nature of the prosopon, adductor mus-
cle scars, and occurrence of a meso-cardipal ridge do not
seem to have much taﬁonomic or evolutionary significance
above the generic level., Vascular markings are too ob-

scure to be evaluated.

segdogunctae. ~ The size and density of distribution of
the pseudOpunctae sharply divide the StrOphomenacea into

two groups as shown on Text-Figure 12. All members of the

Text-Figure 12.- The distribution of coarse and fine

pséﬁdopunctae«within the Strophomenacea.

Oepikinidae and the Strophomenidae bear fine pseudOpunetae_

which are densely packed>togetherfwithout-geometric ar-
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rangement. The Rafinesquinidae and Leptaenidae, in con-
trast, bear coarse pseudopunctae which are widely and geo-
metricelly spaced in the shell. These pseudopunctae occur
~ along ﬁhe intercostal gfooves in the leptaeﬁids_and at the

intereection of the intercostal grdoves end the fila in
the rafinesquinids. The pseudbpunctae of the rafines~
quinids are bimodal in size. Smaller, but still coarse,
pseudOpunctae are scattered at random emong the geoﬁetrié
cally placed larger pseudopunctae, The rafinesquinids and
‘leptaenids bear taleolae along the axes of the pseudo~
'punctae. Most of the oepikinids and strophomenids seem
to be taleolate as well but the extremely_emall size of
the pseudopunctae of some species makes detection of tale-
olae very difficult.‘ |

"Fine" andi"dense" are reletive terms. Some measure-
ments of the size of pseudopunctae and the~density.of
packing are presented in the section on histology of the
shell., 1In geheral, the size of ﬁhe pseudopunctae is in-
versely related to the number of'pseudopunctae per unit
area of shell.

The character of the pseudopunctae of Maakina, Luhaia

.and Foliomena is not known, Contrary to the descriptions

of the Treatise the pseudopunctae of Tetra halerella,
Kirkina and Macrocoelia are fine and the pseudopunctae of .
zionomena are coarse., The size of the pseudopunctae .of

Heégerihia cannot be determined from direct examination

.
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)
and the specimens of this genus are too rare to etch or
section, The_eoarse endospinee of the internal surfaces
of the valves cause the specimens to eppear coarsely
pseudopunctate. The closely related Dactylogonia bears

iarge endospines but sections reveal fine pseudopunctae.

Shape of the valves.- The Strophomenacea are fundamen-
telly subrectangular or prolate, slightly alate brachio-
pods. The earliest genera exhibit pronounced differentia-

tion of shape in the strongly subrectangular form of Hes-

perinia and Daétylogonia and the prolate form of Kirkina.
Inasmuch as most of the genera of the Plectambonitacee

are oblate to subrectangular, the prolate form of Kirkina
probably represents a divergence of shape within the
StrOphomenacea prior to the known f05511 record. The dis-
tribution of variations of the shape of the valves within

the Strophomenacea is plotted in Text-Figure 13.

Text-Figure 13.~- The distribution of the various shapes of

the valves within the Strophomenacea.

Shape is not an absolutely consistent feature within .
each lineage of the Strophomenacea. ' The Oepikinidae, Raf-
1nesquinidae, Glyptomenini and Strophomeninae generally
are prolate. There are unusual ‘species within each of

these lineages which are subrectangular, subtriangular or
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oblate. These unusual shapes are regarded as independent
divergences ffom prolate ancestors. Other characteristics
indicate that the species with unusual shapes are not
anachronistic. The Murinellinae incorporates species
»without’stabilized éhape; Murinella is oblate to prolate;
Cyphomena ié oblate to subrectangﬁlar; Bellimurina_and'
Liﬁbimurina are prolate. The Leﬁtaenidae in general are
strongly subrectangular and alate. Exéeptional species
bf‘Legtaena may be subtriangular?or oblate and unusual
genera may be prolate, g.Z. Kjerulfina, Bekkeromeha and
;ggtagonia. The Furcitellini and the Teratelasmini are

- oblate in form.

There seems to be an asSociation‘of the.subrectﬁngu;
lar and oblate. shapes with geniculation. Commbnly theée
characters are accompanied by concentric rugatxon of the
valves. If there is an interrelationship of 'these charac-
ters, the independent character cannot be distinguished

. from the dependent characters. Neither sqbrectangular
shape, geniculation or rugae occur always in association

" with either of the other two characters.,

Profile of the gglggg.- The Strophomenacea are fundamen-
tally plano-convex or sllghtly concavo-convex brachiopods.
'Text -Figure 14 111ustrates the distribution of the various:
profiles of the valves and shapes of‘the anterior commis-

sure within the Strophomenacea. The earliest oepikinids,
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Text-Figure 14.- The distributien of the various profiles

of the valves and shapes of the anterior commissure in the

Strophomenacea.

Hesperinia and Dactylogonia, have basicaliy plano-convex |
or faintly eoncavo-convex'profileS‘with a dorsally geni-
culated short trail. Kirkina has a weakly eoncavo-eonvex,
smoothly curved profile. The basic profile of Hesperinia
and Dagtxlogonla persists throughout the history of the
Leptaeninae. The only general modification which occurs
in this subfamily involves lengthening of the trail. Ex-
ceptions to the general profile of the Leptaeninae are
found in Kiaeromena end Bekkeromenavwhich are not sharply
genieulate,,Kjerulfina which iS'§entra11y genieulate‘and
Leptagonia which is biconvex. |

There is no consistent profile 1n ‘the Murinellinae.
Mgrinella is biconvex or plano-convex. nghomena and

" Bellimurina are plano-convex or concavo-convex with short,
dorsally geniculated trails. The multiple geniculation
of L;mbimurina is unlque.

‘The younger genera of the Oepiklnidae, the Rafines~
quinidae and the Strophomenidae have smoothly curved pro-
files, Sharp geniculation as found in the Leptaenidae is
rare, Weak geniculation is relatively common among the

younger species of each family,' The Oepikinidae and the
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Rafinesquinidae'aré composed entirely of concavo-convex

species, The Strophomenidae begins‘with the weakly resup-

iﬁaté, weakly concavo-convex or biplanate genera of the

Glypfomenini. The strongly resupinate Strophoméhinae and

the biconvex, ﬁniplicéte ér sulcate Furcitellini and Tera-
. telasmini diverge from the flattened Glyptomenini. Only

concavo-convex Foliomena is an exception to this sequence.

Teeth.~ The teeth ére the principal articulatory edges,
surfaces and projections<of the ventral valve., The taxo-
nomic significance of the teeth of the Strophomenacea is
difficult télevaluate. The teeth are deiicate‘Struétures
whigh project into the cavity of the §entral valve in,IOr
- even slightly dorsal to,_thé pléne of commissure. Conse;
quently, it is unusual to find teeth preserved without
abrasion or fracture. Moreover, the taxonomic signifi-
cance of variations of the teeth is difficult to evaluate
because the variations probably are related to the profile
of the valves and to the form of the dental lamellae. The

character of the teeth of the'Strophomenacea_is plotted in .

Text-Figure 15.

Text-Figure 15.- The shape of the teeth of the Stropho-

menacea.

e

The teeth are formed by confluence of the shell tis-
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sue along the delthyrial edge of the palintrope with the
narro& or receding dental lamellae. This anguler con-
fluence of shell tissue is penetrated by the cuneiform
denticular plate, see Text-Figure 25. The denticular
plate is emergent from the tissue of the palintrope and
dental lamellae along the dorsal margin of the delthyrium.
The denticular plate projects a short distance anterior
to the anterior edge, i.e. the free edge, of the palin—
trope. | | |
The teeth of the oepikinids are relatively stout
: structures. The anterior end of the denticular plate is
broadly rounded ‘Judging from the sites of semidenticu-
lation and abrasion, the principal articulatory contact
with the socket buttress occurs on the medial surface and-
the medial-dorsal edge of the anterior projection of the
denticular plate. Neither the dorsal surface of the ante-
rior. projection of the denticular plate nor the dorsal
margin of ‘the delthyrium show pronounced evidence of arti-
% culatory contact. The teeth of the Oepikinidae, Stropho-
% | . meninae, Mg;iggll_ and Ehinidomega are similar in shape
‘and in abrupt demarkation of the denticular plate from the
palintrope on the dorsal sutface of the tooth. Details of
the teeth of . Hegperinia and Ei;gigg are not known.
Only Mn;;_gll_ of the several ‘genera of the Murinel-

linae hasg teeth well enough preserved for some detailed

examindtion. Unfortunately, many of the specimens are
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silicified and the size of the irregularities of silici-
fication approxihately equal the size of semidenticles, .
The general size and shape of the teeth of Murinella cor-
respond to'the'teeth of tﬁe Oepikinidae. The dental la-
‘mellae‘of Murinella are flared in a lateral direction at
their base. As a result, the teeth tend to overhang the
delthyrial cavity. The surfaces of articuiatory contacf
seem to be under the overhanging medial edges of the teeth
and on the flat dorsal surfaces of the anterior projec-
tions of the denticuiar plates.

The teeth of the‘Leptaeniﬁaé are»curiousﬂétructures
if species of Leptaena and Megamyonia are adequate répre-
sentatives, The teeth of Leptaena are delicate. ' The
denticulaf plates are emeréent along the margin of the
delthyrium. The denticular plates projéct-oniy a short
distance antérior to the free edge of the palintrope where
they terminate in narrow, sharp points, not blunt knobs as
‘in Qepikina., The dental lamellae of Leptaena are receding

' or obsolescent. The poorly suppbrted‘teeth tend to curve
in a lateral direction. Curvature of the teeth also is
observed in some strophomenids and may be related to obso-
lescence of the dental lamellae in both families. The ar-
ticulatory surfaces are on the ventral.sidgs, i.e. under-
sides, of the denticular plates of Legtéena. The teeth of
MEgamxonia'resemble the teeth of_ Qepikina except that the

teeth are not supported on dental lamellae, Details of
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the articuiatory surfaces of Megamyonia are not known.

The teeth of the Rafinesquinidae tend to be delicate
and sharply pointed aé the teeth of Leptaena., The teeth
of the rafinesquinids do not resemble the stout; bluntly
terminated teeth of the oepikinids. Unlike the‘teeﬁh of
Le téena, the teeth of the Rafinesquinidae are straight
and are borne on thin, vertical dental lamellae. The
denticular plate is emergent along the margin of the del-
thyrium. Tbe denticular plate projects as a shorf, sharp
or angular poiht from the anterior edge of the palinﬁrOpe.
Articulatory contact occurs on the medial surface and
delthyrial edge of the denticular plate. There is no
evidence to indicate extensive articulatory contact on
the dorsal or ventral surface 6f the anterior projection
of the denticular plate.

Thg shape of'the'teeth of the Furciteilinae, éxcept
for"ghlﬁidomena and Foliomena, resemble the teeth of the
Rafinééqﬁinidae by being straight and sharply pointed at
the anterior.  The teeth of the Furciﬁeilinae are rela-

~ tively larger in proportion tovthe size of the.valves than

‘arevthe teeth of the Rafinesquinidae. Both the médial and
the dorsal surfaces of the anterior projecéion of‘the :
tooth serve'for'articulatory contact in the furcitellines.
Only Teratelasma shows evidence of articulatory contact

e ——————

along the edge of the delthyrium. ‘The teeth of Foliomena
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are not known in detail. The teeth of Rhipidomena resem-
ble the teeth of the Strophomeninae. -
The teeth of the Strophomeninae are similar in shape
to the teeth of the Oepikinidae. The anterior termina-
‘tions of the.teeth are bfoad and blunt. The principal |
sites of articulatory contact are the dorsal surface and
medial edge of the anterior projection of the denticular
plate. As nofed, the teeth of the Strophdmeninée may be
curved. An accessory socket commbnly is formed in the
surface of the palintrope on the posterior-laﬁeral side
of the tooth of the Strophomeninae. The lateral socket
buttress functions as an‘accessory tdoth in this family.
The shape of the teeth, diductor muscle scars, |
pseudbdeltidium and delthyriai cavity of sevefal genera

of strophomenaceans is illﬁstrated in Text-Figure 16.

Text-Figure 16.- The ventral cardinalia of several genera

- of the Strophomenacea.

Dorsal septa.- The dorsal septa undergo parallel evolu-

tion in the,lineagés of the Strophomenacea. Four distihct

evolutionary-Stageé; i.e. isophenes, may be defined inAthe‘
- sequence of graduél reduction or quification and eventual
" loss of the dorsal septa. The distribution of the four

stages is shown in Text~Figﬁre 17.
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Strophomena

Strophomeninae,

Glyptomenini, Glyptomena

Furcitellini,
Holtedahlina

Rafinesquinidae, Rafinesquina

Oepikinidae, Oepikina

Oepikinidae, Dactylogonia

Leptaeninae, Megamyonia

Leéptaeninae, Leptaena

Figure 16.- The ventral cardinalia of several genera of the Strophomenacea.

Murinellinae, Murinella

Leptaenoideinae,
Leptaenisca

Text-
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xr-Figg;e 17.- The stages of development of the dorsal

septa of the Strophomenacea. The division of the Leptaen-
idae, Oepikinidae and Strophomenidae into stages is not

related to any specific epoch,

(1) The septa may be long, rather high, sharply de-

' fined ridges which are not sﬁbmerged‘in secondary shell
tissue or interrupted by endospines. Some species of
Dactylogonia and Oegiki possess unmodified‘ full deve-~
loped dorsal septa. For example, the specimen of 0. for-
‘mosa Cooper shawn'in Text-Figure 4, number 6, belongs in
this category. Possibly those species of Qactxlogonga
which possess standing plates, e.g. D+ geniculata Ulrich
and Cooper, deserve a separate category preceding this one.
. The standing plates of Q. ggniculata and related species
more closely resemble the septa of the plectambonitaceans
than the septa of Qepikina. These standing plates are not
duplicared el sewhere amcng the strophomenaceans. Thus, it
is not known at this time if these standing plates belong

- to a separate evolutibhary gtage or are a unique innova-
tion of Dactxloggnia.. The,plectambonitaceanvcharacter of
the standing plates of Dactylogonia, among other charac-
ters, suppcrr'the belief that this genus is the most ar-
chaic, but not the‘oldest, strOphoﬁenacean. |

(2) The dorsal septa may'show some reduction 6f length

Reproduced with permission of the copyright owner. Further reproduction pfO‘hibited WithOUf‘be‘r'miv'SlS:i; n L e



133

.mmumnwaosuouum

mnu jJo eades .numuov m:u wo uﬂm&aoawzuv 30 mwwmum oyrL - J. EE O ..uxma

eadas
Tesxod
anxg ON

YNINIWOHdOULS

ejdag pasdnpsyd "eqdag. peonpay = ol
I0 PITITPOW iR 10 POTITPOW > YO
A13e910 MR ATIUBTTS EEEC ||rZ| = | =
=, G eades 0 >3
i g S5 i ] >
S R XX Tesxoq foaned | &2 > |0
. lio"- — “MS' ) mSHﬂH .”-WW.I”-“ B Z . w
= 2Nk b o | < | |o
Co s (D SStiiiiiiiinii g -
=2 =i : .”n o |3
X SrMmuHUHRT B . r
% -] = Heokex ﬂ E4 ~ > -r =
> i Qe cix m
, XK DS G DXL ™ e ke
m ERSGiE 2 s I 2 =<
(o} mn < m ST N m: Y DX
XKLL o R Z P m¥ia >
T S B S B il +=
35 —=%q FPm D e z =% o | ®
O xO - Rt o= HE > m |~
=z —.__—x > nNn- (o T m > 2
m X W » Cont B, Srores m (@]
2z L = gt = e -1 |>{O
<< = = P> o . o
=z = = imi i o = | =
= - -
5 ot N3a3| S
a 1> 3
® . 3T = | P
5 B2 | = sl 2
B [uspnon| 2 |
: W -HSV {-HOWN| =
I 25
=5 | NvIanTIS
>
x| 'SSIN-A3d

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




134

or height, slight submergence in secondary tissue or over-
lap by endospines. The septa in this second category may
be easily.recognized and all five septa are present. A
few species of QOepikina which have redueed septa, e.g.

Q. bellula Cooper, and Dactxlogonia incrassata (Hall)
which shows interference of the septa by endOSpines may
be placed“in this second stage. Kirkina, Macrocoelia,
.Bhggidomena, Hesperinia, Murinella, Cyphomena and Maakina

belong in this second stage of septal development,

(3) The third stage of septal development includes
species in which the dorsal septa ere very short, low or
1hdistinct,'or in which the septa are extensively modi-
fied by additions of secondary shell tissue or conflict

‘with adventitious septa. Commonly the five true dorsal
septa cannot be identified. The most persisteﬁt of the
five septa is the medial dorsal septum which appears as a
bre#isepéum in almost all genera of this category and
category four. The anteriof dorsal‘septa are more com-
monly absent than the medial dorsal septum but more com-
monly present than the‘posterior dorsal septa. The third
stage of septal deve10pment includes species of Leptaena,
3153;95555, questionably ngtaeg;sca, gellimurina Limggr

' mg_;ng leomgga, questionably golagtomena, glzgtomena,
Platymena, Actinomega,.Fn:giteLLa, oltgdahllna, Egggp
teiegma, FoLiomena, Mi rotr.‘e, Ttiggamharie, Pentlandina
and Species of Strophomena. |
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(4) The final stage is defined by the absence of the
posterior and anterior pairs of dorsal septa.. The medial
dorsal septum ;or breviseptum generally is present in the

pecies of the fourth categorye This final stage of the

parallel evolution of the septa includes most of the spe=-

- cies of Leptaena, Kierulfina, Megamyonis, Bekkg;omgna,
Leptagonia, Leptaenella, W.w
Kjaerina, Hedstroemina, !192!12& L.Bi!illi_ Gunparella,
];;;gghglg;gllg and some of the species of §§_gn_gmggg
The stage of septal development of nggig zzgngggng

Leptaenoidea and W is not known,

mﬂsﬂﬂ&iﬂm, __Li_sechi di en_ pedicle foramen.- The com=
parative morphology of the pseudodeltidium, chilidium and

vpedicle foramen cannot be considered independently. Dis-
tinct 1sOphenous stages cannot be defined readily in the
progressive parallel evolution of the pseudodeltidium and
chilidium of the lineages of the Strophomenacea, Mbdifi-__
cation of these two structures form a continuum. Any ap-
' parent discontinuitieslin development of these structures
may be related to deficiehcies in the fossil record. De=
velopment of the pedicle forameanoes%prcgress through |
isophenes if adult indlviduels of*théivarious species are
considered, The.isophenes.of:the‘pedicle”foraﬁen are de-
fined by the states of beinguopen and large, open and

small, or sealed. The conditlon‘of the pedicle foramen
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is significant only in respeét to adult individuals be-
cause it is probable that the foramen of~a11.juvenile
strophbmenaceans was open. Text-Figures 18 and 19 il-
lustrate'the conditions of thevpseudodeltidium and pedi-

cle foramen in the Strophomenacéa.

Tex t-zigg;g L_.- The approximate size of the pseudodelti-

dium of strophomenaceans relative to the general size of

the valves.

ngt-gigg;g Lg.-'The‘condition of the pedicle foramen in

adult - strophomenaceans.

The pseudodeitidium of several early strophomenacean.
genera is a large, highly aréhed structure which covers
most of the delthyrial cavity. The ventral interarea of
these early. genera is quite long (posterior to anterior)
in comparison to the ventral interareas of other stropho-
menaceans. The large size bf the pseudodeltidiuﬁ of early
genera is not attributable entirely to the length of the

 interarea because the chilidium is relatively short. Dac-
tylogonia, Hesperinia, Murinella and anh°m£‘ possess
this combination of pbstefior'stfuétures_as well as a
large,‘supré-apical pedicle foramen. From this beginning,
'there is a general and gradual decrease of the relative

size of the pseudodeltidium and‘length_of the ventral
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interarea, and a relative increase of the size of the

chilidium., Accompanying these changes, the pedicle for-
.amen of adult strophomenaceans becomes smaller and evens
tually is sealed by secondary shell tis;ue. ‘

The pseudodéltidium and chilidium of the Leptaeninae
and the younger Murinellinae are considerably smaller than
these structures of the older strophoﬁenaceans. The
pseudodeltidium of the younger leptaenids is a small pyra=-
midal block sét inﬁo the apex of the delthyrial'cavity.
Deposits of secondary shell tissue commonly cover the aﬂ-
terior.surface of the pséu&odeltidium within the delthy-
rial cavity. The pseudodeltidiﬁm of some species cannot
be distinguished from the sqrroundihg shéll tissue. In
particular, species which possess a pedicle célliét rareiy
have a pseudodeltidium that can be recognized on the sur-

' faée of the shell,

The chilidium of all species of the younger leptae~
nids is a distinct but thin sheet of wrinkled shell tis-
sue which is ‘molded onto the posterior bases of the cardi-
nal process lobes. A large chamber may exist between the
chilidium and the lateral bases of the cardinal process
lobes. A similar condition ig found in species of Qepi-
kina, The chilidium is either fused to the posterior
edge of the meso-cardinal ridge'or-deeply fblded into the
cleft between the'cardinal process lobes, The chilidium

appears to be protrusive because of the narrowness of the
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dorsal interarea and because, in many speéies, there is
not an emergent pseudodeltidium but an introverted pedi-
cle calliSf for comparison. The small size of the pseudo-
deltidium and chilidium of the advanced leptaenids is
directly correlated to their exceedingly short ihtgrareas.
These structures cannot bé la;ger; there would not be
enough room for them.

The advanced leptaenids generally have an open pedi-
cle foramen in contrast to other strophomenaceans which
have a small pseudodeltidtum. ‘Older species of ngtae
have a relatively large foramen. Kiaeromena and soﬁé of
the younger species of Leptaena have a sméll foramen, The
foramen of Mbgégxonia, some species of Leptaena, Bekkero-
mena, and the Leptaenoideinae is sealed. The pedicle for-
amen of the leptaenids lies on the external surface of the
ventral valve. Commonly a thin yoke of shell tissue sep-
arates the foramen from the apex of the,pseudodeltidium,

” hence, thé fdramén is sﬁpra-apical. The foramen seems to .
have increésedvin sizé by resorption of shell tissue be-
~cause the rim commonly is polished or calloused and the
foramen interrupts costae. Species of ngtaena Macro-
coelia an& Rh;nidomena which have a pedicle callist do not
Ihave a pedicle foramen. Apparently the.pedicle-protruded
through the 6pen,deithyrium. A curious slot cdﬁmonly is‘

‘_found which seems to be eroded into the posterior-mediél

region of the ventral valve of those species of Leptaena
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and Rhipidomena which have a pedicle callist. _Apparently,
the pedicle passed through the open delthyrium, curved
over tﬁe apex of the ventral valve where it left no im-
pression, and abraded or was cemented to the midline of

the ventral valve anterior to the apex. Species of Macro-

.ggg;ig, e.g. M. expansa (Sowerby), which have a pedicle
callist do not have a slot in the ventral valve. However,
some specimens of Macrocoelia have a small, circular facet
at the apex of the ventral valve which may have been a |
site of pedicle attachment. Legtagonga appeare’to have
both a pedicle callist and an open foramen on first in-
spection, The “pedicle callist" of Legtaggnia is smooth

 and thick. It is probably a filling of the posterior re-
gion of the delthyrial chamber inasmuch as the large
pseudodeltidium of this genus would not have permitted
passage of the pedicle through the delthyrium.

Leptagonia demonstrates an interesting reversal of
the evolutionary changes,which'effect the pseudodeltidium,
chilidium and pedicle foramen. The pseudodeltidium and
chilidium of this genus are large; the.interareas are
long; there is an open nedicle foramen., ngtagonia is
Mississipnian in age, yet the character of these posterior
'structures belong to a leptaenid from the Lawer or Middle
Ordovician. It is not likely that Legtagonia arose from
"an unknown lineage of primitive leptaenids which survived

from Middle Ordovician to Mississippian time. Probably
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'ngtaena or Leptaenella is ancestral to Leptagonia. The
posterior structures of Leptagonia ere conservative br}
atavistic. Less pronounced atavism of the pseudodeltidium
and chilidium is found also in the Furcitellini and Stro-
phomeninae. R |
The“pseudcdeltidium and'cnilidium of the Oepikinidae,
: excluding Dactylogonia and Hesperinia, are in a moderately
advanced state- of- development. The pseudodeltidium is
smaller, thicker and shorter than the archaic pseudodel-
tidium. It is not a pyramidal block asvin the 1ep£aenids
beceuse the apex of tﬁe delthyrial cavity may extend under
the slightly arched pseudodeltidium. Secondarylshell tis-
sue commonly fills the extension of the delthyrial cavity
' under the pseudodeltidium of Qepikina. This secondary
tissue is drawn-out toward the anterior to form ridges on
the lateral margins of the adductor muscle scars. The
| pseudodeltidium is replaced by a pedicle callist in a few
species of Macrocoglia. |
The chilidium of the advanced oepikinids is relative-
ly large. It may be tightly preesed against the posterior
bases of the cardinal process lobes. The chilidium may be
| draped into the cleft between the cardinal nrocess lobes, ;
fused to the'edge of the mesoecardinal ridge or, rarely,
the chilidium may bridge the cleft between the lobes to
produce a emall notothyrial cavity. The increase of size

'of the chilidium in the Oepikinidae parallels the increase -
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of size in the Rafinesquinidae.
The pedicle foramen of the advanced oepikinids is
minute or sealed.

The pseudodeltidium, chilidium and pedicle foramen of
the Rafinesquinidae are very similar in form to those
structures of the Oepikinidae. The interareas of the
Rafinesquinidae are slightly narrower than those of the
Oeﬁikinidae with the result that the pseudodeltidium and
chilidium are slightly smaller in prOportidh to vaive
size. The only outstanding difference in the pseudodel-
tidium and chilidium of these two families is foundAin the
most advanced species of Rafinesquina. The ?seudodelti-
dium of the Upper Ordovician species of ggfinegggina is a
very small quoin in the apex of the‘delthyrium.' Inudetail,
the quoin has the form of a regular trapeioid except that
the‘opposite sides are concave arcs rather than'straight
parallel lines, The pseudodeltidium is buttressed by a
secondary deposit. The chilidium of these advanced spe-

cies is very large. The pediclerforamen of the Rafines-
quinidae is minute, possibly open in Hedstroemina and

~ Golaptomena, and sealed in Kjaerigg and Rafigggg gg
The pseudodeltidium, chilidium and pedicle foramen

of Rhipidomena, excepting species with a pedicle callist,
are similar to these structures in Qepikina. That is,
these structﬁres-in the oldest and most primitive genus

of the Strophomenidae are in a moderately advanced state.
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 The advanced Glyptomenini, Platymena, glxntomega'and |
Mjoesina, show simple; progressive reductinn of these
structures. The pseudodéltidium becomes very small so
that it resembles the pseudodeltidium of Rafinesquina.
The chilidium becomes minute'because the dorsal interarea
an& the cardinal process'ldbes become minute. There ig a
minuté pedicle,foramgn in all of the genera of the Glypto~
menini.
~ The Furcitellini show conservatism, or perhaps ata-
vism, of the pseudodeltidium, chilidium and pedicle for- -
amen. The interareas are leng relative to the size of the
valves and the péeudodeltidium, chilidium and foramen are
large. The condition of theseffe#tufes is compatible with
that of Qagtxlogonia and“gzghomgga but. thereits no phylo-
genetic relationship involved. |
Teratelasma and Foliomena have a pseudodeltidium and
chilidium but details concerning these structures are not
known, There is an open pedicle foramen in eratelasma
but the condition of the pedicle foramen of Eoliomgna is
not known. | | |
The StrOphomeninaé also. shows conservatismvor atavism
of the nseudodeltidium and chilidium., The ventfal inter-
area of species in this subfamily is moderately long. The
pseudodeltidium is long and highly arched. Unlike other
ggneré which have a large pseudodeltidium, most of the

species of Strophomena and allied genera have a sealed
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foramen; The chilidium is relatively small. It adheres
to the posterior and lateral bases of the oardinal process
lobes. A meso-cardinal ridge is rarely present in the
strophomenids. The meso-cardinal ridge; if present, lies
on the'posterior-medial base of the cardinal process under
the chilidium.’ As a consequence, well pfeserved specimens
of strophomenids have a distinct notothyrial cavity.

No measurements have been taken of dental. angles
throughout the Strophomenacea. The dental .angle is the
angular divergence of the edges of the delthyrium in the

, plane of the interarea. Bancroft (1929) has shown that

the dental angle of species of Kig_;;g_,and egstroemina
is variable. Moreover, the dental angle is not constant
throughout ‘the ontogeny of those species with curved
teeth, e.g. species of Leptaena and Strophggg na, The gen=- |
eral appearance of the dental angle of the various genera
suggests that the dehtal'angle is inversely related to
the length of the interarea and to the size of the pseudo-
deltidium. The shorter the interarea and the smaller the
pseudodeltidium, the greater is ‘the dental angle. This
relationship seems plausable in respect_tovthe mechanics

of the cardinal process ehd'articulation.

gg__;ngl process.- The form of the cardinal process and
the shape of the cardinal process lobes are highly vari-

able qualities in the StroPhomenacea. The cardinal pro-
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cess in general and the lobes in oarticular_show little'in
the way‘of ofderiy evolutionary'progression or taxonomic -
differentiation. It is probable that the poor organizaa
tion of these structures in respect to evolutionary pro-
gression and taxonomic differentiation is caused by the
interplay of at least four 1ndependent variables. These
are, taxonomic lineage, evolutionary etage of development
within each lineage, the ontogenetic stage of individuals
examined and the effects of weathering, natural abrasion
and preparation upon the individuals examined. If perQ
fectly preserved individuals of the same ontogenetic stage
were available for all genera, probably a more meaningful
and orderly arrangement of cafdinal process types could be
found, Text-Figure 20 showe gsketches of the dorsal cardi-
~ nalia of seleeted;strophomenacean genera, The‘cardinal

processes are shown.

Text-Figure 20.- The cardinal process and related struc-
tures of the dorsal valve of selected strophomenacean gen-

era.

- The cardinal process lobes show soﬁe slight taxonomic
differentiation.in the shape of the base of the lobes, the
amount of . space between the baseslof the lobes and the di-

rection in which the myOphore faces, Unfortunately, the
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'cardinal processes of the oldest strOphomenaceans,-ggggggr
inia and Kirkina, which are quite rare, are too abraded to
yield mucﬁ information. The bases of the cardinal process
lobes of Kirkina are very small in respect to the size of
the valve, elongated in the anterior=-posterior direction
and closely spaced together. The narrow cleft has parallel
sides. The bases of the lobes of Hesperinia are like those
of Kirkins but are larger in respect to the size of the
valves. Specimens of Dagtxlogonia and Cyphomena are bet-
ter preserved and more numerous than Heggerinia and Kirk-
ing. The form of the bases of the lobes of Dactylogonia
and Cyphomena resembles the bases of the older genera, The
distal terminations of the lobes of Dactylogonia and 22222'
mena are irregular knobs or shafts ﬁifh narrowly cupped '
myophores directed toward tthposteriof. Some individuals
of Qactglggogié haveAa small fillet added between the ante-
rior base of the lobe and the posterior platform. The
‘archaic cardinal process lobes may be described as shafts
or irregular knobs, with posteriorly directed myOphores,
elongate bases and a narrow, parallel sided cleft.

The parallel sides of the cleft of these archaic
genera, as well as the older Leptaeninae and Rafinesquin-
jdae, would seem to indicate a disjunct condition of the
cardinal process lobes. ‘The posterior ends of the cardig
nalnproceés,lobes of advanced genera of all lipeagesvtend

to merge together, i.e. they become conjunct, It is
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strange that the disjunct to- conjunct evolution of the
cardinal prdéess and fhe‘relative increase of size and

: importancé of the chilidium of the Strophomenacea are_oﬁ-
’posité to the evolution of:these structures in the S;rd—
pheodontacea. .

The cardinal process of Murinella has approximately
the same sh#peAas that described for the other early gen-
era. The width and height of the lobes in respect to
shell size is much greater than that of the earlier gen-
era. The myophore faces are rotated 1n the posterior di-
rection, mofe‘than 90° from the plaﬁe of commissufe. The
myophores»afe deep, narrow slots in the posterior‘edge pf
the lobes. o | |

gell;ggrina and Oslomena have cardinal process lobes
quite diffefent from those of ug;iheila. They resemble
the.knob-likeglobes‘of.éome species of Daétxlogonia but
they are mihute.' The lobes of Limbimurina are known from
one specihen. They are similar to the élongated, cupped
lobes of some species of Dagtxldgpnia'and Qgphomena.

'The cardiﬁal process lobes of the Leptaeninae are
subject to evolutionary modification throughout the long .
history and the many genera and species of the subfamily.
The earliest species of fhe Leptaeninae, Leptaena rugosa

Dalman and L.vordgvig;ga Cooper, have parallel, blade-
shaped lobes with a wide cleft. The myophore is located

on the dorsally inclined, posterior;edge of the 16bé. If

L] @
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younger}species and genera are observec several progres-
sive effects may be noted. The anterior end of the cleft

~ remains wide, but the posterior end of the cleft becomes
narrow until in Devonian varieties of Legtagng.ggg___igy
alis E?] (Wilckens) and the Missieeippiah species Lepta--
gonia snaloge (Phillips) the posterior ends of the lobes
are fused together in the manner of some orthotetids.

| The distal ends of the lobes tend to converge over the
cleft in younger species. The result is a broad~shallow
chamber in place of the anterior end of the cleft. Also,
in younger species, there 1s‘a tendency for broadly pe-
taloid or cupped myophores ro‘develop. The petaloid myo-
phore may be very large and gently inclined on‘Lﬁ rich-
mgg__ngzg Foerste, Kiae;omeng kie ;gl i (Holtedahl), Mega~
myonia gnicostaga (vbek and Worthen) and some varieties
of Leptaena rhomboidalis (Wilckens).

The irregular, knob-like lobes of Leg;aenigca are ex-
ceptional, They may be associated with the cemented habit
of’ the Leptaenoideinae.

The cardinal process lobes of advanced genera of the
Oepikinidae and Rhipidomena are-distincrly different from
those of the archaic oepikinids and murinellines., The
lobes of Qepikina, Macrocoelia andighlnlggmgng are short
(posterior to anterior), broad (medial to lateral), tall

hemicylinders, They stand normal to the plane of commis-
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. sure and flush with the posterior margin of the valve.

. These cylinders generally bear deeply folded or cupped
myOphores on the posterior surface. The cleft is narrow
and tends to converge to a very thin slit between the
posterior bases of the lobes. The myophore surfaces on
the posterior faces of the lobes are convergent toward
the apex of the dorsal valve. The cardinal process lobes
of Mgcrggoglia and Rhipidomena differ from the description,
which applies to Qep E;na, only by being slightly more

| elongated in a posterior to anterior direction than- the
lobes of gegiking. The right cardinal process lobe of
Qepikina commonly is distorted. Deformation of a cardi-
nal process lobe is not common in other genera.

'The cardinal process of the Rafinesquinidae has a

| great range of size through the various species. The
cardinal process of gionomega is unknown. The only known

" cardinal process of Colaptomena is broken. The one in-
complete lobe seems to more closely resemble the lobes of
Qepikina than any rafinesquinoid species. The lobes of
Kigserina, Hedstroemina and older species of Rafinesqujna
are elongated erect, delicate blades. The blades of
Hgdstzoemina are widely separated and nearly parallel.
The blades of &jaerina and older species of Rafinegquina
are widely separated to the anterior. They converge but

do not unite toward the posterior. - The myophores are sit-

>
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uated on the steeply inclined posterior edges of the
lobes. . These delicate blades resemble the juvenile car-
dinal process blades of advanced species of ggf;neeggi .
The bases of the cardinal process lobes of advenced spe=-
‘cies of.ggggggggg;ng ere elongatedvaﬁd strongly conver-'

| gent toward the posterior; soﬁe basee may be overgrown
with secondary shell tissue. The distal fermihations of
the blades are greatly expanded petaloid or flat-iron
shaped platforms. The myephore surfaces are inclined 80
as‘to face in the posterior-dorsal‘direction.- The poste-
rior bases of the myophores converge toward the apex of
the valve under the chilidium., These are the largest car=
dlnal process lobes in the Strophomenacea, There is an

. interesting paralleliem of the blade-like lobes of the
‘older species of leptaenids and rafinesquinids and the
petalold lobes of the younger species of leptaenids and
rafinesquinids.. -

As noted, the earliest strOphomenid Rhipidomena, has

a cardinal process ‘resembling the advanced oepikinids.
From this beginn_ing, the strophomenid groups, Glyptom’enini.;

Furcitellini andetrophomeninae diverge strongly in the |

' character .of the.cardinal processQ The cardinalvprocess
lcﬁes of the advanced Glyptomenini and Terat ‘ are
minute in relationetoeshell size. 'Ihey are‘tiny'nodes or

hemispheres at the medial-posterior ends of the socket but-
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|
tresses. The nodes are flush ﬁith the posteriof margin of
the valve, The myophores are shallow excavations in the
posterior'facee of the~nodes. The cardinal process lobes
of Foliomena either are absent or submerged in secondary
shell tissue. Species of the: Furcitellini possess cardi-
nal process lobes which bear a strong resemblance to ‘that
structure in Dactylogonia and Cyphomena. - This is. another
example of the striking convergence of this group and the
‘archaic leptaenids.

The cardinal process of the Strophomeninae is remi-
niscent of this structure'ln Qepikipa. The lobes are
hemlcylindrical and broader than they are-loﬁg. They bear |
deeply folded or cupped myophores. The lobes of the Stro;
phomeninae differ from the lobes of the Oepikinidae by
being slightly smaller ‘and more delicate relative to shell
size, more closely spaced together, and slightly 1nc11ned.
The myophore face of gerontic specimens of younger species
may be petaloid;or_grossly enlarged and the Bases.of the
lobes may be overgrown with gsecondary shell tissue.

The general evolutionary trends of the cardinal pro-
cess lobes of the Strophomenacea seem to be toward 1ncreas-
ed size, ghortening in the posterior-anterior direction,
increased area of the myophore and’inclination of thekmyo-
phore. The Glyptomenini and,advanced Murinellinae are the
principal'exceptions'to this generalitj. The changes whieh

accompany the growth of individuals approximately duplicate
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the phylogenetic trends. The tendency of gerontic indivi--
duals to bear elaborately expanded or cupped myophores
which are less steeply inclined than those of juveniles

is particularly noticeable;’

§gg§g_ gtgregg The shape of the socket buttress, the
profilé of the valve and the dental angle undergo collat-
eral changes in the evolution of the Strophomenacea. As
has been noted, the dental angle is inversely related to
the length of the interareas and the size of the pseudo-
deltidium, The socket buttresses mate with the teeth
consequently the dental. angle controls the angle formed
by the socket buttresses. As there is a general tendency
for the dental angle to increase throughout the phyletic |
history of the Stroghomenacea, the angle formed by the
socket. buttresses also increases with phyletic advance.
This general tendency is partly obscured by the variable

. amount by which the socket buttress may overhang the cav-
ity of the socket, . In those groups with greatly project-
ing teeth or receding dentsl lamellae, as'the Oepikinidae
and the Strophomeninae;, the socket buttresses hook further
under the teeth then in the groups with pronounced dentel
lamellae or delicate teeth. For ‘the purpose of . descrip-‘
tion, the angles between the lateralqpqsterior edges of
the socket buttresses may be small (up.to 100°), moderate

(100 to 120°) or large (greater than 120°).

A _ o | , :
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The archaic oepikinids end leptaenids have rather
long socket buttresses that are set at a moderate to large
angle. The buttresses are long because the teeth are long

- and prominent. The lateral-posterior edge of the socket
buttresses may or may not project strongly above the in-
ternal surface of the valve, If the profile of the valves
is biconvex, the socket buttress is a prominent ridge, but
if the profile of the valves is concavo-convex, the socket
buttresses are low ridges which may be almost flush with
the internal surface of the valve.,

The advance leptaenids have very short, obscure
socket buttresses that are set at a small angle. The
socket buttregsses are scarcely longer than ‘the length of
the ventral interarea. Apparently the posterior end of
the socket buttress ‘hooks under the posterior end of the
tooth into the space occupied by the fully developed den-
tal laqellae of other groups. In this way, the angle form-
ed by the lateral edges of the socket buttresses is quite
small, | |

The socket buttresses of the advanced oepikinids and
the rafinesquinids are get at a moderate angle. Among the
advanced oepikinids, the buttresses are short and very
prominent. This form is the result of erticulation of the
buttress with only the thick, blunt anterior projection of
the tooth. The rafinesquinids have moderately long, pro-

jecting socket buttresses. The length of the buttress
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results from its mating with the long edge of the tooth
along the dorsal margin of the delthyrial chamber, The
‘buttress projects into the delthyrial chamber and conse-
quently is a high ridge.

The socket buttresses of the Strophomenidae, in gen-.
eral, are long, curved and prominent. They are set at a
small to large ahgle depending upon the length of the

_ventral interarea, which is quite variable in this family.
The posterior end of the buttress may completely overhang
the socket so that the lateral-posterior-edge of the but-
tress directly overlies the lateral socket buttress. The

’ lateral-anterior end of the socket buttresses are reflex-
ed toward the interarea. The reflexed curvature of the
buttress in many species is accompanied by eievation of
the surface of the fulcrellplate plus secondary deposits
across the entire floor of the socket. The entire.socket
and buttress is thus set apartdfrom the rest of the inter-
nal surface of the valve.

The curvature of the socket buttress and the eleva-»
tion of the surface.of the fulcral plate plus secondary
deposits in the socket are characteristic of strophome-
noids which have plano~-convex, biconvex and resupinate
profiles. These features are not restricted to the Stro-
phomenidee.put also occur in biconvex Murinella and some
of the other leptaenids which tend to have biplanate.or

biconvex valves posterior to the geniculation, That is,
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these features are found only in those sttOphomenaceans
in which the dorsal valve tends to be flat or arched away
from the plane of commi ssure. Apparently the curvature
of the buttresses and the layer of secondary tissue is

required to lift the socket into the plane of commissure.

Dental Laméllaeo Changes in the form of the dental la-
mellae are antithetic to. changes in the socket buttresses
with respect to variation in the profile of the valves.
The fulcral point of the tooth-socket articulation must
lie on the hinge line of the valves., The plane of commis~
sure, which is defined by the line of contacf of the two
~valves around their periphery, passes through the hinge
line., 1If the arch of the ventral valve is directed toward
the plane of commissure, that is, if the ventral valve is
concave, Or if the ventral valve is flat, the height of
the teeth above the internal surface of the ventral valve
must bg verj small to maintain the fulcruﬁ on éhe hinge
line. Reduction of the height of the teeth apparently is
accomplished in strophomenoid evolution by reduction or '
obsolescence of the dental lamellae which support the
teeth and possibiy also by the curvature of the teeth,
This hypothesis correlates well with the condition of the
dental lamellae throughout the strophomenacea. The genera
which have convex ventral valves, whether the entire pro-

file be biconvex or cbnégvo-convéx, generally have com-

"\ .
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pletely formed dental lamellae. This is the condition in
the Oepikinidae, Mnrinellinae, Rafinesquinidae and Furci-
tellini. The Leptaenidae with largely planate ventral
valves and the Strophomeninae and ghigidomena with con-
cave ventral valves all have receding or obsolescent den-
tal lamellae. The advénced“Glyptomenini present an ex-
ception to this hypotheéis. The profile of all of the
genera of this tribe 1é'very flat, eiéher'biplanate,~or
weakly concavo-convex or resupinate. The interareas of
genera in this, tribe are very narrow. All of the members
of: the Glyptomenini have fully formed or very slightly
receding, very short dental lamellae. Apparently if both
valves are flat and the interareas are narrow, the ful-
crum of ar;iculation,has to lie on.the hinge line and
there is no meéhanical necessity for évolutionéry reces-
sion of the dental lamellae. The. disfribution of varia-

tions upon the dental lamellae is shcw in Text-Figure 21,

Text-Figure 21.- The nature of the dental lamellae

th:oughoutathé_StrOphomenacea.

Muscle pgggg;_g ridges.- The Leptaenidae, excluding some
murinellines, and the Strophomenidae, excluding the Tera-“
telasmini, ppssess ridges along the margins of the diduc-

tor muscle scars in the ven;ral valve. The Oepikinidae
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end.the Rafiﬁesquinidae largely are devoid of muscle
bounding ridges. fAs'has been noted,-fhese‘muscle bound-
ing ridges are histologicelly continuous with the denﬁal
lamellae. There is a physicai discontinuity between

~ these structufes.only in genera which have obsolescent
dental lamellae. Text-Figure 22 shows the distribution

of muscle bounding ridges in the Strophomenacea.

zgxt-zigg;g-zz.- The condition of the diductor muscle

bounding ridges of the Strophomenacea.

Spjeldnaes (1957, pp. 42-49) has presented a lucid
'account of the mechanics of the diductor muscles, cardi-
'nal process and muscle bounding ridges. With reference to

Dr. Spjeldnaes' discussion of the muscular system, pp. 42-
49, it should be noted that Fig. 13, p. 43, does not cor-
respond to his discussion. Dr. Spjeldnaes has told me
that the p}aﬁe for Fig.‘13'was disassembled accidently
during the printing process and reassembled incorrectly
without his knowledge. The substance ef his discuesion
is that the mechanical advantage of the diductor muscles
is‘greatest when‘the vector of pull of the muscles is a-
long the midline of the Valves and at 9d° to the valve
being rotated, If this is the case, the 1ifting of the
muscle scars above the general level ef.the internal eur-

face of the ventral valve by the muscle bounding ridge
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and the thick seconﬂéry deposits withiﬁ ‘the muscle field
impares the mechanical efficiency of the muscles. This is
true, but other attributes 1mparted by the muscle bounding
. ridges outweigh the mechanical disadvantage of elevation
of the muscle scars. The muscle bounding ridges aiong the
lateral margins found in‘the Leptéenidae and Furcitellinae
confiné the mﬁscle attachment sites to near the midline of
the valves where efficiency is greatesﬁ. It is curious
that the Oepikinidae and Rafinesquinidae lack lateral
ridges, . not that the Leptaenidae and the Furcitellinae o
have them, The anterior margin of the muscle bounding
ridge confines the muscle attachment to the posterior
medial region of the vaive where efficiépcy is greaﬁest,
j.e. where the vector of pull is nearest to 90° to the
valve being rotated., Moreover, the‘measuré_of a muséle's
power is nbt proportionallﬁo'the area of the muscle scar
but rather to the cross sectional area of the muscle. The
- anterior elevation of the diductor muscle scars of the
Strophomeninae and some of the Leptaenidae by the muscle
bounding.ridges perﬁitted the muscles to be ovoid in crosé
gsection, If these genera had lacked muscie'bounding
ridges, the muscles wouid have been flattened éheéts'with
very small cross sectional area. Also, if a strdphomen—

acean with highly arched, resupinate profile, as found in

species of Strophomepa, had flabellate.diductor.muscles
as found in Rafinesquina, the portion of the muscle at=-
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tgched in the anterior region of the muscle field could
not follow a stfaight line to the cardinal process, Ele-
vation of the muscle field by thevridgés permits all parts
of the muscle scars to lie along straight iines from the
cardingl process, Hence, the brincipal attributes of the
anterior‘segménts of the musclé bdundipg ridges were to
confine the muscles to thé posterior-medial regionkof.the»
valves,‘to increase the cross sectional area of the mus-
cle and to place all parts of the muscle field within

"yiew" of the cardinal process.

ggggggggg'glatfgrm.- The sﬁaPe:and height of the pbste-'
rior platfé:m is interrelated with the profile of the
valves, ahgle of.diveréence’of the socket buttresses and
shape and position of the adductor muscle scars. The
posterior~1atera1 boundaries of the lateral ridges of the
posterior platform are the socket buttresses. Hence,
those genera which have a small angle of divergence be-
tween the socket buttresses, ;g, which have long ventral
interareas ‘and complete dental 1ame11ae, have a small an-
gle of divergence between the lateral ridges of the poste-
rior platform. The opposite condition_holds, as well.
The height of the posterior platform:is related to pré-
.file, just as is the height of the_socket‘ridges. Line-
ages of resupinate and biconvex genera, i.e. the SﬁrOphou

mgnihae, Furcitellinae, and archaic murinellines, tend to
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have high posterior platformsc The Oepikinidae; Rafi-
nesquinidae, Leptaeninae, Glyptomenini and Teratelasmini
B which have flattened, weakly biconvex or concavo-convex

‘ profiles tend to have low to slightly elevated posterior
élatforms. The anterior-iateral mafgin of the posterior
élatform is controlled by the shape of the adductor mus-
cle scars, The anterior-lateral tip of the lateral ridge

1is curved in genera with circular or énbcircular adductor
muscle ééarS'and straight among genera with subquadrate
adductor muscle scars.-’Thus, the older oepikinids, rafi-
nesquinids and all strophomenids have relatively straight
lateral ridges and the leptaenids, advanced oepikinids and
rafinesquinids,have curved lateral ridges. The width
(posterior to antefior)vof the lateral ridges is governed
by the distance betﬁeen the posterior margin of the ad-

- ductor muscle scars and the cardinal process. The primi-
tive rafinesquinids and girging have very wide lateral
ridges, the strongly résﬁpinate strOphomenins have very
narrow lateral ridges and the remaihing genera‘have_lat-

. eral ridges of intermediate width. The léngth of the me-
dial ridge of the posterior platform depends upon the
length of the adductor muscle scars. The medial ridge
tends to bifurcate at the anteridf end foi emission of
the breviseptum in the Oepikinidae, Murinellinae, SEro-
phomeninae and Furcitellini., The Glyptomenini have a re-

duced to absent medial ridge from the posterior platform.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



165

The 1nterp1ay}of all these variables prevents simple
description of the changes which occur in the shape of the
posterior platform in the evolving lineages of ‘the Stro-
phomenacea. Text-Figure 20 illustrates the characteris-

tie shape of the posterior platform of the various line-

ages.

Muscle scarg.- The taxonomic importance of the shape'eé
the“diductor muscle scars and pattern of the myophore
ridges has been stregssed by Spjeldnaes (1957) and other
authors. Inasmuch as.the size and shape of the‘diductor
muscle scars are related to the muscle bounding ridges,
discussed in a previous section, which in turn are related
to profile, the diductor muscle scars have some taxonomic
importance. Text-Figure 16 shows the shape Qf the diduc-
tor muscle scars of a few strophomenacean genera. Aﬁ evo-
lutionary sequence of the diductor muscle scar size and
shape, except as related to evolution of profile, cannot
be established. The myophore ridges of the diductor mus-
cle scars do not seem to have any taxonomic or evolution-
ary importance. In general, large, flabellate diductor
muscle sears'are found in families with concavo-convex,
not strongly geniculated valves, as the Oepikinidae and
Rafinesquinidae. The.gfoups with biconvex, weakly. con-
cavo-convex or weakly resupinate profiles, Furcitellinae,

primitive rafinesquinids and most leptaenids, have incom-
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plete muscle bounding ridges and censequently ioﬁg, sub-
parallel siqed“diductor muscle scars. The Strongly re- |
sueinate'geéera of the Strophomeninae have small, rounded
pqsteriorly cohfined muscle scars. The only important
exeeptions occur among gehe:a of the Leptaeninae, archaic
‘Murinellinae and erchaiCVOepikinidae which are not resup-
~inate buf have postetiorly'confined didﬁctor muscle scars.
Very little of taxonomic or evolﬁﬁionafy'impoftance
may be adduced from the siée, shape ahd position of the
~adductor muscle scars, Nowhere in the Stfophomehacea are
the adductor muscle scars surrounded entirely by the di-
ductor muscle scars. There tends to be a wider and more
prominent adductor muscle track leading to the anterior-
'medial border of the diductor muscle scar in the Leptaené
idae and Strophomenidae than in the Oepikinidae or Rafi-
nesquinidae., This seems to be related eimp1y~te the lar- -
ger, flabellate diductor scars of the latter two families
relative to the small, posteriorly restricted diductor
‘scars of the former two families. The‘adductor muscle
scars in the venmrél valve ef-avfew leptaenids, e.g.
Megamyonia, may be set far to the posterior, even into -
the delthyfial cavity. The position of the adductor. mus-
cle scars in the ventrai valve of all other gfoups seems
to be comparable relative to the apex of the valve. This
means, therefore, that.the adductor muscle scars are sit-

uated a relatively greater distance posterior to the ante-
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ricr margin of diductor muscle scars in the Oepikinidae
: and Rafinesquinidae than in the Leptaenidae or Stropho-
menidae. i

The adductor muscle scars of the dorsal valve have
negligible taxonomic or evolutionary significance, also.
The posterior dorsal septum of the Oepikinidae clearly

‘divides the anterior and posterior pairs of adductor mus-

cle scars. Genera which lack well defined posterior dor-
| sal septa also lack clear,senaration of the miscle scar
E : pairs, The anterior dorsal septa are not transmuscle
% ' ' septa. | |
The archaic oepikinids, some murinellines and all of

the strophomenids-tend thhave subquadrate‘to subtriangu-
. lar dorsal adductor muscle scars which commonly are split
é‘ . : - by the posterior dorsal septa. The posterior margin of
_these muscle scars seems generally to be straight and
perpendicular to the medial ridge of the posterior plat-
lform. In the Leptaenidae and Rafinesquinidae, and to a
lesser extent in the advanced Oepikinidae, there is a

strong tendency for the adductor muscle scars to be sub-

circular.

Size.~ The mean size of species does not seem to have

any great taxonomic or evolutionary significance above
the generic level in the Strophomenacea° There does seem

‘to be a vague tendency in the Strophomenacea for increase
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of size throughout the history of the superfamily; For
example, species of Rafinesquipa and §g;gnh§gggg'of Cin-
cinnatian age generally are larger than species of these
genera of Trenton age; most species of Qepikina are
larger than épecies of Dactylogonia or Hegperinia; Lept-
aena rgomboidalié Wilckens from the Devonian is larger
than L. gignmondgggis Foerste or L. ordovicica Cooper from
the Ordovician. Species of the Strophomenacea afe so
‘numerous and exceptions to this trend are so common that
statistical confirmation would be most difficult to estab-
1ish. Moreover, exceptions to the tendency for increased
size are so numerous that size could not be uséful either
as an indicator of geological time or evblutionary posi-
" tion of a species within the superfamily. | |
The mean size of adult individuals is a useful fea-
| ture for diagnoses of species but not for‘genera or fami-
lies. Many genera include species 6£ greétly differing
size. For'example, an adult specimen of Rafinegquina
mucronata Foerste measufes 19 mm. wide whereas an adult
specimen of R. lokorhxtig (Meek) measures 76 mm. wide, a
gerontic specimen of Stroghgmég# parvula Foerste is lhimm.
| wide whereas an adult épecimen of §. yetusta (James) is
46 mm., wide. Reference to size in generic or familial
déScriptions applieslonly.to known species and should not

bias the allocation of future discovérieso
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gr0§020n;- The distribution of patterns of prosopon in
the strophomenacea does not seem to follow any evolution-
ary progression. Moreover, tﬂ;‘patterns of prosopon show
little restriction to suprageneric taxa. All attempts to
base phylogeny upon pattern of prosopon have led to aggre-
gationé of,specieé that are incompatible'in internal
characteristics. This is a curious siﬁuatioﬁ because the
fine costation, but not rugae, would seem to have the
least adaptive value‘of all’strqphoménacean features. At
best, some genera may be distingﬁishéd by. prosopon, for
 example, the cymostrophioid pattern which distihguishes
gggnafella and the ptychoglyptoid’pattern which marks
Bellimurina. Other‘genera may.incorporate species with
dissimilar prosopon patterns, for example, the rafines-
quinoid pattern of anik_na gecioga COOper and the stro-
phomenoid pattern of Q. g;ggaria Cooper.
1f the many exceptions are ignored, the various fami- .
lies do show ill-defined differentiation by radial'proso-
pon patterns. The earlier oeéikinids are coafsely and
uniformly costate (ge52251nia), glyptomenoid (Dactvlogo-
nia) or rafineséuinoid:(Ki;k;na).' Other.oepikinids'are
either rafinesquinoid or strophomenoid. The murinellines
are nervose (Murinella), coarsely and uniformly costate
(Muripella and nggggggg) or ptychoglyptoid. The Leptaen-
inﬁe is all coarsely and regularly costate with a few ex-

ceptional occurrences of the rafinesquinoid pattern. The
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Rafinesquinidae are all rafinesquinoid.' The Glyptomenini
are glyptomenoid. The Furciteliihae.and eratelasma are
uniformly costate. Foliomena is smooth. The St:rcphmnen«-~
inae includes species which are strophomenoid, rafines-
quinoid 6r scoticoid.
| The poor correlation,of prosopon patterns and fami-
lies is diétufbing. Possibly the prosopon patterns have
hot been correctly defined or possibly the prosopon pat-
terns have not been differentiated in sufficient detail.
The occurrence of rugae is not taxonomically re-

stricted, Most genera of the Leptaeninae are. rugose but
rugation also occurs in species of Qegik;gg Raf;neg-
quina, Kiserips, Actinomena, Luhais and Strophomens.

Concentric rugation seems to be correlated with strongly
oblate or subrectangular shape and geniculation. Possibly
these characters are somewhat interdependent. Oblique
rugae, however, seem to occur onvreSupinate or concavo-
convék species which are prolate andvhighly arched but
not geniculate. - -

A kjaerinoid costa is found most commonly on early
species and juvenile individuals of the;Rafinesquinidae.
In addition, a kjaerinoid costa occurs on some species of
Kierulfina and Megamyopia. Both of these genera have
édmevrafinesquiﬁid characteristics. Because the costa.
.dbés not occur on all speciés of these genera, its pres-

ence is considered to be homeomdrphic and not indicative
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of relationship.

ugggpgagdiggl ridge.- The meso-cardinal ridge is e geron-
tic feature of strOphomepaceans (Text-Figure 28). Conse-
quently, the occurrehce of this feature is not‘consistent
among the indiViduals.of‘a species. It is common to find
that all of the individuals in a collection of a species
will possess & meso-cardinal ridge. .The larger size,
thicker shells and more prominent features of gerontic
individuals ‘cause ‘them to be more resistant to fracture
and more attractive to collectors. Not all specimens of
young.iﬂdividuals of the same species'will show the meso-
cardinal ridge. The meso-cardinal ridge is a more promi-
nent feature of the Leptaenidae, Oepikinidae and Rafines-
quinidae than cf the Strophomenidae. This structure in
‘the Strophomenidae is located on the medial-posterior
base of the cardinal process under the}chilidium. It may
be observed in this family only in sections or in excep-

tionally preserved Speeimens.~

yasculae.~ The vascular channels of the Streﬁhomenaeea -
farely are well preserved. Speeimens commonlyfpossess
ill~-defined vascular markings which are too faint to per-
mit analysis of the complete pattern. The few relatively
complete patterns which have been observed seem to be
saccate, inequidistributate in both valves. The lemnis-

cate pattern figured by Williams (19536, p. 274) for the

2
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ventral valve of Strophomena cannot be supported. 1f the
vascular pattern of Foliomena is digitate, as tentatively

proposed by Williams (1965, p. H391), the genus is unique
in the superfamily in‘féspéct to vasculag.

EﬁroPean specimens more commonly show well preserved
vascular markingé than specimens from North America, It
is tempting &hen first noticed-to attribute this situa-
tion to sPecialvtaxonomié lineages}or special environmen-
tal conditions as water fempéfature or quantity of avail-
abl@onygen. 'Such-is not the explanation. The European
‘épecimens commonly are preserved in the form of moids and
illustrated as such. ‘A natural mold characteristically
shows a more complete vascular péttern than the comple-
mentary shell. Thé internal éugfaces'of drfed specimens
of térebratuloids generally show the véscular pétterns'as
granular, brown crusts, possibly of éoagulated_coelbmic
fluid. If these crusts are brushedAor scraped &w@y, there
afe no vascular channelé.evident in the shell. Apparent-
ly, the vasculaf sinuses influenced the dépositidn‘of
sediment adjacent to the internal surfaces of the valves

of a strophomenacean shortly after its death,
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HISTOLOGY

Composition.- The shell material of unaltered fossil
articulate brachiopods is composed largely of calcium
carbonate in the form of calcite. Quantitative chemical.
analyses and optical minerelogical analysis of articulate”.
brachiopod shell have been presented by Clarke and Wheeler
| (1915, 1917) and Hobbs and Cloud’ (1942). Clarke and |
Wheeler report that modern articulate brachiopods contain
from 52% to 55% Ca0, 44% to 45% organic. combustibles and
less than 0. 5% each of 3102, (AlFe)203, Mg0, S03 and P,0x.
Recalculation of oxide percentages to ‘carbonate percentages
with omission of the organic combustibles, by Clarke and
Wheeler, reveals that the inorganlc fraction of modern
. articulate Erachiopod gshells is 97% to 99% CaCO3,
There are no published chemical or optical analyses
of strophomenoid‘nrechiopod shells. Mr. John Shade,
Miami University, Department of Geology, has performed
X-ray fluorescence analysis of Stroghomena planumbona
(Hall). 'Analysis was made with a chromium tube and sodium
| chloride analyzer crystal. Unweathered Specimens of sin-
gle valves of exceptional initial cleanliness were select~
. ed for analysis. The surfaces were scraped with a steel -
blade to removelall clay and silt particles. No preparaQ
tory reagent other than hydrogen peroxide was used to

loosen clay and silt. The Kq and Kg maxima of calcium
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were the only strong makima of the spectrogram., Other

" maxima not attributable to the tube and columnator in-
clude the Kaq1» Kag 8nd Kgy maxima of iron, the Kg maximum
of strontium, questionably the Kp maximum of rubidium and
an unidentified maximum at about 6. 8° 28, There are no
maxima to indicate the presence of silicon, phosphorus or
.aluminum.‘ Magnesium and sulphur are too light to be de-

‘ :‘tected conveniently by this technique,

» ' Samples of crushed strophomenacean brachiopod shells
have been examined<with a petrographic microscope. The

'-1ndividual crystalline bodies of which the lamina of the
shell are composed are too small to be resolved clearly

i and, consequently, are too small for positive optical
identification, Hobbs and Cloud conclude that the shell
material is calcite because jts refractive index is with-
in the calcite range which is less than the refractive
index range of aragonite. They note, also, that cleavages
of the crystalline bodies are oriented'as would be expect-
ed in calcite and not as in fibrous aragonite° Hobbs and |
Cloud could not present conclusive optical. identification
because the grains they observed gave biaxial interference
figures, although calcite is uniaxial. They postulate that
the biaxial character of the calcite originated from
strains generated in the process of grinding. sections.

Sass, Monroe and Gerace (1965) illustrate the crystalline

bodies by electron photomicrographs of sections of the
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sheil of Pictdthxgig picta (Dillwyn) and Gryphus stearnsi
(Dall and Pilsbry). Sass et al state that the crystal-
line bodies are calcite but do not support their identi-
fication.

X-ray diffractograms of crushed shells of Rafineg-
quina ponderosa Ulrich and Stroghoﬁena glanumbona’(Hall)
have been madé by Dr. Taki Negas, The Ohio State Univer-
sity, Department of Mineralogy. Specimens were prepared
for analysis as described above., Both diffractograms
show that the only important compound in the samples is:
calcite. A trace of quartz ié recorded in both diffrac-
tograms. No other mineral constituents are present.
Compositional variation cannot be used to explain the

~ color différenﬁiation of the characfe:isticaliy dark

Lgntaega-gaf;nesguina grbup and the'light_HoltedahLinaf
s;rgnhbmena group.

~ Eoﬁegciature of éftlcglate bfaqhibgod shell layers.-
General descriptibns of the microscopic structure of

" brachiopod shells appear in many texts, g.Z. Shrock and
Twenhofel (1953). Descriptions of microscopic structure .
of strophomenacean shell have been published by KozZowski
(1929), Ypik (1930), Williams (1953, 1956) and Spjeldnaes
(1957). All'accounts of brachiopod microstructure convey
confusion by (1) the lack of uniférmity of nqmenclgtpre

used to designate’the four layérs #f the brachiopod shell,
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(2) oversimplification of the character and homogeneity
of each of the four layers and (3) oversimplification of
the differentiation of the shell layers. Variance in the
' nomenclature of shell layers is summarized in Table 2.
Inspection of Table 2 demonstrates the general lack
of agreement for shell-layer nomenclature. Disagreement
stems from variations in shell structure of different
brachiopod groups studied by authors and from different
methods of preoaration of specimens for observation.
Each of the three shell layers formed by the edge of the
articulate brachiopod mantle and the "secondary deposits"
formed posterior to the mantle edge are assumed to be
homologous throughout the class. This assumption'is made
on the basis of gross microstructural ‘gimilarity, relative
thickness, compositional uniformity, and disposition in
important macroscopic structures of each of the layers in
representatives- of -different suoorders. Lack of homology
of the four shell layers of extinct suborders of articu-
late brachiopods would be difficult to establish because
the'character of secretory cells and mantle-edge grooves
and lobes cannot be studied. Consequently, it is consid-
ered prudent to edopt a shell layer nomenclature related
to the position»of‘the layer within the entire shell, not
to microstructure.
The nomenclature of Hobbs and Cloud (1942), Shrock
-and Twenhofel (1953), Williams (1953, 1956) and Spjeldnaes
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(1957) are non-structural. Snrock and Twenhofel's system
is inapprOpriaté because the "secondary deposits" are car-
bonate and lie on the inner surface of the "inner carbon-
ate layer", Williams' and Spjeldnaes' classifications
are not-suitable because the inner-most deposits (Shrock
and Twenhofelts ngecondary deposits") are formed later
than the adjacent "secondary layer" and because the
"periostracum", "primary layer", and "secondary layer"
are all'primary in that they are initiated at the growing
margin of the mantle. The words "primary" and "second-
ary", in this context;‘should be discarded from shell-
layer terminology because of ambiguity.

An emended system of shell-layer nomenclature is il-

lustrated in Text-FigureVZB. The inner initial layer is

Text-Figure 23.- A revised nomenclature for the shell

layers of strophomenacean brachiopods.”

imitiated at the mantle margin but may be thickened by.
continued. depositicn posterior to the margin. The boundary
between the 1n1t1a1 layers and the secondary deposits con-
'sequently is indistinct. The general names of the shell
layers in the emended system may be applied to all articu-
late brachiopods. Names based upon microstructural char-

acteristics may be substituted for the general names in
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Inner Initial Layer

--- boundary indistinct --

/ Initial

Secondary Deposits

180

Microstructural Character
(in Strophomenacea )

dark, lamellar tissue

(microcrystalline tissue
of interarea, not shown)

taleolate, lamellar tissue

. ¢clear, lamellar tissue

=i~ dark, lamellar tissue

microcrystalline or
granular tissue

Internal Surfoée of Valve

’ Text-Figure gf.- A revised nomenclature for the shell
layers of strophomenacean brachiopods.
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descriptions of specific brachiopod groups. The emended
shell-layer nomenclature is employed in the sections
which follow. |

In cases where only part of a layer is being de-
scribed, the shell material will be.called "tissue", as
inner initial tissue and outer carbonate tissue, Zool-
ogists have disapproved of this usage of "tissue", How-
ever, this paleontological(usage is defensible on the
folinwing grounds: (1) Structural pérts of a shell are
called tissue by convention.  .(2) Shells, although not.
made entirely:of living cells, have the function of an
organ in that they provide an animal with a specific
service, The structural units of a fleshy organ are tis-
sues; the structural units of a shell should be called |
tissues also. (3) Shells are products of a distinect or-
gan, in brachiopodé, the mantle; Shell tissues are the

product of separate mantle tissues. -

Microstructure gﬁ the‘strOQhomenacean gshell.~ The obser-

vations to follow have been made from study of sagittal,
transverse and longitudinalfthin sections and peel sec-
tions of strophomenoid brachiopods. Transverse peel sec-
tions have been most informative, hence have been made in
greatest nnmber.. The species which have been studied,
the nunber of specimens sectioned and the number of sec-

tions are shown-in Table 3.

Com
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Table 3.- Species Sectioned

No. of . | Séctions

Specimens - ' Spgcies _ Thin Peel
3 Qacthogonia alternata Cooﬁer; 44
Lenoire Lst.; Friendshipville,
Virginia,
3 Qepikina minnesotensis (Winchell), 66
. | ﬁdinburgh Fm.; Rye Cove, Virginia.' .
3 Q. g;egé;;a Cooper. . 68
Bromide Fm.; Fittétown, Oklahoma.
6 Leptaena righmogdengig Foerste. 5 103

Liberty Fm.; Camden, Ohio.
1 L. grecurgo:.Foerste, , 24
Arnheim Fm. ; Co#_Creek, |
. VBafdstown,'Kentucky.
4 'MEgagxonia'un;coétata (MEgk and 96
WOrthen). Elkhorn Fm. ; Haﬁburg,

Indiana.
10 Rafihesggina ponderosa Ulrich. »7 205

Blanchester'MEm., Waynesville Fm.;
_ Bull Run, Oxford, Ohio.
10 Holtedahlina sulcata (Verneuil)., 6 116

Whitewater Fm.; Blanchester, Ohio.
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13°  §trophomepa planumbona (Hall). 6 116
Base of Liberty Fm.; Tallawanda
Creek at crossing of Butler and
Prebie Co. boundary, Ohio.
3 S. putans Meek. o 32
Base of Liberty Fm.; west end | | |
. of Collins Run, Oxford, Ohio.
& 8. xetﬁgta (James). . 58
Liberty Fm. ; Devii's Backbone,
Camden, Ohio. | |
3 5. planoconvexa (Ha11)°" _ : | 59
Fairmbunt Fm.; Muddy Creek,
Cheviot, Haﬁilton'Co., Ohio. -
2 S. concordengig Foerste. ' | 60
Arnheim Fm.; Hill's Fork, Adams
Co., Ohio. | ,
2 TetgaghaLereLLa_heglggta (James). | 56
. Blanchester Mem., Waynesville '
Fm.; Collins Run, Oxfoid, Ohio.
5 Ihaerddogté};ggggg (Meek). v ‘ 60
Liberty Fm.; Rt, 127, 2 miles |
south of Camden; Ohio.
1 Fardenia gghgland (Conrad). | 13
Waldron Shale; Hartsville,

Indiana.
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Schuchertella sp.

Arkona Shale; Arkona,

Ontario, Canada.

Derbyia cf. hooserensis Dunbar
and Condra. Camp Creek Shale;

Pueblo, McCullock Co;, Texas.
Stropheodonta extenuata Imbrie.
Alpena Lst.; 2 miles west of
Alpena, Michigan.

S. demigsa (Conrad).

$ilica Shale; Sylvania, Ohio.
S. heteromys Lmﬁgig.

Bell Shale;‘Rogers City,
Michigan.
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Periostracum.- -The periostracum is a thin layer of organ-
ic material which covers the external surface of modern
bréchiopod shells. .Williéms (1956, p. 249) has observed
that the periostracum "has never been found in fossils"
(brachiopods). No definite periostracum‘has been observed
in thin sections or peel sections of Ordovician stropho-
‘menaceans. The surface of spécimens is rarely coﬁered
with a carbonaceous film which might be attributed to the
periostracum, as occurs upon molds of associated pelecy-
pods. Black material in grooves in the inﬁerareas of
Bafiggsguina may be a carbonacéous residue of periostracﬁm.
Thin sections of articulated épecimens, ;.g.lspecimens with
. minimal time between death and burial, with thin bryozoan
and coral incrustaticns‘were expgcted to show indication
“éf periosﬁracum between the outer carbonate layer and the
incrustation.‘ Either periostracum was absent from.Ordovi-
cian strophomenaceans, exceedingly thin, or composed of an -
unétable'organic compound not analogous to conchiolin or
chitin. : | | _
Williams (1956, p. 249) and Spjeldnaes (1957,'9, 14)
suggest independently the érésence}of a perioétxaéal "pad"
or-"ligament" which bridged the hinge line along thé inter-
areas of strophomenoids. Their suggestions até based upon
,thevpresencé of grooves in the interareas which afe'paral-

lel to the hinge line and upon the convergent attitude of
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lamellaevin the pseudodeltidium and chilidium of stropho-‘
menoids. These features may be seen without question,v
and, as noted,'the grooves may be filled with black, car-
bonaceous-appearing material, Williams (1956, p. 257)
reports that the modern thecideoid Lacazella possesses a
periostracal pad along the hinge line. Spjeldnaes (1957,
?- 14) claims to have observed "a brownlsh-yellow sub-
stance in the frontal [i] part of the pseudodeltidium and
chilidium" which he 1nterprets as remains of a ligament. .
The outer carbonate layer of the interarea is thick, fine-
ly microcrystalline and invariably present in contrast to
the thih;‘discontinuous, lamellar, outer carbonate layer
of the rest of the external surface. Ihe."oﬁter carbonate
layer“‘of}the intererea is comparable in structure.to the
finely granular secondar& deposits associated'ﬁithAsites
of muscle attachment on the ipternal-surfaees'of the
valves. In the process of making thin sectiohsaiit has
been noted that the microcrystalline‘tissue of the inter-
areas is less likely to flake than lamellar shell tissue.
The microcrystalline tissue possibly possesses greater

- tensile strength. These observations plus lack of con—
flicting evidence direct tentative acceptance of Wllliams'

and Spjeldnaes' hypothetical ligament.

Quter carbonate layer.- The outer carbonate layer is evi-

dent as a thin, grenular,-fibrous or lamellar, relatively

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



187

dark layer in sections of modern articulate brachiopods
and representatives of some e#tinct.suborders (spirifer-
oidé, pentameroids). Williams (1956, p. 250) states, |
"the primary laYer'in its typical form is also found
sporadically on the shell surface of orthoids and stro-
phomenoids." The present studyﬂconfirms this observa-
tion; the presence of the outer carbonate ‘layer on the
disc of the valves is a rare occurrence.

Sections through articulated‘specimens Vith bryozoan
incrustatiohs reveal the outer carbonate layer under the |
bryozoan. Outer carboﬁate layer is not found under all
jncrustations. Areas of shell surface not protected by
bryozoa rarely show the layer. Patches of outer carbonate
layer seem to occur most commonly toward the margin of the
concave valve; that is, the dorsal valve of gaf;nesguina,
the ventral valve of §tronhgmena and T etraghalerella. The
protegulum of §trgghomena glagumbona (Hall), and probably
of other species, is composed of outer carbonate tlssue.

The outer carbonate layer is difficult to discrlmi-
nate from the inner initial layer; there is no sharply de=-
fined boundary separating the two. Both layers are lamel-
lar in strophomenaceans. The outer carbonate layer tends
to be relatively darker than the inner in1tia1 layer as
observed in peel sections because the lamellae of the

outer carbonate layer are . consistently thinner than the

[ S
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lameliae of the immer initial layer and the lines sepa-
rating the lamellae thicker and darker than those of the
inner initial layer. The outer carbonate layer is not

:»penetrated by taleolae. Lamellae of the outer carbonate
layer tend to be concentric to the costellae of the valve
surface and hence are undulatory. Near the margin of the
valve, adjacent to the marginal diaphragm and outward to
the edge of the valve, the lamellae of the outer carbonate
- layer and inner initial layer tend to be turbulent. Tur-
‘bulence is caused by interference from the va§cu1a termi-

alia, marginal thickening of the valve, and the relative-

ly small angle between the plane of transverse section aﬁd
the direction of costellae.

The valves of Derbyia hooserensis ﬁunbar and Condra,
'Eagdeni§~§gbglana (Conrad) and Schuchertella sp. (all
orthotetaceans) seem to be made entirely of outer cérbo-
nate layer in the region anterior to the muscle scar areas.
stggghéodonta heteromys Imbrie (a‘stropheodontacean) has
scattered‘patches of outer carbonate layer between costae
ih the central region of the valves. The entire thickness
of the central region of the ventral valve of Thaerodonta

, gggggg‘(MEek) (a plectambonitacean) is coarsely crystal-
line, oﬁter carbonate tissue;

The thickést outer'carbonate layer observed on an

Ordovician strophomenacean occurs on the central area of
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a ventral valve of Raf;nesguina'gdnderoga Ulrich. The
layer is approximately 0,09 mm. thick. Undulations of

the layer prevent more precise measurement; The layer is
slightly thinner in Leptaena righmogdensis.Foerste‘and_
Mggamxogié unicostata (Meek and Worfhen). Thé thinnest
observed section. of outer carbonate layer, about 0.04 mm.
thick, occurs in a specimen of-§tfoghomena planumbona |
(Hall)., The extra thickness, persistence #nd optical
density of the'outer carbonate layer of rafinesquinids
and 1eptaenids may account partlylfor the characteris-
tiéally darker color of specimens belonging to these fami-~-
" 1ies than specimens of oepikinids and strophomenidé.
Silica preferentially replaces the inner initial
layer and leaves unaltered the outer carbonate layer of
Qepikina gregaria COopér.- The crests of cbstellae_of
Holtedahlina sulcata (Verneuii).seem to be outer carbon-
ate layer as the crests lack pseudopunctae. Other spe-
cies of strophomeﬁaceans show patches of outer carbonate
layer in the fugae and major varices around the margin of
the valves, especially fhe concave valve., It isvcurious
that even a clean, well preserved strophomenoid with |
finely scuipturéd, sharp surface detail,:does ﬁot present
an original surface. |
A low chamber or tunnel, called here the marginal

chamber, leads around the lateral and anterior periphery
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of thé valves., This marginal'chambef is formed between
the marginal diaphragm and the edge of the valves. The
internal surface of valves of Strophomena at the site of
the marginal ¢ham5er is composéd of material resembling
the outer carbonate layer. A section of one specimen of
'Stroghomena planumbona (Hall) which had an unabraded
shell edge suggests that this’ internal peripheral coating
is a continuation of the outer carbonate Layer from the
external surface of the valve. If this is true, it means
that the mantle of stroghomena was retractile and that
dark laminae in the inner initial layer are outer carbon-
ate layer. | .
williams (1953, p. 3) has staFed that - the outer car-
' bonate layer is found dpbn strophéodontid interareas and
is the material of which the pseudodeltidium and chilidium
are composed, His observation applies equally to Ordovi- |
ciaﬁ strophomenaceans. |
The surface layer of strophomenacean palintropes,
.the oseudodeltidium, and the chilidium, corresponds to
outer carbonate layer in position only. The "outer car-
bonate layer" of these structures overlies inner initial
tissue and is not penetratedrb§ taLeolaé. The "outer
carbonate layer" of the palintrope is thick in comparison
to the layer'observed onnthe disc of the valves; The

layer is microcrystalline, not finely lamellar. These
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latter characteristics and lack of evidencg of continuity
between the outer carbonate layer of the disc and the
palintrope suggest that the "outer carbonate layer" of
the two regions may not be homologous. Sections of some
specimens of St;dghqmena reveal a finely lamellar, non-
taleolate’ layer under the microcrystglline "outer carbo-
nate layer" of the palintrope. This finely lamellar layer
is sharply differenﬁiated from the microérystallineklayer
but merges without a well defined bouhdéry into the under-
171ng'inner initial tissué. ‘From a microstruptural stand-
ﬁoiﬁt, this finely lamellar layer is probably the homo- |
'1ogue of the outer carbonate layer of the disc of the
valves. | E
_ The microcrystalline "outer carbonate 1a§er" of the
palintrope‘extends over the length and width of the intér-
area. Septions parallel to the medial sagittallsection ,.
-~ (plane of symmgtry) but lateral to the teeth and sbckets
show the'croés sectional shape of the microcrystalline lay- .

er (Text-Figure 24, section D). The microcrystalline layer

Text-Figure 24.- fatallel,ségittal sections through the
posterior region.of Strophomena glagﬁmboga (Hall). Out~-
line drawings below, ddrsal,ﬁalvé left and ventral valve
right, show the course of the sectiohs. Section A'does

not pass through the apex of the valves‘but includeé the
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medial side of a cardinal process lobe. The @grgin of
the chilidiﬁm of Section B rests against the bosterior
edge of a cardiﬁal‘process lobe, leaving;é'pocket, the
notothyrial cavity (open area). The base of the chili-
dium of Section B is bulbous and éonvoluted; A small
piece of the denticular plate occurs above the umbonal
cavity of Section.B. The "fold" in Section B marks the
| posterior margin of the pseudodeltidium, Specimen from
Liberty Formation, Camden, Ohio. Magnification of sec~

tions, X9.5.

of the ventral.palintrbpe of Legtaené richmohdgnsis
Foerste.is.obtusely triangular in section. The hypotéﬁﬁse
. is the inferarea; the longer of the two adjacent sides is
sutured in an intertonguing fashion to the inner initial
.layeridf the ﬁaiintrope; the shortest side forms the in-
ternal margin of the palintrope. The_micrbcrystailine-
Iayer_of the dorsal palintrope is a flattened“sheet‘in
‘seccidnal shape. Microcrystalliné tissue forms a p#fal%
M.lel-sided layer upon the surface of both interareas of
Rafinesquina ponderosa Ulrich, §trgghoﬁena gianumbgna.
(Hall) and Strophomena nutang Meek. The microcrystalline
layer may be joined to the inner initial tissue of the
pelintroPeTby a convoluted suture.
External grooves of the paiintrqpe appear as ﬁotches

in sagittal sections of the microcrystalline layer. Faint
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b'pseudodeltidium

&_—denticular plate

umbonal cavity

chilidium ‘microcrystailine

tissue —>

Text-Figure 24.- Parallel sagittal sections through the
posterior region of Strophomena planumbona (Hall).
Qutline drawinﬁs below, Eorsal valve left and ventral
valve right, show the course of the sections. Section
A does not pass through the apex of the valves but
includes the medial side of a cardinal process lobe.
The margin of the chilidium of Section B rests against
the posterior edge of a cardinal process lobe, leaving
a pocket, the notothyrial cavity (open area). The base
‘of the chilidium of Section B is bulbous and convo-
luted. A small piece of the denticular plate occurs
above the umbonal cavity of Section B. The "fold" in
Section B marks the posterior margin of the pseudo-
deltidium. Specimen from Liberty Formation, Camden,
Ohio. Magnification of sections, X9.5.
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variations in the optical density of the microcrystalline
tissue correlate with the grooves. These bands are too
poorly defined and too faint to be called lamellae. The
bands are visible only in sagittal sections. -
' The‘microcrystalline.;issue of the pseﬁdodeltidium
and chilidium is more coarsely crystallinevthan the micro-
crystalline tissue of the palintrope. The microcrystal-
line tissue of the pseudodeltidium and chilidium is ob-
scurely lamellar in sagittal éection;lthe lamellae aré
thicker and less distinct than.lémeliae.pf the inner ini-
tial layer. The lamellae correspond tb the imbricated
rugae on the éurface of. the pseu&odeltidium and chilidium.
The medial ségittal grobve of the external surface of the
pseudodeltidium and chilidium has no microstructural ex-
pression. There is no evidence to indicate that the |
pseudodeltidium originates phyldggnetically or ontogenet-
ically from a pair of deltidial plates. The microcrystal-
line tissue of the pseudodeltidium aﬁd chilidium overlies
" inner initial tissue of the apex 6f.the valves aﬁd éecoh&-
ary deposits of the delthyrial and notothyrial cavities.
The pseudodeltidium is irregﬁlar to slightly tfiﬁngu-
lar in sagittal section, TégtyEigure 24, sections A and
B. The boundary between microérystalline tissue of the
pseudodeltidium andvinner initiai tissue is difficult to

detect but appears to be an irregular, intertonguing su-

N

L
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ture. The center of the dorsal margin of the pseudodel-
tidium of Strophomena planumbona (Hall), Text-Figure 24,
section A, and some other species, g.g. S. auburnensis
Fenton, bears a}doréally,concave plate which is directed
anterioriy into the delthyrial cavity. This concave
plate appears to be a recéptaclebinto which was fit the
ventral margin of the chilidium when the valves were
opened. This COhcave plate has the samé microstructure
as the microcrystalline tissue of the pseudodeltidium.
Tﬁe chilidium resembles the pseuﬂodgltidium in
microstructure. Chilidia havé the.form of‘thih, flatten-
ed sheets obscurely sutured into the inner initial tissue
of the dorsal apex. The dorsal surface of the chilidium
is not supported b&-inner.initial tissue in central sag;'
jttal sections. The cavity beneath the‘central'region of
the‘chilidium is the notothyrial cavity. Inner initiai
tissue forms a backing to the microcrystalline tissue of
the chilidia in lateral sagittal sections. Also, the
chilidium may rest upon secondary deposits of the poste-
rior surfaces of the cardinal process lobes. Ihe base-of
the chilidium tends to be bulbous and convoluted, that is,
‘thicker than the unsupported ventral edge. This indicates
ﬁhat the chilidium became thinner as growth prpceeded.
The microcrystalline tissue of the pseudodeltidium'
and chilidium is a continuation of the microcryétalline,

n"outer carbonate layer" of the palintrope. - This may be
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 demonstrated only in transverse or iongitudinal sections
.of perfectly preserved specimens.' |
The micrb#tystalline "outer carbonate layer" of the
palintrdpe along the lateral margins of the péeudodelti-
dium is exceedingly thin, At this position, the micro-
crystalline layer passes over the denticular plate of the
teeth, The conical or cuneate denticular plate is anky-
losed to the medial, dorsal margin of the dental lamella.
The dorsal surface of the denticular plate tends to be
arched slightly. Consequently, the microcrystalline tis-
sue overlying the denticular plate is slightly arched or
reduced in thickness. At this position, the microcrystal-
line tissue is commonly missipg; g,g,‘on Strophomena
planumbona (Hall), andfpermits the ridged denticularv
plate to be seen as é ﬁart of the surface of the ihter-
area. As‘a‘consequence, not all transgverse sections show
continuity of the pseudoﬂelﬁidium and the microcrystalline
layer of the palintrope,
~ The form of the microcrystalline layer of the palin-
trope in the region marginal to the pseudodeltidium is

complex, as shown in Text-Figure 25. Evidence of the

Text~-Figure 25.- Transverse section and exploded block
diagram of the posterior-medial region of the ventral

vélve of an idealized strophomenacean brachiopod, Parts
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of the diagram are, from top to bottom: idealized trans-
verse section, microcrystalline layer of palintrope and
pseudodeltidium, two denticular plates, the remaining
inner initial tissue and secondary deposits of the

pcsterior-medial region.

morphelogy about to be descfibed has been found in all of
the Ordovician st:ophomenaceans that have been sectioned.
Tissue differentiation is sufficiently obscure that the
follqwing descripticnlof the morphology of the micro-
crystalline layer cannot be followed in any single set of
transverse serial sections. |

The baSelof the microcrystalline layer of the palin-
tfope lateral to the denticular plate gives rise to a
ridge or flange, This flange penetraces into the boundary
between the lateral face of the denticular plate end its
supporting dental lamella. ‘The flange tends to'be a curv-
ed triangle in cross. section in specimens of gigi
Bafinegguina Eiaergmgna, ;gnhgmena and Ig_;;ngglg;gLL_

gtraghalergll possesses the largest and most sharply

defined flange of the genera mentioned. Holtgdghling
§glgata possesses a: thickening in the ventral (fixed)
surface of the_microcrystalline layer which is less regc-
lar, shorter endewider than ;he-flenge of other7species.

The flange does not occur along the entifelan;erior

to posterior margin of the denticular plate. The flange,
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pseudodeltidium fold
denticular plate

/ flange

microcrystalline tissue

delthyrial
covity

inner initial tissue
secondary deposits

Text-Figure 25.- Transverse séction and exploded block
f the posterior-medial region of the

diagram o
ventral valve of an idealized strophomenacean

brachiopod.
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also, is absent along the'lateral margin of the denticu-
lar plate to the anterior of the free edge (anterior edge)
of the palintrope. The denticular plate is not apparent
in sections less than approximately 0.8 mm., from the apex
of the valve. Between the pbsterior end of the denticular
plate ‘and the apex of the valve, the flange, if actually
~ present, merges with the microcrystalline tissue of‘the

palintrope and pseudodeltidium.} |

A shallow groove may be found on the interarea above.
the flange of microcrystalline tissue, as shown in Text-

Figure 26. The groove seems to be caused by folding of

Igzg-glgg;g 26.- The tooth, pseudodelﬁidium and'adjacent.
structureé of an idealized strOphoménacean brachiopod.
The dorsal and medial surfaces of the tooth are ridged by
semidenticles. »Microcrystallihe aﬁd secondary tissues
lap into the depressions between the semidenticles on the -

medial face of the too;h.

the microcrystalline layer downward between thevdenticular
plate and thevdental lamellé. A groove has been obser§ed
in specimens of Rafinesquina ponderoga Ulrich, Rafines-
ggigg loxorhvtis (Meek), gggx__gg specioga Cooper,
Rhipidomena engesgegngg (Wwillard), actxlggonga sculp-
turata Cooper, Dactxlogonla alternata Cooper and_§trogho-
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Text-Figure 26.- The tooth, pseudodeltidium and adjacent
structures of an idealized strophomenacean brachio-
pod. The dorsal and medial surfaces of the tooth
are ridged by semidenticles. Microcrystalline and.

" secondary tissues lap into the depressions between
the semidenticles on the medial face of the . tooth.
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mena ggandimusculoga Cooper. Observation of a groove in
so.many species suggests that the flange is a persistent
feature of Ordovician strophomenaceans, though pooriy
developed in some species. Extension of the groove to
the apex of the valve suggests that the flange does extend
posteriér to the extremity of the denticular plate.

As noted,‘the microcrystalline layer of the palin-
trope may be arched over the dehticular plate. Along the
medial-dorsal edge of the denticulaffplate, fhe micro-
érystalline layer may project a short distance downward
(ventrally) into tissue on the side of the delthyrial |
cavity. The microcrystalline layer folds back upon it-
sélf, returns to the surface where it arches over to form

- the pseudodeltidium, as shown in Text-Figures 25 and 26.
The isoclinal fdlding.of the microcrystaliine layer along
tﬁé margin of the pseudodeltidium producés an optical ef-
fect in some peel sections in which there.appears to be a
sharply defined boundary bétween the pseudodeltidium and

: the‘microcrystalline layer of the palintrope. Hasty in-
spection of such séctions may lead to fhé false conclusioﬁ‘
that the microcrystalline layef of the palintrope and the
pseddodeltidiﬁm are separate structures.

The bbundary between the pseudodeltidium and palin-
trope commonly is marked by a shallow groove where the
micrdétystallinevtissue is depfeséed down into the fold

along the medial-ddrsal edge of t@e‘denticular plate.
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Less commonly, a narrow ridge is the egternal expression
of the fold. The latter condition is observed on species
of Rafingsgglga. The fold may be traced along the medial-
. dorsal edgé of the denticular plate beyond the anterior

— margin (free margin) of‘the_pseudodeltidium, The fol&
anterior to the free margin of the pseudodeltidium is set
onto a chémfer along the;medial-dbrsél edge of the denti-
cular plate, In this'position, the fold has the form of
a ridge along the.edge of the denticular plate., This
anterior extension of the fold continues as a ridge al-
most to the anterior end of the tooth, as shown in Text-
Figure 26.

The ridge of microcrystalline tissue along the
chamfered edgé of the denticulaf plate ovérhangs the del-
thyrial cavity further than any other part of the tooth.
The ridge occupies the undercut cavity of the sockets.
This ridge acts as the pin of a hinge to positivély lock
the valves together, The ridged or semidenticulate dpr;
sal-anterior and medial faces of the denticular platé are
the bearing surfaces of the tooth which are in actual
contact with the socket. The microcrystalline ridge along
the dorsal-medial edge of the denticular plate has no
béafing function, Scalloﬁé ff&m the margin of‘the_micro?
crystalline ridge may iie in the'depressiéns between the

semidenticles of the dénticular plate, as shown'in Text~
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Figtlre 26 . .
The region of the interarea of Ordovician stropho-

menaceans which overlies thefdenticulaf.plate is not
homologous.to.the pefideltidiel area of orthotetaceans.
The fegion is not as evident as the perideltidial area of
orthotetids; it is topographically less distinct, narrower
and not distinguished by features of prospﬁdn, Sections
of Derbyia hogserensis Dunbar and Condra show that the
perideltidial area overlies the entire dental lamella: and
tooth-plate assembly and that the perideltidial area is
simply a region of thinner microcrystallihe tissue than
that which covers the rest of the paiintrOpe.' The tooth-
plate of gerbxga>is taleolate, but denticles are not pre-
sent along its surface. Consequently, this‘structure-}
cannot be called a denticular plate. The denticular
plates of strophomenaceans and the tooth-plate of ortho-
tetaceans are similar in other respects and are probab;y
homologous structures.

The chilidium is a continuation ¢f the microcrystal-
line tissue of the palintrope. The chilidium is not
backed by secoﬁdary deposit except at its base. For this
reason, the chilidium'is less resistant to mechenical
abrasion. and fracture than the pseudodeltidium, |

Observation of the chilidia of entire specimens of

many species of Ordovician strophomenaceans leads to an
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ambiguous opinion of the histological affinity of the
chilidium. The chilidium of some specimens arises from -
a sheet which is attached to the inner ﬁargin of the
sockets, Other specimens show,unmistakable continuity of
tissue from the interarea to the chilidium posterior to
the sockets., Still other specimens possess a low ridge
or groove along the margin of the chilidium posterior to
the sockets which separate the chilidium from the inter-
area. | | -

Serial transverse peel-sections permit a unified
explanation for the conflicting obsefvations. The socket
is-basicaily a groove in tﬁe'inner initial tissue..~A
concave socket plate stretches across the floof and the

medial margin of the socket, Text-Figure 27. Flanges of

ext 'Eigg;g 27.- Transverse sections through the tooth and
socket of Rafinesquina ponderosa Ulrich (left) and Stro-
phomena planumbona (Hall) (right) to show the structure
of the socket plate, Inner initial tissue, secondary
deposits, and denticular plate tissue are not differen-
» tiated, c - cardinal process, d - dental lamella and

denticular plate.

microcrystalline tissue of the palintrooe are inserted

jnto the suture along the lateral and medial margins of
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. microcrystalline tissue ol g granular tissue of socket plate

| e

| inner initial tissue and T
S . A

] secondary deposits

lamellar tissue of socket plate

Text-Figure 27.- Transverse sections through the tooth
‘and socket of Rafinesquina po derosa Ulrich (left)
and Strophomena planumbona EHallS-zright) to show
the structure of the socket plate. Inner initial
tissue, secondary deposits, and denticular plate
tissue are not differentiated. ¢ - cardinal proc-
ess, d - dental lamella and denticular plate.

w
4

Reproduced with permission of the copyright owner. Further reprodubtion prohibited without permission.



206

the socket plate. The socket plate is covered by micro-
) ~ ecrystalline tissue posterior to the area where the socket
j is functional. Hence, the anterior msrgin of the chili~
dium nearest the sockets does arise'from tissue of the
medial margin of the sockets, the posterior apex. of the
chilidium does arise from microcrystalline tissue of the
palintrope. The ridge or groove in the interarea along
the margin of the chilidium posterior to the sockets
marks the position of the microcrystalline tissue which
fills in the posterior extremity of the socket. Micro-
crystalline tissue may extend from the medial margin of
the sockets to the lateral bases of the cardinal process
lobes. |
_ The pedicle tube or collar of the juvenile afings-
ggigg and Strophomena is found imbedded in inner initial
tissue in the apex of the ventral valve of adult specimens.
The pedlcle'tube is microstructurally ldentical to the
_‘pseudodeltidium. The thin, juvenile fcramen of these
genera is blocked with coarsely crystalline calcite which
may be secondary.

The apex of the conical notothyrial cavity beheath_
the chilidium is formed entirely in inner initial tissue,
The chilidium may be unusually thin at the apex of the '

.'notothyrial cavity. Where observed, ithis thin point lies
just ventral to the basal bulb of the chilidium. 1In

specimens of an undescribed species of Rafinesquina from
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the Cynthiana Formation of Kentucky, this thin point in
the chilidium is an open fofamen,~probab1y secondarily
Opened by abrasxon, weathering and preparation. These
observations support Spjeldnaes' (1957, ps 51) contention
~ of a juvenile dorsal foramen of_unknown function. The
basal bulb of the chilidium repreeents a dorsal pad as-
sociated with the dorsal foramen in: the juvenile. No
microcrystalline tissue is incorporated into the 1nnet
initial tissue of the dorsel apex, that is, no inwardly
directed tube or collar was associated with the dorsel
foremen. The dorsal fofamen-wae not functional in adults.
The inner initial tiesue wﬁich-internally closes the dor-
sal foramen'is-a.leter deposit. The dorsal fofamen has
not been found in transverse sections'through the chili-
dium, }A |
The medial sagittal grooves in the pseudodeltidium
and chilidium possibly originate from folding of these
structures into the dorsal and ventral foramina in a ju-
venile stage. The greeve of the chilidium may rest upon
the posterior edge of the meso-eardinel_ridge betweeﬁ the
cardinal process lobes., Asva'eonsequence, the medial
groove of the chilidium may simply be attributed to. drap-
ing of the chilidium into the cleft between the lobes.
There is no micéeeiructural discontinuity across the
groove of the pseudodeltidium, nor does the groove pro-

vide any support to the pseudodeltidium.
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Inner initial layer.- Mbst‘of'the shell of strophomenoid
'brachiqpods is composed of the inner initial leyer.: The
egternal surface of the disc of the valves generally is
formed in inner initial tissue; all of the important
structures of the internal surface of the valves are com-
posed of innef initial-tissue}or have their origin in
jnner initial tissue. The inner initial 1ayer is compos-
ed of coarse and fine lameliae penetrated by pseudopunc-
tae and taleolae, -The‘iamellae are oriented obliquely at
a low angle to the surface of the valves, If a lamella
is traced in a sagittal section, the posterior edge of

the lamella is nearest the external surface of the valve,
the anterior edge is nearest the internal surface of the
valve. Viewed in transverse section, the severed ends of,
lamellae are 1enticu1ar, ‘curved or wavey and roughly con-
centric to the surfaces of the valve. -Hobbs and Cloud
(1942, p. 24) describe this asﬁect of the lamellae as hav-
ing "the aﬁbearance of 'cut and fill structure' in stream
sands,"

The inner initial layer of strophomenaceans is not

composed of flattened, elohgated fibers, as Hobbs and -

Cloud (1942) and others have described. for other groups of
brachiopods. The lamellae are sheet~-like or fan-like in
- form, thet is, the lamellae are too broad to be called

fibers. Contrary to the observations of Blockman (1908),
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Jackson (1912, 1918) and Leidhold (1922), reported in
Hobbs and Cloud (1942, p. 24), details of the size, '
thickness, number and inclination of the lameliae.seem
to have little taxonomic significance in reference to
Ordovician strophomenaceans. ‘The only characters of po-
tential taxonomic significance ascribable to lamellae are
" the color and sheen of the valves., The dark gray color .
common to many Rgfgngsguina,'ggptaena and their alliesv
has been tentatively related to the outer carbonate layer
of these forms. It is possible, also, that the dark
‘ color is caused by the thicker, -more translucent, and
more steeply inclined fine lamellae possessed by these
genera relative to the lamellae of Qepikina, Furcitella
and §troghomena which are light colored. The nacreous
sheen of some species of the Furcitellini and Glyptomen-
'ini ‘e.g. Mjoesina higginsggrtensis (Foerste) (formerly
Strophomena nginggortegsig 'Foerste), approaches the
sheen of the Devonian stropheodontacean Pholidogtroghia.
The fine lamellae of Mjoesina and Aoltedah na are ex-
tremely thin and lie nearly parallel to the external sur-
face of the valves.
The external surfaces of strophomenoid brachiopods
do not possess true varices inasmuch as the external sur-
faces are formed of inner initial tissue. The "varices"

properly fila, that are observed are molds of the actual
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varices of the outer carbonate 1ayer or the truncated
‘edges of the lamellae of the inner initial tissue. These
two types.of fila may be difficult to differentiate on
eroded or abraded specimens., Molds of the true varices
generally cross costae without deflection; laminae are
deflected as they cross the costa in the manner of trun-
cated plunging anticlines and synclines.-

The coarse lanellae vary in number from 5 to 20
across the thickness of a valve., They appear as alter-
nately darker and lighter bands across the shell's thick-
ness. They vary in‘number in different regions of one
valve; they differ in number in the same region of two.
valves of one species. The coarse lamellae are observed
in both thin sections and peel sections. Peel sectione
do not show large quantities of opaque grains in the
darker, coarse lamellae. Consequently, the coarse lamel-
lae are caused probably by preferred orientations of the
submicroscopic crystalline bodies ‘'of which the valves are

 constructed, Williams (1956, p. 249) has provided a pos-
sible explanation for the coarse lamellae in his discus-
sion of the growth of Mucrospirifer (Devonian), where he
" notes thdat "the lamellae ... were built up by slight
shifts‘in the direction of growth ... of the mantle edge
" Shifting of the direction of growth would cause

os e 0O

changes of the preferred crystallographic orientation of
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the submicroscopic grains of which the lamellae are com-
- posed. This could cause different gray-values of adja-
cent coarse lamellae. The coarse lamellae reseﬁble'and _
are to be compared opticallf to the banding of moiré silk.
Each coarse lamella is composed of many fine lamel-
‘lae. The fine lamellae are so thin that they may be
clearly resolved only at magnifications of X50 and great-
er. The fine lamellae in a transverse section near the
center of a dorsal valve of Rafinesquina gogderosa Ul-
rich number about 285 per mm, The fine 1aﬁe11ae are al-
ternating bands of thin, dark material and thicker, clear
calcite. The thin, dark bands contain opaque or darkly
colored bodies which are too small to identify. Williams
(1956, p. 249) contends that these darker bands are com-
posed of chitin, i.e. periostracum, incorporated onto the
surface of each lamella at the time of its secretion at
the margin of the mantle. As noted previously, the dark
lamellae mey be outer cafbonate tissue. o
The inner initial layer grew in thickness throughout
‘the 1ife of the strophomenacean. Vety‘young strophomen-
'oids lack most internal structures except the cardinal
process, teeth and sockets. Valves of very young stro-
phomenoids apparently lack the inmer initial layer.
Large, gerontic specimens possess valves which are much

thicker and which have more accentuated internal features
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than smaller ephebic specimens. Thus, the inner initial
layer is initial only at its base. No means have been
discovered for‘differentiating original from secondary
"inner initial tissue" in those regiens where'the entire
layer is penetrated by pseudopuhctae.

Selected regions, for example, most of the material
of the cardinal process lobes, do not possess pseudo-
punctae and arevconsidered to be constructed of secondary
tissue. Otherwise, the microstructure of these regione.
resembles inner initial tissue. The cardinal process
lobes of all strOphomenaceans deve10p from thin, vertical
blades in the juvenile. The several types of adult car-
dinal processes are all secondary modifications. The
dorsal septa of QOepikina, Dactxleggnia and ﬁtrgnhomene"
develop from ridges of the inher initial layer. The dor-
vsal septa may be modified and heightened by secondary
deposits. Some, but not all, sections show a distinct
dark line or fracture situated under the diductor muscle
scars. This dark line is parallel to laminae and may
differentiete original and secondary inner initial tissue
in the ventral valve. _ |
| The marginal diaphragm is composed of inner initial
tissue penetrated throughout its entire thickness by
promdnent pseudopunctae, ‘The fine lamellae of the margin-

al diaphragm are thicker than elsewhere in the valves.
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The fine lamellae.of ;he_marginal diaphragm and the di-
ductpr muscle bounding ridges tend to be turbulent. The
marg;nal diaphragm and muscle boﬁnding ridges differ in
‘that the fine lamellae terminate on the anterior and’.
Lateral surfaces of the marginal diaphragm and upon. the
posterior and medial facing surfaces of the muscle ridges.
The denticular plate of the tooth is composed of

turbulent~inner initial tissue with coarse, tabular
pseudopunctae. The suture between the denticular‘plate |

" and phe:microcrystalline layer of the palintrope is un- |
miStakable. Large, tabula: pseudOpunctae which project
from the dorsal surface of the denticular plate may pene-
trate as pegs into the microcrystalline tissue. A suture
separates the denticular plate from the dental lamella.
The suture may be obscured in sections because both
‘structures are composed of lamellar tissue and the suture
is deeply crenulated. Crenulations of the suture between
the denticular plate and dental lamella have a dorsal-
ventral direction. Thus, the crenulations are seen in
longitudinel sections only. The suture between the inner
initial layer and microcrystalline layer of the pelintrcpe
lateral to the denticular plate‘may.be crenulated, also.
These crenulations cause the parallel, anterior to poste-
rior grooves of the interareas. The microcrystalline

flange lateral to the denticular plate, discontinﬁity of

—
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lamellae between the denticular plate and the dental la-
mella and differences of color and texture of the dentic-
ular plate in whole specimens of the ventral valve indi-
cate that the denticular plate is a separate part.

The dental lamellae arelcontinuous with the inmer
initial tissue of the floor of the valves and with the
palintrope, No suture 1svevideﬁt at either junction.

The fine lamellae of the inner initial tissue may be
sharply flexed but not discontinuous at these two posi-
tions. The sharp flexure of the lamellae produces in
transverse sections a line along the axis of the flexure
as may be seen on the edge of a sharply folded magazine-
or booklet. ‘This line in the flexure may be misinterpret-
ed as suture. similar lines of flexure may be founo at
the cardinal extremities, where the inner initial tissue
of the palintrOpe and floor of the valve meets, and under
the lateral margins of the cardinal process lobes.

The socket is a groove in the inner initial tissue
occupied by the compound socket plate. The socket plate
is less distinctly delineated than the denticular plate.
Some sections of a specimen may show a socket plate while
‘adJacent sections may not. Thus, the reality of a socket
plate is not positively confirmed.

The socket plate seems to be coﬁposed of a granular

blade or rod along the medial margin of the socket, and a
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concave plate of dark, finely lamellar, coarsely pseudo-
punctate'tissue on the floor of the socket, as shown}in
Text-Figure 27. Lamellae of the concave plate may be |
either smooth or turbulent, Spjeldnaes (1957, text-
figure 3) calls only the granular blade the socket plate.

As both pieces of the assembly are set apart from the
jnner initial tissue by a suture and the margins of the
assembly are underlaih by flanges of microcrystalline
tissue of the palintrOpe, the granular blades and concave

- plate together constitute a compound socket plate.‘

i ' The coarse pseudopunctae of the concave plate form
endospines which mesh with the semidenticles of the dor-
sal surface of the denticular plate. The granular blade
or rod is scalloped along the medial-ventral margin of .the
socket., The scallops, which do not seem to be formed by
pseudopunctae, mesh with the ridges of the medial face of
the denticular plate. The socket plate is thicker and
better delineated in resupinate strophomenaceans, €.g.
sgzgpﬁggggg,‘than in concavo-convex forms, e.g. Rafines-
quina, Kiseromena and Qegikina. In the latter forms, the
concave plate is thln and the granular blade is a terete

'rod. The principal articulatory contact of concavo-convex
species lies between the granular rod of the socket and
the medial face of the denticular plate. The major artic-

ulatory contact of resupinate species is between the dor-
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~sal surface of the denticular plate and the floor of the
éocket. This may explain why the largest ridges of den~
ticular plates are on the dorsal surface in resuplnate
forms and the medial surface in concavo-convex forms; why
the denticular plate is exposed commonly on the interarea
of resupinate forms but exposed rarely on the interarea

of concavo-convex forms; and why the sockets of resupinate
forms are wider than the sockets of concavo?convex forms.

The edges of the compound socket plate are underlain

by flangés of microcrystalline ;issue of the palintrope.
In this respect, the socket plate and denticular plate
have a similar relationship to the microcrystallihg layer.
Transverse sootions through the sockets of the orthoid
brachiopods, Plaegiomys ggbggadggta (Hall) and ﬂeﬁgrtglla
sinuata (Hall) show structures comparable to the struc-
tures of the sockets of strophomenaoeéns. The baseo‘of
the brachiophoreé are granular :odé inserted along the
medial maféins of the}50ckets. The floor of the socket is
underlain by a concave lamellar plate, a_recumbent.ful-
cral plate. Possibly the strophomen#cean socket buttress
is a homologue of the orthoid brachiophore. 3pik (1933)

has advocated this conclusion with respect to the plectam-

bonitaceans.

Secondary deposits.- Secondary deposits within stropho-

menacean brachiopods.are concentrated-toward the central-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



217

‘posterior region of the valveés. -Secondary deposits are
associated with the following structures. the muscle '
bounding ridges, the medial and lateral dorsal ridges,

. the surface of the muscle scar areas, the posterior plat-
form, the cardinal process lobes and meso-cardinal ridge,
the lateral umbonal cavities and the delthyrial and noto-
thyrial cavities. Secondary deposits are constructed of
three distinct tissues which are morphologically segre~-.
gated and which may have served different functions.

The first variety of secondary tissue resembles in-
ner initial tissue except that pseudosunetae'are rare to
absent. This variety of secondary.deposit is quite
translucent in peel sections. It possesses fine laminae
which may be continuations of the laminae of the inner
initial layer. The second variety of secondary tissuev
has a microcrystalline structure. This type of tissue
incorrectly has been called cryptocrystalline. The grains
may be'clearly resolved at X50 magnificat1on and, thus,
are larger than the grains of the m1crocrysta111ne tissue
of the palintrope. The result is that the microcrystal-
line secondary deposits are more translucent than the -
mlcrocrystalline layer of the palintrope. The microcr&s-
talllne secondary tissue is associated mainly with sites
of muscle attachment. The third variety of secondary

tissue. resembles the outer carbonate layer of the disc of
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the valves, This tissue is formed of very thin lamellae
with thick, dark boundaries. The tissue.appeafs darker
‘and denser than inner.initial tissue or seeondsry 1ame1~
lar tissue in peel,sections. This dark lameller second-
ary ﬁissue is not pseudOpnnctate. This dark tissue is
associated mainly with the muscle scar regions of the |
valves. | |

The relatively clear, lamellar secondary deposits are
found in association with the muscle bounding ridges, the
posterior platform, the cardinal process lobes, the lat-
eral umbonal-cavities and the delthyrial and notothyrial
cavities. The lamellar secondary tissue is rarely pseudo-‘
puncfate in the muscle bounding ridges, never pseudopunc-
tate in other regions. In the muscle bounding ridges, the
lamellae eufﬁe into the ridges'such'ehat the free'ends of -
the lamellae are exposed on the posteriorly and medially
directed surfaces of the ridges. This condition causes
the musele bounding ridges of transverse sections,to re-
semble a breaking wave. o o

The laminae are parallel to the surfaces of the um-
bonal cavities in transverse sections so that the umbonai-'
cavities apﬁear as sets of concentric triangles. The

" ventral surface of the umbonal cavities may be interrupted

by posterior extensions of the marginal diaphragm. These
swellings of secondary tissue tend to divide each iateral

umbonal cavity into two chambers. The internal surfaces
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of the pseudodeltidium and chilidium and‘thefmedially
directed surfaces of the dental lamellae are coated with
lamellar secondary tissue. The lamellae of the tissue are
parallel to the intefnal surface of the inner initial
layer‘ot microcrystalline layer. Tfensverse sections
through the delthyfial cavity and pseudodeltidium reveal
the lamellae of the secondary tissue as a set'of concen-
tric c1rc1es or ovals, The pedicle conduit of Legtagna
ighmogdengg Foerste lies in the center of the concentric
lamellae. The pedicle conduit itself appears to be a thin
microcrystalline tube., The pedicle conduit of species of
strOphomenaceans without a functional pedicle in adult-
hood ‘including species of Oepikina, ggfinegguina, §££Qf

ghomega and xet;aghgle;glla, is a microcrystalline tube
with a coarsely crystalline plug of secondary tissue.

The posterior ﬁlatform, the cardinal process lobes
ahd the meso=cardinal ridge are constructed of clear la-
mellar secondery tissue. These lie upon a gently swollen

_area of inner initial tissue in the posterior central‘re- _
gion of the dorsal valve. There is a low swelling cf
inner initial tissue under each cardinal process lobe,

lThe swellings do not have the shape, the angularity or
the t0pographic relief of the cardinal process lobes as

shown in Text-Figure 28,
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Tgxt-Figgre 28.- The microstructure of the cardinal

process lobes and meso-cardinal ridge,of Rafinesquina
-ponderosa Ulrich. The configuration of the lamellae of .
the secondary tissue of the cardihaiwprocess lobes and
meso-cardinal ridge sﬁggests that the mesd;cardinal ridge
develops later in ontogeny than do the lobes. Other
tissues of the dorsal valve include the cancellus tissue
of the myophores of the cardinal process lobes (cross-
‘hatched), the socket plates (coarse stipple) and the
microcrystalline layer of the palintrope (fine stipple)

- The ventral valve is shown for reference only; its
tissues are not differentiated. ‘Mﬁghification about

X8.5.
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The tissue of the posterior‘platform, cardinal proc-
ess lobes and meso~cardinal ridge, viewed in peel'section,_
ie the clearest enceuntered anywhere in the brachiopod.

The fine lamellae are thicker than usual and the dark
planes separating the fine lamellae are very thin. . There
are no pseudopunctae in the secondary tissue of the noto-

. thyrial platform or cardinal process lobes. Nevertheless,4
there is no distinct line of demarkation between the inner
initial tissue and these structures. |

The posterior surfaces of the cardinal process lobes
‘are the sites of insertien of the diductor muscles. These
myophere surfaces bear deep grooves which are arranged as
radii from the apex of the valve. The radial groovee,seem
to correspond to radially arranged planes'within the tie-
sue of the cardinal process lobes. The radial planes
cross and interrupt the turbulent lamellae of the ‘second=
ary tissue. -This condition imparts a cellular or cancel-
lus appearance to sections through the tissues of the myo-
phore regions. The structure of the cancellus tissue of |
the myophores resembles bone. The‘cancellus appearance of
the myophores is shown in Text-Figure 28,

A meso-cardinal ridge or septum occurs in most stro-
phomenacean Species, Text-Figure 28. The meso-cardinal.
ridge may be evident on the internal surface or.maj be

buried in overhanging or confluent tissue of the medial |
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sides of the cardinal process lobes. The meso-cardinal
ridge has been the subject of considerable Speculation;
If the mese;cerdinal ridge and.the cardinal process lobes
have the same origin, the bifid cardinal process of the
Strophomehecea then could be compared with confidence to
the trifid cardinal process of the Plectambonitacea.

The meso-cardinal ridge overlies the posterior ex-
tension of the medial ridge from the viscetal cavity sur-
face of the dorsal valve.‘ The medial ridge'mey project
under tﬁe posterior platform and between the 5ases of the
cardinal process lobes. The meso-cardinal ridge and
underlying medial ridge are separated commoniy by a zone
of lamellar secondary tissue cbmparable in thickness to
‘the thickness of the posterior platform. ‘The lamellae of
this zone of secondary tissue are not folded iﬁto the

~ base of the meso-cardinal ridge but they are folded into
the bases of the cardinal process lobes. The meso-cardi-
nal ridge is a gerontic feature; it is not present in the
ephebic brachiopod. The meso-cardinal ridge is a super-
ficial structure of minor phylbgenetic significance,

The clear, lamellar secondary tissue which is found
in many other regions of the valves seems to be a filling
substance with little function other than to strengthen
the valves by increasing thickness, to fill in pockets:

and holes and to buttress ridges.
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The secondary deposits of the muscle scar areas cﬁ_
the dorsal and ventral valves are constructed of layers
of microcrystalliﬁe.and dark lamellar tissue., Specimens
of all species of strophomenaceans that have been sec-

tioned, except-Dactxlcgonia alternata COOper; show layers

of the microcfystal}ihe and dark lamellar secondary de-
posits in the same sequence and of generally similar -
shape;

The microcrystalline and dark lamellar secondary de-
posits of the posterior-Central region of the ventral
valve of Rafi gggggna ponderosa Ulrich and of the dorsal
valve of Ietraghalerella gleg;a (James) are shown in

Text-Figure 29. 1In ‘the anterior-central region of the

nggrE;gﬁgglzg.- Assembled transverse serial sections of
‘the ccsterior-centraliregion of the ventralsvalverf Rafi-
neﬁguiha ponderosa Ultich (left) and of the»posterior-
central region of the dorsal valve of Tgt;aghalgrgll neg- |
ng;g (James) (right) Tissues shown: black - dark, finely
lamellar secondary tissue white - microcrystalline tissue;
stippled - inner initial tissue and ‘clear secondary tig-
sue. The curved lines along the sides of the blocks are
a projection of the curvature of the mid-line of the
valves. Interval between sections: R. ponderoga (1eft);
1/16 inch between the first six sections, 1/32 inch be-
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tween sectiens.sik and seven, 1/64 inch between remaining
sections; I. neglecta (right), 1/32 inch between all sec-
tions except sections three and four which are 3/64 inch

apart., Magnification: left X5, right X6.

ventral valve of Rafinesggiha gonderoge Ulrich (see first
section of the text-figure), the inner initial tissue,ie
overlain by a broad expahse of'micrecrystailine seeondary
tissue (unhatterned zone of diagram). The centralltegion
_df the microcrystalline tissue is depreseediané replaced
by a transversely curved plete of dark lamellar tissue :
(biack,plate),, The central region oflthe!curved plate of
dark lamellar tissue is overlain by micrbcrystalline'tis-
sue (uhpAtterned area). These three layers are inter--

‘ preted as follows' the lower layer of microcrystalline
tissue is the site of diductor muscle attachment the up-

- per layer of microcrystalline tissue is the,sitevof ad~
ductor muscle attachment; the dark platetmarks the posi-
tion of attachment of connective tissue. As thetbtachio-
pod grew in length ahd'width the area‘of attachment'of
the adductor muscles became wider and migrated toward the
anterior. The tendons on the surface of the adductor
muscles spread 1atera11y with growth and 1ncreased she11
thickness with the result that tissue marking the site of

tendon attachment forms a curved plate. Succeeding sec-

tions toward the posterior.(sections 4 to 11) show,intro-

L]
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duction of a partition of dark lamellar tissue intd the
center of the microcrystalline tissue underlying the'ad-
ductor scars. This partition is evidence of separation
of the adductor muscles and‘inserfion of a tendinous
strip between them. Toward the'pdstefiof,athe dark lé-
mellar;tissue spreads laferally across tﬁe midrocrystal-
line tissue of the diductor musclé scars, fifth section,
and‘éentrallylacross the microcrystalline’tissue‘of the
adductor muscle scars, sixth section. The lateral and
central spreading of the dark lamellar tissue marks the
pbsteriér margin of the diductor and adductor muscles at
the time of death of the brachiopod. The spreading of the
dark lamellar layer over the adductor muscle scars occurs
directly beneath the anterior edgevof the cardinal proc-
ess lobes. Posterior extensions of the microcry#talline
layers under dark lamellar tissue mark former positioné’l
of diductor and adductor muscle attachment. These poste-
rior sites of attachment were abandoned during growth as
the posterior margin of the muscles migrated toward the
anterior. 4

_ The.microcrYStalline'and dark lamellar sechdéry tis-
sues from the muscle scars may be traced into the del-
'thyrial cavity; The medial body of microcrystallihe‘tis-
sue from the adducﬁor muscle scars disappearS‘under the

delthyrial cavity. 'The,microcfystalline layer from the
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diductor muscle scars becomes a thin plate in the floor of
the delthyrial cavity. The lateral edges of this plate
curve up the sides of the dental lamellae and contact the
basal edge (ventral edge) cf the denticular plate. In a
few sections, the entire denticular plate,seems to be
bedded in this tissue. Further toward the delthyrial
apex, this layer becomes thinner and finally disappears.

In Text-Figure 30, the plate of secondary tissue in the

Iext- Figure 30.- Transverse seriel sections of the poste-
'rior-central region. of Strgghomena vetgsta (James) Ac -

chilidium, cp - cardinal process, dc - delthyrial cavity,
.dh - cavity in secondary tissue which fills apex of del-

thyrial cavity, h - hemisyrinx, pd -‘pseudodeltidium, u -
umbonal cevity. Interval between sectlons. A to B,

1/32 inch; remaining sections, 1/64 inch, section F less

than 1/64 inch from posterior end of valve. Magnifica-

" tion X6.67.

floor of the delthyrial cavity is this microcrystalline
tissue. Note that the plate thins in sections A to E and
is absent from section F, possibly because of abrasion.

~ The dark lamellar secondary tissue may be traced in-
to the delthyrial cavity. At the anterior end of the del-

: thyrial cavity, the dark lamellar secondary tissue curves
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microcrystalline layer

inner initial Yayer, dorsal valve medial septum, ventral valve

inner initial layer, ventral valve secondary deposit

the poste-~
Text-Figure 30.- Transverse serial sections of
rior-central region of Strophomena vetusta (James).
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up the sides of the dental lamellae., Toward the apex of
the delthyrial cavity, the dark lamellar secondary tissue
is restricted to a medial position and either'gradual1y
disappears, as in Rafinesquina gondgfosa Ulrich, or be-
comesvcomprgssed‘into a medial septum, as in §troghoﬁena
vetugta (James), Text-Figures 29 and 30, |

The microcrystalline and dark lamellar secondary
tissues are submerged under a léyer‘of clear.lamellar
secondary tissue in.fhe delthyrial cavity. This clear
lamellar layer begins on the sides of the dental lamellae
below the exposed medial faces of the denticular plate.
It is not known whether cleér lamellar tiséué or dark
lamellar tissue flows into the depressions between the
semidenticles of the mediai face of the denticular plate
as shown in Text-Figure 26, The clear, lamellar secondary
aeposit becomes thicker toward the deithyrial apex. Under
the pseﬁdodeltidiﬁm,ﬁthis-tissue_covers all surfaces of
;he delthyrial cavity. Horizontal or vertical transvérSe
flanges in the surface of this tissue at the delthyrial
apex of some“Species,'g.g. Strgghomena concordensgis
Foerste, may mark the site of attachméné of adjustor or

. pedicle muscles. | A ,

}The delthyrial regions,of Strgggomgna getugﬁa (Jémes)

and'g.'glagggbona (Héll) différ from the delthyrial re-

gions of all other strophomenaceans that have been sec-
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tionéd, including other species of Strophomena. In these
two species, the dark lamellar secondary tissue of the
delthyrial region becomes concentfated into a thin,

sharp septum. -The septum has a rounded top in 3. planum-
‘bona (Hall) and a flattened or trough-like top in §.
vetusta (James), see.Text-Figure 30. . The septum is found
to the tip of the delthyrial cavity. There is a hole in
the clear, lamellar secondary tissﬁe on either side of
the éeptum. The holes are directed into the apex of the
ventral valve. These holes a:e'filledeitﬁ'coarsely
granﬁlar,ASparry calcite which was deposited after death.
Igt;aphalerella neglecta (James) has a pair of cavities
in the floor of the delthyrial cavity which receive the
posterior ends of'fhe‘cardinal process lobes when the
valves are cloged. This is not the function of the pair
of cavities in §S. véﬁugga (James) or S. planumbona (Hall).
No other strophomenacean species that has been sectioned
has a pair of cavities in the floor of the delthytial
cavity, however, sections of the delthyrial region df
Ihggrodgﬁta rugosa (Meek), a plectambonitacean, reveal a
pair of holes in the secondary tissue. The pairs of
holes in the delthyrial regions of Thaerodonta and Stro-
phomena have no taxonomic significance; but they may in-
dicate the presence of an unknown fleshy structure. The

- pair of apically,directed holes flanking a septum with a
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trough-shaped top, as borne by Stroghome;e'getggta (James),
has an interesting similarity to the scondylium triplex
and hemisyrinx of the pseud0punctate clitambonitoids of |
the Superfamily Gonambonitacea. |
The secondary deposits associated with the:muscle
scars of the dorsal valve are not as complex as those of
‘the ventral valve, as shown in Text-Figure 29. The regions
. of adductor muscle attachment are underlain by coarsél&
microcrystalline tiséue. A ridge of dark inner ihitial
tissue, which is the medial ridge of the dorsal valve,
divides the microcrystalline tissue. The mic*ocrystalline
tissue of the central region of most species is spread
across the medial ridge. Posterior to the center of the
valves, just anterior to the anterior margin of the poste-
rior platform, a ridge of dark, lamellar secondary tissue
.»appears on top of the medial ridge. The two superimposed
ridges are commonly separated by a thin zone of clear,
lamellar inner initial tissue. At the anterior margin of
‘the notothyrial platform, the dark lamellar ridge of sec-
ondery tissue spreads late:elly over the microcrystalline
layer. This region of lateral spreading corresponds to
the posterior margin of the dorsal adductor muscle scars,
The microcrystalline and dark, lamellar secondary tissues
can be traced under the cardinal process. Under the car-
- dinal process, lamellae of the dark; lamellar tissue

gradually become thicker and clearer. The medial ridge
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grades into clear lamellér-tissue in the posterior region
of the notothyrial platform.

Specimens of §traghe6dogta (Devonign) that have been
sectioned.possess_secondary tissue deposits in the mﬁscle
scar tegions.that.strongly resemble those of Rafinesquina,
In fact; sections of these two genera cannot be differen-
tiated easily without reference to the teeth and cardinal |
processes. The plectambonitacean Thaerodonta rugosa
(Meek) possesses a layer of microér&stalline tissue over-

| laiﬁ by a curved plate of dark iamellar tiséue in the
ventral valve. There is no differentiation of éecondary
deposits in the muscle scaf regions of the dorsal valve.,
The orthotetaceans Fardenia §hbgiagg (Conrad) (Silurian)
and §cggchg:tglLa sp. (Devonian) do not sho; differéntia-

tion of secondary tissue in the muscle scar region. Der-

byia hooserensis Dunbar‘and.Condra shows é}différentia-
tion of{micfogranular and dark lamellar secondary tissue
in the muscle scar regions of the ventral valve. The

high medial septum ié constructed of dark lamellar tissue.
The adductor muscle scar areas of the dorsal valve do not
show secondary deposits; Transverse sections of the or-
thoid species Plaesiomys subquadrata (Hall), Hebegtglla
s;nygta'(ﬂall) andjglatxgtrggh;afaCutilgrata (Cohrad) éhow
microstructu:ally differentiabie tissue.assogiated with

the muscle scars of the ventral valve. The tissues of
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‘the muscle scar areas of these orthoids have not been
examined in detail. Nevertheless, the tissue layers seem
to have the same generél form and sequence as found in

strophomenaceans.

Microstructure of the dorsal ridges.- The ridges of the
internal surface of the doréal'valveS'of strophomenaceans
are not conspicuous features in thin or peel sections._-
The ridges are most evident on specimens of the older gen-
era, for example, Dactylogonia and'gegigina. The ridges
appear in modified form in Strgghomgna, Holtedahlina and
allied genera and are gréatlyfreduced to absent in Lept-
aena, ggfingsgu;né and related genera. The dorsaL~ridges
are significant in the evolutionary history of the Super-
familyIStrOphoﬁenacea and may become important. structures
for determiﬁation of the ancestry of»thé strophomenaceans
within the Superfémily Plectambonitacea.

~ Specimens of the plectambonitacean species Thaero-
donta rugosa (Meek) have been sectioned for comparison to
sthphomehaceanaSegtions. The inner surface of the dorsal
valve of Théerodonta £ggQ§g (Meek) possesses seven septa
(a medialvseptum and three pairs of lateral septa) which
invite comparison to the five dorsal ridges of strOpho?
'menaceans. The shell materiél of the ddrsal,vglye of
Thggrodggta rugosa (Meek) doesinot resemble the shéll

 materié1 of strophomenaceans. The innerfinitial layer is
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thin, poorly lamellar and has a celldlar or prismatic
éppearance in peel sections. The difference in appear-
ance of the tissue is not caused by preservation. The
spécimens of Thaerodonta came from the same outcrop as
- several of the speciméns of Strophomena which were sec-
tioned. The medial septum is composéd of dark, prismatic
to poquy‘lamellar inner initial tissue. The anterior
pair of lateral dorsalrsepta,‘the anderidig,_are thin and
high. They possess a thin axial plate of inner initial
tissue of prismatic appearance. . The axiai plate expands
and contracts in transverse section, which imparts t§ it
a beaded appearance. The lateral flanks of each axial
plate are covered by a fillet of prismatic secondéry tis-
sue. The two pairs of low, posterior septa are composed
of relatively clearlprismatic tissue without axial
structures. | |
The microstructure of the dorsal ridges of Qepikina
gregaria Cooper, Q. minnesotensis (Wincheli) and Dacty-
logonia alternata Cooper - cannot be ;ompéred in all aspects
to the septa of Thaerodonta rugosa (Meek). Qepikina and
Dactylogonia do not possess ény tissue with a cellular or
prismatic appearance except in the cardinal processes.
The medial and anterior pair of dorsal ridges of Qepikina
and Dactylogonia are linear welts of dark, finely lamel-

lar inner initial tissue containing pseudopunctae. There
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'is no indication in the ridges of either genus of an axial
§1ete but there is a cylindrical core of granular tissue
at the anterior ends of the medial ridge an& anterior-
lateral ridges. The core of granular tissue in the ante-
rior pair of ridges of Oegikgge andfgagtxlogon;a may be
homologous to the axial plates in the anterior pair of
septa of Thaerodonta. This comparison leaves the granular
core in the medial ridge of Qepikina and Dactylogonia
without a comparable feature in Thaerodonta, The medial
septum of Thagrodgnta disappears anterior to the poste-‘
rior platform. The axial plates of the anterior pair of
septa of Thée;gdontg converge and unite at the antetior

» margin of the'posterior platform. This union produces a
ng" shaped plate filled with secondary tissue. The me-
dial and anterior pair of ridges of Qepikipa coalesce into
a single medial ridge near the anterior margin of the
posterior platform. The pair of posteriorolateral ridges
of gggig;gg-and Dagtxlogogia differ from the other ridges
by being composed of clearer, more coarsely lamellar tis-
sue identical to normal inner initial tissue. As noted,
the posterior pair of dorsal ridges are less persistent
in the phylogeny of the-SttOpﬁomenaeea than either the
anterior pair of dorsal ridges or the medial ridge. The
single pair of posteriot-lateral ridges of Qepikina and
Dac;zlggonia and the dual pairs of posterior-lateral
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septa of Thaerodonts are siﬁple muscle bounding ridges,
;.e. transmuscle ridges. |
Specimens of all genera of strophomenaceans that
have been sectioned'possess a medial ridge composed of
dark, finely lamellar inner initial tissue. In this
character, all genera resemble Qepikina and Dactylogonia.
gl;edahlina and gepik; possess a medial ridge with a'
cylindrical core of- granular tissue, but Strophomena,
Tetraphalerella, gafinesgulna and &iagromena do not, The
cylindrical core of granular tissue probably forms the
breviseptum, )
The lateral pairs of dorsal ridges of'HoLtedagiing
and Qepikina are similar in microstructure. Species of
Strgphomgna show three types of ridges in the dorsal
valve, The anterior pair of ridges of S, gggggg Meek
resemble the dorsal ridges of Qepikina by beingllinear
welts of inner initial tissue. These‘ridges of S. nutans
Meek are wider and are csmpesed of clesrer, more coarsely
_lamellar tigssue than the dorsal ridges of Oepikina. The
lateral ridges of S. nutang Meek. are buried beneath
| secondary tissue in the posterior platform region.. S.
planymbona (Hall) possesses lateral ridges composed of
dark, lamellar secondary tissue resembling the tissue ad-
'jacent‘to the muscle scars of the ventral valve, The

dark tissue of the lateral ridges overlies clear, pseudo-
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punctate, inner initial tissue and, hence, must be a
secondary deposit. §. vetusta (James) possesses many
irregularly formed lateral dorsal ridges. These are con-
structed of coarsely lamellar, coarsely taleolate, clear
inner initial tissue., The ridges of S. vetusta (James)
have topographic relief but- are not microstructurally
differentiated. Tetraphalerella ngglegta (James), Rafi=
nesquina ponderosa Ulrich, Leptaena gigﬁmongeggig Foerste
and Megamyonia unicostata (Meek and Worthen) do not pos-
sess lateral ridges on the ihtetnal surface of.their
valves or in the microstructure tissue of their valves.
The ridges of Strophomena which are composed éf secondary
tissue are not related to the ridges of Qepikina which
are composed of inner initial tissue. The ridges of
Strophomena should be called advenﬁitiogs ridges because
of their jrregular form, inconsistent occurrence and sec-
ondary charactere |

There is no consistency of construction of the dor-
sal ridges throughout the Superfamily Strophomenacea ex-
cept for the ubiquitous medial ridge. The pairs of lat-
eral dorsal ridges are a phyiogeneticaily primitive fea-
ture which are suppressed and even deleted in advanced

lineages.

Pseudopunctae and taleolae.- The most convenient unify-
ing character of the strophomencid brach10pbds is the

-
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pseudopunctate condition of the shell materiai. Williams
(1956, p. 251) proposed the term "taleolae“lfor the slen-
der rods of granular calcite which occur along the axes
of localized deflections of the lamellaé of the shell
material, the pseudopunctae. His definitions of that
date left unclear the difference betwéen a pseudopuncta
and a taleola. The distinction between these structures
'has been resolved in the Treatise on Invertebrate Paleon-
tologvy, gggg H, 1965, p. 151. The present observations
largely support Williams' (1956, p. 251 and 1953, p. 3)
deScriptions of pseudopunctae and taleolae without serious
conflict., o
Taleolae are thin unbranched rods of granular cal-
cite which arise from an indistinct, expanded base at, or
‘just below, the outer surface of the inmer initial layer.
The taleolae are crossed by dark lines which suggest the
presence of cleavages or grain boundafies. Taleolae com-
monly peﬁetrate to the interior surface of the inner ini-
tial layer. They may project into the visceral cavity as
short spines é.aj_.led endospines., Some taleolae do not seem
to penetrate the entire inner initiairlayer but this
trait cannot be established without question because.sec-
tions may cut obliquely through taleolae.
Taleolae may be straight or gently curved in sagit-

tal section. They most commonly curve or slope slightly
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to the anterior of a line perpendicular to the shell sur-
face when théy are traced from-éxterior to interior.
Some taleolae may be oriented at random angles to the :
shell surface and may even curve-in a vermicular fashion.
Randomly oriented and vermicular'taleolae are found only

" in thickened regions of the inner initial 1ayer where the
lamellae are turbulent, as in the muscle bounding ridge |
and the marginal diaphragm.

The lamellae of the inner initial layer adjacent to

" taleolae are curved toward the internal surface of the
valve. This curvature prdduces the illusion that the

' taleolae have been pressed through the inmer initial tis-
sue as pins might be pressed through a magazine. The
width of the zone éf éurvature of the lamellae around a
taleola is about oﬁe to oné and a half times the diameter
bf the taleola. Curvature 6f the lamellae to fofm a
pseudopuncta amounts to appfoximately 45 deg:ees rotation.
Tﬁere‘;s slightiy more than 45 degrees curvature of lamel-
lae along tﬁe\anterior margin of ‘a taleoia and from 30 to
45 degrees curvature along the posterior margin., Varia-
tion of curvature is caused by the anterior slope of the
taleolae. The set of stacked cones of lamellae, i.e. a
pseudopuncta, may occur without an axial taleola, but a
taledla never occurs without deflected lamellae'around

its margin.
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The margin of a taleola may.be.deeply indented by
the edges of the lamellae. The indentations may be so
deep as to cause a taleola to haﬁe a beaded appearance in
thin sections. Rarely, lamellae pass through a taleola
without inter:uption. Cleavages or. grain boundéries in
taleolae commonly correspond to:adjacent laméllae, hence,
may not be crystallographically controlled. Some taleolae
have smooth, uninterrupted margins. Those with uninter-
rupted mérgins have a thin, dark layer which separates
the taleola from the edgeé'of adjacent lamellae. ~This
layer has the'same'appearénce as the thin dark layers
which separate lamellae., The dark, marginal layer of
taleolae is not visible in peel sections. Williamé
(1956) described "two or more layers" around the central
axis of some taleolae and Muir-Wood (1965) reported a
central cavity within taLeolae. Two layers may be ob-
‘served in cross sections of large-faleolae of Leptaena
richmonden§i§ Foerste énd Megamyonia unicostata (Meek and-
Worthen). The outer layer is‘probably the upturned edge
of a lameila and not a layer of the granular rod of a
taleolé. No evidenée of a central cavity can béAfound in
the taleolae of strophomenaceans.

No evideﬁce has been found to support Spjeldnaes'
(1957) belief that taleolaé were puncta during the lifé
of the brachiopod and were filled by post-depoéitional

- -,

<
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otecipitatiou of sparry calcite. Spjeldnaes bases his
theory upon the presence of "possible traces of clay
material" (1957, p. 10) in taleolae of one sectioned
specimen of Legtaega depressa (Sowerby) and upon depres-
sions in the crests of endospines. In 1929, Koztowski '
presented convihcing evidence that pseudopunctae are
‘structures of the original shell material.

Foreign matter is commonly observed in sections of .
brachiopods. Some enters by inadequate cleaning of sec-
tions prior to mounting; some enters along natural frac-
tures in shells. "Pearls" formed by deposition of sec-
ondary shell tissue over pockets of clay and fossil frag-
ments have been observed. A specimen of Rafinesggi in-

crusted by Lichenocrinus (a crinoid radix) shows deep

erosion and entrapment of foreign matter under the margin
of the crinoid base. The canals of Rhogalonaria (a bryo-
zoan) on a sectioned specimen are filled with clay. Sec-

tions of Leptaena and Rafinesquina usually show tiny ver-
micular tubes in the imnner initial layer. These have the

dimensions of dalmanelloid endopunctae. They do not ap-
pear to be trueupunctae because they have an:erratic dis-
tribution within the shell meterial, some specimens lack
tubes, thevtuoes are randomiy curved and branched, tﬁe
tubes seem to emerge at both the exterior and interior

surfaces of the shell and no brush can be found at the
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external end of the tubes, as occurs at the external end
of endopunctae. These tubes atre filled with an Opadue
substance which makes them conspicuous. One tube pene-
trates diagonally through a taleola. The tubes are prob-
ably caused by an-epizooic (or epiphyt1c) microorganism.
Regardless of the origin of the tubes, they do introduce
foreign matter into the shells. Specimens of the dalma-
nelloid Onniella meeki (Miller) from the Waynesville For-
mation, Upper Ordovician, Ohio, commonly show euhedral
crystals of pyrite in the'endopunctaa Associated speci-
mens of Rafinesquina. gonderoga Ulrich and R. loxorhytis
(Meek) do not have pyrite along the axes of the pseudo-

punctae .

Pits rarely occur on the crests of unweathered endo-
spines. Etching by acid proceeds more rapidly in granu-
lar tissue of a taleola than in the. surrounding lamellar
tissue of the pseudOpuncta. The result is a pit in the |
crest of endospines that have been subjected to gentle,
natural or laboratory etching. |

No'taleolae resembling the "hemiSpherica} humps" de-
gcribed by Williams (1956, p. 251) have been observed,
Toward the margins of shells, especially in the marginal
diaphragm, there commonly are broad, hemispherical swell-
ings in the lamellar tissue which have the appearance of

‘being adjacent to hemispherical taleolae, but no hemi-
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spherical taleolae have been observed in association with
theseo |
The microstructure of the denticular plate is unique,
The denticular plate has been described .as being pseudo-
punctate for convenience only. The ventral region of the
 denticular plate is composed of‘exceedingly turbulent la-
mellar tissue. Toward the dorsal surface of the plate,
the curled lamellae gradually become marshalled into par-
allel, discontinuous ieoelinal folds. Thelcrests'of the
jsoclinal folds form the parallel ridges (semidenticles)
of the dorsal surface of the plate. The axial planes of
the isoclinal folds are oriented perpeﬁdicular to the
“hinge line and 1nterarea not parallel to the margin of
the delthyrium. Because the isoclinal folds are oblique
to the denticular plate, they crop out along the medial
face of the denticular plate where they produce ridges.
The axial region of each fold tends to be granular tissue .
without distinct boundaries. If these granular axes may
be called taleolae, they are taleolae with a tabular
ghape. The folds and tabular taleolae are visible only
in transverse and longitudinal sections. Sagittal sec-
tions ‘are parallel to the axial planes of the folds with
the result that the denticular plate is difficult to dis-

tinguish in eagittal section.

The function of pseudopunctae and taleolae is un-
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known. Williams (1956, p. 252) postulates that they were
the "seat of attachment for tendons (tonofibrils) per-
meating the connective tissue of the mantle". If this be
the case, it is difficult te understand Why taleolae and
pseudeeﬁnctae do not penetrate the secondary tissue of
the shell. It would seem reasonable to assume that the
visceral mass of the brachiopod animal would have been as
securely fixed to the shell as the mantle. Williams sug-
gests, also, that-they‘had the function of pegs which
riveted tegether the fissile lamellae of rhe shell. It
might be suggested that taleolae are "pearls" ceused by
inclusion of exotic grains under the margin of the mantle
or in the mantle groove. This idea is unaccebtable be=
cause there are no foreign grains at the base of the
taleolae, pseudopunctae may occur in a regular pattern in
the shell material and the size of taleolae tends to be
uniform within a species. |
- There tends to be a regular variation of size and
distributional density of taleolae within a strophomen-
acean valve. ‘Taleolae are more closely packed toward the
center of the valves then toward the lateral or anterior
margins of the valves. The packing is especially cloee
1n the regions of the dorsal ridges and under muscle scar
areas and especially open in the muscle bounding ridges
and marginal diaphragm. Text-Figure 31 shows the number

of taleolae per square millimeter in different regions of
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Text-Figure 31.- The number of taleolae per square milli-
‘meter in different regions of the valves of Rafinesgu;na
ponderosa Ulrich (above) and Leptaena richmondensis

Foerste (below). The stippled squares show the areas

where. taleolae were counted,

the disc cf rhe valves of Rafinggguigg ponderoga Ulrich
and Legtaena richmondensis Foerste. Taleolae and pseudo-
punctae were counted on external surfaces of etched
valves. The taleolae of the etched, external surfaces do
not reflect variations of packing associated with inter-
nal structures. There does not seem to be an 1mportant
/' difference in the packing density of taleolae in the ex-
terior tissue of ventral valves compared to dorsal valves

in Bafinesguina gonderosa Ulrich and Legtagga ggmon -
engis Foerste.

The diameter of taleolae in a specimen is inversely
related to the density of packing of the taleolae. Tale-
olae are thicker in regions of the shell where they are
widely spaced than in regions where they are crowded to-
gether. B

The relative size of taleolae, the density of their
packing and their pattern of occurrence in shell material
may be familial differentia. These characters of the

taleolae are not useful differentia because other mor-
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ventral valve | dorsal valve

ventral valve | - dorsal volve

5.2

Text-Figure 31.- The number of taleolae per square milli-
meter in different regions of the valves of Rafines-
quina ponderosa Ulrich (above) and Leptaena rich-

densis Foerste (below). The stippled squares.
show the areas where taleolae were counted. '
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phological features are more evideht, detailed analysis

of taleolae requires destruction of the shell, and char-
'acters of the taleolae are difficult to determine in
-silicified and reerystallized specimens and molds. Spec-
imens assigned to some stfophomenacean genefe are very
rare and should’not be destroyed. For ekample, Hesperinia
kirki Cooper, mqnospecific,'is represented by eight spec-
imens; gifkina'gillagdensis Salmon, monospecific, ten
specimens; Golaptomena leptogtrophoidea Cooper, monospe-

cific, nine'specimehs;_Pionoﬁeha, three species; total of

. twenty-four specimens, Teratelasma neumani:CeOper, mono-
specific, is khown only from molds. All available speci- '
mens of the type species of Kjerulfina, K. t riggnaiis
Bancroft, of the type species of K]aerina, K. typa Ban-.

.croft, and of the type species of Hedstrgemina H. frag-
ilis Bancroft are molds in siltstone. Most of the known
specimens assigned to Murinella, Platymena and glxgtgmena
are silicified. | o

The number of taleolae per square millimeter has been
computed for several species to demonstrate the range of
Aoacking densities. Table 4 shows the.Species analyzed
the number of taleolae per square millimeter ‘and the total
surface area of the shell on which the count was made.

All counts were made-on‘an etched, external surface near

the center of the ventral valve.
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- The diameter of teleolae is variable, also, among
species of strophomenaceans. Table &4 shows the meen
diameter of taleolae in several species. All taleolae
were measured on longitudinal peel sections from near the
center of ventral valves. Measurements were made of the
minimum diameter of the taleolae because taleolae may be
circular, ovoid, irregularly ovoid or angular in cross-
seetional shape. Moreover, the planes of the longitudi-
nal sections are not perpendicular to all of the taleolaef
which were measured. The minimum diameter correSponds to
the ﬁinor axis of the el}ipse~formed by intersection of a
cylinder and an oblique plane, which is the diameter of
the cylinder. Consequently, the minimum diemeter is the
best approximation of the true diameter of the taleolae.
The measureménts and the statistics derived from them are
approximate because the boundaries of the taleolae are
diffuse and the diameter of taleolae is known to be vari-
able along their length.

Table 4 shows that the diameter of taleolae may vary
by a factor of X5 from species‘to species. The species of
Table 4 are arranged in order of increasing packing den-
sity of taleolae. Inspection of the "x" column showsv
that the mean diemeter of taleolae tends to decrease as
packing density increases. Column "V", coefficient of

variation,‘shows that the standard deviation of taleolae
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diameters relative to mean diameters for all seven species
.,is about the same. Holtedahlina sulcata (Verneuil) has
the largest coefficient of variation. There seems to be
no regular pattern in the position of unusually small
‘taleolae and unusually large taleolae within this species.
Rafipegquina ponderosga Ulrich and Leptaena richmond- .
ensis Foerste, also, show large coefficients of variation
'.of taleolae size. The taleolae of these twd speclies are
- set in the shell in a definite pattern according to size.'
The thicker taleolae of Leptaena richmondensis Foerste
occur in the striae between costellae., In lohgitudinal
sections, the thicker taleolae are aligned along radii
from the apex of the valve.. Small taleolae occur at ran-
dom positions between the rows of - large taleolae. The
taleolae of Rafinesquina ponderosa Ulrich tend to be set
in a grid-like pattern. The larger taleolae of Rafines-
quipa lie along the dezper striae between costeliae at
the intersection of the varices. Smaller taleolae are set
at random between the larger taleolae. In both species,
the long axis of the oval cross section of taleolae is

parallel to the costellae,
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HABITAT AND HABITUS

Ordovician strophomenacean brachiopods are best
known from rocks df mafine‘neritic origin af,Nbrth
America, nortﬁern Europe and European Russia. - Species
from the Southern Hemisphere, eastern Asia, southern
Europe, and western and northern North America are poorly
known.‘ Representatives of the entire superfamily are not
restricted to any specific lithotope But generally are

~ absent from black shales and littoral sandstones. Spe-
bies may show envi:oﬁmental selectivity by aécompanying
recurrent faunas. | | 4

Variation of.size‘and thickness of Ordovician spe; '
cies does not support or contradict Flower's (1942,_1946,
1957) and Spjeldnaes' (1957) delineation of Ordovician |
climatic zones.' There is a general evolutionary tendency
for increase of size and thickness in all generic lineages
through Ordovician time which masks potential provincial
differences., Apparent correlation of size and thickness
of species and geographic province is relateéwidlghéwégg
of faunas known from eéch province, _ e

StrOphomenacean brachiopods were part of the Ordovi-
cian benthonic fauna, Cornitrary to Sardéson (1929), prob-
ably no species led a planktonic existence. Ephebic in-
dividuals of most leﬁtaenid species and older oepikinid

and strophomenid species probably were attached to the
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substrate by a thin pedicle. At least, adults of these
gfoups have an open pedicle foramen. Ephebic individuals
of all other species héve a plugged pedicle conduit from
which may be inferred a functional pedicle and a tethered
existence during nepionic‘developmept.

A probigm which ﬁas-never>been successfully resolved
concerns the preferred orientation of stroPhomenaceans
during‘liféo  They may have stood upén the_cafdinal mar-
gin, hung pendent from floating objects, or they may have
been recumbent upon the sea-floor. Sardeson (1929) sug-
gests that Speéies of Strophomena and resupinate allies
‘hung pendent from floating objects and that species of

_ Oepikina cemented themselves in an upright ppsition'to
 the éubstrate. Sardeson's concluéions are based upon the
attitude of specimens within a bentonitic stratum. There
is no structure of the resupiﬁate group which could be
conéernéd with suspension, as, for ‘example, the gspines of
'chonetoids and linoproductids. Moreover, if individuals
lived suspended, it is difficult to expléin restriction
of species to (and from) specific lithologies. It is
most unlikely that concavo-convex forms, such as Qe ikina,
1ived in an erect position. The umbo of 'concavo-convex
sbecies is not deformed to indicate cementation as £ ound
among orthotetids. Uncemented to the substrate, a flat-

tened concavo-convex individual could not stand upon its
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narrow cardinal margin in the slightest water current un-
1ess many individuals were imbricated together, as in the
shingling of Rafinesquina _;gggg (Meek) in the Fairmount

Formation of Cincinnati, Ohio. 1In reality, the shingling
cf Rafinesquina is probably a thanatocoenosic'condition |
inasmuch as the imbricated valves generally occur in cur-
rent-scoured channels. | |

It is assumed generally that strophomenaceans rested
upon the convex velye to elevate the anterior .commissure
awey from the muddy substrate, Undoubtedly, untethered '
strophomenaceans lived in any position in which they
could perform all of their body functions. Evidence tends
to 1ndicate that unattached strophomenaceans rested upon
the concave or planate valve. The evidence is circum-
stantial-and subject to contradiction. Nevertheless, the
following observations support this hypothesis.

It is unusual to find the thin outer carbonate layer
preserved on the surface of str0phomenaceans. The outer
carbonate layer is usually abraded from the surface'ex¥
cept where it is preserved under incrustations., The rare
occurrences of unprotected_outer carbonate layer are most
commonly found near the margin of the concave valve. The
occurrence is marginal because the margin is the last-.
formed part of the valves and hed the least time of abra-

sion before burial, The valve upon which the brachiopod
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rested was subjected to less abrasion than the overlying
valve.

Two specimens of the ventral valve of Rafinesquina
gf. gonderosa in the collections of the University of
Cincinnati bear massive, discoidal bryozoan zoaria on the
external surface. The bounding ridges around the diduc-

" tor muscle scars, the radial ridges of the diductor mus-
cle scars, and the medial ridges of each valve are en-

- larged grotesquely. The diductor muséles must have lift-
ed the bryozoan colony as well as the veﬁtral vaive when
the valves were opened. |

The suggested life-position negates the problem of
hydrodynamic instability, discussed by Menard and Boucot
(1951), that would have been present if the convex valve
were downward during life. Also, it is most common to
find the exterior of convex valves exposed on the upper
surface of strata and the exterior of concave or planate
valves exposed on the underside of strata. It has been
argued that the attitude of valves in strata is caused by
post mortem turning of valves by water currents. Unteth-
ered species probably had liﬁtle control of their atti-
tude during life and would also have been subject to turn-
ing by water currents. | |

It is more common to find argillitic matrix than

sparry calcite in contact with the inner surface of the
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-

concave valve in thin sections. The sparry calcite prob-
ably represents post-depositional filling of gas pockets
within the valves. | |
A census has been made of epizoic organisms on

- valves of species of Rafinesquina from two lenses in the
Waynesville Formation of Butler County,}Ohio, and'Frank-
lin Connty, Indiana.. Only clean, articulated specimens
were selected for the census. Of the 358 specimens con-
sidered 28% -have epizoic organisms on the convex valve
only, '13% have epizoic organisms on the concave valve
only, 30% have no epizoic organisms, 9% have epizoic or-
ganisms equally developed on both valves, 14% have 1arger
epizoic incrustations on the convex valve than on the con~
cave valve, and 6% have larger epizoic incrustations on
the concave Valve.than on the convex valve. Sixteen in-
dividuals have fossil fragments piercing the concave
valve or incorporated in£§ the concave valve during
growth. - Only‘two jndividuals show fossil fragments which
pro;]eet into the ventral valve, The epizoic organisms
which were noted include bryozoa, inarticulate brachio-
pods, crinoid bases, dendroid bases and annelid tubes. -

Hyman (1958, p. 585) stated that modern brachiopods,

except lingulids, usually take a horizontallposition,
with the larger ventral valve uppermost "but may erect to

a vertical position by manipulating the adjustor muscles
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of the pedicle". Tethered shells would naturally rest
upon the concave valve because of current action.
Consideration of water circulation within stropho-
‘menaceans conflicts with this hypothesis. Water circu-
lation is assumed to have been in the same direction as
occurs among living articulates, i.e. incurrent areas..
lateral, excurrent areas antero-medial. Authors have
presumed that the commi ssure was elevated to avoid suffo-
cation, that is, that the living animal rested upon the
convex valve. Possibly the.curling of the cardinal an-
gles in the direction of the convex valve, ventrally in

Qepikina and dorsally in Strophomena and zet;anhalergll

served for ingress of water from above the sediment in-
terface at the posterior-lateral corner.of the valves.
The marginal diaphragm, which is well developed_in Muri-
nella, Qepikina, Leptaena, Cyphomena end Stxophomena may
have restricted ingress ef sediment when the valves were
parted and may have directed the flow of water within the
animali A posterior-lateral depression in the marginal
diaphragm, which is observed in many species, may be the
site of water ingress;” The biconvex, folded species of
the Furcitellini, including Holtedahlina sulcata (Ver-
neuil), commonly lack a marginal diaphragm. Possiblj
folding of the valves permitted ingress of water without

the necesgsity of a sediment barrier or a channel way to
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e
conduct water into the mantle cavity.

There are no published measurements of the possible
anterior gape of strophoﬁenacean brachioéods. Sagittal
sections show that the valves might have opened until the
ventral edge of the chilidium came into contact with the
dorsal edge of the pseudodeltidium, as shown in Text-
Figure 24, section A, Sagittal sections through the
ehilidium and‘pseudodeltidium do not show the axis of
rotation of the valves, but sagittal sections lateral to
the teeth do show the axis of rotation of the valves,
TextQFigure 24, section D. An enlarged outline of a

- lateral sagittel section of Strophomena planumbona (Hall)
was accurately positioned upon an outline of an exact
medial sagittal section of the same specimen. Graphic

- analysis shows that one valve was capable of 5° of rota-
tion with respect to the other valve. The speqimen stud-
jed was neither unusually large or small, It was 20.5
mm. long from the axis of rotation to the antero;central
commissure along a straight‘line.' The individual was
capable of a maximum ofyzrmm. gape at the anterior margin.
1f thick diductor muscles overlay the ventral ends of the
cardinal process lobes, or if a periostracal pad existed
along the hinge-line, the actual possible gape may heve
been less than 2 mm, |

In addition to the epizoic organisms mentioned,
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strophomenaceans were sﬁbject to parasitism by boring
Sponges‘and predation by gastropods. Fragments of both
ngigggggigg and §t;oﬁhomgna that were drilled prgsqmably
by gastropods, of_ungstéblishéd species, have been found
in Richmondian rocks. No éarlier examples are known.
Many species of strophomenaceans from throughout the Or-
dovician show predation by creatures which attacked the
margin of the mantle and shell, Attack upon the mantle
margin produced deformation of later costellae and var-
jces without discontinuity of these features.. Many spec-
imens show evi&eﬁce that pieces of the shell margin were
_ broken or bitten-off during onﬁogeny. These accidents or
depredations»ﬁroduced great deformation of the shell and
.discontinqity of fhe prosopon. Evidence of removal of
pieces of shell is more common on convex vglves than on
concave valves; Bafigggguina_gigghgg;g;gggxg Foerste
from a lens in the Cynthiana Formation, Carhﬁown, Ken-
tucky, and R. gondgrogé from a lens in the Waynesville
Fo;mation, along Indiah Creek, Butler County; Ohio, show
a high frequency of breakage or predation by removal of
shell pieces during mid-life of the individuals. The |
predator, if such it was,- probably invaded the shell-
bank, attacked many brachiOpods, and left. Orthoconic
nautiloid cephalopods are cpmmon in both localities. No

evidence can be offered for predation by trilobites, as
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suggested by Sardeson (1929). Their'manducatory appara-
tus would appear to have been quite unsuited to such
habits. |

~ The interior of strophomenoid specimens that have
sectioned for study are commonly packed with ovoid,
argillitic pellets. The pellets are probably cOprolites
of scavenging organisms. | '

No information has been found concerning the nutri-
tion, excretion or reproduction of strophomenacean brachi-
0pods. Evidence of sexual dimorphism has not been . found.
There is no evidence to suggest that the untethered stro-

phomenaceans could move in the manner of pectens.

R . ' . . .
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