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ABSTRACT

Cooper, G. Arthur, and Richard E. Grant. Permian Brachiopods of West Texas,
1V. Smithsonian Contributions to Paleobiology, number 21 (part 1: text; part 2:
plates), pages 1928-2607, figure 41, plates 503-662, 1976 —The fourth of a six-part
monograph on the Permian brachiopods from several mountain ranges in western
Texas, especially the Glass Mountains of Brewster County, this volume contains
descriptions of genera and species in the orders Rhynchonellida and Spiriferida.
The Rhynchonellida contain 80 genera in the superfamily Rhynchonellacea and
8 genera in the superfamily Stenoscismatacea. The Spiriferida contain 2 genera
of Cyrtiacea, 4 of Athyridacea, 9 of Spiriferacea, and 6 of Reticulariacea.
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Permian Brachiopods
of West Texas, IV

G. Arthur Cooper and Richard E. Grant

Order RHYNCHONELLIDA Kiihn, 1949

Rostrate, narrow hinged, with functional pedicle;
delthyrium open in some Paleozoic genera but
more commonly partially closed by deltidial plates.
Dental plates usually present, obsolescent in some
genera; spondylia rare. Brachial valve with variable
hinge plate having socket ridge; crura attached to
outer hinge plates or directly to crural base; inner
hinge plates variable, divided, or fused; crura var-
iable in type; median septum, when present, com-
monly supporting V-shaped chamber of variable
proportions. Lophophore spirolophous with dorsad
cones. ‘“Mantle sinuses much branched with one
pair in each mantle” (Ager in Williams et al., 1965:
H552). Ornament commonly strongly costate, more
rarely multicostate but with trends to costellation,
multicostellation, and smoothness in late members
of stocks. Impunctate. (Here it should be under-
stood that in an effort to make the order more
understandable we have excluded from this defini-
tion the punctate members and reference to the
metanephridea, which are usually two in modern
genera but in the Cryptoporidae there is only one.)

DiscussioN.—Our study of the rhynchonellids of
the Permian of West Texas has not been encum-
bered by the necessity to prepare serial sections.
One of the disadvantages of that method, when
specimens are scarce, is that it is impossible to get
a good idea of the variability of the interior of the
rhynchonellid shell. This has been one of the diffi-
culties in classification. We do not know intimately

G. Arthur Cooper and Richard E. Grant, Department of
Paleobiology, National Museum of Natural History, Smith-
sonian Institution, Washington, D.C. 20560.

how the interior of the rhynchonellid shell is devel-
oped and how, after it reaches maturity, it may
become modified by adventitious shell or by resorp-
tion of previously deposited shell substance. These
are matters that could not be brought out by the
preparation of many serial sections and the destruc-
tion of valuable material.

Most of the West Texas rhynchonellids reveal
the interiors in fair condition and in some of
them we have been able to detect considerable
variation in characters that are usually regarded as
generic. For example, Trophisina, new genus, in
the adult condition shows a development of the
hinge plate from completely divided to completely
bridged by fusion of the inner hinge plates. Phreno-
phoria Cooper and Grant, as portrayed by P. per-
plexa, new species, develops a minute chamber in
the apex of the brachial valve, a structure not seen
in other members of the genus. The septum is a
structure not now well understood; it is strongly
developed in some genera and seems to be a valid
generic character, but in others such as Pontisia
Cooper and Grant it is relict or absent. Some rhyn-
chonellids that normally lack a median septum
occasionally develop a minute one at the apex. Not
much help in these matters has been obtained from
recent rthynchonellids because there are too few of
them. Hemithyris d'Orbigny and Notosaria Cooper
are the only large ones that are fairly easily ob-
tained, but we know of no studies on them along
the lines mentioned above.

The rhynchonellids of the Permian of West
Texas offer a fair sample of the order. They have
some members that seem primitive because they
do not have any deltidial plates. These are either

1923



1924

not developed or completely absorbed. In others their
development is spasmodic. Other genera show an
advanced trend toward smoothness. Internally the
West Texas shells are with or without median
septa, and most of the possible changes in hinge
plates are present. A trend toward obsolescence
of the dental plates is detectable. The crura, on the
other hand, seem to be fairly conservative, but in
them, too, a developmental trend can be detected.

Rhynchonellids are fairly common in the West
Texas Permian. They are not abundant in the
Wolfcamp Series but are fairly common in the
Leonardian. In some parts of the Word Formation
they are abundant. Our treatment of the genera
may have lead to some repetition because we have
not been able to identify certain of our material
with genera prepared by serial sectioning.

CrurRA.—The crura are an important element in
the interior of the rhynchonellid shell and there-
fore deserve attention in classification. No attempt
has been made to differentiate the types of crura
in the Paleozoic rhynchonellids but an attempt has
been made to define various types in the Mesozoic.
Ager (1965) recognizes 11 different types. Dagis
(1968) in a discussion of Mesozoic rhynchonellid
genera differentiates 13 different kinds. Cooper
(1959) identified 5 types of crura in the Tertiary
and Recent rhynchonellids. Inasmuch as the treat-
ment of the crura by the various authors is differ-
ent, definition and understanding of the various
types is not clear. Ager and Dagis distinguish the
types mainly by study of serial sections. Cooper, on
the other hand, based his descriptions on three-
dimensional study of the whole structure. It is
unnecessary to section Recent shells and the Ter-
tiary ones are easily excavated.

In our study of the Permian rhynchonellids we
have not resorted to serial sections because all the
genera have yielded material that can be studied
directly. As a matter of fact, the silicified speci-
mens obtained in residues would be very difficult
to section serially because of their brittle and
friable character. It would take special embedding
techniques to make this possible. All this effort
seems unnecessary when the actual structures can
be obtained and observed for there is less ambi-
guity in studying them. Orientation is extremely
important in serial sectioning. Not all authors sec-
tion in the same way and this leads to difficulties
in interpretation.

SMITHSONIAN CONTRIBUTIONS TO PALEOBIOLOGY

We recognize two definite types of crura in the
West Texas rhynchonellids. The commonest type
is the “falcifer,” which also is common in the
Mesozoic and is present in Recent brachiopods.
The second type is in Bryorhynchus and is here
termed “mucrifer.” Another type is recognizable
but we regard it as an aberration of the falcifer
type and discuss it under that heading.

FaLcirer TypeE.—The falcifer crus is best seen
in modern shells in the Basiliolidae where it occurs
in Basiliola, Eohemithryris, Neorhynchia, and Rhy-
tirhynchia. It occurs in the Tertiary genera Probo-
larina and Streptaria. It consists of a moderately
to strongly curved blade, cresentic in cross section
and the convex side out. The blade is so tilted
that the concave sides face each other and the cross
section of the blades is vertical. The blades in
section may vary from vertical to moderately
oblique, with the anterior or dorsal edge of the

‘blade nearest to the side. Attachment to the socket

ridge is usually accomplished by means of an outer
hinge plate of variable width, wide in some genera
but narrow to almost nonexistent in others. Neo-
rhynchia has a wide hinge plate, but that of
Probolarina is narrow.

The small Permian genera, Petasmatherus,
Iotina, Ptygmactrum, Acolosia, and Elassonia have
short crura with fairly strong concavity facing me-
dially, usually moderately curved and fairly wide
apart. The distal end is not usually tapered but is
obliquely truncated so that the free end of the
crus nearest the pedicle valve is the more pointed.

Shells of intermediate size—Allorhynchus, Ante-
ridocus, Divaricosta, Deltarina, Cenorhynchia,
Fascicosta, Lirellaria, Strigivhynchia, Tricoria, and
Wellerella—usually are similar to the preceding
but have a tendency toward a modification seen
more commonly in the larger forms such as Antro-
naria, Holosia, Phrenophorvia, Tautosia, and Pon-
tisia. This modification consists of an elongation
of the crus and its slight rotation toward the
interior, so that the concave part faces anteriorly
or dorsally and the convex surface faces ventrally
and toward the posterior. Two genera of smaller
shells also have the crus so oriented: Hemileurus
and Aphaurosia. The crus is definitely falciform
but differs from the typical condition in having
rotated medially about 90° Many intermediates
exist in which the section of the crus is oblique.
Inasmuch as many of the falciform crura (in cross
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TABLE 1.—Summary of generic characters of Rhynchonellacea

(toticostate = costae extending from back to anterior margin)
. Development
Genus Size Outline of fold, Interareas Ornament
sulcus
Acolosia ................ minute to clongate-oval moderate none smooth to incipiently costate
moderate
Allorhynchus ... small to trigonal moderate none toticostate direct
medium
Amphipella ... small subpentagonal faint, shallow small or smooth
absent
Anteridocus ... small subpentagonal to rounded  weak to none anterior incipiently costate
to trigonal moderate
Antronaria ... fairly large  transversely subelliptical strong none strong costae, smooth umbo
to subpentagonal
Aphaurosia ... small to transversely elliptical to poor none anterior weakly costate
medium subtrigonal
Bryorhynchus ........... medium subovate to rotund-trigonal  moderate none faint costae on fold, sulcus
Cenorhynchia ........... small to trigonal to pentagonal moderate none semicostate, flanks usually
medium smooth
Chaeniorhynchus ...... medium oval to subtrigonal moderate none toticostate
Deltarina small trigonal moderate none multicostate
Divaricosta medium subpentagonal to subtrigonal moderateto  none toti- and multicostate
strong
Elassonia. ..o wosssmmms minute to subtrigonal to subelliptical none small toti- and multicostate
small
Fascicosta ............. small to subelliptical to subtrigonal = moderate none toti- and multicostate
medium
Hemileurus .............. small clongate-subtriangular weak none semicostate
Holosia .........ccccccoco... large clongate-oval weak none toticostate
Totina ... | minute pentagonal strong present few costac but toticostate
Leiorhynchoidea medium to rounded trigonal moderate none costae irregular to strong
large
Lirellaria ................ small to subpentagonal to subcircular moderate none costellate
medium
Madarosia .............. medium subpentagonal moderate none smooth, anteriorly lamellose
Paranorella ... large rounded to trigonal moderate none smooth
sulcate
Petasmatherus ... small trigonal to subovate weak present strongly toticostate
Phrenophoria .........| small to elongate-subtrigonal moderate none semicostate
large
Pontisia ... small to subpentagonal to trigonal moderate none costate, smooth umbo
medium
Ptilotorhynchus ........ medium triangular gentle none toti- and multicostate
Ptygmactrum ... .| small trigonal to clliptical none present strongly toticostate, spines
Strigirhynchia ... medium subtrigonal to subcircular gentle none finely toticostate
Tautosia .............. medium to transverscly triangular strong none strong costac, smooth umbo
large
Tricoria ..o medium transversely triangular fold sulcate  none toticostate
to pentagonal
Trophisina ... medium subcircular to longitudinally weak none toti- and multicostate
suboval
Wellerella ................. medium subtriangular strongly none semicostate

costate
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TABLE 1.—Summary of generic characters of Rhynchonellacea (continued)

Genus Profile Commissure Dental Plates Hinge Plate Median Septum
Acolosia ............c........ biconvex broadly uniplicate  strong undivided, notched none
Allorhynchus .......... unequally biconvex uniplicate strong, vertical divided none, low myophragm
Amphipella ... .. .| flatly biconvex broadly sulcate to  short, thin, partly to notched or divided none
uniplicate wholly fused
Anteridocus ... strongly biconvex uniplicate strong, vertical undivided, deeply  short septal brace
notched
Antronaria ... unequally biconvex strongly uniplicate strong to obsolescent undivided none, thick, low
myophragm
Aphaurosia ........... subequally uniplicate short, stout undivided, notched none to apical
biconvex rudiment
Bryorhynchus ... branchial valve uniplicate short, convergent, divided septum thick, low
inflated obsolescent
Cenorhynchia ... unequally biconvex uniplicate strong, vertical undivided, notched septum high, thin
Chaeniorhynchus ...... subequally uniplicate strong undivided septum high, thin
biconvex
Deltarina narrowly biconvex  uniplicate thin, convergent divided median ridge
Divaricosta ... unequally biconvex uniplicate short, often fused undivided thick, median ridge
to valve
Elassonia. ... flatly biconvex rectimarginate to short, fused divided median ridge thick,
weakly sulcate low
Fascicosta ............. unequally biconvex uniplicate short, convergent divided low, slender, variable
ridge
Hemileurus ... biconvex broadly uniplicate thin, long, divided low myophragm
subparallel
13 (0307 |- FP—— unequally biconvex broadly uniplicate  short, obsolescent broad, undivided long, high, strong,
thin
Totina ..., unequally biconvex narrowly uniplicate obsolescent divided none
Leiorhynchoidea ...... unequally biconvex uniplicate short, usually divided strong and thick
obsolescent
Lirellaria ............ unequally biconvex uniplicate thin and short undivided none
Madarosia .................. convexi-plane uniplicate short, ventrally undivided long, strong, and thin
convergent
Paranorella ............... pedicle valve sulcate receding, often undivided long and thin
more convex obsolete
Petasmatherus ... flatly biconvex rectimarginate to short, fused divided none, low myophragm
uniplicate
Phrenophoria ... unequally biconvex uniplicate strong, vertical undivided strong and high
PONLISIA novmcsmminonsions unequally biconvex uniplicate strong undivided none, myophragm
Ptilotorhynchus ........ unequally biconvex uniplicate present in young, divided myophragm
absent in old
Ptygmactrum ... flatly biconvex rectimarginate to  short, vertical divided low ridge
uniplicate
Strigirhynchia ... strongly biconvex gently uniplicate strong to fused undivided high, thin, long
Tautosia .........ccoen. uncqually biconvex strongly uniplicatc strong undivided strong, high
TRICOTIA: « somessisessas oses unequally biconvex rectimarginate to  thin to obsolescent  divided high, thin, long
uniplicate
Trophisina ... strongly biconvex uniplicate strong, convergent divided to short, anteriorly
o undivided (old) threadlike
Wellerella. - oo e unequally biconvex uniplicate strong, vertical undivided apical, rudimentary
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Beak Deltidial Plates Brachial Umbo Crura Tongue Special
variable none swollen short falcifer =~ moderately long  nearly smooth
straight to suberect rudimentary, disjunct convex falcifer long toticostate
straight none convex short falcifer?  very short apricatria present
short, usually suberect rudimentary, disjunct convex to falcifer short to mod. long flanks weakly costate

depressed
straight to suberect disjunct to conjunct convex mod. falcifer =~ moderately long  median costae of fold
depressed
short, nearly straight  conjunct swollen mod. falcifer ~ moderately long  semicostate
erect-incurved rudimentary to swollen mucrifer short nearly smooth
conjunct
short to moderately none convex falcifer moderately long  usually smooth flanks
long, suberect to
erect

suberect to erect none convex falcifer moderately long  completely costate
long, straight rudimentary, disjunct convex short falcifer ~ short divided costae
straight to suberect conjunct convex falcifer moderately long  multicostate
straight none or rare sulcate falcifer none minute and multicostate
straight to suberect absent convex falcifer moderately long  bifurcated costae
nearly straight small, disjunct convex mod. falcifer moderately long  semicostate

nearly straight, short
long, nearly straight

erect to slightly
incurved

suberect to erect
suberect
erect to incurved

nearly straight

nearly straight-
suberect

suberect

short, straight

nearly straight

straight to suberect

nearly straight to
suberect

nearly straight

suberect

nearly straight to
suberect

disjunct

none
none to conjunct

disjunct to conjunct
none or marginal
none?

small, disjunct

disjunct to conjunct
disjunct to conjunct
conjunct, alate
open or rudimentary
open to conjunct
conjunct

none

small, disjunct

conjunct

convex to flattened

convex
swollen

swollen
flattened
convex

variable, often
flattened to
sulcate

variable
convex

concave
convex
flattened to
concave
convex to
indented
convex
swollen

indented

mod. falcifer

falcifer
mucrifer

mod. falcifer
falcifer
mucrifer?

falcifer

mod. falcifer
mod. falcifer
falcifer
falcifer
falcifer

mod. falcifer
falcifer
mucrifer

mod. falcifer

short to long

moderately long
short to long

moderately long
moderately long

dorsal tongue
short

short

moderately long
moderately long

short

absent or short

moderately long

short to moder-
ately long

short

moderately long

moderately long

completely costate

tiny
exterior variable

costellate, rounded contours
margin lamellose
smooth, sulcate

small, strong costae

strong median septum
septum absent

alate deltidial plates

small, often spiny costae
dorsal umbo flat or concave
strong costae

anterior emarginate

obese, low fold, costellate

apical septum
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section) are not vertical but oblique, this is not a
great change. Consequently, we record the genera
with the horizontal cross section as “mod.” (for
modified) “falcifer” on the table.

MucriFer TypE—The mucrifer crus is charac-
teristic of the rhynchonellids hitherto placed under
Leiorhynchus but now regarded as Camarotoechia,
sensu stricto, as revised by Sartenaer (1961b). As
revealed by Bryorhynchus, which is the reference
genus for this type of crus, the hinge plate is
divided and the crus is narrow and solid, somewhat
square in section, long, and curved moderately.
Distally it expands slightly and is flattened antero-
posteriorly. Distally it is gently concave on the
anterior side but flattened on the posterior side.
The extremity is pointed, with the sharp end on
the inside. Generally the plates diverge at a low
angle. This type occurs in Calvinaria as well as the
genera named above. It also occurs in Leiorhyn-
choidea and Paranorella. It is probably in all of
the unquestioned Camarotoechiinae as listed in the
Treatise on Invertebrate Paleontology (Williams
et al., 1965).

Amphipella is difficult to place in either of the
above categories; it is placed here with the falcifer
type, but with a query. The crura of Amphipella
are long but not strongly curved; they are laterally
compressed and not all of them show the inwardly
facing concavity, but it is there in some of them.

Superfamily RHYNCHONELLACEA Gray, 1848

PETASMATHERIDAE, new family

Minute to small costate Rhynchonellacea having
well developed interarea on pedicle valve, deltidial
plates absent to rudimentary, disjunct when pres-
ent. Short dental plates in pedicle valve; brachial
valve with widely divided hinge plate, falcifer
crura, no median septum.

Genera in West Texas: Petasmatherus Cooper
and Grant, 1969; Elassonia, new genus; Plygmac-
trum, new genus; and Iotina, new genus.

These minute genera probably would never
have been detected by ordinary collecting methods.
Petasmatherus characterizes the Word Formation
of the Glass Mountains and is present in the Gua-
dalupe Mountains in the Cherry Canyon Forma-
tion. Elassonia is abundant in the Road Canyon
Formation but Ptygmactrum is one of the rarest
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genera in the Glass Mountains. Jotina is poorly
known and occurs in the Sierra Diablo in the
lower massive Bone Spring Formation.

Genus Petasmatherus Cooper and Grant, 1969
Petasmatherus Cooper and Grant 1969:12.

Small, rhynchonelliform, flatly biconvex; outline
bluntly triangular to subovate; commissure slightly
uniplicate or rectimarginate, with low fold and
shallow sulcus; costae strong, beginning at beaks,
becoming stronger anteriorly, crests sharp to
rounded, no bifurcation or intercalation, inter-
troughs sharp to broadly rounded.

Pedicle valve beak sharp, nearly straight, apsa-
cline interareas bounding delthyrium nearly flat
transversely, longitudinally flat to slightly convex,
orthocline to apsacline. Delthyrium triangular,
wide, open, with small, disjunct deltidial plate;
lateral pseudointerareas narrow, covered by slight
overlap of valves.

Brachial valve with wide, blunt beak, nearly
straight across, forming definite hinge line; beak
completely external, not curved, and extending
into pedicle valve.

Pedicle valve interior with sides abruptly widen-
ing anterior to delthyrium; teeth small, elongate,
parallel to and attached to sides of valve; dental
plates short, supporting teeth, fused in some speci-
mens to sides of valve. Muscle area obscurely
marked; adductor scars on slight thickening of
floor between dental plates; diductor scars slightly
excavated, lying on each side of median line, widen-
ing anteriorly. Median plication of exterior shell
simulating median ridge.

Brachial valve interior with short, wide hinge
plate, slightly to deeply divided in middle; major
part of sockets lateral to hinge plate, parallel to
hinge line, rather deep, long, wide, minutely cor-
rugated; socket ridge small, inclined over socket;
outer hinge plate fairly wide; crural base narrow;
crura short, falcifer, strong, projecting forward
from lateral edges of hinge plate, slightly diverging
anteriorly, straight to slightly curved ventrally,
cross section nearly round near bases, laterally
flattened at anterior ends; no inner hinge plates.
Median septum absent, low, broad median ridge
present or absent. Muscle area elongate oval; pos-
terior adductor scars elongate, narrow, widely sep-
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arated, nearly parallel to median ridge, diverging
slightly anteriorly; anterior adductor scars larger,
slightly widening anteriorly, lying along median
line.

TyPE-SPECIES.—Petasmatherus  opulus
and Grant (1969:12, pl. 2: figs. 8-14).

Di1acNosis.—Small straight-hinged Rhynchonella-
cea with well-developed interareas on pedicle valve
and crura of the falcifer type.

CoMPARISON.—Petasmatherus is characterized by
its strong costation, barely perceptible uniplication,
well-marked interareas, blunt brachial beak that
forms a straight hinge line, with resultant narrow-
ing and compressing (antero-posteriorly) of the
hinge plate and sockets, its short, nearly straight,
stout crura, and lack of a median septum. The
strong costae that begin at the beaks distinguish
it from Wellerella; the absence of a median septum
distinguishes it from Phrenophoria, Strigirhynchia,
new genus, and its slightly to deeply divided
hinge plate and interareas distinguish it from
Allorhynchus.

Two small species of different genera are sim-
ilar to Petasmatherus and might be confused with
it. Ptygmactrum, new genus, is small and trans-
verse, has interareas, and is strongly plicated, but
it differs from Petasmatherus in having broader
angular ribs on the exterior. Small specimens of
Allorhynchus resemble Petasmatherus but they lack
interareas in the pedicle valve, have definite delti-
dial plates, and usually have a well-formed fold
and sulcus. Another small brachiopod that may be
mistaken for Petasmatherus is Elassonia, new
genus. This little shell has strong interareas like
those of Petasmatherus but is sulcate and has a
strong median ridge.

DiscussioN.—This genus combines many unusual
features in one distinctive entity. The exterior is
unusual because of the broad and well-marked
interareas bounding the delthyrium. These extend
directly to the lateral margins. In the very young
the interareas are strongly apsacline but they be-
come more nearly orthocline in adults. The young
pedicle valve is flatly convex in lateral profile but
fairly strongly arched in anterior profile thus
accommodating the nearly flat or concave brachial
valve.

The interarea bounds an elongate delthyrium
which is open in the young and in young adults
but is restricted by small deltidial plates at the
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anterolateral extremities. The deltidial plates take
the form of small barbs or small triangles with the
apex directed medially. They are small and restrict
the delthyrium only to the extent of rounding the
anterior side of the aperture and producing an
elongated tear-shaped foramen. In detached valves
the deltidial plates can be seen best at the lateral
angles of the delthyrium well posterior to the
teeth. A deep trough lies between them and the
teeth.

The exterior of the brachial valve is also dis-
tinctive, because the young are flat to concave and
have a strong median depression. The young are
thus anteriorly sulcate but with advancing age the
commissure reverts to a uniplicate condition. Gen-
erally old shells retain the sulcate umbonal region,
a fact that helps to separate this genus from many
others. The hinge region of the brachial valve is
unusually wide for a rhynchonellid and in old
specimens produces small, poorly defined ears. In
some old shells the posterior margin is gently
concave because of the strong sulcation of the
umbonal region.

The unusual and distinctive features of the ex-
terior of this genus are matched by correspond-
ingly distinctive characters on the inside. Many
specimens of the pedicle valve are considerably
thickened and show some of the features to ad-
vantage. The floor of the delthyrial cavity is usually
much thickened and in some specimens produces
a small platform with abrupt descent to the valve
floor. This part probably lodged the pedicle cap-
sule. Anterior to it the broad scar of the muscle
field is subflabellate as usual in rhynchonellids,
although individual scars are difficult to identify.
In old specimens a low myophragm divides the
field. This is partly produced by a median rib
corresponding to the central interspace of the exte-
rior. The height of this median rib is enhanced
further by the development of a low myophragm
on it.

The teeth are large and nearly parallel to the
hinge region of the brachial valve, thus lying
nearly horizontal when observed from the inside,
with the beak directed away from the observer.
No corrugations were seen on any of the speci-
mens. The teeth are buttressed by small receding
dental plates that define short and narrow umbonal
chambers. In old shells these slitlike cavities are
filled by adventitious shell and the dental plates
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are thus rendered nearly unidentifiable.

The cardinalia of the brachial valve are distinc-
tive because of the straightness of the hinge region.
The socket plates are elevated, strong, and hang
over the sockets. The floor of the sockets is formed
by a plate extended laterally far beyond the socket
ridge. The sockets are thus wide, narrow, deep, and
fairly strongly corrugated when preservation is
{avorable. The outer hinge plate is exceptionally
large and attaches the bladelike crural base and
short crus to the socket ridge. The crura are short,
have somewhat expanded distal ends which are
obliquely truncated, and the anterior end is some-
what elongated. In cross section the crura are con-
vex outward and of the falcifer type. No cardinal
process in the form of a rounded boss is present
nor does a pit at the beak serve as an adductor
attachment. A ridge, continuous laterally with the
socket ridge, appears along the posterior side of
young specimens; adductor muscles attached to the
median part of this ridge. With increase in size
and age this ridge became greatly thickened, so
much so that some specimens have a large flattened
boss occupying the space between the crura. In
some medium-grown specimens the cardinal process
ridge takes the form of two bosses with a depres-
sion between them. These are located on the poste-
rior angle of the outer hinge plate.

Anterior to the cardinalia the shell is often
thickened to form a short broad ridge, that, in
some specimens, has a short myophragm anterior
to it. This indicates the location of the adductor
field, although individual scars were not observed.

Petasmatherus depressus, new species
PLATE 503: FIGURE 23

Usual size for genus, subpentagonal in outline
subequal in depth, wider than long, with rounded
sides and anterior margin rounded but medially
indented. Beak nearly straight, delthyrium open,
no trace of marginal plates. Interareas narrow.
Anterior commissure uniplicate. Surface costate,
costae direct, straight. Both valves slightly sulcate,
pedicle valve with 2 costae in sulcus but brachial
valve with only 1. Flanks marked by 4 costae on
pedicle valve and 5 on brachial valve.

Pedicle valve gently convex in lateral profile but
flatly domed in anterior profile; sulcus shallow and
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defined only from midvalve to anterior margin,
flanks moderately convex. Brachial valve gently
convex in both profiles and almost exactly like
those of opposite valve. Sulcus defined from mid-
valve to anterior margin, shallow.

Interior not known.

MEASUREMENTS (in mm).—Holotype USNM
154614: length 4.0, brachial valve length 3.8, maxi-
mum width 4.4, thickness 2.5, apical angle 95°

STRATIGRAPHIC OCCURRENCE.—Road Canyon For-
mation.

LocaLity —USNM 721;.

DiagNosis.—Petasmatherus with an indistinct fold
on both valves.

Typres.—Holotype: USNM 154614.

ComparisoN.—This species is intermediate be-
tween P. recticardinatus, new species, and P. opu-
lus Cooper and Grant. It is wider than the former
and differently shaped; it is similar in outline to
the latter but has definite sulci on both valves,
whereas P. opulus has a poorly defined fold occu-
pied by three costae in the brachial valve. This is
a very rare species known only from the holotype.

Petasmatherus mundus, new species

PLATE 540: FIGURES 15-25

Small for genus, subtriangular in outline; length
and width nearly equal; sides rounded and with
maximum width anterior to midvalve. Anterior
margin truncated; anterior commissure gently to
moderately uniplicate. Beak short, suberect; del-
thyrium mostly open but restricted in anterolateral
extremities by vestigial deltidial plates. Surface
completely costate, costae numbering 3 on fold,
2 in sulcus, and 5 or 6 on flanks.

Pedicle valve gently convex in lateral profile;
broadly and gently convex in anterior profile;
median region gently swollen; sulcus shallow and
poorly defined, originating near midvalve. Flanks
gently convex and with moderately steep slopes.

Brachial valve moderately convex in lateral pro-
file and more convex than opposite valve; anterior
profile broadly and moderately convex; umbonal
and median regions moderately convex; fold incon-
spicuous, scarcely visible except at front of valve;
flanks gently swollen.

Pedicle valve interior with strong dental plates
convergent in ventral direction. Brachial valve in-
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terior with divided hinge plate, outer hinge plates

moderately wide; socket ridges strong; no inner

hinge plates seen on single interior available; crura

short, strongly curved, flattened laterally and con-

cave inward and obliquely truncated distally. No

septum, but low rounded median ridge.
MEASUREMENTS (in mm).—

brachial maxi- apical
valve hinge mum thick- angle
length length width width ness (°)
USNM 702-low
153472a 5.1 4.3 2.0 4.8 3.0 83
(holotype)
153472b 5.2 4.6 2.1 5.1 3.4 92
153572¢ 4.9 4.1 1.9 4.6 2.8 83
STRATIGRAPHIC OccURRENCE.—Hess Formation;

Cathedral Mountain Formation.
Locavities.—Hess: USNM 709h. Cathedral Moun-
tain: 702-low.
DiacNosis.—Small, closely costate, triangular
Petasmatherus with length and width nearly equal.
Types.—Holotype: USNM 153472a. Figured par-

atypes: USNM 153472c,d. Measured paratypes:
USNM 153472b,c. Unfigured paratype: USNM
153472b.

CompArisoN.—In general form and outline this
species suggests P. nitidus and pumilus, both new,
but it is smaller than they are, is more finely ribbed,
is less convex, and has a less distinct fold and
sulcus than the Road Canyon species. Allorhynchus
venustulum, new species, although similar is not
likely to be confused because it has much rounded
and subdued costae and is a much rounder shell.
Petasmatherus mundus is a very rare species.

Petasmatherus nitidus, new species
PLATE 540: FIGURES 26-55

Small, length and width about equal, outline
subpentagonal to subtrigonal; sides rounded, ante-
rior margin gently rounded; valves subequal in
depth. Maximum width near midvalve. Anterior
commissure gently uniplicate. Beak short, usually
suberect; apical angle 80-90°. Surface costate,
costae of both valves reaching beaks, narrowly
rounded and with intertroughs of about equal
width; fold with 5 costae; sulcus with 4, and flanks
with 6.

Pedicle valve moderately and evenly convex in
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lateral profile, and broadly but very gently convex
in anterior profile; beak suberect; umbonal region
narrow, gently convex; sulcus shallow, originating
near midvalve, extended as short tongue. Flanks
narrow, moderately steep. Foramen oval to nar-
rowly elongate; deltidial plates small, anterior,
disjunct.

Brachial valve moderately convex in lateral pro-
file, maximum curvature in umbonal region; ante-
rior profile narrowly domed and with precipitous
sides. Umbonal and median regions swollen; fold
low, gently rounded, defined first at midvalve;
lateral bounding costa on each side of fold slightly
depressed below level of three median costae.
Flanks rounded and steep.

Pedicle valve interior with small teeth and deli-
cate dental plates defining very narrow umbonal
cavities. Muscle scars not clearly defined.

Brachial valve with divided hinge plate; socket
ridge strong, inclined laterally and overhanging
smooth sockets. Outer hinge plates narrow; crural
bases narrow; crura curved, laterally broad, convex
laterally and distally serrate. Median septum ab-
sent. Muscle marks not impressed.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness (®)
USNM 721j
154884h 6.8 5.6 6.8 4.8 88
(holotype)
USNM 721x
154883a 74 6.3 6.7 5.6 85
154883b 6.8 59 6.8 4.7 75
154883c 73 6.1 6.8 4.6 85
154883d 6.7 5.8 6.3 42 85
154883e 5.9 5.1 55 4.0 80
154883f 5.2 43 4.8 2.7 85
154883g 49 4.1 45 22 85
154883h 4.0 3.3 3.2 1.8 85
154883i 3.5 2.8 3.0 1.6 80
154883 8.0 7.0 8.1 5.4 90

STRATIGRAPHIC OCCURRENCE.—Road Canyon For-
mation.

LocaLiTies—AMNH 507; USNM 702c, 703d,
706f, 720d, 721j, 721x, 721z, 723a, 724a, 726d, 726e,
736x.

DiacNosis.—Large, compact, elongate, finely
ribbed Petasmatherus with short beak and low fold.

Tyres.—Holotype: USNM 154884h. Figured par-
atypes: USNM 154883a,b,j,k; 154884a—g; 154885a—c.
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Measured paratypes: USNM 154883a—j. Unfigured
paratypes: USNM 154883c-h,l,m; 154884i,].

CompARISON.—This species and P. pumilus
Cooper and Grant (1969) occur in the same forma-
tion and may be confused as there is considerable
resemblance between them. Petasmatherus nitidus
can be distinguished by its better defined fold and
sulcus, its shorter beak, generally less crowded
costae, and usually less elongated outline. Although
both species are equal in length and width or have
the length slightly greater than the width, the
longer beak of A. pumilus tends to give it a more
elongated appearance.

Petasmatherus opulus Cooper and Grant
PLATE 503: FIGURES 1-20, 22

Petasmatherus opulus Cooper and Grant, 1969:12, pl. 2: figs.
8-14.

Small, flatly biconvex; outline bluntly triangular
to subovate or tear-shaped, sides diverging between
65° and 105°, averaging near 90°; commissure
gently uniplicate, fold low, sulcus shallow; costae
strong, beginning at beaks, becoming higher and
wider anteriorly, without intercalation or bifurca-
tion, crests sharp to blunt, intertroughs sharp or
rounded, costae numbering 3 or 4 on fold, normally
3, one less in sulcus, 3 or 4 on each flank. Con-
centric ornamentation absent; weak growth lines
visible on some shells, especially near anterior
margin.

Pedicle valve gently convex, flanks not reflexed;
beak sharp, nearly straight, not attenuate, inter-
area adjacent to delthyrium transversely flat, longi-
tudinally flat to slightly convex, projecting parallel
to plane of commissure in some specimens, nor-
mally slanting ventrally to plane. Delthyrium large,
triangular base slightly constricted by small, dis-
junct deltidial plates; lateral pseudointerareas nar-
row, partly covered by slight overlap of brachial
valve. Umbonal region convex; sulcus shallow,
originating near midvale.

Brachial valve slightly less convex, with barely
perceptible fold originating posterior to midvalve,
but umbonal region with shallow sulcus; beak
blunt, normally nearly straight transversely, often
slightly arched posteriorly, or slightly indented
anteriorly on median line; apex of valve external,
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not curved into pedicle valve. Flanks narrow,
rounded.

Pedicle valve interior with sides abruptly widen-
ing anterior to delthyrium, becoming nearly paral-
lel to transverse line of shell, to accommodate
straight hinge line of brachial valve; teeth small
elongate knobs, parallel to and attached to sides
of shell, supported by short dental plates slightly
diverging to floor and either free or fused to sides
of valve. Floor of beak area slightly built up, prob-
ably for insertion of adductor muscles; diductor
muscle scars slightly excavated, forming two lobes,
one on each side of median line. Median plication
built up in interior from sulcus, simulating median
ridge.

Brachial valve interior with short, wide hinge
plate often thickened on underside and with mid-
dle slightly to deeply notched, not completely
divided in old shells; sockets lateral to outer hinge
plate, deep, wide, parallel to nearly straight hinge
line, not denticulate; crura short, slightly diverg-
ing from anterior lateral edges of hinge plate, sep-
arated from socket ridge by fairly broad outer
hinge plate; cural bases stout, rodlike, concave
medially, anterior extremities flattened, somewhat
concave proximally, curving slightly ventrally; me-
dian septum absent; median ridge low when pres-
ent. Muscle area elongate oval; posterior adductor
scars long, narrow, widely separated, slightly di-
verging anteriorly; anterior adductor scars larger,
slightly widening anteriorly, lying on each side of
median line of valve.

MEASUREMENTS (in mm).—

brachial apical
valve thick-  angle
length length width  ness (°)
USNM 706
148302a 1.7 1.5 1.9 1.0 —
148302b 24 20 22 1.1 857
148302c 3.1 2.5 2.7 1.4 84
148302d 3.1 29 29 1.9 90
148302¢ 4.2 34 3.8 2.4 90
148302f 5.0 4.1 5.0 2.8 99
USNM 706b
148305a 5.8 4.9 5.9 3.6 93
(holotype)
148305b 5.8 4.7 5.4 3.1 88
USNM 706¢
148307a 3.1 23 3.0 1.4 90
148307b 4.9 3.9 4.8 2.3 97
148307c 5.0 4.1 4.8 3.0 99
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STRATIGRAPHIC OCGURRENCE—Word Formation
(China Tank, Willis Ranch, and Appel Ranch
members and lens between last two); Cherry Can-
yon Formation (Getaway Member).

LocaLitiEs.—China Tank: USNM 706c, 706z,
726r. Willis Ranch: 706, 706e, 724u, 735c. Lens:
706b. Appel Ranch: 704, 726t. Getaway: AMNH
21, 496, 600; USNM 728, 730, 732.

DiagNosis—Petasmatherus with broadly unipli-
cate anterior commissure.

Types.—Holotype: USNM 148305a. Figured
paratypes: USNM 148305b,e,f. Unfigured paratypes:
USNM 148305c,d. Figured hypotypes: USNM
148302f, 148305g-m, 148307c, 154609. Measured
paratype: USNM 148305b. Measured hypotypes:
USNM 148302a-f, 148307a—c. Figured specimen:
USNM 148310.

CompArisoN.—This species is the largest and
most abundant one known. It is characterized by
broadly triangular form and straight hinge. It dif-
fers from P. recticardinatus, new species, in its
larger size, indistinct folds on both valves, and the
rectimarginate anterior commissure. It differs from
P. pusillus (Girty) in its more triangular outline,
shorter beak, and more strongly developed fold
and sulcus.

DiscussioN.—This species occurs commonly in
the Willis Ranch, China Tank, and Appel Ranch
members of the Word Formation. It also appears
in excellently preserved specimens in the residues
from the lens between the Willis Ranch and Appel
Ranch members.

Petasmatherus pumilus, new species

PLATE 521: FIGURES 10-21; PLATE 541: FIGURES 31-58

Smaller than average for genus, flatly to mod-
erately strongly biconvex; outline elongate sub-
triangular, sides diverging between 60° and 100°;
commissure gently uniplicate, fold low, flat to
slightly arched in transverse section, gently convex
in longitudinal profile; sulcus shallow, longitudi-
nally uniformly convex. Costae strong, narrow,
crowded, crests rounded, extending strongly to
beaks, numbering 4 to 6 on fold, normally 4, one
less in sulcus, 4 to 6, normally 5 on each flank;
troughs about equal in width to costae, rounded,
concentric striae closely spaced; growth lines mnot
normally present.
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Pedicle valve moderately convex, with flanks not
reflexed; beak acute, straight to slightly curved
dorsally; beak ridges blunt; lateral pseudointer-
areas nmarrow with shight overlap of valves. Del-
thyrium triangular, open but slightly constricted
by rudimentary deltidial plates at base.

Brachial valve more strongly convex; umbonal
area flattened in cross section; beak broad, blunt,
apex within pedicle valve. Fold, strongest at ante-
rior margin.

Pedicle valve interior with delthyrium abruptly
widened anterior to deltidial plates, forming recess
for apex of brachial valve; each side with elongate,
knoblike tooth supported by vertical plate reach-
ing floor of valve. Muscle area triangular; shape
and location of adductor scars not observed, prob-
ably median and posterior in muscle area, as in
other species of genus; diductor scars large, ante-
riorly widening, longitudinally striate.

Brachial valve interior with short, wide hinge
plate divided by deep wedge-shaped median notch,
bounded laterally by narrow, greatly elongate,
anteriorly slightly widening, faintly denticulate
sockets; each inner side of socket plate with crus
projecting forward from anterior edge; crura
strongly curved ventrally, may be twisted, dorsal
edges carinate; some valves with low median ridge
near apex. Muscle area elongate oval; posterior
adductor scars elongate, narrow, diverging slightly
toward anterior, their posterior ends widely sep-
arate; anterior adductor scars on each side of
midline, anteriorly widening, partly bisected by
low myophragm.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness )
USNM 707e
148061a 2.3 1.75 2.0 1.1 =
148061b 3.5 2.8 27 1.3 =
148061c 44 3.8 3.8 25 c.86
148061d 5.7 4.8 5.0 3.5 90
148061e 6.6 5.3 5.5 3.5 85
(holotype)
USNM 706f
148063a 7.8 6.3 7.1 5.0 83
148063b 3.0 24 2.7 1.2 =

STRATIGRAPHIC OCCURRENCE.—Road Canyon For-
mation; Cibolo Formation.
LocaLities—Road Canyon: USNM 703c, 703d,
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706f, 707e, 710u, 710z, 712t, 721j, 721y, 721z, 722,
722g, 724c, 732j, 736x. Cibolo: 738g, 738-1.

DiacNosis.—Elongate Petasmatherus with low,
poorly defined fold and sulcus, with narrow,
crowded costae and long beak.

Types.—Holotype: USNM 148061e. Figured par-
atypes: USNM 148061d,g-1; 148063a; 154766a,b;
154886. Unfigured paratypes: USNM 148061a—c,f,i;
148063b. Figured specimens: USNM 154887a,b.

ComPpARISON.—Petasmatherus pumilus is charac-
terized by its small size, elongate triangular out-
line with narrowly diverging sides, wide, blunt
brachial beak, very low fold and shallow sulcus,
and its strong costae with rounded crests, rounded
intertroughs that extend strongly to the apexes. Its
size is about the same as that of P. nitidus, new
species, but that species has a short pedicle beak,
and stronger fold and sulcus. This species differs
from P. opulus Cooper and Grant of the Word
Formation in being larger, more elongate, with
more crowded costae, and more elongated beak.

Petasmatherus pusillus (Girty)
PLATE 551: FIGURES 35-42
Pugnax? pusilla Girty 1909:319, pl. 24: figs. 18-18b.

Small size, strong costae extending from beak to
anterior margin, sulcate brachial valve umbo and
interareas bounding the delthyrium are definite
characters that relate this small brachiopod to
Pctasmatherus. Compared to P. opulus, type species
of the genus, Cirty’s form is more slender, has a
narrower fold which is more strongly elevated, and
it has 4 costae on the flanks, which is one more
than usual for specimens of P. opulus of the same
size. The beak of Girty’s specimen is somewhat
damaged but appears to have been shorter than
that of P. opulus.

STRATIGRAPHIC OCCURRENCE.—‘Basal black lime-
stone below Delaware Mountain sandstone.” “Low
hills, about 2 miles south of El Capitan” = USGS
2967 (green). Two miles south of El Capitan puts
this locality in the Bone Spring Formation.

DiacNosis.—Small Petasmatherus with narrow,
strongly elevated fold and thick valves.

Types.—Holotype: USNM 118571.

Discussion.—R. E. King (1931:127) assigned
Pugnax? pusilla Girty to the genus Hustedia. To
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this Girty objected strenuously (Girty in P. B. King
1948:22). Our examination of the type specimen
fails to reveal beak characters, punctae, or orna-
mentation features characteristic of Hustedia. All
the characters of the shell are in harmony with
assignment to Petasmatherus.

Petasmatherus recticardinatus, new species

PLATE 503: FIGURE 21

Usual size for genus, longer than wide, trape-
zoidal in outline, widest part anterior to midvalve;
sides moderately rounded; anterior broadly rounded.
Apical angle 90°. Anterior commissure rectimargi-
nate. Beak moderately long; delthyrium open,
bounded by broad apsacline interareas. Costae
narrowly angular, distant, 5 principal costae on
brachial valve forming indistinct fold and middle
4 on opposite valve forming indistinct unit but not
depressed; flanks marked by 2 costae on pecicle
valve, 1 on brachial valve.

Pedicle valve gently convex in lateral profile,
most convex anteriorly; anterior profile broadly
and moderately domed with steep sides; unbonal
region somewhat concave but median and anterior
parts swollen. Median 4 costae forming poorly
defined fold fitting opposite to that of brachial
valve; flanks very narrow and steep.

Brachial valve with lateral and anterior profiles
like those of pedicle valve; hinge wide and straight
with prominent shoulders. Umbonal region flat-
tened; costae subparallel on umbonal region; prin-
cipal 5 costae forming broad low fold; flanks very
narrow and steep.

Interior not known.

MEASUREMENTS (in mm).—Holotype USNM
152824: length 4.0, brachial valve length 3.5, maxi-
mum width 3.7, thickness 2.8, apical angle 90°.

STRATIGRAPHIC OCCURRENCE.—Cherry Canyon For-
mation (Getaway Member).

LocaLity. —AMNH 512.

Tyres.—Holotype: USNM 152824

DiacNosis.—Petasmatherus with rectimarginate
anterior commissure and obscure folds on both
valves.

ComparisoN.—The rectimarginate anterior com-
missure and lack of well-marked fold and sulcus as
well as the distant costae distinguish this species
from all others of the genus.
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Elassonia, new genus

Small to minute, rhynchonelliform, flatly bicon-
vex, anterior commissure rectimarginate to weakly
sulcate; outline transversely subtrigonal to elongate
subelliptical. Costae coarse, low or high, sharp or
rounded, number increasing anteriorly by bifurca-
tion, implantation or intercalation; concentric
striae absent, growth lines weak. Pedicle valve
with sharp beak, apsacline; beak ridges bordering
interareas; delthyrium narrowly triangular or
trapezoidal; deltidial plates normally absent, rarely
present as narrow bands along sides of delthyrium;
foramen often perforating apex. Lateral pseudo-
interareas absent: no overlap of valves. Brachial
valve with blunt beak; hinge line curved to nearly
straight. Umbo sulcate; median sulcus shallow at
midvalve and at anterior margin.

Pedicle valve interior with small teeth, projecting
forward, located on hinge margin just outside
delthyrial edge; dental plates short, supporting
hinge teeth, often fused to sides of valve. Muscle
area tearshaped; adductor scars small, median;
diductor scars larger, anteriorly widening.

Brachial valve interior with small, longitudinally
compressed and deeply divided hinge plate; socket
ridges short, strongly elevated; fulcral plates un-
usually broad and flat, outer hinge plates narrow
or nonexistent, sloping to crura, these strong, long,
narrow, laterally compressed, slightly curved and
obliquely terminated distally; inner edge of falcifer
crura forming margin of notothyrial cavity; inner
hinge plates not recognized; sockets small, with
stout, wide fulcral plates. Median ridge moderately
long, low. Muscle field narrowly elliptical; poste-
rior adductor scars narrow, elongate and widely
separated, slightly divergent and located at flanks
of muscle field; anterior adductor scars larger, ante-
riorly widening, and lying along midline of the
valve, extending farther forward; diductor pit small,
shallow and located at apex.

Type-Species.—Elassonia micraria, new species.

Diacnosis—Small rhynchonellaceans with well-
developed interareas and rectimarginate to sulcate
anterior commissure.

ComparisoN.—The small size of the members of
this genus exclude it from comparison with most
other forms having bifurcating costae. It is very
unlike Divaricosta Cooper and Grant, which it
resembles in shape, by having a much different
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interior; it differs from Deltarina, new genus, in
the structure of the hinge plate and presence of
prominent interareas. It is actually most like
Petasmatherus in exterior form but it is generally
smaller than even that small form. Elassonia is
readily distinguished from Petasmatherus by exte-
rior and interior features. The bifurcating and
implanting costae of Elassonia are distinctive exte-
rior differences, while the cardinalia are distinctive
internally.

DiscussioN.—Elassonia is one of several minute
rhynchonellids found in the residues. They are
usually so small that they would be overlooked in
the usual methods of collecting. This one, like the
others, is characterized by having fairly broad inter-
areas and a hinge wider than normal in rhyncho-
nelloids. Deltidial plates, as usually understood,
are not developed, although elongated, elevated
plates appear along the delthyrial margin that are
similar to those seen in Crytopora among modern
brachiopods. The exterior ornament is fairly dis-
tinctive, consisting of direct costae radiating from
the beak with intercalation of another generation
near midvalve. Young specimens have fairly clear
evidence of a fold and sulcus but these are lost or
difficult to discern in the adult. The umbonal
region of the young is narrowly convex and the
median costa is larger than the rest. The opposite
valve has a corresponding narrow groove at the
apex. This does not constitute the fold and sulcus
of more mature shells, because in young adults
two strong costae bound the above-mentioned de-
pression and widen rapidly anteriorly. Two costae
are inserted between these two at about 0.25 mm
anterior to the beak and these extend nearly paral-
lel to the anterior margin. At the anterior, other
costae are inserted on the outside of these two but
within the two stronger costae mentioned above.
The corresponding fold region on the pedicle valve
is less clear. The median costa in all specimens is
the strongest. The next strongest appear beside the
median costa and diverge widely. The strongest
costae and those that appear to define the most
elevated part on the pedicle valve are the second
pair of costae that appear anterior to the first.
They appear at the anterior to be somewhat out-
standing and thus form a visible fold but they
correspond to only a part of the area bounded by
the strongest ribs on the brachial valve, which
bound a broadly sulcate region.
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The pedicle valve has the appearance of a
minute “Orthis” with wide hinge and broad inter-
areas. The teeth are in accordance with this im-
pression because they lie at the anterior angles of
the delthyrium and are parallel to the hinge line
in their widest direction. They are also notched
slightly on the end toward midvalve, where they
have small points. The teeth are buttressed by
stout, receding dental plates but details of the
musculature could not be ascertained.

The cardinalia of the brachial valve are dis-
tinctive and much modified from the normal pat-
tern seen in many of the Permian rhynchonellids.
The socket ridges are high and erect but much
narrowed or shortened in the lateral direction.
They form, with the outer hinge plates which are
difficult to individualize, a steep face descending to
the crura. The sockets are small and are located
at the distal end of the socket ridges. The unusual
feature of the sockets is the broad and exposed
fulcral plate which occurs laterally outside of the
socket ridge. In some specimens this plate is broad
and thin and must serve as a brace for the crura
as well as a platform on which the broad part of
the tooth rests, the narrow medial projection being
inserted into the socket. The arrangement is sim-
ilar to that of some orthid brachiopods.

The crura form the margin of the notothyrial
cavity and are long and slender. They are laterally
compressed, bladelike, not concave toward mid-
valve, slightly curved, and slightly convergent
proximally. The distal end is somewhat expanded
when completely exposed, obliquely truncated with
the sharp end posteroventrad. The distal end ap-
pears to have been ragged or serrated.

The median ridge is basically formed by the
infolding of the shell by the median groove repre-
senting the initial sulcus of the young shell. This
ridge is further thickened by shell substance de-
posited in the notothyrial chamber about it and
proximal ends of the hinge plate. No definite inner
hinge plates were identified. In the adult the ridge
is short but thick and widens to support the hinge
plate.

Elassonia micraria, new species
PLATE 504: FIGURES 1-16

Small, biconvex; outline transverse, subelliptical
to subtrigonal, sides diverging between 90° and

SMITHSONIAN CONTRIBUTIONS TO PALEOBIOLOGY

185°; commissure variable from faintly uniplicate
through rectimarginate to faintly sulcate. Costae
coarse, round crested, beginning at beaks, increas-
ing in number anteriorly by bifurcation, number-
ing 12 to 18 along anterior margin. Concentric
striae not observed; growth lines weak but present
over most of surface, producing weak, crenulated
effect on crests and in troughs of costae.

Pedicle valve gently convex longitudinally and
transversely; beak rather short, bluntly pointed,
not attenuate, slanting ventrally, not curved dor-
sally; beak ridges sharp, outlining broad interarea;
delthyrium relatively narrow, sides only slightly
diverging, perforating apex of beak, producing
nearly rectangular elongate foramen; deltidial
plates absent or rudimentary; lateral pseudointer-
areas absent: no overlap of valves. Brachial valve
faintly sulcate but more strongly convex than
pedicle valve in profile; posterior margin of beak
nearly straight, producing nearly straight hinge
line, beak external, not curved into pedicle valve.

Pedicle valve interior with sides of valve meeting
sides of delthyrium nearly at right angles; teeth
broad, flat, projecting forward, top continuous with
interarea; dental plates nearly ventical, supporting
hinge teeth. Muscle area broadly semiovate, occu-
pying about one-half length of valve; details of
pattern unknown.

Brachial valve interior with divided hinge plate
nearly reduced to merely crural bases and socket
ridges, spread wide along nearly straight hinge
line; sockets deep, wide, denticulate; crura strong,
short, only slightly diverging, slightly curved ven-
trally; crural bases extending as ridges from under-
side of outer hinge plates and along undersides of
crura; median elevation prominent, short, continu-
ing forward in some specimens as low median
ridge for about one-third valve length. Muscle area
subcircular; posterior adductor scars elongate, rela-
tively large, diverging anteriorly, lying at postero-
lateral margins of muscle area; anterior adductor
scars larger, median, anteriorly widening as two
lobes along median line of valve.

STRATIGRAPHIC OCCURRENCE.—Road Canyon For-
mation.

LocaLities—USNM 702¢, 703a, 706f, 709¢, 719x,
720d, 7210, 723a, 724;.

DiaeNosis.—Transverse Elassonia with
costae.

Typrs.—Holotype: USNM 154620d. Figured par-

strong
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MEASUREMENTs (in mm).—

brachial apical
valve thick- angle
length length width  ness )
USNM 702c
148250a 1.1 08 1.1 06 c95
148250b 1.3 1.1 14 08  c92
148250¢ 1.6 1.3 1.7 1.0 102
148250d 1.9 1.7 1.9 1.1 97
148250e 2.0 1.7 2.2 1.1 110
148250f 2.3 2.0 2.5 1.3 105
148250g 2.6 2.3 2.8 1.6 116
154620d 2.9 2.6 3.1 L5 100
(holotype)

atypes: USNM 154620a—c,e—k. Measured paratypes:
USNM 148250a-g. Unfigured paratypes: USNM
154620b,m-r.

CompArIisoN.—Elassonia micraria is characterized
by its small size, transverse outline, nearly straight
hinge line, straight margin, and strong rounded
costae that increase in number anteriorly by bifur-
cation, with the newly added costae weaker and
sharper than the ones that begin at the beaks. It
most closely resembles the other small new species
of the genus, namely, E. petila, E. scitula, and E.
sobrina, differing from them in its normally more
transverse outline, stronger and more numerous
costae with more frequent bifurcations and weaker
secondary costae, and its dental plates that are not
fused to the sides of the valve. It differs from
Fascicosta longaeva (Girty) in its much smaller
size, more transverse outline and lower convexity,
and from Trophisina fenaria, new species, by its
small size, stronger and fewer costae.

This species resembles Petasmatherus opulus
Cooper and Grant in its gross shape and outline,
but is only about half the size, has more and
weaker costae that are not simple but bifurcate,
has a curved rather than straight hinge line, sim-
pler and more proximally located hinge teeth, and
much reduced fold, sulcus, and deltidial plates.

DiscussioN.—This species is very abundant at
USNM 702c, where it is found in the fine screenings
of the residues. It is found in lesser abundance in
bioherms at the same level in the vicinity of the
Hess Ranch.

Elassonia petila, new species
PLATE 504: FIGURES 17-20

Small, moderately strongly biconvex; outline
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elongate, tear-shaped, sides diverging between 70°
and 90°; commissure rectimarginate to subtly uni-
plicate, fold and sulcus not apparent behind ante-
rior margin but fold indicated by elevated median
costa, sulcus by corresponding groove. Costae mod-
erately strong, broadly rounded, beginning at
beaks, increasing in number anteriorly by bifurca-
tion, numbering 10 to 14 along anterior margin.
Concentric striae not observed; growth lines weak,
sporadically present, more frequent near anterior
margins.

Pedicle valve flatly convex longitudinally, some-
what more convex transversely; beak elongate,
bluntly pointed, not attenuate, normally slanting
ventrally, not curved dorsally; beak ridges blunt,
outlining interareas; delthyrium relatively narrow,
sides only slightly diverging, without deltidial
plates; foramen subrectangular, perforating apex
of valve; lateral pseudointerareas absent; no over-
lapping of valves.

Brachial valve somewhat more convex, nearly
circular in outline; beak bluntly pointed; hinge
line curved.

Pedicle valve interior with small hinge teeth
projecting anteriorly; dental plates fused to sides
of valve. Muscle area subovate, extending about
half length of valve; details of pattern unknown.

Brachial valve interior with moderately devel-
oped outer hinge plates supported by broadly and
deeply depressed lateral thickenings between crura
and supported by low brace proceeding forward
as low median ridge; sockets elongate, anteriorly
widening; crura short, stout, not strongly curved;
crural bases extending from underside of hinge
plate along dorsal edges of crura. Muscle pattern
unknown.

MEASUREMENTs (in mm).—

brachial apical

valve thick- angle
length length width ness %)

USNM 702
148255a 14 1.1 1.3 0.6 86
(holotype)

148255b 1.6 1.2 1.3 0.9 74
148255¢ 1.7 1.3 1.6 0.8 85
148255d 1.9 1.6 1.7 1.0 85

STRATIGRAPHIC OccURRENCE.—Cathedral Moun-
tain Formation.

LocaLiTieEs.—USNM 702, 702a, 702un.

Types.—Holotype: USNM 148255a. Figured par-
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atypes: USNM 148255b,e,f. Measured paratypes:
USNM 148255b—-d. Unfigured paratypes: USNM
148255¢,d,g—k.

Diacnosis.—Elongate-oval Elassonia with fused
dental plates and intercalated costae equal in size
to the primary ones.

ComparIsoN.—Elassonia petila is characterized
by its small size, tear-shaped outline, slightly folded
margin, relatively coarse bifurcating costae that
have the new or added costae just as strong as the
ones that begin at the beak, its small hinge teeth,
dental plates that fuse to the side of the valve, and
its broadly depressed hinge plate. It most nearly
resembles E. micraria, new species, differing in its
outline, folding of the margin, uniformly strong
but fewer costae, fused dental plates, depressed
hinge plate, and more strongly curved hinge line.
Its outline is different from that of E. scitula, new
species, its beak less attenuate, and the bifurcations
of its costae more consistent and frequent.

Elassonia scitula, new species
PLATE 504: FIGURES 21-28

Small, flatly biconvex; outline transversely sub-
elliptical to subcircular, sides diverging between
100° and 150°; commissure rectimarginate to very
slightly uniplicate: fold and sulcus not apparent
on surface. Costae weak to moderately strong,
broadly rounded, simple on some shells but nor-
mally increasing anteriorly by bifurcation, number-
ing 8 to 12 along anterior margins. Concentric
ornamentation not observed; growth lines weak,
irregularly spaced over surface of shell.

Pedicle valve flatly convex; beak short, bluntly
pointed, normally somewhat attenuate, slanting
ventrally; beak ridges well defined, bordering inter-
areas; delthyrium narrowly and bluntly triangular
or subrectangular, open, without deltidial plates;
lateral pseudointerareas absent; no overlap of
valves.

Brachial valve somewhat more convex; outline
approaching semicircular, with greatest width just
anterior to hinge; beak broadly rounded, with
hinge line gently convex posteriorly.

Pedicle valve interior with teeth projecting for-
ward from platform of interarea; dental plates
fused to sides of valve. Muscle area elongate sub-
ovate; diductor scars central, elongate; adductor
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scars surrounding diductors, slightly widening an-
teriorly, each terminating anteriorly as sharp wedge.

Brachial valve interior with hinge plate widely
divided, depressed, and with inner hinge - plates
fused to floor of umbo, thereby helping to support
crura; median ridge low, extending forward short
distance; sockets deep, anteriorly widening, finely
denticulate; crura short stout, diverging, only
slightly curved ventrally; crural bases strong, ex-
tending from underside of hinge plate to ends of
crura. Muscle area subovate, slightly depressed;
posterior adductor scars narrow, elongate, widely
separate from one another, lying at flanks of larger,
median anterior adductor scars.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness ®)
USNM 708u
148261a 1.0 0.8 1.0 0.4 99
148261b 1.2 1.0 1.3 0.5 125
(holotype)
148261c 14 1.2 1.4 0.5 150
184261d 1.7 L5 1.7 0.7  .113
148261e 1.9 1.6 1.8 « 0.1 102

STRATIGRAPHIC OccURRENCE.—Cathedral Moun-
tain Formation (base).

LocArLity. —USNM 708u.

DiacNosis.—Elassonia with widely elliptical out-
line.

Types.—Holotype: USNM 148261b. Figured par-
atypes: USNM 148260a—c, 148261a. Measured para-
types: USNM 148261a,c-e. Unfigured paratypes:
USNM 148261c—e.

CompARISON.—Elassonia scitula is characterized
by its small size, short but somewhat attenuate
beak, rounded bifurcating costae with secondary
costae just as strong as those beginning at the
beaks, its widely divided hinge plate, low median
ridge, and especially by its subelliptical outline
with the greatest width at the midline, a form
which makes the brachial valve widest anterior to
its midline. It differs from E. micraria, new species,
in its outline and its less [requently and consistently
bifurcating costae that all are of nearly equal
strength. It is distinguished from the other small
species, namely E. petila, new species, and E. so-
brina, new species, by its short attenuate beak and
posteriorly wide brachial valve.
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Elassonia sobrina, new species

PLATE 504: FIGURES 29-33

Small, unequally strongly biconvex, brachial
valve more convex; outline subtrigonal to bluntly
subpentagonal, sides widely divergent between 70°
and 110°; anterior commissure faintly sulcate to
rectimarginate. Costae strong, round crested, begin-
ning at beaks, normally with few bifurcations just
anterior to beaks and none farther forward, num-
bering 8 to 10 along anterior margins. Growth
lines weak, sporadically spaced.

Pedicle valve slightly convex in lateral profile,
broadly and gently convex in anterior profile,
attenuate, not curved, strongly apsacline; beak
ridges sharp, bordering broad interareas; del-
thyrium triangular, open, without deltidial plates;
foramen perforating apex of valve; lateral pseudo-
interareas absent: no overlap of valve edges. Median
costa prominent and elevated, forming a low fold.

Brachial valve moderately convex, most convex
in posterior half; anterior profile broadly convex;
beak bluntly pointed producing slightly curved
hinge line. Sulcus broad and shallow, occupied by
two intercalated costae.

Pedicle valve interior with small teeth; dental
plates reduced, not extending forward as far as
hinge teeth. Muscle area not observed. Brachial
valve interior with divided hinge plate, delicate,
slightly curved crura supported by keel-like crural
bases, moderately high but short median ridge.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness (°)
USNM 702d
148251a 0.9 0.6 1.1 04 92
(holotype)
148251b 1.3 1.0 1.4 0.6 ?
148251c 1.3 1.1 1.6 0.8 ?
148251d 15 12 1.7 0.9 ?
STRATIGRAPHIC OccURRENCE.—Hess Formation

(Taylor Ranch Member).

Locarity —USNM 702d.

DiacNosis.—Minute Elassonia with intercalation
of costae near the beak in one generation only.

Types.—Holotype: USNM 148251a. Figured par-
atypes: USNM 148251b,d,e. Measured paratypes:
USNM 148251b-d. Unfigured paratype: USNM
148251c.
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ComparisoN.—Elassonia sobrina is characterized
by its small size and relatively few strong costae
that intercalate or branch only near the beaks,
then continue directly to the anterior margins. It
is closest in most features to E. micraria, new
species, differing in its smaller size, fewer costae
with less frequent branching, which have the sec-
ondary ones just as strong as the ones that start
at the beak, its less transverse outline and less
straight hinge line. Its outline is different from
that of E. petila or E. scitula, both new species, its
beak normally longer and its costae straighter.

Ptygmactrum, new genus

[Greek ptygmatos (folded) + maktron (napkin)]

Small, rhynchonelliform, triangular to trans-
versely elliptical, flatly biconvex, lenticular convexo-
concave in profile, valves subequally deep, strongly
costate; commissure normally without median fold
or sulcus, slightly uniplicate in some species; out-
line broadly triangular. Costae beginning at or
near beaks, becoming very high anteriorly, without
bifurcation or intercalation, angular to blunt, occa-
sionally bearing spines; intertroughs similar in
width.

Pedicle valve beak sharp, nearly straight, apsa-
cline; interareas adjacent to delthyrium nearly flat;
delthyrium triangular, normally open but some
constricted at base by rudimentary deltidial plates.

Brachial valve beak blunt, not strongly curved,
remaining on outside of pedicle valve; fold usually
not developed.

Pedicle valve interior with sides diverging widely
anterior to delthyrium, teeth knoblike, supported
by short, vertical dental plates reaching valve floor.
Muscle area not clearly observed: probably triangu-
lar, with apex between dental plates.

Brachial valve interior with hinge plate com-
pletely divided by wide, wedge-shaped notch, leav-
ing only narrow socket ridges bounding deep
sockets which are anteriorly widening and finely
corrugated; no outer hinge plates; crural bases nar-
row; falcifer crura short, stout, laterally compressed,
slightly diverging anteriorly, slightly curved ven-
trally, inner hinge plates rudimentary. No median
septum, but a low median ridge may be present.

TYPE-SPECIES.—Ptygmactrum extensum, new
species.
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DiagNosis.—Small Rhynchonellacea having a few
strong costae, strong dental plates, no median sep-
tum, and widely divided hinge plate.

CoMPARISON.—Ptygmactrum is characterized by
its small size, strongly costate but gently uniplicate
shell, divided hinge plate, and absence of a median
septum. The attignde of its beak is similar to that
of Petasmatherus Cooper and Grant, but Ptygmac-
trum differs in its more strongly and less numer-
ously costate shell without definite fold or sulcus,
more transversely triangular outline, curved instead
of straight posterior marginal outline, and its
widely divided hinge plate. Some species of Tere-
bratuloidea Waagen appear to be externally similar
to Ptygmactrum, but they are much larger, more
strongly convex, have the beak curved dorsally and
with a circular foramen, and have no dental plates
in the pedicle valve. No other genus of rhynchonel-
lid closely resembles Ptygmactrum.

DiscussioN.—Rarity as well as small size is the
characteristic that limits the size of the collection
of this interesting genus, which is one of the rarest
in the Glass Mountains. Its rarity also limits the
number of interiors that are found or can be pre-
pared, consequently much is still to be learned
about its inner morphology.

The exterior is characterized by the extremely
strong and generally angular character of the
costae. Another feature is the peculiarity of the
costae ending anteriorly in short spinelike proc-
esses. The costae are also direct from beak to
margin and no bifurcation of them has been de-
tected. The delthyrium is generally open but a
few specimens exhibit rudimentary deltidial plates
at the anterolateral angles. Broad interareas are
another feature that lends distinction to this genus.
Finally, the anterior commissure in most speci-
mens is rectimarginate, but the margins are strongly
serrated or toothed.

The pedicle valve interior is characterized by
small teeth that are buttressed by strong divergent
dental lamellae. bounding wide and deep umbonal
cavities. The brachial valve is characterized by
simplified cardinalia. The socket ridges are erect,
strong, and define wide and deep sockets that
appear to be corrugated. The crural bases are
attached directly to the socket ridges without the
aid of outer hinge plates. The crural bases are
narrow and one specimen shows rudimentary inner
hinge plates. These are so slightly developed that
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they might be easily overlooked. The crura are
widely divergent, short, compressed laterally but
concave toward midvalve. The distal extremity is
frayed or serrate. No median septum is present in
the brachial valve but a low ridge is developed
just anterior to the notothyrial cavity in P. exten-
sum, new species.

Ptygmactrum acutum, new species

PLATE 505: FIGURES 10, 11

Small, about usual size for genus, triangular,
widest at anterior; wider than long; valves sub-
equal in depth; sides straight, forming angle of
91°; interarea apsacline; anterolateral extremities
narrowly rounded; anterior margin broadly
rounded. Anterior commissure strongly zigzag but
probably actually rectimarginate. Foramen large
and oval, restricted anteriorly by minute, triangular
deltidial plates. Surface strongly costate, 5 costae
on brachial valve, 4 on pedicle valve, 2 on each
side of deep, angular median depression. Each
costa on both valves ending in blunt spine.

Pedicle valve flatly convex in posterior part but
gently concave in anterior part in lateral profile;
anterior profile flatly convex but convexity obscure
by flaring anterior. Sulcus deep and angular,
bounded by strongly elevated angular costae, lat-
eral costae angular but lower than median costae;
all costae flared strongly in ventral direction.

Brachial valve convex in umbonal region but
concave anteriorly when viewed in lateral profile;
anterior profile flat-topped, steep-sided, low dome;
umbonal region swollen, marked by three costae
rising anteriorly to flare in dorsal direction at front
margin. Median costa more elevated than others,
forming low keel. Flanks steep.

MEASUREMENTs (in mm).—Holotype USNM
154623: length 3.0, brachial valve length 2.6, maxi-
mum width 3.4, thickness at midvalve 1.4, apical
angle 91°.

STRATIGRAPHIC OCCURRENCE.—Road Canyon For-
mation.

LocALity. —USNM 720d.

DiacgNosis.—Small triangular Ptygmactrum with
four costae on the pedicle valve and five on the
brachial valve, median costa of the brachial valve
elevated above the others.

Types.—Holotype: USNM 154623.
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ComparisoN.—This species is most like Ptygmac-
trum angulatum, new species, but has much more
angular costae and the median costa strongly ele-
vated. Further, the anterior spines are more prom-
inent on P. acutum. It differs from P. depressum
and spiculatum, both new, in the great angularity
of the costae and their anterior flare. Neither of
these species has the strongly elevated median costa
of P. acutum. This is a very rare species and only
the holotype is known.

Ptygmactrum angulatum, new species

PLATE 505: FIGURES 1-9, 21-25

Average size for genus, wider than long, broadly
triangular in outline, posterolateral margins form-
ing obtuse angle; greatest width anterior to mid-
valve. Sides narrowly rounded. Anterior margin
broadly rounded. Anterior commissure uniplicate;
interarea strongly apsacline; interareas narrow; del-
tidial plates rudimentary. Surface paucicostate,
costae broad and angular, 6 on pedicle valve and 7
on brachial valve. Anterior extremity of costae
with stubby spines; one specimen with rows of
spines on costae at ends of growth lamellae.

Pedicle valve gently concave in lateral profile
and broadly concave in anterior profile. Umbonal
region slightly convex; sulcus originating at umbo,
widening and deepening anteriorly, angular and
steep sided. Flanks triangular, gently concave.

Brachial valve flat or nearly so in lateral profile,
with moderate curvature on umbo; anterior profile
broadly and slightly convex. Fold originating on
the umbo, steep-sided, high, strongly angular.
Flanks gently convex and broadly triangular.

Pedicle valve interior with knoblike teeth sup-
ported by strong and well-defined dental plates.
Brachial valve with widely divided hinge plate,
strong but narrow socket ridges; other details not
preserved.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness ©)
USNM 702b
148316a 2.6 22 34 1.9 105
148316b 3.1 2.8 3.8 15 92
USNM 703bs
148317 2.7 23 3.8 14 110
(holotype)
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STRATIGRAPHIC OcCURRENCE.—Cathedral Moun-
tain Formation.

Locarities.—USNM 702b, 708bs, 708u.

DiacNosis.—Ptygmactrum with angular costae,
distant and strong, and gently concave pedicle
valve.

Type:.—Holotype: USNM 148317. Figured para-
types: USNM 148316a—d, 148318, 154622. Mea-
sured paratypes: USNM 148316a,b.

ComparisoN.—The costae of this species are
much more angular and elevated than those of
P. depressum and P. mordicum, new species. The
species most like P. angulatum 1is P. spiculatum,
new species, which also has a concave pedicle valve.
The latter species is larger, with wider costae and
stronger spines on the extremities. Its outermost
costae are stronger than those of the Glass Moun-
tains species and the beak is more strongly apsacline.

DiscussioN.—One specimen assigned to this spe-
cies (USNM 148318) is unusual in having rows of
spines along the crests of the costae near the ante-
rior ends. These are produced at the tips and are
progressively added with each addition of new
growth lamellae.

Ptygmactrum depressum, new species

PLATE 505: FIGURES 16-18

Average size for genus, triangular in outline,
width greater than length, maximum width slightly
anterior to midvalve. Posterolateral margins form-
ing angle of more than 90°. Sides narrowly
rounded; anterior margin broadly rounded. Ante-
rior commissure rectimarginate. Beak elongated,
delthyrium long; bounded by narrow interareas
and partially restricted by rudimentary deltidial
plates; interareas apsacline. Surface costate, costae
distant, narrowly rounded, 6 on pedicle valve, 5
on brachial valve.

Pedicle valve gently convex in lateral profile but
broadly and moderately convex in anterior pro-
file, more convex in this view than brachial valve.
Median region gently swollen; sulcus originating
at beak, moderately wide and deep; flanks fairly
widely triangular and moderately convex.

Brachial valve flatly convex in lateral profile but
very broadly and gently convex in anterior profile.
Umbonal region and median area slightly convex.
Umbonal region sulcate, sulcus occupied by me-
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dian costa or fold which is narrow, low and
rounded, scarcely elevated above those on each
side. Flanks widely triangular, moderately convex.

Interior unknown.

MEASUREMENTS (in mm).—From locality USNM
716xa specimen 148319 (holotype), and from
USNM 721j, 152861, respectively: length 3.5, 2.7;
brachial valve length 2.9, 2.0; width 4.0, 3.3; thick-
ness 1.7, 1.0; apical angle 105°, 110°.

STRATIGRAPHIC OCCURRENCE.—Road Canyon For-
mation.

Locavrities—USNM 716xa, 721].

DiacNosis.—Ptygmactrum with distant, narrowly
rounded, fairly low costae.

Types.—Holotype: USNM 148319. Figured and
measured paratype: USNM 152861.

CompArisoN.—This species is not so wide as
P mordicum and P. extensum and therefore need
be compared only with P. spiculatum, new species,
from which it differs in its less angular, narrower
costae, lower costae and in the absence of thorn-
like projections on the anterior ends of the costae.

DiscussioN.—This species is known from only
two specimens, one of which is younger. The
younger one retains the rudimentary deltidial
plates and has a better preserved beak region.

Ptygmactrum extensum, new species

PLATE 505: FIGURES 31-58; PLATE 520: FICURES 40—44

About average size for genus, moderately bicon-
vex; outline strongly transverse, length about half
of width, widely elliptical; commissure broadly
uniplicate, with low fold and shallow sulcus; costae
strong, extending from beaks to anterior margins,
numbering 3 on fold, 2 in sulcus, normally 3 on
each flank, totaling 7 or 9 on brachial valve, 6 or 8
on pedicle valve, crests and troughs rounded, with-
out intercalation or bifurcation. Growth lines
strong, giving shell rough, corrugated surface, more
closely crowded near anterior margins.

Pedicle valve with beak blunt, but somewhat at-
tenuated; in some specimens delthyrium wide,
open, without deltidial plates; interareas flat, con-
spicuous, extending nearly to lateral margins;
hinge line nearly straight; lateral profile evenly
convex, without reflexing of flanks.

Brachial valve beak short, blunt; interarea slightly
developed; convexity of valve low, even, slightly
stronger longitudinally than laterally.

SMITHSONIAN CONTRIBUTIONS TO PALEOBIOLOGY

Pedicle valve interior with sides forming nearly
straight angle anterior to delthyrium; teeth form-
ing small knobs supported by strong, divergent
dental plates reaching valve floor. Muscle field
broadly triangular, weakly marked, muscle pattern
not observed.

Brachial valve interior with hinge plate divided
by wide median notch with narrow socket ridges;
sockets deep, widening anteriorly, corrugated;
crura not preserved on available specimens; myo-
phragm short, low, rounded. Muscle marks not
observed.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness °)
USNM 703d
148321a 2.7 2.3 4.7 22 ca.l75
148321b 3.4 29 7.0 1.8 174
(holotype)
USNM 703c
148320 3.0 25 5.9 21 ca.170

STRATIGRAPHIC OCCURRENCE.—Road Canyon For-
mation.

LocaLities-—USNM 703c, 703d, 721;.

Di1acnosis.—Fairly large Ptygmactrum, with width
twice the length.

Types.—Holotype: USNM 148321b. Figured par-
atypes: USNM 148321a,c—e; 148320. Measured para-
types: USNM 148321a, 148320.

CoMPARISON.—Ptygmactrum extensum is charac-
terized by its gently uniplicate commissure, wide
outline, nearly straight cardinal margin, extraordi-
narily well developed interareas, open delthyrium
without deltidial plates, and its gentle and nearly
uniform convexity without reflexed anterior mar-
gins nor thornlike projections on the crests of the
costae. These features, and its somewhat stronger
growth laminae, distinguish it from the other two
species of the genus found in the Glass Mountains,
P. mordicum and P. spiculatum, both new species.

DiscussioN.—The interareas of P. extensum are
unusually wide and the cardinal margin abnor-
mally straight for a species of rhynchonellid. The
other species of Ptygmactrum also show similar
tendencies although in them they are not so well
developed. All the peculiar features of the hinge
region seem to be interpendent, with the broad
interareas merely the result of the extreme diver-
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gence of the side which has produced the nearly
straight cardinal margin. Internally the hinge teeth
and dental plates are arranged similarly to other
species of the genus, according to the pattern typi-

cal of species in other genera of Permian rhyn-
chonellids.

Ptygmactrum mordicum, new species

PrATE 505: rigures 19, 20

Average size for genus, flatly biconvex, strongly
costate, with 7 or 9 costae on brachial valve, 6 or 8
on pedicle valve, beginning at or near beaks, ante-
rior margin of crests slightly reflexed, occasionally
bearing small thornlike projections, crests and
intertroughs narrowly rounded, no bifurcation or
intercalation; outline broadly triangular with pos-
terolateral extremities forming angle of 96° to
107°; commissure without fold or sulcus. Growth
lines conspicuous, producing rough surface on
shell, stronger and more crowded toward anterior
margins.

Pedicle valve with sharp beak, interareas nearly
flat, apsacline; delthyrium triangular, open, slightly
constricted at base by rudimentary deltidial plates
in some specimens. Sulcus originating at beak,
narrow and deep. Flanks broad and gently convex.

Brachial valve moderately convex in lateral pro-
file, broadly and gently convex in anterior profile.
Fold formed by median costa, narrow and elevated
above others. Flanks broadly triangular, gently
convex.

Interior unknown.

MEASUREMENTS (in mm).—Holotype USNM
148315a: length 3.5, brachial valve length 3.0, max-
imum width 4.7, thickness 1.8, apical angle 107°.

STRATIGRAPHIC OccUrRRENCE.—Cathedral Moun-
tain and Road Canyon formations.

Locarities.—Cathedral Mountain: USNM 702,
702b. Road Canyon: USNM 735a.

Diacnosis.—Wide
crowded costae.

Types—Holotype: USNM 148315a. Figured par-
atype: USNM 148315b.

ComparisoN.—This species is similar to P. ex-
tensum, new species, but is narrower and has
stronger, narrowly rounded, and more crowded
costae.

Ptygmactrum with closely
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Ptygmactrum spiculatum, new species
PLATE 505: FIGURES 26-30

Large for genus, flatly convexo-concave in adult
lateral profile, broadly triangular outline, postero-
lateral margins converging at angle of 90° to 100°.
Lateral extremities subangular. Anterior margin
broadly rounded, surface flattened. Beak long, del-
thyrium long and with rudimentary deltidial plates
at basal angles. Interareas strongly developed,
apsacline. Surface costate; costae angular, 4 on
pedicle valve, 5 on brachial valve, each costa
strongly angular and terminating in short, thorn-
like projection.

Pedicle valve with uneven lateral profile, poste-
rior half very gently convex but anterior half bent
at wide angle in ventral direction to give concave
effect. Anterior profile nearly flat. Umbonal and
median regions flatly convex; sulcus originating
at beak, angular, deepening anteriorly and with
steep and high bounding costae. Flanks somewhat
concave and triangular.

Brachial valve very gently convex in lateral pro-
file and very broadly and slightly convex in ante-
rior profile. Umbonal region with faint sulcus occu-
pied by median costa which anteriorly becomes
high angular fold, moderately elevated above those
on flanks. Lateral slopes of fold wide and steep.
Flanks narrow, gently convex and triangular in
outline.

Pedicle valve interior with small posteriorly
notched teeth, supported by short, almost indis-
tinguishable but thick dental plates. Median sulcus
of exterior forming median ridge on interior.
Muscle region not resolvable into individual scars.
Brachial valve interior with strong socket ridges
and divided hinge plate; other details not preserved.

MEASUREMENTS (in mm).—From locality AMNH
512 specimen 152862a (holotype), and from USNM
706b, 148323a, respectively: length 3.7, 2.3; brachial
valve length 3.3, 2.0; width 4.3, 2.9; thickness 1.5,
1.5; apical angle 100°, 90°.

STRATIGRAPHIC OCCURRENCE.—Cherry Canyon For-
mation (Getaway Member): Word Formation (lens
between Willis Ranch and Appel Ranch members).

LocavriTiEs.—Getaway: AMNH 512. Lens: USNM
706b.

DiacNosis.—Fairly large Ptygmactrum with 5
strong angular plications.

Tyrpes—Holotype: USNM 152862a. Figured par-
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atypes: USNM 148323a,b, 152862b. Measured para-
type: USNM 148323a.

CoMmPARISON.—Piygmactrum spiculatum is fairly
large for the genus, has strongly angular costae
bowing outward, and a somewhat convexo-concave
lateral profile. It differs from P. mordicum, new
species, in its more apsacline beak, less well devel-
oped dental plates, lesser number and more strongly
angular costae, lesser proportional width, and the
tendency toward anterior concavity of the pedicle
valve exterior.

Discussion.—Features of note in this species are
both exterior and interior. Knowledge of the species
is limited by its extreme rarity: only two speci-
mens from each locality. On the exterior the
pedicle valve has a tendency anteriorly to become
concave by a bending of the front half in a ventral
direction. This is accompanied by an anterior
thickening of the margin, which is complemented
by thickening of the marginal region of the pedicle
valve, producing a flattening of the anterior surface
along the commissure.

Inside the pedicle valve the teeth are strongly
notched on the posteromedian side, making them
appear small and knoblike. The musculature could
not be resolved, but the sulcus of the exterior is
reflected on the inside as a median ridge that serves
as a myophragm.

Iotina, new genus

[Greek iota (smallest letter in Greek alphabet)]

Minute, pentagonal in outline, beak long, nearly
straight, long delthyrium not modified by deltidial
plates. Unequally biconvex. Interareas well devel-
oped. Anterior commissure narrowly and strongly
uniplicate. Surface costate, costae strong, direct,
extending from beak to anterior margin.

Pedicle valve interior with thick teeth parallel
to hinge edge; dental plates aborted. Muscle region
not preserved.

Brachial valve interior with elevated socket
ridges; outer hinge plates small; hinge plate deeply
divided and with no inner hinge plates. Crura
falcifer, short, laterally compressed, concave toward
midvalve. No median septum.

TyrE-SPECIES.—Iotina minuta, new species.

DiacNosis.—Minute Rhynchonellacea having no
dental plates, divided hinge plate, strong fold and

SMITHSONIAN CONTRIBUTIONS TO PALEOBIOLOGY

sulcus, and strong direct costae covering the entire
surface.

ComparisoN.—This is one of several genera of
tiny rhynchonellids characterized by strong costae
and prominent interareas on each side of the del-
thyrium. It differs from Elassonia, new genus, in
having a narrowly, dorsally folded anterior com-
missure with prominent fold and sulcus. It also
suggests Petasmatherus Cooper and Grant, but that
genus has only a slight folding of the anterior
commissure and it has no fold and sulcus on the
exterior. Ptygmactrum, new genus, is also a small
rhynchonellid but its few angular costae and gen-
erally rectimarginate valves separate the two gen-
era. All three of the genera named have well-
developed dental plates and thus differ from Iotina.

DiscussioN.—The pedicle valve is notable for the
absence of dental plates and for its fairly large
teeth. The brachial valve cardinalia are elevated
and have strong socket ridges but the outer hinge
plates are only moderately wide. The crura form
the notothyrial margin, are stout, short, scarcely
curved, and laterally compressed. The inner hinge
plates are not formed in the one good brachial
valve interior available.

The genus is so far known only from a few
specimens and is not likely to be collected by con-
ventional means. It should be searched for in any
residues from Bone Spring Limestone.

Iotina minuta, new species

PLATE 513: FIGURES 19-29

Minute, strongly pentagonal outline, maximum
width somewhat posterior to midvalve, producing
shouldered appearance. Sides moderately rounded;
anterior truncated. Profile triangular, thickest at
anterior margin, anterior commissure narrowly
uniplicate. Beak long, straight to suberect, open
delthyrium unmodified by deltidial plates. Surface
strongly costate, two prominent costae on fold,
one in sulcus and three or four on flanks. Costae
direct, extending from umbones to front margin.

Pedicle valve flatly convex in lateral profile,
moderately convex in anterior profile but median
region deeply indented. Umbonal region narrowly
swollen, marked medially by strongest costa. Sulcus
originating on anterior slope of umbonal region,
narrow but deep, and deepening anteriorly, there
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bent toward opposite valve in moderately long
tongue. Sulcus occupied by median costa from umbo
to anterior margin.

Brachial valve nearly flat in anterior profile but
with anterior region slightly swollen; anterior pro-
file broadly convex but marked medially by narrow
hump formed by fold. Umbonal region flattened
and with shallow median sulcus. Fold originating
slightly posterior to midvalve, narrow and height-
ening anteriorly to form prominent projection.
Flanks moderately swollen and convex, depressed
below fold.

Pedicle valve interior with large teeth and no
dental plates. Brachial valve interior with divided
hinge plate, no median septum.

MEASUREMENTS (in mm).—Specimens 152818a
and b (holotype) respectively: length 4.2, 3.5; bra-
chial valve length 3.4, 2.7; width 4.2, 3.4; thickness
2.2, 2.0; apical angle 90°, 80°.

STRATIGRAPHIC OCCURRENCE.—Bone Spring Lime-
stone.

LocaLity. —AMNH 591.

DiagNosis.—Iotina with long beak, thick ante-
rior, deep sulcus, and high fold.

Tyres.—Holotype: USNM 152818b. Figured par-
atypes: USNM 152818a,i,j. Measured paratype:
USNM 152818a. Unfigured paratypes: USNM
152818c-h.

CompArisoN.—No other species of this genus is
known to which this one may be compared. It
differs from other minute rhynchonellids described
herein by its strong fold and sulcus and lack of
dental plates.

DiscussioN.—This is a rare species which is read-
ily overlooked because of its small size.

Family TRIGONIRHYNCHIIDAE McLaren, 1965

TRICORIINAE, new subfamily

Small Rhynchonellacea with completely costate
shell, rectimarginate to uniplicate with broad sul-
cus in fold, dental plates obsolescent; no deltidial
plates. Brachial valve with strong median septum
and variable hinge plate.

Genera in West Texas: Tricoria, new genus.

Very rare and locally restricted at the base of
the Skinner Ranch Formation in the Glass Moun-
tains.

1945

Tricoria, new genus

[Latin tricor (trickster)]

Moderate size, transversely triangular to penta-
gonal outline, profile oval; valves unequally convex,
brachial valve deeper; beak of pedicle valve small,
usually acute, straight to suberect. Delthyrium
open, no deltidial plates. Anterior commissure rec-
timarginate to uniplicate but with fold bearing
prominent sulcus beginning at umbo. Exterior
costate, costae direct from beak to margin.

Pedicle valve with small teeth supported by thin
dental plates in young, dental plates becoming
obsolescent in adults. Muscle field anterior to del-
thyrial cavity, triangular in outline, individual
scars not discernible.

Brachial valve interior with divided hinge plate
having prominent, strong socket ridges overlying
corrugated sockets; outer hinge plates broad, con-
cave; crural bases narrow, ridgelike; inner hinge
plates variable, usually not united but rarely unit-
ing and producing elongated foramen. Falcifer
crura long, slender blades with distal end obliquely
pointed on ventral side, laterally compressed but
thickest on ventral edge. Median septum long,
strongly elevated, bearing short, oblique lateral
plates attaching ventral edge of septum to inner
side of crural bases, thus producing shallow cham-
ber or septalium nowhere contacting valve floor.
Adductor field not clearly visible.

Tyre-SPECIES.—Tricoria hirpex, new species.

DiagNosis.—Rhynchonellaceans having a sulcate
fold, obsolescent dental plates in the adult, and a
shallow apical chamber on the median septum.

ComPARISON AND DiscussioNn.—This genus is
most like Cupularosirum Sartenaer in its interior
details and is undoubtedly related to it. The exte-
rior is, however, entirely unlike that of Cupula-
rostrum. Although some species of Cupularostrum
have the dental plates forming a veneer on the
valve wall, this is not the usual condition. The
dental plates of Cupularostrum are generally fairly
thick and are set off by well-marked umbonal cav-
ities. Tricoria has well-marked dental plates in the
young, but in old specimens these plates are nearly
eliminated by filling of the umbonal cavities. Some
specimens show no trace of the plates when the
shell is seen in interior view.

Inside the brachial valve the cardinalia of both
genera are clearly characteristic of the family
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Trigonirhynchiidae. Generic differences appear in
the formation of the apical chamber which, in
Cupularostrum, is fairly large, deep, and attached
on the floor of the valve at the apex. In Tricoria
the plates of the chamiber are not steeply inclined,
are given off from the septum, and extend postero-
laterally to join the crural bases, defining a de-
pressed chamber. Inner hinge plates are more spo-
radically developed in Tricoria than in Cupula-
rostrum. Most specimens, therefore, have a divided
hinge plate, but in others the inner plates meet
medially to produce a complete hinge plate like
that of Cupularostrum. The median septum of
Tricoria is generally more elevated than in
Cupularostrum.

Although the differences just mentioned are
mostly small, they are important in the aggregate.
When the difference between the crural plates of
Tricoria and Cupularostrum are added to the ac-
cumulated small differences mentioned above, the
distinction between the two genera becomes evi-
dent. The crura of Tricoria are long, slender,
diverge laterally, and are bladelike, with the blades
laterally compressed. The crura of Cupularostrum,
on the other hand, are just the opposite, being
compressed in an anterior-posterior direction,
curved in a posteroventral direction, and are con-
cave toward the anterior side.

Tricoria is common at only one locality, but
occurs sporadically in the lower part of the Skinner
Ranch Formation with Scacchinella.

Tricoria hirpex, new species

PLATE 503: FIGURES 24-41; PLATE 507: FIGURES 57-71

Size moderate, outline transversely subtriangular
to subpentagonal; profile flattened to strongly bi-
convex; sides diverging between 60° and 120°,
normally near 90°; commissure uniplicate, fold
low to moderately high, extending nearly to beak,
maximum convexity of profile near anterior mar-

gin; sulcus shallow, extending nearly to beak, uni-

formly convex in longitudinal profile; costae
strong, sharp, extending to beaks, numbering 4 to
9 on fold, with the inside costae lower than those
forming margin of fold, one less in sulcus, 2 to b
on each flank. Concentric striae moderately strong;
growth lines widely spaced posteriorly, becoming
closely crowded near margins.

SMITHSONIAN CONTRIBUTIONS TO PALEOBIOLOGY

Pedicle valve moderately convex; flanks not re-
flexed; beak short, sharp, straight to slightly curved
dorsally; beak ridges poorly developed, blunt; lat-
eral pseudointerareas absent: no overlap of valves.
Delthyrium triangular, open, without deltidial
plates.

Brachial valve deeper and more strongly con-
vex; fold normally with wide shallow median de-
pression; beak blunt, somewhat attenuate, apex
within pedicle valve.

Pedicle valve interior with sides of delthyrium
widening to receive brachial beak; hinge teeth
knoblike; dental plates supporting hinge teeth,
extending to floor of valve, normally closely fused
to side of valve or invisible. Muscle area triangular,
with apex in beak area slightly excavated; adduc-
tor scars elongate, median, in posterior part of
muscle area between and anterior to dental plates;
diductor scars lateral and anterior to adductor
scars, anteriorly widening, left and right scars
meeting along median line in anterior part of
muscle area.

Brachial valve interior with triangular hinge
plate, divided by wedge shaped notch; two small
plates converge from edges of notch to top of
median septum, forming small, usually uncovered
crural or apical chamber; sockets long, deep, ante-
riorly widening, smooth or indistinctly corrugated;
crura diverging forward from anterior edges of
hinge plate, strongly curved ventrally, dorsal edges
carinate; median septum high, thin, short, bisect-
ing posterior part of muscle area, upper edge of
posterior end fused with pair of plates forming
small V-shaped crural cavity. Inner hinge plates
small. Muscle area elongate oval; posterior adduc-
tor scars elongate, narrow, widely separated, slightly
diverging anteriorly; anterior adductor scars longer,
anteriorly widening slightly, lying along median
line of valve.

STRATIGRAPHIC
Formation (base).

LocaLrties.—USNM 705a, 715v, 720e, 720g, 726h.

DiacNosis—Broadly triangular Tricoria with
broadly sulcate fold on the brachial valve.

Tyres.—Holotype: USNM 154652. Figured par-
atypes: USNM 148155b—d,f,h,j—m,p. Measured para-
types: USNM 14815ba—g. Unfigured paratypes:
USNM 148155a,e,g,i,n,0.

CompArISON.—Tricoria hirpex is characterized
by its strong costae that extend to the beaks, nu-

OcCCURRENCE.—Skinner Ranch
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MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width ness (°)
USNM 705a
148155a 4.1 3.8 4.3 2.3 75
148155b 5.8 5.4 5.8 3.0 73
148155¢ 7.2 6.3 6.2 4.6 60
148155d T4 6.8 8.1 5.4 97
148155e 8.1 6.9 9.2 4.9 95
148155 9.2 8.2 10.9 7.1 102
148155g 9.5 8.4 11.9 7.0 119
154652 8.2 72 10.4 72 100
(holotype)

merous costae on the fold, triangular outline, short
but only slightly curved pedicle beak, sulcate fold,
and its dental plates that normally are fused to
the side of the pedicle beak area. In outline and
number of costae this species resembles Camarotoe-
chia wynne: (Waagen), differing in its sharper
costae, transversely depressed rather than highly
arched fold, lower convexity of the brachial valve,
and weaker dental plates that are cemented to the
sides of the valve. Camarotoechia plicata (Kutorga)
is much larger and more rotund, and has broadly
rounded costae rather than sharp costae as in 7.
hirpex.

The sulcate fold of Pugnoides mesicostalis Girty
gives this species an appearance like that of Tri-
coria hirpex but Girty's species is much larger,
wider, has a larger apical angle, more extended
flanks, and the sulcation of the fold is narrower
than that of Tricoria hirpex. Internally of course
the two species are quite different. It is interesting
to note that the fold with its depressed median
costae also is similar to that of species of Antronaria
which are so common in the Skinner Ranch
Formation.

DiscussioN.—The distinctive shape of this spe-
cies is due to the union of the sulcus of the pedicle
valve with the sulcate part of the median fold of
the brachial valve. This is like the union of two
opposite sulci in some of the Mesozoic rhynchonel-
lids or terebratulids which produce an emarginate
anterior. In the development of the interior, the
young Tricoria is generally elongate and strongly
triangular in outline. Widening takes place with
age.

Tricoria hirpex varies in the shape of the shell
and in the ribbing, especially of the fold and sulcus.
The normal adult is generally much wider than
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long but a small number of adults do not attain
the usual width. The fold and sulcus generally
contain numerous costae; a few specimens have as
few as 4 on the fold, but one has 9.

The hinge plate of the brachial valve generally
is divided by a narrow slit but in a few specimens
the apical part is closed by the union of the inner
hinge plates. In one specimen the inner hinge
plates unite anteriorly and produce a hinge part
with an elongate foramen, somewhat similar to
that seen in Cupularostrum. The apical chamber
of Tricoria is variable but usually is shallow be-
cause of shell substance deposited in it. The small

‘oblique plates producing the chamber, which unite

with the septum, are thin and short. This combina-
tion of plates produces a structure very similar to
the septalium common in some of the Mesozoic
rhynchonellid genera.

AMPHIPELLIDAE, new family

Small, smooth, broadly uniplicate to sulciplicate
Rhynchonellacea with dental plates and without
deltidial plates. Brachial valve with divided hinge
plate and falcifer? crura. Both valves with postero-
lateral pouches (apricatria).

Genus in West Texas: Amphipella Cooper and
Grant.

Common in one area in five loose blocks at the
base of the Cathedral Mountain Formation; very
rare in the Road Canyon Formation nearby.

Genus Amphipella Cooper and Grant, 1969

Amphipella Cooper and Grant, 1969:11.

Shell small, smooth, rhynchonelliform, biconvex,
broadly uniplicate to shallowly sulciplicate; out-
line elongate to transversely subpentagonal; pos-
terolateral slopes with small open slots perpen-
dicular to plane of commissure, leading into apri-
cate sinuses. Growth lines weak, strongest near
anterior margins. Pedicle valve moderately strongly
convex; sulcus shallow, barely visible anterior to
margin; beak short or long, attenuate, straight or
curved dorsally; beak ridges blunt, ill-defined;
interareas small or absent; lateral pseudointerareas
absent; delthyrium triangular, open, without del-
tidial plates. Brachial valve flat medially, abruptly
deflected toward commissure; beak bluntly pointed,
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not strongly curved; fold low, obscurely outlined,
with broad shallow median depression.

Pedicle valve interior with small teeth, projecting
anteriorly, supported by short dental plates, partly
or completely fused to sides of valve; posterolateral
margin invaginated to form deep, narrow-necked
sulcus open to outside of shell. Muscle area weakly
impressed; position of adductor scars not certain;
diductor scars small, anteriorly widening, forming
heart-shaped mark in posterior quarter of valve.

Brachial valve interior with hinge plate small,
deeply notched or divided, medially unsupported;
crura short, diverging anteriorly from edges of
hinge plate, falcifer?, slightly curved ventrally, sup-
ported by crural bases extending from underside
of hinge plate; sockets elongate, anteriorly widen-
ing, corrugated; median line of valve normally
without septum, rarely with low ridge; postero-
lateral margins invaginated to form brachial halves
of apricatria. Muscle area weakly impressed, short
and wide, with several narrow lobes widening an-
teriorly; details of pattern uncertain.

TyPE-SPECIES.—Amphipella arcaria Cooper and
Grant (1969:11, pl. 1: figs. 13-21). '

DiacNosis.—Small, smooth rhynchonellaceans
having deep spoon-shaped invaginations of the
shell on each side of the beak (apricatria).

ComPARISON.—Amphipella is characterized by its
small size, pentagonal outline, sulciplicate commis-
sure, lack of deltidial plates and lateral pseudointer-
areas, divided or deeply notched hinge plate, lack
of a median septum or brace, normal absence of a
median ridge, thin, partly fused dental plates, and
especially by its deeply recessed posterolateral
slopes producing small subspherical sulci that open
to the outside through narrow slots running per-
pendicular to the plane of commissure. We are
calling each of these apricatrium (from Latin
apricus, open, and atrium, vestibule); they are
similar to but not the same as the ‘“‘marginal
pouches” of Uncites Defrance (Winterfeldia Sprie-
stersbach; see Hall and Clarke, 1894:114, fig. 103,
and Jux and Strauch, 1966) which are longer and
cling to the sides of the shell, but do not open to
the exterior through narrow slots. Most nearly
similar are the “parathyridia” of the Pennsylvanian
genus Cardiarina Cooper (1956a:527). These less
fully formed channels appear to have formed sim-
ilarly by indentation of the posterolateral margins,
but they have not developed to the stage seen in

SMITHSONIAN CONTRIBUTIONS TO PALEOBIOLOGY

Amphipella where the opening to the outside is
narrowly constricted and pouches are formed
internally.

DiscussioN.—The most distinct feature of Amphi-
pella is the presence of the apricatria, one on each
side of the beak, on the posterolateral slopes.
These recesses form by invagination of the margins
of both valves, and the complete sinus on each side
is equal in each valve and a mirror image of its
counterpart. Small juvenile shells do not have
these sinuses; they form about 0.75 mm from the
beak along the lateral slopes, so shells must be
about 1.5 mm wide before they begin to develop.
Actually, the apicatria do not begin to form until
the shell is nearer 2 mm across and their sites are
already present. The margins of shells smaller than
2 mm are normal, without any true invagination,
only a pair of very small notches, one at the site
of each sinus. As the shell gets larger the apricatria
begin to form, starting as very shallow recesses
and extending deeper with increasing size. In
smallest shells in which they have begun to form
they are mere pits; in larger shells they are re-
cesses without constricted necks: the opening .and
the recess are about equal in width. The apricatria
in larger shells increase in width as well as length,
and become wider than their external openings,
producing the appearance of constriction of the
openings. The external openings of the apricatria
do not change their size after the original recess is
formed.

The function of the apricatria is not certainly
known. Their construction and position are such
that they must open along their plane of commis-
sure when the valves open, thus providing a pair
of posterior openings for the shell. Therefore we
speculate that the apricatria were involved in the
feeding of the animal, and acted as channels for
incoming currents.

Amphipella arcaria Cooper and Grant
PLATE 512: FIGURES 1-47

Amphipella arcaria Cooper and Grant, 1969:11, pl. 1: figs.
13-21.

Biconvex, boxlike; outline sharply and nearly
equilaterally pentagonal, sides diverging between
75° and 115°; commissure broadly and shallowly
sulciplicate; fold low and sulcus shallow, apparent
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only at anterior margin, depression in fold present
on shell surface; posterolateral slopes with small
open slots perpendicular to plane of commissure,
leading into apricatria. Costae and concentric
striae absent; radial fibers faintly visible; growth
lines weak, strongest near anterior margins.

Pedicle valve moderately convex, margins
abruptly bent toward commissure; beak short, occa-
sionally slightly attenuate, straight to slightly
curved dorsally; beak ridges blunt, poorly defined;
interareas small or absent; lateral pseudointerareas
absent; no overlap of valves; delthyrium triangular,
open, without deltidial plates. Brachial valve flatly
convex medially, sides bent abruptly toward com-
missure; beak bluntly pointed, somewhat attenuate
in some specimens, not strongly curved; fold low,
with broad shallow median depression.

Pedicle valve interior with sides widely diverging
anterior to delthyrium; lateral margins deeply in-
vaginated to form pedicle half of deep, narrow-
necked channels, open to outside of shell; teeth
small, projecting forward from sides of valve just
anterior and lateral to delthyrium; dental plates
short, thin, nearly vertical, partly or completely
fused to sides of valve. Muscle area weakly im-
pressed; position of adductor scars uncertain, prob-
ably near dental plates; diductor scars small, ante-
riorly widening, forming heart-shaped mark ex-
tending about one-fourth length of valve.

Brachial valve interior with small hinge plate,
divided or deeply notched; sockets wide, shallow,
anteriorly expanding, finely and weakly cor-
rugated; crura short, slender, slightly diverging
anteriorly from edges of hinge plate, slightly curved
ventrally, laterally compressed, supported by crural
bases extending from underside of hinge plate and
along dorsal edges. Median ridge low, rarely present,
margins of posterolateral slopes deeply invaginated
to form brachial halves of each apricatrium. Muscle
area weakly impressed, short and wide, with several
narrow lobes slightly widening anteriorly; details
of pattern uncertain: proximal lobes probably
belong to anterior adductor scars, lateral lobes to
posterior adductor scars.

STRATIGRAPHIC OcCURRENCE.—Cathedral Moun-
tain (base).

Locavrities—USNM 702, 708u.

DiacNosis.—Pentagonal Amphipella having a box-
like shape.

Types.—Holotype: USNM 148098a. Figured par-
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MEASUREMENTS (in mm).—

brachial apical

valve thick- angle
length length width  ness )

USNM 708u

148098a’ 1.8 1.6 1.8 0.9 74
148098b’ 1.9 L5 20 0.9 88
148098¢’ 2.3 2.0 24 1.0 90
148098d" 2.5 22 24 1.3 91
148098¢’ 3.0 2.7 3.0 1.5 105
148098f 3.5 32 3.3 2.3 103
148098g’ 3.8 3.5 3.6 2.3 110
148098h’ 4.0 3.7 4.0 22 112

atypes: USNM 148098b,d,e,a’,d". Figured hypotypes:
USNM 148098f,g’; 154700a-1,n,0; 154702a,d,fh,i.
Measured hypotypes USNM 148098a’-h’.

CoMmPARISON.—Amphipella arcaria is characterized
by its nearly equilaterally pentagonal outline, short
pedicle beak, sulciplicate commissure, boxlike
shape with the greatest part of each valve flatly
convex and the edges near the margins abruptly
bent to the plane of the commissure, and relatively
large apricatria. It is larger, more transverse than
A. attenuata, new species, less strongly convex, and
has a shorter pedicle beak and larger sinuses.

DiscussioN.—In spite of the unusual feeding
adaptation of Amphipella, this genus is basically a
rhynchonellid, a fact manifest in the morphology
of both valves. Amphipella is unusual among
Paleozoic rhynchonellaceans in having a smooth
exterior, and the folding of the anterior commis-
sure is exceptional for a rhynchonellacean. The
brachial valve has a broad fold that is medially
broadly sulcate to produce the peculiar folding of
the anterior commissure.

The stratigraphic occurrence of this species needs
explanation. The majority of the specimens are
from USNM 708u, which represents the yield from
five loose blocks found about half a mile east of
Split Tank, between the first bioherms of the
Institella zone (USNM 702 inst) and the basal
small-pebble conglomerate that was designated the
base of the Leonard by P. B. King (=base of
Cathedral Mountain Formation). These loose
blocks were found together, but no others were
found subsequent to the main discovery, although
several exhaustive searches were made. These blocks
probably represent parts of a single lens, including
a mass of dead shells swept together. Oddly, the
general assemblage constituting the fauna of these
blocks (USNM 708u) is not known elsewhere, and
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most of the species in it are unique to this group
of blocks (see faunal list of USNM 708u).

Amphipella attenuata, new species

PrLATE 512: FIGURES 48, 49

Small for genus, biconvex; outline elongate sub-
pentagonal, sides diverging about 60°; commissure
uniplicate; fold low, sulcus shallow, expressed only
at anterior margin; posterolateral slopes with small
open slots perpendicular to plane of commissure,
leading into apricate sinuses. Costae and concentric
striae absent; growth lines weak, strongest near
anterior margins.

Pedicle valve moderately and evenly convex;
beak long, somewhat attenuate, gently curved dor-
sally; beak ridges blunt, obscure; interareas very
small; lateral pseudointerareas absent; delthyrium
wide, long, triangular, open, without deltidial
plates. Brachial valve not known.

Interior with small hinge teeth; dental plates
incompletely fused to sides of valve; lateral mar-
gins invaginated to form small, narrow necked
apricatria. Muscle pattern unknown.

MEASUREMENTS (in mm).—Holotype USNM
148102: length 1.5, maximum width 1.3, thickness
(?), apical angle 60°.

STRATIGRAPHIC OCCURRENCE.—Road Canyon For-
mation.

Locarity. —USNM 703a.

Types—Holotype: USNM 148102.

DiagNosis.—Long, slender Amphipella.

CoMmpARISON AND DiscussioN.—Amphipella  at-
tenuata is characterized by its small size, narrow
elongate pentagonal outline, long pedicle beak
with large delthyrium, nearly uniform convexity
without abrupt marginal bends, and its small apri-
cate sinuses located relatively far forward on the
posterolateral slopes. It differs from the type spe-
cies, A. arcaria Cooper and Grant in these features.
Unfortunately only one valve of A. attenuata is
available; perhaps when more are discovered fur-
ther differentiating features will be observed.

Family WELLERELLIDAE Licharew, 1956

Subfamily WELLERELLINAE Licharew, 1956

Smooth, semicostate to completely costate Rhyn-
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chonellacea with plicate anterior commissure; ped-
icle valve with strong dental plates; brachial valve
with undivided hinge plate supported by elevated
median septum; crura falcifer to modified falcifer.

Genera in West Texas: Wellerella Dunbar and
Condra, 1932; Phrenophoria Cooper and Grant,
1969; Holosia, new genus; Tautosia Cooper and
Grant, 1969; Cenorhynchia, new genus.

Genus Wellerella Dunbar and Condra, 1932

Medium, subtriangular, unequally biconvex,
uniplicate; fold and sulcus strongly costate, flanks
weakly to strongly costate; costae expanding ante-
riorly, rarely increasing in number, normally begin-
ning 1 or 2 mm anterior to apexes of beaks. Con-
centric ornamentation weak, growth laminae rarely
visible except near shell margins. Pedicle beak
sharp, straight or curved; delthyrium normally
anteriorly closed by small deltidial plates, produc-
ing oval, submesothyridid foramen. Brachial valve
beak blunt, apex inside pedicle valve, covered by
deltidial plates.

Pedicle valve interior with strong nodular teeth,
supported by vertical dental plates from floor of
valve. Muscle area beginning at anterior ends of
dental plates, extending from a third to a half
valve length, its boundary subparallel to shell mar-
gin; adductor scar single or bilobed, elongate to
round, surrounded by two wide diductor scars.

Brachial valve interior with triangular, undi-
vided hinge plate bounded laterally by groovelike,
laterally expanding sockets and supported by high
or low, short median septum extended anteriorly
as a low ridge in some specimens. Crura modified
falcifer, diverging anteriorly, strongly curved
toward pedicle valve, often twisted as much as 90°,
usually longitudinally and dorsally carinate. Sep-
tum rudimentary. Muscle area small, transverse to
elongate, bisected by median ridge, anterior adduc-
tor scars relatively large and median, posterior
adductor scars small, elongate, diagonal, contiguous
with part of anterior scar, or separated by low
ridges.

Tyre-Seecies.—Wellerella tetrahedra Dunbar and
Condra (1982:291, pl. 37: figs. 11-16).

DiacNosis.—Variable, semicostate rhynchonella-
ceans having dental plates, undivided hinge plate,
and apically confined median septum.

ComparisoN.—Wellerella is distinguished by a
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combination of characters of the exterior and the
interior of the brachial valve. The most distincitve
feature is the undivided hinge plate supported by
an apical septum. Thus defined, Wellerella is ex-
ternally similar to a number of semicostate rhyn-
chonellids of the Pennsylvanian and Permian. It
differs from Cenorhynchia, new genus, in having
costate flanks and only an apical septum, the other
genus having smooth flanks and a long median
septum. Pontisia Cooper and Grant differs in hav-
ing an undivided hinge plate but no median sep-
tum, apical or otherwise. Some species of Phreno-
phoria and Tautosia Cooper and Grant are homeo-
morphs of Wellerella but Phrenophoria contains a
long median septum. Aphaurosia, new genus, is
like Wellerella internally but the costae are finer
and more even, giving a characteristic external
appearance to the shell.

Discusston.—Identification of Wellerella at pres-
ent is difficult and, as with many other brachiopods,
if the interior cannot be satisfactorily established,
it is impossible to put a correct generic name to a
species. Furthermore, by the usual serial sectioning
methods an apical septum of small proportions can
be overlooked. The type species of Wellerella is
said to have an apical septum under the hinge
plate, yet the one published serial section of the
species shows no median septum; it may have been
buried in the solid tissue of the brachial umbo
and not be visible in an inked diagram. Two other
species figured by Dunbar and Condra show the
septum well in only one slice.

Stehli (1954:334) interpreted Wellerella as pos-
sessing a highly variable septum or none at all. His
species, therefore, vary from having no septum, as
in W. longicosta, to W. magnisepta in which this
structure is conspicuous. It is difficult, however,
always to be consistent in interpreting what is an
“apical septum.” Even the strictest attention to the
septum of the brachial valve as a prime generic
character cannot avoid simultaneous trouble with
the ornament. This is true regardless of the combi-
nation of interior characters used. Pontisia appears
to be as composite a group as Wellerella or Phreno-
phoria when their exteriors are compared. On the
other hand sorting by exterior produces similar
difficulties. We have therefore used the interior
details as our chief generic guides.

Examination of Pennsylvanian species currently
assigned to Wellerella indicates similar difficulties
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because some of the wellerelliform shells have long
and erect median septa, whereas others conform
more strictly to the present generic diagnosis. Some
forms that are wellerelliform but yet have occa-
sional intercalated costae appear to be referable to
camarotoechiid stocks.

The Glass Mountains species most characteristic
of Wellerella is W. girtyi, new species, one of the
most abundant rhynchonellids of the Word For-
mation. The species is not so rotund as the type
species of Wellerella and is more robust and
coarsely costated. It has the characteristic extremely
short median septum in the apex. The hinge plate
is narrow and the socket ridges are strong and ele-
vated, bounding wide corrugated sockets. The
outer hinge plates are short but the inner hinge
plates are wide and stretch across the delthyrial
cavity like a membrane. The suture may be visible
or not, or the median junction in some specimens
is anticlinal. The crura are wide, concave toward
midvalve, and lie somewhat oblique to the hori-
zontal. The oblique distal edge is serrated. Al-
though this species answers to the definition of
Wellerella, it does not accord strictly with the type;
this is true of most of the species we have assigned
to the genus.

Wellerella? bidentata (Girty)

Pugnax bidentata Girty [part], 1909:318, pl. 21: figs. 20-20c
[not pl. 24: figs. 17-17c, = Wellerella swalloviana (Shu-
mard)].

Not Pubnoides bidentatus (Girty), R. E. King, 1931:107, pl.
34: fig. 1.

One peculiar little specimen is the only one of
its kind known. The species has been widely iden-
tified, but every example we have observed has
been incorrectly determined. Rhynchonellids with
two costae on the fold and one in the sulcus are
uncommon, although several are described in this
paper and some are known to us which we have
not included here. Several specimens in the collec-
tion suggest Girty’s species, but they are from
widely scattered levels and from the Glass Moun-
tains or elsewhere. Usual occurrences consist of
single specimens, leading to the suspicion that they
are aberrant. This may be true also of W.? biden-
tata. At any rate we have not found any other
specimens of the species in the Cherry Canyon
Formation or any other unit.
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Wellerella? bidentata was found with Bryorhyn-
chus nitidum and Wellerella girty:, new species,
and therefore must have come from the Cherry Can-
yon Formation as explained under discussion of B.
nitidum. Bicostate forms occur fairly commonly as
aberrancies in normally tricostate species. This is
true also of narrowed and elongated forms. The
rarity of W. bidentata may therefore be due to
the fact that it is a deformed or aberrant form that
lived under adverse and crowded conditions.

Types.—Holotype: USNM 118568.

LocALity.—USGS 2920 (green).

Wellerella girtyi, new species

Medium size for genus, biconvex, flattened to
globular; outline ovoid to bluntly triangular, sides
diverging between 85° and 115°; profile lenticular
to subtrigonal; commissure uniplicate; fold low,
beginning 4 to 6 mm anterior to brachial beak,
profile evenly convex from beak to anterior mar-
gin, occasionally slightly flattened where costae
begin; sulcus correspondingly shallow, beginning
6 to 8 mm anterior to pedicle beak, rather uni-
formly convex from beak to anterior margin.
Costae moderately high and sharp on fold and
pedicle flanks, lower and more blunt in sulcus and
on brachial flanks, beginning 3 to 6 mm anterior
to beaks, numbering 2 to 4 on fold, normally 3,
one less in sulcus, 3 to 5 on flanks. Concentric
ornamentation faint; growth lines light, present on
some specimens.

Pedicle valve moderately convex, slightly inflated
in smooth area near beak, costae of flanks prom-
inent, slightly reflexed in some specimens; beak
sharp, somewhat attenuate, curved dorsally, beak
ridges blunt; lateral pseudointerareas normally
absent. Delthyrium triangular, base covered by
two strongly arched deltidial plates; apical part
open; foramen elongate oval. Brachial valve more
strongly convex than pedicle valve; smooth part of
posterior slightly flattened longitudinally, evenly
rounded transversely; apex of valve within pedicle
valve, covered by deltidial plates.

Pedicle valve interior with delthyrium widely
expanding anterior to deltidial plates; teeth elon-
gate parallel to valve edge, supported by strong
vertical dental plates reaching floor of valve. Mus-
cle area beginning just anterior to dental plates,
transversely oval, multilobate; adductor scars
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small, median, semiovate to semicircular, separated
by low median ridge or myophragm; diductor scars
wide, surrounding smaller adductors laterally and
anteriorly.

Brachial valve interior with large triangular
hinge plate, bounded laterally by deep, elongate,
anteriorly expanding, finely corrugated hinge
sockets; inner hinge plates united to form flat plate
between crura, bridging across notothyrial cavity.
Crura projecting forward from anterior edges of
hinge plate, diverging anteriorly, strongly curved
ventrally, often twisted as much as 90 degrees,
dorsal edges keeled; median ridge long, low, thin.
Muscle area bisected by median ridge, elongate to
transversely oval; posterior adductor scars small,
elongate, anteriorly diverging, proximal ends sep-
arated by median ridge; anterior adductor area
larger, oval, lying on both sides of ridge.

ComparisoN.—Wellerella girty: is characterized
by its average size for the genus, but small in com-
parison to several other Glass Mountains species,
its rotund shape, relatively narrow flanks, moder-
ately low fold that is convex near the anterior
margin, brachial valve with the smooth part of the
beak slightly flattened in profile, but normally not
flattened transversely, and by its comparatively
large hinge plate and thin, low median ridge. It
differs from Pontisia stehlii Cooper and Grant
(1969) in its smaller average size, normally lower
fold (except for the low-fold variety, P. stehli
tumidosa, new subspecies), lower costae that begin
farther forward on the beaks, and its thin narrow
rather than broad median ridge.

A species from the Capitan Formation compar-
able in size to W. girtyi is Tautosia elegans (Girty)
which differs in its more transverse outline, higher
fold and deeper sulcus, less convex fold especially
near the anterior margin, depressed median costa
in the fold, and by its high bladelike septum.

Among foreign species the most similar is Rhyn-
chonella negrii Gemmellaro (1899). Wellerella
girtyt differs in its lower, less protruding fold, non-
reflexed flanks, and greater number of costae on
the flanks. Pugnax wtah Marcou of Kozlowski
(1914) from the Carboniferous = Wolfcampian of
Boliyia also is similar, differing in its higher fold,
reflexed flanks, and fewer costae on the flanks. Pug-
nax pseudoutah Huang (1983) from the Permian
of China differs in its reflexed flanks with fewer
costae, larger average size, and nearly straight,
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rather than strongly convex, anterior portion of the
profile of the fold.

Wellerella girtyi girtyi, new subspecies

PLATE 515: FIGURES 26-28; PLATE 528: FIGURES 1-46;
PLATE 553: FIGURES 33-34

This is the common subspecies in the Guadalu-
pian of the Glass Mountains. It differs from W.
girtyi seorsa, the new subspecies of the Guadalupe
Mountains, in its sharper costae that are more
numerous on the flanks (normally 4 rather than 3)
and begin farther back on the beaks, and its more
transverse, oval outline. The populations of W.
girtyi in the two areas are sufficiently distinct to
be recognized, and most individuals can be identi-
fied subspecifically if there are specimens available
for direct comparison. There is morphological
overlap, however, and not all individuals from the
one area differ from all individuals of the other
region.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness ©)
USNM 706
1485562 7.5 6.4 6.9 3.0 85
148556b 8.3 7.0 75 3.7 90
148556¢ 9.7 8.0 9.9 6.2 111
148556d 114 10.0 12.0 8.6 95
148556e 12,5 10.6 14.0 10.8 110
USNM 706e

154732a 3.7 3.0 3.1 15 60
154732b 3.8 3.2 3.7 15 70
154732¢ 438 43 43 1.8 80
154732d 5.8 5.0 5.3 2.3 80
154732e 6.0 5.1 5.9 2.5 85
154732f 6.3 5.2 6.7 2.6 90
154732¢g 7.3 6.1 6.8 3.1 80
154732h 8.7 74 8.0 5.1 80
154732i 10.6 8.8 11.3 7.1 90
(holotype)
154732 114 9.7 12.1 85 95
154732k 134 10.8 14.0 105 90

STRATIGRAPHIC OCCURRENCE.—Cherry Canyon For-
mation (Getaway Member); Word Formation
(China Tank, Willis Ranch and Appel Ranch
members and lens between Willis Ranch and
Appel Ranch members); San Andres Formation.

LocaAvriTies.—Getaway: AMNH 21, 496, 512, 600;
USNM 728, 730, 732. China Tank: USNM 703e,
706¢, 733q. Willis Ranch: AMNH 505; USNM 706,
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706e, 718d, 723t, 724u, 735c. Appel Ranch: 715i,
719z, 722t, 727j. Lens: 706b. San Andres: AMNH
B188-8.

DiacNosis.—Average size Wellerella with rotund
shape and large hinge plate.

Tyres.—Holotype: USNM 154732i. Figured par-
atypes: USNM 148565j; 154732a-h,j,k,m,n; 154733b;
154810; 15481la-g. Measured paratypes: USNM
148556a—e; 154732a-h,j,k. Unfigured paratypes:
USNM 148565a—i, 154733a.

Wellerella girtyi seorsa, new subspecies

PLATE 527: FIGURES 32-39

This subspecies occurs in the Guadalupian
(Cherry Canyon Formation, Getaway Member) in
the Guadalupe Mountains. It differs from the Glass
Mountains subspecies, W. girtyi girtyi, in its more
rounded costae that begin slightly farther forward,
its more elongate, triangular outline, and its lower,
fewer costae on the flanks: normally 3 instead of 4.
In other respects the two subspecies are the same.
Not every individual is subspecifically distinct, but
the populations from the two areas can be recog-
nized without difficulty.

MEASUREMENTS (in mm).—

brachial apical

valve thick- angle
length length width  ness ©)

USNM 728
148582a 114 9.9 11.6 7.5 90
148582b 109 9.0 10.5 7.9 90
148582c 10.0 8.7 11.0 6.4 90
148582d 10.0 8.4 10.5 5.6 90
148582e 9.0 7.8 8.7 6.0 85
148582g 115 10.0 12.5 6.5 95
(holotype)

STRATIGRAPHIC OCCURRENCE.—Cherry Canyon For-
mation (Getaway Member).

Locavrrties—Getaway: AMNH 21, 496, 512, 600;
USNM 728, 730, 732.

Types.—Holotype: USNM 148582g. Figured par-
atypes: USNM 148582fh,i. Measured paratypes:
USNM 148582a—e. Unfigured paratypes: USNM
148582a—e.

DiscussioN.—The collections from the Getaway
Member contain some interesting variations. A
few specimens occur with 4 costae on the fold but
a fair number contain only 2 costae on the fold
and 1 in the sulcus. These have been confused
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with Pugnax bidentata (Girty) which has not yet
been certainly identified generically.

Wellerella? nitidula, new species

PLATE 528: FIGURES 47-62

Small for genus, strongly biconvex; outline
rounded, subcircular to subtrigonal, usually globu-
lar sides diverging between 65° and 105°; anterior
commissure uniplicate, fold moderately high at
anterior, standing high above flanks farther back,
beginning 4-5 mm anterior to brachial beak; sulcus
very shallow, only slightly depressed below flanks,
but extending dorsally as broad tongue at anterior
commissure, beginning 5-6 mm anterior to pedicle
beak. Costae strong on fold and sulcus, weaker on
flanks beginning 3-5 mm anterior to beaks, crests
rounded to obtusely pointed, numbering 3 on fold,
2 in sulcus, 2 to 4 on each flank. Growth lines and
concentric ornamentation normally not visible.

Pedicle valve with umbonal region somewhat
swollen, evenly convex transversely and longitudi-
nally; flanks gently curved, not reflexed; beak short
to moderately long, slightly hooked, slightly atten-
uate; beak ridges sharp, short; lateral pseudointer-
areas narrow, elongate, partly covered by edge of
brachial valve; delthyrium narrowly triangular,
base of triangle narrowed by small, disjunct or
barely conjunct deltidial plates with distal edges
slightly flared outwardly, leaving elongate, oval
foramen. Brachial valve with smooth part of umbo
evenly convex, rarely slightly flattened; beak
bluntly pointed, apex within pedicle valve beneath
deltidial plates.

Pedicle valve interior with teeth parallel to side
of valve, supported by vertical dental plates ex-
tending nearly vertically to floor. Muscle area tear-
shaped, widening anteriorly, individual muscle
marks not observed.

Brachial valve interior with semicircular or
crescentic, undivided hinge plate, bounded later-
ally by elongate, deep, finely corrugated hinge
sockets; crura keeled, diverging slightly forward
from anterior edge of plate, moderately strongly
curved ventrally, not twisted. Muscle area faintly
impressed; posterior adductor marks small, elon-
gate, one on each side of broad, only slightly
raised median ridge; anterior adductor marks
fused together, lying on midline of valve anterior
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to end of median ridge, flanked by anterior ends
of posterior adductor marks.
MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness Q)
AMNH 492
152865a 5.8 5.0 5.9 3.0 90
152865b 6.0 5.0 5.7 4.0 86
152865¢ 6.8 5.9 6.6 5.4 92
AMNH 591
1528662 6.6 5.6 6.8 4.8 90
152866b 75 6.6 7.7 5.8 100
152866¢ 8.7 7.7 8.5 7.2 84
(holotype)
152866d 9.1 8.0 10.0 8.6 95
152866e 9.4 8.4 10.6 9.2 101
152866F 9.6? 8.6 10.7 85 95

STRATIGRAPHIC OCCURRENCE.—Bone Spring For-
mation (lower).

LocarLiTies.—AMNH 492, 497, 591, 592, 624;
USNM 728g.

Diagnosis.—Globular Wellerella with high fold.

Types.—Holotype: USNM 152866¢. Figured par-
atypes: USNM 152866a,d,f,—i; 154812. Measured
paratypes: USNM 152865a—c; 152866a,b,d—f. Unfig-
ured paratypes: USNM 152865a—c; 152866b,e.

CompARrIsoN.—Wellerella? nitidula is character-
ized by its small size, rounded outline, fold that
stands high above the flanks and bears 3 costae,
normally evenly rounded brachial umbonal region,
slightly swollen pedicle umbonal region, sharp beak
ridges, and moderately well developed deltidial
plates. Externally it most closely resembles Pontisia
franklinensis, new species. Wellerella? nitidula at-
tains a slightly larger size, is more rounded than
triangular in outline, has the brachial smooth area
more convex both longitudinally and transversely,
sharper beak ridges, and elliptical rather than trig-
onal profile. Tautosia podisira, new species, is small,
but is narrower, flatter and smoother than W.?
nitidula and its fold is relatively low, standing in
relief above flanks only at its extreme anterior.
Juveniles of Pontisia stehlii Cooper and Grant are
similar in some features to W.2 nitidula, but differ
in their longitudinally more convex folds that
consequently do not stand as high at the anterior,
their longer beaks with more fully developed del-
tidial plates, and less consistent number of costae
on the fold. ‘

DiscussioN.—This species is common at AMNH
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591 but most of the specimens are filled with silica,
making it impossible to study the interior details.
We have accordingly queried the generic designa-
tion but used Wellerella because the short median
septum was observed in some specimens.

Genus Phrenophoria Cooper and Grant, 1969

Phrenophoria Cooper and Grant, 1969:12.

Small to large, rhynchonelliform, biconvex, uni-
plicate; generally slightly wider than long; outline
bluntly elongate subtrigonal, fold and sulcus mod-
erately to strongly semicostate; fold usually sulcate
in varying degree; flanks weakly to strongly semi-
costate. Concentric ornamentation weak. Growth
laminae commonly weak, strongest and most fre-
quent near anterior margins.

Pedicle valve moderately convex; beak sharp,
nearly straight to suberect; beak ridges prominent;
delthyrium triangular, closed at base by pair of
large conjunct or disjunct deltidial plates, pro-
ducing elongate oval mesothyridid to submeso-
thyridid foramen; lateral pseudointerareas well
developed where brachial valve overlaps pedicle
valve; flanks convex to reflexed. Brachial valve
more strongly convex and deeper than pedicle
valve; umbonal region slightly flattened or in-
dented; beak within pedicle valve under deltidial
plates.

Pedicle valve interior with sides of delthyrium
diverging, wider anterior to deltidial plates; teeth
elongate, parallel to sides of delthyrium, supported
by nearly vertical dental plate reaching valve floor.
Muscle area beginning between anterior ends of
dental plates, widening greatly anteriorly; adduc-
tor scars small, forming heart-shaped mark point-
ing anteriorly along midline in posterior part of
muscle area; diductor scars large, surrounding ad-
ductor scars laterally and anteriorly, forming heart-
shaped patch pointing posteriorly.

Brachial valve interior with large, undivided
triangular hinge plate bounded laterally by deep,
elongate, anteriorly expanding, corrugated sockets;
crura modified falcifer, diverging anteriorly,
strongly curved ventrally; crural bases extending
from beneath hinge plate along dorsal edges of
crura as sharp keels, making extremities of crura
concave anteriorly; median septum high, bladelike,
supporting hinge plate, bisecting part of muscle
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area, and extending about a third length of valve.
Muscle area beginning about halfway along sep-
tum; posterior adductor scars, narrow, elongate,
anteriorly slightly divergent, flanking larger, sub-
elliptical anterior adductor scars.
TyPE-SPECIES.—Phrenophoria subcarinata Cooper
and Grant (1969:13, pl. 1: figs. 4-12).
DiacNosis.—Rhynchonellids having strong, long
median septum, generally naked umbones, and
strongly costate anterior regions.
CoMPARISON.—Phrenophoria is characterized by
its strong costae, usually sulcate fold, normally flat-
tened or indented brachial umbonal region, well-
developed lateral pseudointerareas, large conjunct
deltidial plates, large undivided hinge plate, and
its high, thin, bladelike median septum. The high
median septum separates it from Wellerella Dun-
bar and Condra and Pontisia Cooper and Grant,
and the large conjunct deltidial plates and large
undivided and unnotched hinge plate distinguish
it from Anteridocus, new genus, and Cenorhynchia,
new genus. Some species of Phrenophoria are leior-
hynchiform in external appearance but differ in
having the hinge plate without median trough,
the sulcate fold on the brachial valve, and the
flanks strongly costate. The latter feature distin-
guishes Phrenophoria from Bryorhynchus but more
knowledge of the form of the hinge plate is needed
to separate it confidently from Leiorhynchoidea.
Two other probably related genera with long
median septa can be readily distinguished from
Phrenophoria. Tautosia Cooper and Grant is usu-
ally transverse and has prominent anterolateral
extremities on the ventral side as well as strong
angular costae, features more exaggerated than
those usually found in Phrenophoria. Holosia, new
genus, is totally costate and elongate.
DiscussioN.—Numerous species with a strong
median septum and undivided hinge plate are
assigned to this genus. Although every effort has
been made to conform ornament types, it has not
been possible to limit the assignments in strict
conformity to the definition of the genus. It is
thus possible to notice at least two groups of
species. One of these, the P. subcarinata or P.
pinguis group is the type form and thus strictly
speaking is Phrenophoria. This one generally is
hemicostate, has a sulcate dorsal umbo, the sulcus
extending onto the fold and depressing one or
more of the costae. The sulcus is not deep and the
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anterolateral extremities of the ventral side are not
strongly angular or protuberant. Another species
group is less costate than the preceding and is
characterized by P. repugnans, new species. In this
type the pedicle valve is mostly smooth but is fairly
deeply sulcate and has fairly prominent antero-
lateral extremities. The brachial valve, however, is
like that of the type species in having a sulcate
umbonal region and a depression in the fold.
Phrenophoria corpulenta, new species, is more ro-
tund than usual and the costae invade more of the
posterior than in the P. subcarinata group, but the
brachial valve umbo is sulcate and the sulcus
affects the fold. Like the bicostate species in other
genera, P. bicostata is completely atypical on its
exterior but no other niche can be found for it.
Phrenophoria nesiotes, new species, is most like the
P. subcarinata group and has all of the essentials
of the genus but the valves are not as strongly
costate as usual, nor so anteriorly truncated, and
are quite wide.

Some species of Phrenophoria such as P pinguis,
P. pinguiformis, P. nesiotes, and P. subcarinata are
strongly leiorhynchiform and might be confused
with some genera of that family, especially earlier
Paleozoic ones such as Basilicorhynchus Crickmay
(1952). Phrenophoria might be confused with the
young of Leiorhynchoidea Cloud, with which it
occurs; but beak characters, nature of the fold, and
interior details separate them.

Generally the beak of Phrenophoria is only mod-
erately long and the foramen is small but usually
elongate-oval and mesothyridid or submesothyridid
in position. It is usually straight to suberect, with
only a small amount of curvature. The teeth are
elongated and are parallel to the lateral margins
and are separated from the margin by narrow slots
that receive the socket ridges. The musculature of
the pedicle valve is fairly well shown in the type
species. The field is large and somewhat cordate,
with the lobate portion anterior and the point
posterior. The adductor patch lies just anterior to
the delthyrial cavity and is completely surrounded
by the broadly expanded diductor scars. Other
details of the interior have left no marks on the
shell.

The brachial valve is characterized by a strong
median septum in all species. These support an
undivided hinge plate, although the latter feature
is variable in gross form and in detail. The socket
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ridge is strong, long, curved, and hangs over a
minutely corrugated narrow socket. The outer hinge
plates are moderately broad and attach long strong
crura with a narrow keel. The crura, as shown by
those of P. pinguiformis, are fairly wide, crescentric
in cross section, but concave toward the anterior or
anteromedially. The distal extremity is rough.

The inner hinge plates are developed variably
in the same species, a fact well shown by P. sub-
carinata. Specimens show inner hinge plates that
have grown horizontally and coalesced to form a
nearly flat hinge plate, but others display varying
degrees of concavity, with the result that the hinge
plate has a narrow or shallow trough. In one
specimen the inner hinge plates are overlapped,
failing to meet medially and one grew over the
other. Other species show similar variations. The
median septum does not show great variation but
in some specimens it is thickened posteriorly where
it attaches to the hinge plate; rarely traces of a
small chamber may be seen in connection with the
inner hinge plates.

Phrenophoria is widespread in the Permian
rocks from which brachiopods under discussion
were taken. It is fairly common in the Word For-
mation and its equivalents, but less abundant above
and below.

Phrenophoria anterocostata, new species

PLATE 519: FIGUREs 19-23

Small for genus, subpentagonal in outline, maxi-
mum width at midvalve; length slightly greater
than width. Sides broadly rounded; anterior trun-
cated. Anterior commissure strongly uniplicate.
Beak small, nearly straight; foramen narrowly elon-
gate; deltidial plates small, disjunct. Posterior half
naked but anterior half strongly costate: 2 costate
in sulcus, 3 on fold, 3 on flanks. Costae in sulcus
not extending beyond sulcus.

Pedicle valve barely convex in lateral profile and
broadly concave in anterior profile. Umbonal re-
gion slightly but narrowly swollen to origin of
sulcus, just anterior to midvalve. Tongue long and
serrated. Flanks strongly reflected in ventral direc-
tion, serrate on anterior edges.

Brachial valve gently and evenly convex in lat-
eral profile but narrowly and strongly domed in
anterior profile. Umbonal region gently concave;
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fold originating near midvalve, moderately ele-
vated. Lateral slopes swollen and steep.

Median septum of brachial valve seen as long
slit.

MEASUREMENTS  (in mm).—Specimens USNM
153486a (holotype) and b, respectively: length 18.7,
11.8; brachial valve length 12.1, 10.6; width 12.3,
11.4; thickness 9.2, 8.2; apical angle 98°, 103°.

STRATIGRAPHIC OcCURRENCE.—Cathedral Moun-
tain Formation (lower).

LocaLity.—USNM 721u.

DiacNosis.—Small pentagonal Phrenophoria with
costae of sulcus confined to sulcus.

Types.—Holotype: USNM 153486a. Figured par-
atype: USNM 153486b.

CoMPARISON.—See Phrenophoria? nudumbona for
comparison.

DiscussioN.—An extremely rare species; only 2
specimens were obtained in the digestion of about
24 large blocks.

Phrenophoria bicostata, new species

PLATE 514: FIGURES 29-39; PLATE 515: FIGURES 30-35

Small for genus, subtrigonal outline, rounded
sides and truncated anterior margin; posterolateral
margins converging at 90° or less; valves subequal
in depth. Beak small, suberect, with submesothyri-
did foramen and small, conjunct deltidial plates
occasionally with elevated rim on side against
pedicle. Surface costate, costae direct from beak to
anterior margin; 2 costae on fold, 1 in sulcus, and
4 or 5 on flanks.

Pedicle valve gently and evenly convex in lat-
eral profile, broadly and flatly convex in anterior
profile. Umbonal region narrowly convex; median
region moderately convex; sulcus narrow, moder-
ately deep, widening gradually anteriorly, orig-
inating posterior to midvalve. Flanks gently convex,
moderately steep.

Brachial valve moderately and evenly convex in
lateral profile, more broadly and gently convex in
anterior profile with moderately steep sides. Me-
dian region moderately convex; fold originating
posterior to midvalve, narrow, expanding slightly
anteriorly, and narrowly grooved medially. Fold
moderately elevated anteriorly, flanks moderately
convex and with moderate slopes.

Pedicle valve with small knoblike teeth supported
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by stout, vertical dental plates. Brachial valve inte-

rior with stout socket ridges, small sockets, and

undivided hinge plate. Outer hinge plates narrow,

but inner ones united without suture and broad

with slight anterior notch. Crura long, laterally

compressed, concave toward midvalve.
MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width ness °)
USNM 719z
1528252 7.2 6.2 7.0 4.0 85
152825b 7.0 6.0 7.0 3.1 90
152825¢ 6.5 5.7 6.0 4.0 80
152825d 5.8 5.0 5.9 2.9 80
152825e 5.4 4.7 4.8 23 80
152825 3.6 2.9 3.1 1.5 80
154729a 5.8 48 5.8 3.5 83
(holotype)

STRATIGRAPHIC OCCURRENCE.—Word Formation
(Appel Ranch Member).

LocaLity. —USNM 719z.

DiAgNosis.—Small triangular Phrenophoria hav-
ing 2 costae on fold and 1 in sulcus and strongly
costate flanks, the costae reaching the umbo.

Types.—Holotype: USNM 154729a. Figured par-
atypes: USNM 152825i,k,m,n; 154729b,c. Measured
paratypes: USNM 152825a-f. Unfigured paratypes:
USNM 152825a—h,j,1.

CompArisoN.—No other Phrenophoria has only
2 costae on the fold and 1 in the sulcus.

DiscussioN.—The exterior of this little species is
atypical because of the bicostate fold and the fact
that the costae almost reach the umbones. Despite
this, the cardinalia are like those of the type spe-
cies and the median septum in the brachial valve
is long and slender. It is a rare species known from
only one locality.

Phrenophoria? compressa, new species

PLATE 522: FIGURES 4-7

Small for genus, narrowly compressed, narrowly
triangular in outline. Greatest width at midvalve.
Sides gently rounded; anterior margin truncated.
Anterior commissure uniplicate. Beak fairly long,
suberect; foramen elongate-oval; deltidial plates
vestigial (?). Surface with posterior half smooth but
anterior half marked by strong, subangular costae,
3 occupying fold, 2 in sulcus, and 2 on flanks.
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Pedicle valve gently convex in lateral profile, but
narrowly and gently concave in anterior profile.
Umbonal region with narrow elevation joining 2
costae in sulcus. Sides abrupt and steep. Tongue
short. Sulcus originating anterior to midvalve, nar-
row and shallow and nearly completely occupied
by 2 crowded costae. Flanks very narrow and
slightly reflected in ventral direction.

Brachial valve evenly and gently convex in lat-
eral profile but narrowly and roundly domed in
anterior profile. Posterior half and umbonal region
marked by narrow depression extending from beak
to fold. Flanks, narrow, rounded, and somewhat
inflated. Fold originating near midvalve, only
slightly elevated and abruptly truncated anteriorly.

Interior unknown.

MEASUREMENTS (in mm).—Holotype USNM
153489: length 10.0, brachial valve length, 8.6,
width 8.5, thickness 8.2, apical angle 70°.

STRATIGRAPHIG OCCURRENCE.—Road Canyon For-
mation.

LocaLity —~USNM 706f.

Diacnosis.—Elongate, narrow Phrenophoria? with
short fold and sulcus and flanks laterally compressed
and narrow.

Tyres.—Holotype: USNM 153489.

CompAarisoN.—The elongate and compressed form
of this species is unique. It has some characters of
P. planiventra, new species, from the Road Canyon
Formation but it is smaller, more finely orna-
mented, and much narrower in outline. The holo-
type is the only known specimen of the species.

Phrenophoria corpulenta, new species

PLATE 514: FIGURES 40-54

Shell about average size for genus, strongly bi-
convex; outline narrowly to broadly subpentagonal,
sides diverging between 95 and 120 degrees; com-
missure uniplicate, fold high and nearly square,
not standing high above flanks behind anterior
margin, beginning 6-8 mm anterior to brachial
beak, bearing shallow, elongate median depression
reaching nearly to beak with 3 costae; sulcus shal-
low, barely depressed below flanks, beginning about
8 mm anterior to pedicle beak, extending forward
as flat, strongly geniculated tongue at anterior.
Costae low, crests subangular, beginning about 3
mm from beaks along median line, about 7 mm
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from beaks on each side, numbering 3-5 on fold,
one less in sulcus, 4-7 on each flank. Growth lines
faint, not preserved on most specimens.

Pedicle valve gently convex except at anterior,
there strongly curved toward commissure; beak
short, sharp, slightly attenuate, somewhat de-
pressed, with sharp beak ridges, not strongly curved;
lateral pseudointerareas narrow, elongate but short,
covered by edge of brachial valve; delthyrium
broadly triangular, constricted by small, nearly
conjunct, outwardly flaring deltidial plates, leaving
nearly circular foramen. Brachial valve strongly
convex in profile, umbonal region flattened, ante-
rior part strongly curved toward commissure; deep
median trough extending from smooth part of
umbonal area along fold, lowering median costae;
beak blunt, within pedicle valve, beneath deltidial
plates.

Pedicle valve interior with strong, corrugated
hinge teeth, supported by nearly vertical dental
plates reaching valve floor. Muscle area heart-
shaped, adductor scars small, subcircular, in pos-
terior part of area; diductor scars larger, surround-
ing adductors, widening anteriorly.

Brachial valve interior with large, subtrigonal
hinge plate. Socket ridges strong, overhanging cor-
rugated sockets; outer hinge plates broad, sloping
medially, crural bases narrow, depressed; inner
hinge plates broad, conjunct medially and with
suture line unhealed; median septum high, blade-
like extending about a third valve length. Muscle
area on floor of valve on each side of median sep-
tum; individual muscle marks not observed.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width ness (°)
AMNH 678
152826a 7.0 6.8 9.0 24 100
152826b 10.6 9.8 124 5.4 110
152826¢ 10.6 10.0 11.6 9.5 108
152826d 10.8 9.6 12.0 8.5 106
152826¢ 11.5 10.6 12.2 94 109
152826¢ 13.0 12.0 14.8 9.6 116
(holotype)

STRATIGRAPHIC OCCURRENCE.—Bone Spring For-
mation (Cutoft Member).

LocaALiTies—AMNH 678, USNM 747.

DiacNosis.—Medium-sized, rotund Phrenophoria
with a broad depression or sulcus in the fold.
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Tyres.—Holotype: USNM 152826f. Figured par-
atypes: USNM 152826a,d,h; 154718. Measured para-
types: USNM 152826a—e. Unfigured paratypes:
USNM 152826b,c,e,g.

CoMPARISON.—Phrenophoria corpulenta is char-
acterized by its rotund shape, each valve flexed
toward commissure near its anterior margin, by its
numerous, strong but rather low costae that begin
far from the beaks, and especially by its deep, wide
median trough in the brachial valve that begins
near the beak and depresses the crest of the fold
along its entire length. It looks most like P. pinguis
(Girty), from which it differs in its smaller size,
normally wider outline, more numerous and nar-
rower costae, deeper median trough in the brachial
valve, more abrupt bending of the anterior part of
each valve and lack of a gablelike ridge along the
median line of the pedicle valve. In addition, P.
pinguis has noticeable radiating fibers, and strong
growth lines concentrated near the margins of the
valves, whereas P. corpulenta has only faint hints
of radiating fibers, and few visible growth lines.
Antronaria mesicostalis (Girty) is superficially sim-
ilar to P. corpulenta, but the latter differs in its
smaller size, more abruptly bent contours, deep
trough along the fold (instead of one depressed
costa), and by internal generic features, mainly its
high median septum.

DiscussioN.—This species at first glance suggests
Rhynchopora with its squarish front, broadly
rounded costae, and short beak. It is typically
phrenophoriform in having a strong depression in
the fold of the brachial valve and in the character
of the cardinalia which do not have the apical
chamber so characteristic of punctate Rhynchopora.
Phrenophoria corpulenta is a very rare species.

Phrenophoria depressa, new species

PLATE 514: FIGURES 55-71

Small for genus, outline subtriangular, usually
slightly wider than long as adult, maximum width
at midvalve; lateral margins rounded; anterior
margin truncated and medially emarginated. Ante-
rior commissure uniplicate. Beak short, straight;
deltidial plates small. Surface hemicostate, anterior
half marked by subangular costae, 3 on fold, me-
dian costa deeply depressed, 2 in sulcus and 3 or 4
on flanks.
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Pedicle valve nearly flat in lateral profile and
gently concave in anterior profile. Umbonal region
nearly flat; sulcus originating at midvalve; abruptly
deepening and extended into narrow tongue.
Flanks nearly flat, slightly deflected anteriorly, and
strongly protuberant at anterolateral extremities.

Brachial valve bulbous, fairly strongly convex in
lateral profile, narrowly and roundly domed in
anterior profile, sides precipitous. Umbonal region
swollen, but medially sulcate, narrow, shallow
sulcus extending into fold and strongly depressing
median costa, or median two. Fold originating at
midvalve, moderately elevated and with steep sides.
Flanks swollen, and considerably depressed below
fold.

Pedicle valve interior with short, thin dental
plates separated from valve wall by very narrow
cavities. Brachial valve interior with curved socket
ridges, narrow outer hinge plates and wide, inner
hinge plates with deep reentrant. Crura not well
preserved. Median septum long and delicate.

MEASUREMENTs (in mm).—

brachial apical
valve thick- angle
length length width  ness °)
USNM 707d
148773a 8.8 7.8 10.1 6.8 90
(holotype)
148773b 9.6 8.2 9.6 54 80
148773c 8.7 7.6 94 4.3 90

STRATIGRAPHIC OCCURRENCE.—Skinner Ranch For-
mation (Sullivan Peak Member).

LocaLity. —USNM 707d.

DiacNosis.—Small Phrenophoria with flat- pedi-
cle valve, bulbous brachial valve with deeply de-
pressed median costa in the fold.

Types.—Holotype: USNM 148773a. Figured par-
atypes: USNM 148773b,h,i. Measured paratypes:
USNM 148773b,c. Unfigured paratypes: USNM
148773c—g.

CoMpARISON AND Discussion.—This is a very
rare species, most similar to P. planiventra and
repugnans, both new species. It differs from the
former in its much smaller size and more strongly
costate flanks. It has almost the same size as P
repugnans but has more strongly costate valves,
more triangular shape, and deeper brachial valve.
In spite of the differences, the three species seem
to form a characteristic group.
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Phrenophoria incomitata, new species

PLATE 521: FIGUREs 1-9

Small for genus, elongate oval outline, well but
broadly rounded sides, posterolateral margins form-
ing angle of 90°. Anterior margin narrowly
rounded. Maximum width near midvalve. Beak
moderately long, nearly straight. Surface semi-
costate, 3 costae on fold, 2 in sulcus, 2 on flanks;
median costa of fold wide and strongly depressed.

Pedicle valve moderately and fairly evenly con-
vex in lateral profile, faintly concave in anterior
profile. Umbonal region slightly swollen; sulcus
originating at midvalve, shallow, moderately wide,
forming moderately long tongue. Flanks gently
convex and protruding moderately anterolaterally.

Brachial valve about same depth as pedicle
valve, moderately convex in lateral profile but
anterior somewhat geniculated; anterior profile a
flat-topped dome with very steep sides. Fold orig-
inating somewhat anterior to midvalve, inconspicu-
ous but slightly elevated above flanks anteriorly;
fold in sulcus originating in umbonal region and
strongly depressing median costa of fold. Flanks
moderately swollen but with precipitous sides.

Pedicle valve interior with small teeth but strong
dental plates. Brachial valve with small hinge plate
and strong median septum.

MEASUREMENTS (in mm).—Holotype USNM
152827a: length 11.9, brachial valve length 10.6,
maximum width 9.9, thickness 7.2, apical angle 90°.

STRATIGRAPHIC OCCURRENCE—Bone Spring For-
mation (Cutoff Member).

LocaLity.—AMNH 678.

DiaGNosis.—Small oval Phrenophoria with three
costae on the fold.

Types.—Holotype: USNM 152827a. Figured par-
atype: USNM 152827b.

CoMPARISON AND DiscussioN.—Although only two
specimens of this species are known we have named
it because so little is known of the Cutoff Shale
fauna. The specimens consist of a complete one
conveniently broken on one side to reveal the
hinge plate and median septum, so that little doubt
exists as to its correct generic determination. The
other specimen is a pedicle valve interior display-
ing the dental plates and teeth.

The specimen, judging by its interior and the
strong development of the fold, is clearly an adult.
It is most like P. subcarinata Cooper and Grant of
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the Word Formation in the Glass Mountains, but
differs from it in a number of particulars. Speci-
mens of P. subcarinata of comparable size have
stronger and more rounded costae, a much less
prominent sulcus in the fold of the brachial valve,
more of the posterior smooth, and narrower flanks.
No other species of Phrenophoria is similar.

Phrenophoria irregularis, new species

PLATE 525: FIGURES 13-25

Medium size for genus, wider than long, trans-
versely pentagonal in outline. Widest at midvalve;
sides rounded; anterior margin broadly rounded.
Anterior commissure narrowly uniplicate. Beak
short, straight; deltidial plates small, conjunct.
Surface multicostate, costae generally narrowly
rounded, irregular in strength, occasionally inter-
calated, generally numbering 4, often 3 on fold,
one less in sulcus; costae on flanks numbering 3 to
5; umbones smooth; strong growth lamellae crowded
at anterior.

Pedicle valve gently convex in lateral profile,
greatest convexity in posterior half; anterior profile
very gently concave medially. Umbonal and median
regions somewhat narrowly swollen, swelling con-
tinuing into sulcus, there merging with surface;
sulcus broad and shallow, originating anterior to
midvalve, forming long, strongly geniculated
tongue. Flanks gently concave and slightly deflected.
Anterolateral extremities protruding moderately.

Brachial valve moderately convex in lateral pro-
file, most convexity in posterior third. Anterior
profile broadly and strongly domed, median region
conspicuously flattened. Umbonal region moder-
ately swollen but marked medially by narrow shal-
low sulcus merging with fold but not reaching
margin. Fold originating slightly anterior to mid-
valve, fairly broad and flattened, not conspicuously
elevated at front. Flanks strongly swollen and only
slightly depressed below fold at.front margin.

Pedicle valve interior with elongated large teeth
situated on valve edge; dental plates thick, short,
and separated from valve wall by very narrow
chambers. Muscle field large, occupying median
region, with deeply impressed, large adductor patch
located just at anterior ends of dental plates.

Brachial valve interior with fairly wide and
strongly corrugated sockets bounded by thick,
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curved socket ridges. Hinge plate, narrow, variable,
divided or undivided depending on age (?); outer
hinge plates narrow; inner hinge plates concave (?)
to flat, united or not, depending on age. Median
septum strong, thin, highly elevated and reaching
midvalve there serving as myophragm to divide
lateral halves of large rounded adductor field.
MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness °)
AMNH 512
152836a 12.9 11.2 15.6 82 110
(holotype)
152836b 11.8 10.6 13.3 7.0 110
152836¢ 11.5 10.6 13.7 6.5 110

STRATIGRAPHIC OCCURRENCE.—Cherry Canyon For-
mation (Getaway Member).

LocaLiTies.—AMNH 512; USNM 728.

DracNosis.—Transversely pentagonal Phrenopho-
ria having irregularly developed costae and crowded
growth lamellae at the anterior.

Type:.—Holotype: USNM 152836a. Figured par-
atypes: USNM 152836c-e. Measured paratypes:
USNM 152836b,c. Unfigured paratypes: USNM
152836b.

ComparISON AND DiscussioN.—This species is
characterized by its rounded outlines and trans-
verse form. It also has small and narrow costae
and fairly numerous costae on the flanks. It is not
like Tautosia magnisepta (Stehli), which has nu-
merous costae, because of its greater width, stronger
costae, and rounded contours. This is an uncom-
mon species.

Phrenophoria nesiotes, new species

PLATE 516: FIGURES 6—42

About average size for genus, variable, biconvex;
outline roundly and bluntly triangular to subpen-
tagonal, normally transverse; sides diverging be-
tween 80° and 120°, averaging about 105°; com-
missure narrowly to broadly wuniplicate, fold
anterior, low to moderately high, beginning 8 to
10 mm anterior to brachial beak, slightly arched
transversely, profile flatly convex, with slight dorsal
flexure at anterior boundary of smooth area of
umbo; sulcus shallow, beginning 9 to 11 mm
anterior to pedicle beak, longitudinal convexity
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uniform. Costae weak to moderately strong, strong-
est on fold and pedicle flanks, usually wide, begin-
ning 6 to 11 mm anterior to beaks, crests angular,
numbering 3-5 on fold, one less in sulcus, 2-6 on
each flank. Concentric striae faint, closely crowded
over surface of shell; growth lines irregularly
spaced, prominent only near anterior margins.

Pedicle valve nearly flat, umbonal area with
blunt, low median crest; flanks slightly reflexed,
with anterior terminations blunt; beak short, sharp,
not attenuate, not curved dorsally, but pointing
slightly ventrally; beak ridges sharp, short; lateral
pseudointerareas narrow, sharply delimited, partly
covered by edge of brachial valve. Tongue strongly
geniculated, fairly long. Delthyrium triangular,
base normally covered by pair of small deltidial
plates; apex open, forming elongate oval submeso-
thyridid foramen. Brachial valve more strongly
convex transversely than longitudinally; umbonal
region with shallow median longitudinal impres-
sion; apex of valve within pedicle valve, covered
by deltidial plates. Flanks moderately swollen.

Pedicle valve interior with delthyrium open ante-
rior to deltidial plates, sides moderately divergent;
teeth small, elongate; dental plates supporting
hinge teeth, slightly converging apically and toward
floor of valve, forming narrow delthyrial cavity;
umbonal chambers wide. Muscle area heart-shaped,
lying between and anterior to forward edges of
dental plates; adductor scars small, median, nar-
row; diductor scars larger, surrounding adductors,
widening anteriorly, meeting at median line; ad-
justor scars elongate, narrow, lying along posterior
flanks of diductors.

Brachial valve interior with large, triangular,
undivided hinge plate, often medially depressed,
simulating crural cavity; median notch shallow;
sockets elongate, deep, finely corrugated, slightly
widening anteriorly; crura slender, strong, diverg-
ing anteriorly, strongly curved ventrally, dorsal
edges carinate. Median septum high, thin in the
young, long, bisecting part of muscle area; posterior
end supporting hinge plate, often thickened. Outer
hinge plates narrow; inner hinge plates with healed
suture, flat or subangularly arched. Muscle area
elongate oval; posterior adductor scars relatively
large, subelliptical, lying at posterior flanks of
slightly larger, subcircular anterior adductor scars.

STRATIGRAPHIC OccURRENCE.—Cathedral Moun-
tain Formation (base).
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MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width ness (%)
USNM 708u
148355a 1.6 14 1.5 0.7 90
148355b 3.7 3.0 34 1.1 90
148355¢ 6.0 bb 6.2 2.0 86
148355d 8.9 8.2 9.7 3.1 87
148355e 11.32  10.6 12.9 4.9 104
148355¢ 13.0 11.7 16.3 8.4 120
148355¢g 144 134 16.8 9.8 109
148355h 16.7 15.9 19.3 11.0 105
(holotype)

LocaLiTies.—USNM 702, 708u.

Diacnosis—Large, transverse Phrenophoria with
broad costae and posteriorly thickened median
septum.

Tyres.—Holotype: USNM 148355h. Figured par-
atypes: USNM 148355a,b,c,f,g,i,j,a’; 148673a—d;
154375a—e. Measured paratypes: USNM 148355a—¢g.
Unfigured paratypes: USNM 148355d,e,h.

CoMPARISON.—Phrenophoria nesiotes is character-
ized by its transversely triangular to subpentagonal
outline, its short beak that is not dorsally curved,
its fold and sulcus that begin far forward, fold
with 3 to b broad costae beginning far forward,
visible adjustor muscle scars in the pedicle valve,
posterior and anterior adductor muscle scars in the
brachial valve that are subequal in size, and the
posteriorly thickened median septum in old adults.
It most nearly resembles juveniles of Tautosia
fastigiata, new species, differing in its more round-
ed outline, shorter and less attenuate beak that
points ventrally instead of curving dorsally as in
most species, more numerous costae on the fold,
transversely slightly arched fold, and its only
slightly reflexed pedicle valve flanks whose costae
terminate bluntly, curving slightly dorsally anterior
to the commissure. Other species of Phrenophoria
from West Texas are easily distinguishable from
P. nesiotes, especially by their costae that begin
farther back.

Phrenophoria nesiotes resembles Pugnax osagen-
sis Swallow of Tschernyschew (1902:64, 482, pl. 23:
figs. 5-9), differing in its rounder outline and less
attenuate pedicle beak, less sharply reflexed
flanks, normally more costae on the fold, absent
crural cavity, and its high median septum rather
than low median ridge (Tschernyschew, 1902:65).

DiscussioN.—As with the rest of the fauna with
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which P. nesiotes occurs, this species is unusual in
its appearance. Its costae are broadly angular but
subdued and the adult form does not have the
usual squared-off front of the type species and
related forms. Furthermore, the posterior half of
the shell is completely bare of costae. These char-
acters and the fairly transverse outline make this
form distinctive. The interior is as distinctive as
the exterior. The dental plates are very short,
fairly approximate, and subparallel; the muscle
field is small and does not reach midvalve, is well
rounded, and is not strongly expanded laterally.
The cardinalia of the brachial valve are delicate
and with narrow crura, but concave anteriorly and
with the broad posterior surface nearly horizontal.
The inner hinge plates are well developed and
show the same types of variation as those of the
type species. Some specimens have a median suture
when the plates are not completely united, but
others have a small fold along the midline.

Phrenophoria? nudumbona, new species

PLATE 522: FIGURES 1-3

Small for genus, subpentagonal outline, length
and width about equal; brachial valves much
more convex than pedicle valve. Greatest width
near midvalve. Anterior commissure strongly uni-
plicate. Surface with posterior half smooth but
anterior half strongly costate, fold having 3 costae, -
flanks 2 or 3.

Pedicle valve gently convex in lateral profile,
broadly but gently concave in anterior profile;
maximum convexity anterior to umbo. Beak nearly
straight, apical angle 102°; foramen elongate oval;
surrounded by convex but disjunct deltidial plates.
Sulcus originating at midvalve, deepening abruptly
and producing long, serrated tongue. Costae on
tongue extending to umbo. Flanks abruptly and
strongly reflected in ventral direction.

Brachial valve unevenly convex in lateral profile,
umbonal region flattened, maximum convexity in
anterior half. Anterior profile narrowly and strongly
domed.. Umbonal region gently and longitudinally
concave, concavity extending to fold beginning at
midvalve. Fold moderately elevated anteriorly with
short, steep lateral slopes. Flanks swollen and steep
sided.

MEASUREMENTS (in mm).—From locality USNM
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703d holotype USNM 148373: length 11.9, brachial
valve length 10.2, width 12.3, thickness 8.8, apical
angle 102°.

STRATIGRAPHIC OCCURRENCE.—Road Canyon For-
mation.

LocALiTiEs.—USNM 703d, 721r.

DiacNosis.—Small, pentagonal Phrenophoria?
with deep sulcus and costae of sulcus extended onto
umbonal region.

Types.—Holotype: USNM 148373.

CompArisoN.—This species is of about the same
size, shape, and general aspect as P. anterocostata,
new species, but differs from that species by having
the costae of the sulcus extended posteriorly to the
umbonal region, by having a stronger development
of the deltidial plates, a narrower sulcus, and a
more convex pedicle valve. Phrenophoria repug-
nans resembles P.(?) nudumbona, but differs in hav-
ing less angular costae, the median costa of the
fold depressed, the beak suberect, and more costae
on the flanks.

Phrenophoria pentagonalis, new species

PLATE 517: FIGURES 36, 37

Small for genus, transversely pentagonal in out-
line, width greater than length; maximum width
anterior to midvalve; sides narrowly rounded; ante-
rior margin truncated. Anterior commissure mod-
erately uniplicate. Beak small, suberect; foramen
elongate-oval; deltidial plates vestigial, disjunct.
Surface with posterior half smooth but anterior
moderately strongly costate. Costae narrowly
rounded, numbering 3 on fold, 2 or 3 on flanks.

Pedicle valve gently convex in lateral profile,
maximum convexity in posterior half; anterior
profile broadly and gently concave. Umbonal re-
gion longitudinally swollen, swelling extending to
originating point of costae. Sulcus, originating at
midvalve, fairly narrow and moderately deep.
Slopes of flanks long and gentle. Flanks marginally
deflected in ventral direction; flanks flattened.

Brachial valve evenly and gently convex in lat-
eral profile; broadly domed in anterior profile.
Umbonal region gently inflated and bearing nar-
row, shallow depression extending from beak to
fold; fold low, short, originating near midvalve.
Flanks moderately swollen and with moderately
steep slopes.
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Median septum of brachial valve long and sharp,
viewed from break in holotype.

MEASUREMENTS (in mm).—Specimens USNM
148575a (holotype) and b, respectively: length 9.4,
10.4; brachial valve length 8.6, 9.5; width 124,
18.0; thickness 6.6, 6.4; apical angle 116°, 98°.

STrRATIGRAPHIC OCCURRENCE.—Road Canyon For-
mation.

LocaLity. —USNM 703d. )

Dr1acNosis.—Small pentagonal Phrenophoria with
narrowly rounded flanks, short fold and sulcus,
and costae of sulcus not extending posterior to
midvalve.

Types.—Holotype: USNM 148575a. Figured par-
atype: USNM 148575b. Measured paratype: USNM
148575b.

CompARISON.—Phrenophoria pentagonalis has a
fairly common type of exterior but the combina-
tion of characters is different from any others. It
is like Tautosia elegans (Girty) in general outline
and ornament but has finer costae, a more convex
brachial valve, and the median costa of the sulcus
is not depressed. Another species having the same
general expression as P. pentagonalis is T. shumar-
diana (Girty) but that is a much larger species
with prominently depressed costa or costae in the
fold of the brachial valve. Tautosia transenna, new
species, is differently shaped, more robust, with
stronger costae, and more costae on flanks than
P. pentagonalis.

Phrenophoria perplexa, new species

PLATE 508: FIGURES 34-39; PLATE 516: FIGURES 43-58;
PLATE 521: FIGURES 65-73

Usual size for genus, leiorhynchiform, length and
width nearly equal; sides well rounded; postero-
lateral margins forming angle of 100° to 110°; out-
line subpentagonal. Anterior margin truncated.
Anterior commissure strongly uniplicate. Beak
short, with small elongate submesothyridid fora-
men; deltidial plates well formed, conjunct. Surface
mostly costate but umbonal regions smooth; costae
broad, angular, 4 or 5 on fold, one less in sulcus
and 2 or 3 flattened costae on flanks. Concentric
lamellae crowded at anterior margin.

Pedicle valve unevenly convex in lateral profile,
most convexity just anterior to umbo; anterior pro-
file broadly concave. Umbonal region narrowly
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convex, convexity merging into sulcus near mid-
valve. Sulcus broad and shallow, originating ante-
rior to midvalve and extending into long, blunt,
serrated tongue. Anterolateral extremities subangu-
lar and fairly prominent.

Brachial valve much deeper than pedicle valve,
evenly and moderately convex in lateral profile but
narrowly domed and strongly convex in lateral
profile and with precipitous sides. Umbonal region
marked by shallow sulcus extending onto fold
nearly to front margin. Fold originating just ante-
rior to midvalve, flattened and low, not strongly
differentiated anteriorly. Flanks moderately swol-
len, very steep.

Pedicle valve interior with small teeth elongated
parallel to shell margin and offset from it by nar-
row slit. Dental plates short, with poorly defined
and narrow umbonal cavities. Muscle field cordate,
adductors surrounded by diductors and possible
adjustor muscle scars appearing outside diductors
anterior to dental plates.

Brachial valve interior variable. Cardinalia mod-
erately large with strong socket ridges and finely
corrugated sockets. Outer hinge plates of moderate
size attaching keeled crural bases to socket ridges.
Inner hinge plates variously developed, some healed
to close median notch but others with inner plates
only modestly developed and hinge plate divided.
Crura long, curved, concave anteriorly and flat-
tened posteriorly. Median septum variously devel-
oped and forming an apical chamber in some
specimens.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness )
USNM 725¢
152828a 16.6 13.2 15.4 7.7 100
152828b 17.3 16.1 17.2 12.6 100?
152828¢ 18.3 16.8 17.0 12.0 110
USNM 740
154595a 16.6 15.6 20.0 9.6 110
(holotype)

STRATIGRAPHIC OccURRENCE.—Bell Canyon For-
mation (Hegler, Pinery, and Rader members).

Locavities—Hegler: USNM 731, 732a, 740c.
Pinery: USNM 725n, 733. Rader: AMNH 403;
USNM 725f, 725g, 740a, 7401, 740;.

DiacNosis.—Leiorhynchiform Phrenophoria with
costae extending to umbonal region, flanks with
flattened costae, and fold with four or five costae.
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Types.—Holotype: USNM 154595a. Figured par-
atypes: USNM 152828a, 154595a,b; 154665a,b;
154736-1, 154770a—d; 155074f,c; 155075-1. Measured
paratypes: USNM 152828a—c. Unfigured paratypes:
USNM 152828b,c; 154736a-k; 154665b.

CompArisoN.—This is a much larger and differ-
ently ornamented species than P. pinguis (Girty).
The costae are more angular and broader, the
brachial valve is much deeper, and the pedicle valve
develops a long anterior tongue. It differs from
P. pinguiformis, new species, in having much more
delicate valves, a much more convex brachial valve,
and a different shape and outline. It is not likely
to be confused with P. subcarinata Cooper and
Grant, which has stronger costae, is more elon-
gated, has more nearly equally deep valves, and
the costae do not extend as far posteriorly as on
the Bell Canyon species. The elongate costation,
inequivalved profile, long tongue on the pedicle
valve, and the costation of the flanks separates
P. perplexa from P. nesiotes, new species.

DiscussioN.—The exterior of this species, with
its broad and irregular costae that become some-
what vague on the lateral slopes, has a strong
leiorhynchid aspect. The costae are stronger, how-
ever, than on most leiorhynchids and extend far-
ther toward the beaks. The interior of this species
also presents some interesting features in the bra-
chial valve.

The inner hinge plates in all the adult speci-
mens available do not coalesce but act in the
nature of deltidial plates partly bridging the gap
between the proximal ends of the crura. In one of
the largest specimens the anterior ends of the inner
plates approach closely but do not join. It is prob-
able that they do join in some specimens to leave
a dorsal foramen. The inner hinge plates at the
posterior appear to join the valve floor apically to
form a small apical chamber that is only visible
in broken specimens. Anteriorly the chamber seems
to be closed by dorsal coalescence of the plates to
form the median septum which is always apical
and never conspicuous.

Perhaps the most perplexing feature of this
species is the erratic development of the median
septum. In some specimens it is well formed and
quite typical of Phrenophoria. In others it seems
to be aborted, perhaps partially resorbed, but at
any rate not well formed. It is possible that the
septum in these specimens was not well silicified
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but the good preservation of other features is not
in accordance with this view. In two specimens the
hinge plate meets the valve floor apically and the
median septum is extended anteriorly as a low
ridge. It seems evident from the specimens at hand
that this is a variable feature in a possibly un-
stable species.

Phrenophoria pinguiformis, new species

PLATE 518: FIGURE 1-24

Large for genus, outline subtrigonal to oval;
apical angle of adult 90° to 100°; posterolateral
extremities straight, lateral margins somewhat nar-
rowly rounded; anterior margin truncated but me-
dially emarginate. Anterior commissure broadly
uniplicate. Beak short suberect; foramen small sub-
mesothyridid. Surface strongly semicostate, costae
few, broad, narrowly rounded to subangular. Valves
of unequal depth, brachial valve deeper.

Pedicle valve gently convex in lateral profile,
maximum convexity posterior to midvalve, where
narrow keel forms; anterior profile nearly flat.
Umbonal and posterior region marked by low,
subangular ridge extending from beak to about
midvalve; there lost in sulcus. Beak ridges short
but strongly angular. Sulcus broad and shallow,
defined only at anterior half, occupied by two or
three costae. Flanks gently sloping, occupied by
three or four costae.

Brachial valve unevenly convex in lateral profile,
most convex in posterior half, anterior half flat-
tened; anterior profile broadly domed, top slightly
concave at midvalve, sides strongly curved and
nearly parallel. Umbonal region marked by shal-
low, narrow sulcus extending to anterior margin
and occupied by 2 costae. Fold low, flattened,
usually composed of 4 or 5 costae, median two
depressed below level of bounding ones. Flanks
swollen. Anterior usually strongly geniculated to
meet fold of pedicle valve.

Pedicle valve interior with small, elongated, cor-
rugated teeth parallel to valve margin; dental
plates thick, subparallel and forming somewhat nar-
row delthyrial chamber. Muscle field subtrigonal to
trapezoidal in outline, narrow proximal extremity
just within anterior end of delthyrial cavity, ad-
ductor scars forming long triangular patches united
medially and surrounding adductor scars.
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Brachial valve interior with small cardinalia;
socket ridges moderately thick and overhanging
corrugated sockets; outer hinge plate small and
narrow; crural bases narrow; inner hinge plates
variable, attached to median septum, depressed
and medially grooved in some specimens but in
others with healed suture and flat surface. Median
septum delicate, and uniformly thin throughout its
length.

MEASUREMENTS (in mm).—

brachial apical

valve thick- angle
length length width  ness (°)

USNM 728
148394a 9.6 8.0 9.8 44 80
148394b 126 10.8 11.3 6.3 85
148394c 14.2 12.4 13.6 6.9 90
148394d 15.5 14.1 17.2 115 95
148394e 174 15.2 17.9 11.0 90
(holotype)

148394f 17.7 15.8 17.7 10.6 95
148394g 18.5 16.6 18.0 10.6 95

STRATIGRAPHIC OCCURRENCE.—Cherry Canyon For-
mation (Getaway Member).

LocaLities.—AMNH 512, 600; USNM 728, 732.

DiacNosis.—Large coarsely costate Phrenophoria
with emarginate anterior.

Types—Holotype: USNM 148394e. Figured par-
atypes: USNM 148394d,h,n—p. Measured paratypes:
USNM 148394a-d,f,g. Unfigured paratypes: USNM
148394a—c,f,g,i-m.

ComparisoN.—This species suggests P. pinguis
(Girty) and P. subcarinata Cooper and Grant of
the Glass Mountains. It is readily distinguished
from the former by its thicker shell, broader and
more rounded costae, more robust form, swollen
valves, and its geniculated front. It is unlike the
Glass Mountains species in having a wider outline,
less swollen valves, a wider fold and sulcus, emar-
ginate anterior, and a more prominently sulcate
umbonal region.

Discussion.—This species has thick and robust
valves on which the details of the musculature are
fairly well impressed and in which the various inte-
rior structures are well developed. The exterior is
variable, but the collection is too small to be sure
of anything more than the extremes. Most speci-
mens have 4 costae on the fold, but one has 3. The
costae of some specimens are wider than that of
others and give them the appearance of being more
numerously costate, but the numbers are the same.
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Inside the pedicle valve the dental plates are
fairly long and the musculature is well impressed;
the field is somewhat triangular, with rather straight
sides to the diductor scars. The adductor scars are
well enclosed. In the brachial valve the sockets are
strongly corrugated and the hinge plate shows the
same types of variation noted in the type species.
Several specimens have a narrow groove between
the two inner hinge plates; in one specimen the
inner hinge plates are overlapping, in others they
unite with healed suture.

A feature seldom seen in late Paleozoic rhyncho-
nellids is the scar of attachment of the diductor
muscles on the dorsal hinge plate. In one excep-
tional specimen this appears as a short but wide
pit under the apex. This pit has each extremity
roughened. The structure is similar to that figured
by Cooper (1959, pl. 6, figs. 14-17) in the Recent
genus Notosaria. The adductor scars are fairly well
preserved and form an elongate scar on each side
of the median septum.

Phrenophoria pinguis (Girty)
PLATE 518: FIGURES 25-32; PLATE 522: FIGURES 8-13

Pugnax pinguis Girty 1909:319, pl. 21: figs. 21-2lc.
Not Pugnoides pinguis (Girty), R. E. King, 1931:106, pl. 34:
figs. 15-17 [= Antronaria voluminosa, new species].

The residues from the Guadalupe Mountains
have produced only three specimens referable to
this species, and we have not found it among any
of the collections obtained by more conventional
methods. The species may be rare, but it is also
possible that the type specimen is so badly dam-
aged that we have been unable to identify any
others with it. Actually the damage does not seem
sufficient to prevent discernment of the true char-
acter of the species. The specimen has been
squeezed sideways to such an extent that the right
side (when viewed from the dorsal side) has been
telescoped into the left side. Nevertheless, it seems
clear that the holotype has a strong median sep-
tum which is one of the requisite characters of
Phrenophoria.

The holotype is said to come from the “Dark
Limestone” on the north side of Pine Spring Can-
yon (chiefly float), probably from the Pinery Mem-
ber of the Bell Canyon Formation. We have it
from the Hegler Member at USNM 732a, the Pin-
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ery Member at USNM 725n, and the Capitan
Formation at USNM 748a.

The three specimens besides the type are two
brachial valves showing the interior well. The third
specimen is a nearly perfect complete one. They
all have the characteristic strong and long median
septum of Phrenophoria as well as the undivided
hinge plate.

Types.—Holotype: USNM 118570. Figured hypo-
types: USNM 154755, 154784.

Phrenophoria planifrons, new species

PLATE 518: FIGURES 33-38

Large for genus, strongly pentagonal in outline,
width slightly greater than length; sides moderately
rounded; posterolateral extremities short, forming
right angle. Valves subequal in depth. Anterior
margin nearly flat and strongly truncated. Anterior
commissure strongly uniplicate. Beak short, sub-
erect; foramen moderately large, submesothyridid.
Maximum width near midvalve. Surface finely
costate, costae not reaching umbones. Growth lines
crowded at anterior.

Pedicle valve evenly and moderately convex in
lateral profile; broadly and gently convex in ante-
rior profile. Umbonal region slightly convex me-
dially, convexity extending to sulcus; median re-
gion gently convex. Sulcus originating anterior to
midvalve, broad and shallow, defined best at mar-
gin, forming broad and flat tongue geniculated
about 90°. Sulcus occupied by 5 costae. Flanks
gently concave and marked by 5 costae.

Brachial valve gently convex in lateral profile,
umbonal region most convex; anterior profile
forming square dome with straight and parallel
sides and flat top except for slightly concave median
region. Umbonal region marked by shallow sulcus
extending to anterior margin. Fold flat, low, short,
defined at anterior, occupied by 6 costae, median
four depressed and median two more deeply sunk
than others. Flanks narrow, rounded and precipi-
tous, marked by 4 costae, these more rounded than
those on flanks of opposite valve.

Interior not known.

MEASUREMENTS (in mm).—Specimens USNM
148378a holotype and b (paratype), respectively:
length 15.2, 15.3; brachial valve length 13.0, 13.1;
maximum width 16.6, 15.8; thickness 13.6, 12.7;
apical angle 90°, 90°.
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STRATIGRAPHIC OCCURRENCE.—Cathedral Moun-
tain Formation (Institella Zone).

LocaLity.—USNM 702b.

DiagNosis.—Pentagonal Phrenophoria with great-
ly flattened anterior.

Types.—Holotype: USNM 148378a. Unfigured
but measured paratype: USNM 148378b.

CompArISON AND DiscusstoN.—This species s
unusual for thick shell, triangular lateral profile,
and the flat front with its strongly lamellose orna-
ment. The anterior surfaces of both valves are
strongly geniculated, the two geniculated parts
meeting to form the broad base for the shell. The
ornament is fairly fine and the fold and sulcus sub-
dued. The fold has the median costae sunken in a
shallow sulcus as usual for the genus. No other
species has this bizarre form.

Phrenophoria planiventra, new species
PLATE 518: FIGURES 39-50

Medium size for genus, longer than wide, outline
oval to subtrigonal; posterolateral margins straight
and forming angle of 90°. Sides narrowly rounded;
anterior margin truncated. Anterior commissure
strongly uniplicate; valves very unequal in depth
and curvature, brachial valve having the greater
degree of each. Surface semicostate, costae confined
to anterior slopes that occupy anterior third.
Costae broad and rounded. Beak suberect; foramen
small, submesothyridid.

Pedicle valve slightly convex in lateral profile,
most convex in umbonal region; anterior profile
irregular, median region narrowly convex, areas
bounding middle gently concave, with flanks nar-
row and abruptly deflected. Umbonal and median
regions marked by narrow fold disappearing at
sulcus; fold strongest near midvalve. Sulcus broad
and shallow, originating just anterior to midvalve,
occupied by 2 broad costae and extending into
short tongue geniculated at angle of about 90°.
Flanks with 3 marginal costae. Beak ridges strong;
planareas narrow.

Brachial valve strongly convex in lateral profile,
narrowly domed and with parallel sides in anterior
profile. Umbonal and median regions swollen and
marked by shallow, narrow, but prominent sulcus
extending from beak to anterior margin; fold low
convex longitudinally but flattened transversely,
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marked medially by depression of median costa
continuous with sulcus from umbonal region.
Flanks swollen and steep, marked by 3 or 4 broad,
indistinct costae.

Interior not known.

MEASUREMENTS (in mm).—From locality USNM
708 holotype USNM 148381a: length 14.5, brachial
valve length 12.5, maximum width 13.6, thickness
9.8, apical angle 90°.

STRATIGRAPHIC OCCURRENCE.—Road Canyon For-
mation.

LocaLiTies.—USNM 703, 707e.

DiacNosis.—Medium-sized Phrenophoria having
valves of greatly disproportionate convexity and
depth and a few strong costae.

TyrEs.—Holotype: USNM 14838la. Unfigured
paratype: USNM 148381b. Figured specimen:
USNM 154754,

CoMPARISON AND DiscussioN.—This species is
similar to P. repugnans, new species, and P. de-
pressa, new species, in the more than half of the
posterior part that is smooth, and in the short
costae. It is bigger than either of these two species
and is more strongly costate than P. repugnans but
less strongly costate than the other. This is a rare
species in the Road Canyon Formation, only three
specimens having been found.

Phrenophoria repugnans, new species

PLATE 519: FIGURES 1-18

Small for genus, moderately to strongly unequally
biconvex; outline narrowly oval to subpentagonal,
sides diverging between 75° and 110°; anterior
commissure narrowly uniplicate; fold narrow, an-
teriorly standing in high relief above flanks, begin-
ning about 7 mm anterior to brachial beak; sulcus
rather shallow, broadly trough-shaped, beginning
about 6 mm anterior to pedicle beak, projecting
as broad, strongly geniculated tongue into fold.
Costae weak to moderately strong on fold, with
middle one normally somewhat depressed, fine
and low on flanks, beginning 6-8 mm anterior to
beaks, numbering 3 on fold, 2 in sulcus, 3-6 (nor-
mally about 5) on each flank. Growth lines absent
over most of shell, rather strong and closely
crowded near margins.

Pedicle valve fairly flat in lateral profile, broadly
concave in anterior profile; low longitudinal gable
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on smooth part of umbonal region; flanks normally
slightly concave, prominent or reflexed in ventral
direction; beak sharp, straight, flattened, with sharp
beak ridges; lateral pseudointerareas wide, extend-
ing from valve edge to beak ridge, only partly
covered by overlapping edge of brachial valve;
delthyrium triangular, with deltidial plates con-
junct in adults, leaving elongate, eye-shaped, sub-
mesothyridid foramen.

Brachial valve strongly convex transversely, only
slightly less convex longitudinally along crest of
fold; umbonal region slightly flattened or longi-
tudinally indented, continuing course of depression
of median costa; beak blunt, apex within pedicle
valve, beneath deltidial plates.

Pedicle valve interior with strong hinge teeth,
supported by strong, nearly vertical dental plates
reaching floor of valve and with anterior edges
distinctly separate from sides of valve. Muscle area
subtrigonal, with apex between anterior edges of
dental plates; individual marks not observed.

Brachial valve interior with large undivided but
medially notched hinge plate, bounded laterally
by deep, anteriorly widening, apparently denticu-
late sockets; crura diverging forward from anterior
edge of hinge plate, strongly curved ventrally, flat
dimension parallel to valve floor; median septum
moderately high, but short, supporting hinge plate.
Muscle area extending about one third length of
valve, further details not observable.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width ness )
AMNH 591
152829a 5.0 44 5.5 2.2 97
152829b 7.8 6.8 8.0 3.3 94
152829¢ 9.3 8.3 9.9 4.6 88
152829d 9.7 9.1 9.9 8.1 92
152829¢ 10.4 9.6 11.4 8.7 106
152829f 11.0 9.9 11.8 9.0 97
152829¢g 9.8 8.9 10.8 8.3 88
(holotype)

STRATIGRAPHIC OCCURRENCE.—Bone Spring For-
mation; Skinner Ranch Formation (Sullivan Peak
Member).

Locarrties.—Bone Spring: AMNH 591. Sullivan
Peak: USNM 722-1.

DiacNosis.—Small Phrenophoria with flatly con-
cave pedicle valve, strongly swollen brachial valve,
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and median costa of fold depressed below the
others on the fold.

Types.—Holotype: USNM 152829g. Figured par-
atypes: USNM 152829b—e, 154759a, 154760. Mea-
sured paratypes: USNM 152829a—f. Unfigured par-
atypes: USNM 152829a,f; 154759b.

COMPARISON AND DiscussioN.—Phrenophoria re-
pugnans is characterized by its relatively flat pedicle
valve and strongly convex brachial valve, sharp
beak ridges, 3 costae on the fold with the middle
one normally depressed, numerous fine costae on
the flanks, and by its moderately high, but rather
short, median septum. The low median gable on
the smooth part of the pedicle valve, and the
slightly longitudinal depression of the umbonal
region in the brachial valve are reminiscent of
similar features in P. subcarinata Cooper and Grant
and to a less degree in P. corpulenta, new species.
Its flatly concave pedicle valve with winglike flanks
bearing many fine costae, and its shortened median
septum distinguish it from both of these species.
The depressed median costa of the fold is similar
to that in Tautosia elegans (Girty), but P. repug-
nans differs in its narrower outline, finer and
weaker costae on the flanks, and .flatter pedicle
valve with less sharply reflexed flanks. Phreno-
phoria repugnans is similar to T. galbina, new
species, in shape, but attains a greater size, has
stronger costae on the fold, a flatter pedicle valve,
more prominent beak ridges, and depressed median
costa on the fold.

Phrenophoria subcarinata Cooper and Grant

PLATE 522: FIGURES 14-50; PLATE 553: FIGURES 35-39

Phrenophoria subcarinata Cooper and Grant 1969:13, pl. 1:
figs. 4-12.

Larger than average for genus, strongly bicon-
vex; outline bluntly triangular to elongate oval,
sides diverging between 90° and 115°; anterior
commissure uniplicate, fold low, beginning 6-9 mm
anterior to brachial beak, sharply to gently genicu-
lated near anterior; sulcus shallow, beginning 8-10
mm anterior to pedicle beak, strongly geniculate
near anterior margin, forming short tongue. Costae
broad, low, beginning 3-6 mm anterior to beaks,
numbering 4-6 on fold, one less in sulcus, 4 or 5
on flanks. Concentric ornamentation consisting of
faint striae; growth lines prominent or abundant
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only near margins of some individuals, producing
lamellar appearance.

Pedicle valve with subcarinate crest or ridge
along smooth part of beak area, flattening toward
sulcus; beak sharp, not attenuate, slightly curved
dorsally to suberect; beak ridges prominent, sharp,
giving beak flattened aspect; lateral pseudointer-
areas very narrow or absent, covered by overlap of
brachial valve. Delthyrium triangular, base covered
by pair of slightly arching deltidial plates, forming
elongate oval submesothyridid foramen. Brachial
valve with shallow longitudinal depression on
smooth part of umbonal area posterior to fold;
apex within pedicle valve, covered by deltidial
plates. Flanks gently swollen, sloping steeply to
margins.

Pedicle valve interior with sides of delthyrium
widely diverging anterior to deltidial plates, teeth
parallel sides, supported by vertical dental plates
reaching floor of valve. Muscle area lying anterior
to edges of dental plates; adductor mark small,
subcircular, in posterior part of muscle area; di-
ductor scars larger, anteriorly expanding, surround-
ing adductor mark laterally and anteriorly.

Brachial valve interior with undivided triangular
hinge plate, bounded laterally by strong socket
ridges overhanging elongate, anteriorly widening,
finely corrugated sockets; outer hinge plates broad,
crura diverging anteriorly, strongly curved ven-
trally, dorsal edges carinate; inner hinge plates
fused, concave to convex; median septum high,
thin, long, supporting hinge plate, extending for-
ward to near anterior edge of muscle area, bisecting
it. Muscle area elongate oval; posterior adductor
scars elongate, narrow, oriented diagonally, diverg-
ing anteriorly, contiguous with larger suboval ante-
rior adductor scars.

STRATIGRAPHIC OccURRENCE—Word Formation
(China Tank, Willis Ranch, and Appel Ranch
members; lens between Willis Ranch and Appel
Ranch members).

Locavrities—China Tank: USNM 703e, 706c.
Willis Ranch: AMNH 505. USNM 706, 706e. Appel
Ranch: USNM 704, 7151, 719z, 727j. Lens: USNM
706b.

DiaeNosts.—Oval, coarsely costate Phrenophoria
with posterior of pedicle valve subcarinate and
posterior of brachial valve sulcate.

Types.—Holotype: USNM 148385e. Figured par-
atype: USNM 148385¢,d,f—i. Unfigured paratypes:
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MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness )
USNM 706b
148385a 12.9 11.0 11.2 9.3 70
148385b 13.0 11.4 11.0 9.1 70
148385¢ 13.8 12.0 11.9 9.4 80
148385d 15.6 14.1 14.9 10.8 90
148385¢ 175 15.6 17.5 14.4 100
(holotype)
USNM 719z
152830a 15.5 13.0 13.6 14.0? 80
152830b 17.3 16.6 19.2 10.3?7 100
USNM 706¢c
148387a 19.0 16.8 16.9? 15.0 95
USNM 14838ba,b. Measured paratypes: USNM

148385a-d. Figured hypotypes: USNM 148387a;
152830a,b; 154783; 154785. Measured hypotypes:
USNM 148387a; 152830a,b.

ComPARISON AND DiscussioN.—This species is
fairly common in the Word Formation especially
in the Willis Ranch Member. It is generally an
elongate oval form of moderate size for the genus,
with strong rounded to subangular costae. At the
anterior margin the fold and sulcus are not
strongly differentiated but generally three costae
appear on the fold and the median one is de-
pressed below the others.

This species belongs to the same group as P.
pinguis (Girty), and the new species P. pinguifor-
mis, P. perplexa, and P. vetula. It differs from the
first of these in generally being smaller, having
thinner shells, in having a more oval outline rather
than triangular as in P. pinguiformis, the Getaway
species, and in having less costae. It differs from
P. perplexa in being smaller, having stronger and
a lesser number of costae, in having an oval out-
line, and in having the two valves more nearly the
same depth. It differs from P. vetula in size, shape,
and ornamentation.

Phrenophoria ventricosa, new species

PLATE 523: FIGURES 1-11

Small for genus, strongly inequivalved, brachial
valve strongly ventricose; outline longitudinally
oval to subtrigonal; maximum width anterior to
midvalve; sides gently rounded; anterior margin
gently rounded. Beak short, straight to suberect;
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deltidial plates conjunct. Surface costate, costae
narrowly rounded, 3 on fold, 2 in sulcus, and 3 or 4
on flanks.

Pedicle valve gently convex in lateral profile,
maximum convexity near midvalve; anterior profile
gently concave. Umbonal region subcarinate and
marked by extension of two costae of sulcus onto
umbo, terminating near beak in some specimens,
farther anteriorly in others. Sulcus originating at
midvalve, narrow and deep, forming long narrow
tongue; flanks narrow and flattened but extending
moderately at anterolateral extremity.

Brachial valve very deep and strongly convex in
lateral profile, very narrowly and strongly domed
in anterior view, with sides precipitous and paral-
lel. Umbonal region marked by shallow, narrow
sulcus extending onto fold but not depressing
median costa significantly. Midregion strongly
bellied. Fold originating at midvalve, low and fol-
lowing curvature of valve; fold narrow. Flanks
moderately swollen and depressed below anterior
part of fold.

Pedicle valve interior with strongly developed
dental plates. Brachial valve interior with undi-
vided hinge plate and long slender crura concave
toward midvalve. Median septum, long and slender.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width ness °)
USNM 703d
148382a 10.5 9.4 10.0 8.8 80
(holotype)
148382b 9.5 8.0 8.6 7.5 70
148382¢ 8.7 7.5 8.3 6.1 80
148382d 8.2 7.4 7.9 6.4 80
148382¢ 9.6 8.2 9.8 8.0 80

STRATIGRAPHIC OCCURRENCE—Road Canyon For-
mation.

LocALity —USNM 703d.

DiagNosis.—Small, strongly ventricose Phreno-
phoria with narrow fold and sulcus.

Types—Holotype: USNM 148382a. Figured par-
atypes: USNM 148382b,e-g. Measured paratypes:
USNM 148382b-e. Unfigured paratypes: USNM
148382¢,d.

ComparisoN AND DiscussioN.—This is a small and
very ventricose species not at all typical of the
genus. Its form and size suggest those of the new
species P. planivenira, P. repugnans, and P. de-
pressa. It differs from the first in being smaller and
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more completely costate; from the second in having
a swollen brachial valve and the costae farther
posteriorly; and from P. depressa it differs in being
more completely and more strongly costate, al-
though it is about the same size.

The most remarkable features of these specimens
are the concentric bands of darker color that sug-
gest a possible gaily colored shell. The bands are
narrow and fairly evenly spaced. Only 4 of the 6
specimens exhibit the bands. If these prove to be
color bands, this will be one of the few colored
rhynchonellids known (Richter 1919:83).

Phrenophoria vetula, new species

PLATE 518: FIGURES 51-59; PLATE 519: FIGURE 38;
PLATE 524: FIGURES 10-14; PLATE 541: FIGURES 59-63;
PLATE 552: FIGURE 17

Large for genus, wider than long, outline sub-
trigonal; posterolateral margins gently convex,
forming angle of 90° to 110°. Sides narrowly
rounded; anterior margin truncated. Anterior com-
missure uniplicate. Beak nearly straight, short, with
fairly large submesothyridid foramen. Surface co-
state but umbones smooth; costae broad and
rounded, $ on fold, 2 in sulcus, and 4 on each
flank; costae of brachial valve lower and more
rounded than those of opposite valve.

Pedicle valve moderately convex in lateral pro-
file, broadly convex in anterior profile, medial
region narrowly convex. Umbonal region subcari-
nate, forming low fold uniting with median costae
occupying sulcus. Sulcus originating anterior to
midvalve, extending into short tongue. Flanks con-
cave, narrow.

Brachial valve moderately convex in lateral pro-
file, broadly domed in anterior profile. Umbonal
region moderately deeply sulcate, sulcus depressing
median costa of fold. Median region moderately
swollen. Fold low, defined only at anterior third;
flanks moderately swollen and rounded.

Pedicle valve interior not known. Brachial valve
interior with thin socket ridges, broad outer hinge
plates and inner hinge plates united with healed
suture. Median septum delicate, high, and long,
reaching about to midvalve.

STRATIGRAPHIC OccuUrRRENCE.—Cathedral Moun-
tain Formation.

LocariTies.—USNM 702, 702b, 702inst, 702-low,
721u.
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MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width ness °)
USNM 721u
154757a 17.7 15.5 17.3 12.7 101
(holotype)
USNM 702
152832 146+ 133 155 124 95
USNM 702inst
152831 15.0? 12.6? 17.8 7.82 105

DiacNosis.—Large Phrenophoria with keeled ped-
icle umbo and strong rounded costae.

Types.—Holotype: USNM 154757a. Figured par-
atypes: USNM 148373, 152832, 154757b, 154888,
154914. Measured paratypes: USNM 152831, 152832.

CoMPARISON AND DiscussioN.—This is a rare spe-
cies and the specimens are not well preserved.
Nevertheless, this is one of the earliest species of
the genus and an important representative of it.
The specimens are most like P. subcarinata Cooper
and Grant in having the keeled pedicle valve umbo,
the depression in the fold of the brachial valve,
and strong costae. It differs from P. subcarinata in
having coarse, rounded costae with 3 on the fold,
and in having a more transverse outline and smaller
cardinalia. It is quite unlike P. pinguiformis, new
species, in shape, outline, and thickness of costae
as well as interior details. It is also larger and
more strongly costate than P. pinguis (Girty).

Inside, the brachial valve has an undivided hinge
plate with the inner hinge plates united without
suture but a minute chamber is present between
these plates and the long median septum.

One of the specimens assigned to this species is
elongated and not characteristic. It is similar to
an elongate form which is a variant of P. pingui-
formis. It is likely that elongate forms may appear
among any of the species groups.

Phrenophoria species 1
PLATE 519: FIGURES 35-37

A fine species of Phrenophoria is indicated by
two brachial valves and a fragmentary third. The
best specimen measures 14 mm in length, 15 mm
in width, and 7.5 mm in thickness. The sides are
well rounded and the umbonal region is sulcate,
the sulcus continuing onto the fold, which is
short and flattened on its surface. The fold orig-
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inates at about midvalve, is low and slightly
spreading, and contains 6 costae, the median ones
of which are slightly depressed. The flanks are well
rounded and swollen, with steep sides. They have
6 costae and a possible faint seventh.

The interior has corrugated sockets, a small undi-
vided hinge plate supported by a long, delicate
but strong median septum.

STRATIGRAPHIC OCCURRENCE.—Skinner Ranch For-
mation (Sullivan Peak Member).

Locavrrties—USNM 707d, 722h.

Phrenophoria species 2

A second named species of Phrenophoria is
represented by three specimens, two of which are
complete but partly crushed. They are wider than
long, strongly costate, one with 4 costae on the
fold but the other with only 3. The flanks are
provided with 5 costae which are smaller and more
angular than those of the fold. A marked depres-
sion runs from the umbonal region through the
fold to the anterior margin. The better preserved
specimen measures 14.8 mm long, 17.9 mm wide,
and 9.7 mm thick. The specimens come from the
Road Canyon Formation at USNM 707e.

Phrenophoria species 3

PLATE 508: FIGURES 68-71

A large semicostate brachial valve with narrow,
undivided hinge plate supported by a long, thin,
elevated median septum indicates an undescribed
species. The specimen is from the Road Canyon
Formation at USNM 721j.

Holosia, new genus

[Greek holos (all)]

Holosia is suggested for a group of species having
the internal characteristics of Phrenophoria but
having elongated shells that are completely costate.

Typre-SPECIEs.—Holosia regularis, new species.

DiscusstoN.—This genus includes only a few spe-
cies at the present time, all rare. They make a
striking contrast to such typical specimens of
Phrenophoria as the type species and the widely
triangular form called Tautosia Cooper and Grant
(1969).
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Holosia ovalis, new species

PLATE 523: FIGURES 12-23

Large for genus, elongate oval in outline, sides
gently expanding to widest part anterior to mid-
valve, there narrowly rounded; anterior margin
rounded; anterior commissure uniplicate. Beak
short, suberect, foramen submesothyridid. Costae
narrowly rounded, nearly reaching beaks, 4 on fold,
3 on flanks.

Pedicle valve gently convex in lateral profile,
maximum convexity posterior to midvalve; anterior
profile gently concave with flanks sharply reflected
in dorsal direction. Umbonal region smooth, nar-
rowly convex; median region gently convex to
concave; sulcus shallow, broad, originating at mid-
valve, forming strongly geniculated short tongue
at anterior. Sulcus containing 2—4 costae; flanks
flattened, beak ridges short, angular.

Brachial valve moderately convex in lateral pro-
file, strongly domed in anterior profile, sides sub-
parallel. Umbonal region smooth, median region
moderately swollen. Fold low, narrow, originating
at midvalve, occupied by 3 or 4 costae. Flanks swol-
len but precipitous, occupied by 6 curving costae.

Interior imperfectly known; median septum long,
strongly elevated and thin, supporting broad, un-
divided hinge plate.

MEASUREMENTS (in mm).—Holotype USNM
152833c: length 15.5, brachial valve length 13.4,
width 13.9, thickness 12.4, apical angle 80°.

STRATIGRAPHIC OccURRENCE.—Road Canyon For-
mation.

LocaLity. —USNM 707e.

Diacnosis—Elongate Holosia with nearly com-
pletely costate valves, only the umbones being
smooth.

Types.—Holotype: USNM 152833c. Figured par-
atypes: USNM 152833a,b,d.

ComparisoN.—This species is like Holosia ovoi-
dea, new species, but differs in having a less ele-
vated fold and less pronounced sulcus, stronger
costae, and a truncated anterior.

DiscusstoN.—This species is represented by four
specimens, two of them complete and fairly well
preserved, a third with one side broken away reveal-
ing the interior with its long median septum, and
the fourth a brachial valve showing the hinge plate.
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Holosia ovoidea, new species

PLATE 523: FIGURES 24-28

Large for genus, elongate oval in outline, sides
gently rounded, anterior margin somewhat narrow-
ly rounded; valves of unequal depth, brachial valve
deeper; apical angle 90°. Anterior commissure
strongly uniplicate. Beak short; foramen not seen;
surface nearly completely costate except in umbonal
regions of both valves. Costae fine and narrow, 5
on fold, and 4 or 5 on flanks. Concentric lines
crowded along anterior commissure.

Pedicle valve moderately and evenly convex in
lateral profile except for sharply geniculated
tongue; anterior profile broadly and gently convex;
umbonal and median regions slightly keeled; sul-
cus scarcely discernible, marked only at anterior.
Flanks narrow and merging into convexity of valve.

Brachial valve gently convex in lateral profile
except in vicinity of fold, there strongly genicu-
lated in ventral direction; anterior profile narrowly
domed, top nearly flat, flanks sharply deflected and
approximately parallel. Umbonal and median re-
gion gently swollen; umbonal region with shallow
narrow sulcus beginning near midvalve. Fold
scarcely defined at anterior, best seen along com-
missure. Flanks flatly convex, precipitous.

Interior details, except for long crura, not visible.

MEASUREMENTS (in mm).—Holotype USNM
148398: length 15.8 plus, brachial valve length 14.5,
width 14.1, thickness 12.0, apical angle 90°.

STRATIGRAPHIC OCCURRENCE.—Cherry Canyon For-
mation (Getaway Member).

LocALity. —USNM 728.

Diacnosis.—Oval Holosia with poorly developed
fold and sulcus.

Types.—Holotype: USNM 148398.

CompArIsON.—Only one other species, Holosia
ovalis, new species, is like this one, but the two are
different in detail. Holosia ovalis has a well-marked
fold and sulcus and much stronger costae than the
Guadalupe Mountains species. The peculiar genic-
ulation at the anterior of the brachial valve of
H. ovoidea is unlike the steep but evenly convex
slopes of the Glass Mountain species.

DiscussioN.—Only a single specimen of this spe-
cies has been found. When one considers the large
samples of other species obtained at this locality,
the great rarity of this species becomes evident.
The specimen is broken at the beak and thus the
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crura can be seen. A trace of the median septum
is visible on the outside, in the middle of the
umbonal depression.

The ornament of this specimen is unusual for
the complete cover it makes of the entire shell
including the beaks. The costae are also very reg-
ular and evenly spaced. Nevertheless, the brachial
valve bears a median depression suggesting Phreno-
phoria. The hinge plate is narrow and the inner
hinge plates are united in a small anticline.
The median septum is stouter than usual in
Phrenophoria.

Holosia regularis, new species

PLATE 523: FIGURES 22-32

Usual size for genus, longer than wide, long
posterolateral margins converging at about 70°.
Maximum width anterior to midvalve; outline
elongate subtrigonal; sides narrowly rounded and
anterior margin gently rounded. Anterior commis-
sure gently and broadly uniplicate. Beak short,
straight, with small deltidial plates. Costae extend-
ing from beaks to anterior margin, direct and
regular, and broad and angular, 5 on fold, one
fewer in sulcus, and 4 on flanks.

Pedicle valve moderately but unevenly convex
in lateral profile, most curvature in anterior region;
anterior profile broadly, evenly and moderately
convex. Umbonal region moderately convex but
median region somewhat swollen. Sulcus broad and
very shallow, not well defined, beginning anterior
to midvalve; tongue short and broad. Flanks nar-
row, convex, steep.

Brachial valve about same depth as pedicle valve,
fairly evenly and moderately convex in lateral
profile; anterior profile broadly and moderately
convex with moderately steep sides. Umbonal and
median regions gently convex; fold originating
anterior to midvalve, broad and flattened, scarcely
elevated; flanks narrow, moderately swollen, and
steep.

Pedicle valve interior with small knoblike teeth,
dental plates plastered against valve wall, visible
but without umbonal cavities. Muscle field small.

Brachial valve interior with small narrow hinge
plate having stout socket ridges, narrow outer
hinge plates, narrow crural bases, and inner hinge
plates coalesced to form elevated ridge. Median
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septum elevated, stout, supporting hinge plate but
extending anteriorly only about a fifth of valve
length.

MEASUREMENTS  (in  mm).—Holotype USNM
152834: length 11.0, brachial valve length 10.0,
width 10.9, thickness 7.5, apical angle 70°.

STRATIGRAPHIC OCCURRENCE.—Bell Canyon For-
mation (Rader Member).

LocaLity —AMNH 401.

DiacNosis.—Medium-size Holosia having com-
pletely costate valves and nearly obsolete dental
plates.

Types.—Holotype: USNM 152834.

ComparisoN.—This species is readily distin-
guished from Phrenophoria subcarinata Cooper
and Grant, and P. pinguiformis, new species, by its
smaller size and the completely costate shell. In
the latter respect it resembles Holosia ovoidea, and
H. ovalis, both new species, but it is much smaller,
has different proportions, stronger costae less thick-
ness, and lacks the long anterior tongue of the
other two species.

Holosia species 1

PLATE 519: FIGURES 39, 40

A large nearly circular brachial valve 16 mm
long by 19 mm wide and completely costate repre-
sents an undescribed species. The median region
and umbonal area are marked by a shallow depres-
sion which becomes a low fold anteriorly. Costae
are narrowly rounded and number 6 on the low
poorly preceptible fold and about 8 on the flanks.
The strong median septum supports a narrow
hinge plate not quite completely united or
damaged.

STRATIGRAPHIC OCCURRENCE—Word Formation
(China Tank Member).

LocarLity —~USNM 706c.

Genus Tautosia Cooper and Grant, 1969

Tautosia Cooper and Grant 1969:14.

Tautosia includes a group of species related to
Phrenophoria that externally is typically wellerelli-
form. The species are generally transverse and have
a strong fold and sulcus, are usually paucicostate,
and have strong, angular anterolateral extremities
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on the pedicle valve. Internally these species are
like Phrenophoria with a strong median septum in
the brachial valve and an undivided hinge plate
with modified falcifer crura.

TypE SPECIES.—T autosia fastigiata Cooper and
Grant (1969:14, pl. 4: figs. 11-14).

DiscussioN.—As with many genera, a clean line
of distinction cannot always be drawn between
some species. We have placed under Phrenophoria
a few species that in external appearance are some-
what wellerelliform but which do not completely
accord with Tautosia. Generally the name Phreno-
phoria may be used for the somewhat elongate or
oval forms with leiorhynchiform exterior and
Tautosia for those transverse species with strong
costae.

Tautosia angulata, new species

PLATE 521: FIGURES 22-29

Usual size for genus, widely and angularly pen-
tagonal in outline; wider than long with postero-
lateral shoulders narrowly rounded and sides
sloping medially; posterolateral margins gently
concave, apical angle about 111°. Anterior margin
truncated; anterior commissure uniplicate. Surface
semicostate, costae thick and distant, 3 on fold,
possible on each flank.

Pedicle valve much shallower than brachial valve,
gently convex in lateral profile but broadly and
fairly deeply concave in anterior profile. Sulcus
and median costae originating at midvalve; poste-
rior half somewhat flattened with moderate slopes
to posterolateral extremities; flanks narrow, con-
cave, and with steep slopes.

Brachial valve flatly convex in lateral profile with
most convexity in anterior region; anterior profile
strongly domed with gently rounded top but pre-
cipitous slopes. Fold originating near midvalve,
flat-topped, not strongly elevated. Flanks depressed,
very narrow, and narrowly rounded.

Pedicle valve interior unknown. Brachial valve
interior with long slender median septum.

MEASUREMENTs  (in  mm).—Holotype USNM
154767 length 10.5, brachial valve length 10.3,
width 13.2, thickness 8.2, apical angle 111°.

STRATIGRAPHIC OCCURRENCE.—Road Canyon For-
mation,

LocaLity. —USNM 732j.
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Diacnosis.—Angularly pentagonal Tautosia with
thick and rounded costae on fold and sulcus and
flanks consisting of one costa.

Tyres.—Holotype: USNM 154767.

ComparisoN.—In its squat pentagonal outline
and strong distant costae this species is unlike any
other known Tautosia. The specimen is mostly
silica filled, but a part of the long slender median
septum is clearly exhibited in a fracture in the
shell made after the specimen was photographed.

Tautosia distorta, new species

PLATE 544: FIGURES 41-47

Small for genus, subpentagonal in outline; wider
than long; maximum width anterior to midvalve;
sides narrowly rounded; anterior margin broadly
curved. Beak erect; foramen small; deltidial plates
conjunct. Anterior commissure strongly uniplicate.
Posterior surface smooth but anterior strongly
costate; costae few and angular, 3 on fold, 2 or 3
on flanks.

Pedicle valve gently but unevenly convex, um-
bonal region moderately swollen; anterior profile
broadly concave. Sulcus originating just anterior
to umbonal region and posterior to midvalve,
broad and deep with long steep slopes to tongue;
costae in sulcus extending onto umbonal region.
Tongue long and strongly serrated, with broad
angle of geniculation. Flanks narrow and strongly
deflected in ventral direction.

Brachial valve nearly flat to slightly concave in
lateral profile but forming flat-topped, broad dome
in anterior profile. Lateral slopes short but steep.
Umbonal region marked by long depression ending
at distal termination of median costa of fold; fold
originating near midvalve, nearly flat to slightly
concave, distal margin slightly elevated; flanks
depressed, narrow, and completely occupied by
costae.

Interior of pedicle valve with strong dental
plates and small teeth. Interior of brachial valve
with long median septum visible through hole in
holotype.

MEASUREMENTs  (in  mm).—Holotype USNM
153488a: length 12.0, brachial valve length 10.0,
width 13.3, thickness 10.0, apical angle 91°.

STRATIGRAPHIC OCCURRENCE.—Word Formation
(Appel Ranch Member).
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Locauity.—USNM 727j.

DiagNosis.—Small Tautosia with angular outline,
oblique fold, and depressed lateral profile of the
brachial valve.

Types.—Holotype: USNM 153488a. Figured par-
atype: USNM 153488b.

ComrarisoN.—This species is unique in the
genus, with its depressed profile and relatively
shallow valves. It is similar to Tautosia transenna
from the Word Formation, but that species has a
less prominent fold, weaker costae, and different
profiles. The two type specimens are the only ones
of this species recovered from the residues.

Tautosia elegans (Girty)

PLATE 519: FIGURE 24; PLATE 523: FIGURES 33-51;
PLATE 553: FIGURE 40; PLATE 780: FIGURES 66-68 (in part V)

Pugnax elegans Girty, 1909:315, pl. 15: figs. 13-14a.

Not Pugnoides elegans (Girty) R. E. King, 1931:106, pl. 33:
figs. 12-13 [= Pontisia stehlii Cooper and Grant, 1969] or
pl. 34, fig. 4 [= Antronaria speciosa, new species].

Not Wellerella elegans? (Girty) Stehli, 1954:335, pl. 25: figs.
13-17 [= Antronaria speciosa, new species].

Not Pugnax bidentata Girty [part], 1909:318, specimen
USNM 118569b.

Average size for genus, biconvex, somewhat in-
flated; outline bluntly and transversely triangular,
sides diverging between 80° and 120°; profile nar-
rowly subtrigonal; commissure strongly uniplicate;
fold beginning 6-8 mm anterior to dorsal beak,
increasing in height to anterior margin, profile of
fold slightly convex; sulcus moderately deep, begin-
ning 6-8 mm anterior to ventral beak, maximum
convexity between anterior points of costae on
flanks. Costae weak to moderately strong, beginning
5-8 mm anterior to beaks, crests angular on fold
and pedicle flanks, bluntly rounded in sulcus and
on brachial flanks, numbering 2-4 on fold, nor-
mally 3, with median costa slightly, to strongly
depressed, one less in sulcus, 2-5 on each flank,
normally 3. Concentric ornamentation not ob-
served; growth lines normally present only near
margins.

Pedicle valve slightly inflated on smooth pos-
terior area anterior to beak; flanks slightly to
strongly reflexed; lateral profile gently convex;
anterior profile broadly and gently concave; beak
sharp, moderately attenuate, with blunt beak
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ridges; lateral pseudointerareas narrow, partly cov-
ered by slightly arched trapezoidal conjunct del-
tidial plates anteriorly labiate or alate in adults,
foramen elongate oval, mesothyridid to submeso-
thyridid.

Brachial valve deeper and more strongly convex
from beak to flanks than opposite valve; smooth
part of beak area slightly flattened or evenly arched
transversely; apex within pedicle valve, covered by
deltidial plates. Flanks moderately swollen and
convex.

Pedicle valve interior with delthyrium spreading
widely anterior to deltidial plates; teeth elongate,
parallel to sides, supported by dental plates reach-
ing valve floor. Umbonal cavities narrow, muscle
area bluntly triangular, lying just anterior to dental
plates; adductor scars median, forming small oval
impression; diductor scars large, lateral to ad-
ductors, converging to median line anterior to
adductors.

Brachial valve interior with undivided triangular
hinge plate, bounded laterally by deep, anteriorly
expanding, finely corrugated sockets; crura strong,
attached to sloping, broad outer hinge plates, di-
verging anteriorly and strongly curved ventrally,
slightly twisted, with dorsal edges keeled; inner
hinge plates united, often medially arched at their
junction. Median septum variable, usually high,
thin, long, supporting hinge plate, extending to
near middle of muscle area, bisecting it. Muscle
area oval; posterior adductor scars narrow, ante-
riorly diverging from median septum, anterior
adductor scar large, extending beyond median
septum.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width ness (°)
USNM 738
148332a 8.0 7.0 8.1 44 88
148332b 88 82 100  c.5. 95
148332c 10.4 9:2 123  c.6. 98
148332d 12.0 10.6 14.0 6.9 117
148332e¢ 11.0 10.0 15.3 9.3 112
118565 11.0 10.1 14.4 7.8 105
(lectotype)
118565a 8.9 7.9 10.8 7.4 105
USNM 738b
152835a 7.3 6.7 8.0 3.9 90
152835b 8.3 T 10.3 4.9 105
152835¢ 10.0 8.8 11.5 6.0 100
152835d 10.3 9.1 12.4 7.9 95
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STRATIGRAPHIC OCCURRENCE.—Capitan Formation;
Bell Canyon Formation (Pinery, Rader, and Lamar
members).

Locavrities.—Capitan: USGS 2926 (green); USNM
737a, 739, 740, 740n, 740k. Pinery: USNM 733.
Rader: AMNH 403; USNM 725g, 740j. Lamar:
AMNH 37, 38, 40, 401, 430; USNM 725e, 728p,
738, 738b.

DiagNosis.—Triangular Tautosia with median
costa of fold depressed.

Types.—Lectotype: USNM 118565. Figured hypo-
types: USNM 154758; 157490c,d; 154791a,c,d,e;
154921.

CompArIisoN.—Tautosia elegans is characterized
by its triangular outline, only slightly convex bra-
chial profile along the crest of the fold, commonly
slightly depressed median costa on the fold, weak
costae on the brachial flanks, and its prominent,
thin, long median septum in the brachial valve. It
most nearly resembles T. transenna, new species,
from lower in the Guadalupian, differing in its
wider outline (in adults), normally depressed mid-
dle costa of the fold, normally 2 or 3 weaker
costae on the flanks instead of 3 or 4 strong costae,
somewhat more convex profile of the fold, and
costae that begin farther back toward the beaks.
The depressed middle costa of the fold produces
a recess in the anterior margin of this species, a
feature not present in T. transenna. Tautosia ele-
gans also is externally similar to Wellerella girtyi,
new species, from which it differs in its less longi-
tudinally convex, and therefore more protruding
fold, its normally depressed median costa on the
fold, more transverse and triangular outline, and
high median septum. These features also distin-
guish it from Pontisia stehlii, new species, from
the Leonardian of West Texas, and Wellerella
osagensis (Swallow) from the Pennsylvanian.

Apparently on the basis of the depressed median
costa, this species was identified by R. E. King
(1931) and Stehli (1954) with specimens that now
are called Antronaria speciosa, new species. Taulo-
sia elegans is a rare Guadalupian species, and does
not occur in the Leonardian with A. speciosa, from
which it differs in its smaller size, less strongly and
less consistently depressed median costa, less
strongly transverse outline, fewer and weaker costae
on the flanks, and especially in its high median
septum.

The general aspect of T. elegans is rather com-
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mon, and several foreign species are similar. Pugnax
pseudoutah Huang (1933) from the Permian of
China is similar in profile, but is not as transverse
nor as triangular, and it has stronger costae on the
fold, of which the median one is not depressed,
and fewer, weaker costae on the flanks. Rhyncho-
nella edelsteini Tschernyschew (1914) is smaller,
more convex in profile, and less transverse in out-
line, although it has a similarly depressed median
costa on the fold. Tautosia elegans differs from
Rhynchonella negrii Gemmellaro (1899) in its de-
pressed median costa, more consistently 3 costae on
the fold, more transverse outline, larger size, and
more prominent fold.

DiscussioN.—This is a variable species on the
exterior. The collection includes a fair number of
lots from several localities but none is represented
by a collection large enough to give a good idea
of its variation. It is possible that subsequent col-
lecting will show the presence of more than one
species.

Tautosia expansa, new species

PLATE 524: FIGURES 1-9

Small for genus, wider than long, maximum
width near midvalve; outline subtrigonal to sub-
pentagonal; posterolateral margins forming angle
of about 90°; sides narrowly rounded; anterior
margin truncated to slightly emarginate. Anterior
commissure uniplicate. Beak moderately long,
foramen oval, often encroaching on apex, deltidial
plates disjunct. Surface except umbones costate,
costae broadly rounded and somewhat flaring ante-
riorly, 3 or 4 (rarely 2) on fold, one less in sulcus,
and 4 or 5 on flanks.

Pedicle valve gently but unevenly convex in lat-
eral profile, maximum convexity between mid-
valve and umbo; anterior profile very slightly con-
vex, flanks scarcely deflected. Umbonal region
swollen; sulcus originating near midvalve, usually
fairly broad and shallow, and produced into short
tongue. Flanks flattened and slightly deflected.

Brachial valve slightly deeper than pedicle valve,
moderately and evenly convex in lateral profile,
moderately and broadly domed in anterior profile,
sides moderately steep. Umbonal region moderately
convex but median region swollen; fold originating
at midvalve, low, anteriorly spreading, moderately
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convex in longitudinal section, only slightly ele-
vated anteriorly. Flanks moderately swollen, slightly
depressed below fold.

Pedicle valve interior with strong dental plates.
Brachial valve interior with strong socket ridges
and broad outer hinge plates supporting long
curved crura, narrow near base but expanding dis-
tally, giving appearance of being twisted near junc-
tion with hinge plate. Inner hinge plates medially
coalesced but anteriorly notched. Median septum
thin, not extending to midvalve.

MEASUREMENTS (in mm).—

brachial apical

valve thick- angle
length length width  ness °)

USNM 747
148589a 7.2 6.1 8.1 4.6 90
148589b 7.4 6.4 8.0 43 90
148589c 6.7 5.8 7.4 4.2 90
148589d 6.4 5.6 6.9 3.5 85
(holotype)

148589¢ 6.4 5.5 6.9 3.8 85
148589f 6.0 5.0 6.3 34 80

STRATIGRAPHIC OCCURRENGE.—Bone Spring For-
mation (Cutoff Member).

LocALity.—USNM 747.

DiagNosis.—Tautosia with soft contours and low
fold.

Types.—Holotype: USNM 148589d. Figured par-
atypes: USNM 148589c,e,g,. Measured paratypes:
USNM 148589a—c,e,f. Unfigured paratypes: USNM
148589a,b,f.

ComparisoN.—This species superficially looks like
Wellerella girtyi, new species, but that species is a
larger one with half the valve smooth at the pos-
terior end. Wellerella nitidula and Pontisia frank-
linensis are small new species but both of them are
strongly convex and attain a greater thickness than
the Cutoff specimens. This is true also of most of
the Pennsylvanian species figured by Dunbar and
Condra (1932) except for W. delicata. The latter is
ornamented quite differently from the Cutoff
species.

Tautosia fastigiata Cooper and Grant
PLATE 524: FIGURES 15-53; PLATE 525: FIGURE 1

Tautosia fastigiata Cooper and Grant, 1969:14, pl. 4: figs.
11-14.

Large for genus, biconvex, flattened to some-
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what inflated; outline transversely triangular, about
one third wider than long; sides diverging between
80° and 120°, averaging 104°; profile subtrigonal;
commissure uniplicate; fold high, beginning 6-8
mm anterior to brachial beak, increasing in height
anteriorly, ending abruptly, not flexed at anterior,
transversely nearly straight or slightly arched; sul-
cus deep, beginning 10-12 mm anterior to pedicle
beak, evenly curved anteriorly, not geniculate.
Costae strong, angular, beginning about 6 mm
anterior to brachial beak, about 9 mm anterior to
pedicle beak, numbering 3-7 on fold, normally 5,
invariably one less in sulcus, numbering 5-7 on
flanks; crests of costae nearly concordant. Concen-
tric ornamentation obscure; growth laminae promi-
nent only near margins.

Pedicle valve slightly convex longitudinally from
beak to flanks, with greatest convexity about 4 mm
anterior to beak; strongly convex from beak
through sulcus; gently convex transversely; beak
straight, sharp, flat, attenuate, may have slight
median crest, more-or-less prominent beak ridges;
lateral pseudointerareas narrow to moderately wide,
straight, extending from posterior costa of flanks
to edge of delthyrium, width dependent upon
amount of overlap by brachial valve. Delthyrium
on dorsal side of beak, narrowly triangular, base
covered by two flat trapezoidal deltidial plates,
leaving apical part open as elongate oval meso-
thyridid foramen. Brachial valve moderately convex
along median line, strongly convex toward flanks,
strongly convex transversely; smooth part of umbo
flattened or slightly indented, producing gently
rounded beak ridges; apex of beak within pedicle
valve, just beneath deltidial plates.

Pedicle valve interior with delthyrium wide open
anterior to deltidial plates, each side with a strong
nodular, elongate tooth, parallel to edge of del-
thyrium, supported by strong, vertical dental plate
reaching floor of valve. Muscle area anterior to
ends of dental plates; adductor scars small, oval,
bilobed at posterior end, lying along each side of
median line; diductor scars somewhat wider, elon-
gate, lateral, and anterior to adductor scars.

Brachial valve interior with triangular undivided
hinge plates bounded laterally by deep elongate
corrugated hinge sockets; crura projecting forward
from edge of hinge plate, on each side of midline,
diverging anteriorly and strongly curving toward
pedicle valve, normally only slightly twisted, dorsal
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edge carinate; median septum high, supporting
hinge plate to apex of valve, extending about half-
way along septum; posterior adductor scars small,
elongate, anteriorly divergent; anterior adductor
scars larger, lying on either side of septum, but
extending beyond end of septum, slightly expand-
ing anteriorly.
MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width ness )
USNM 702b
148342a 4.0 3.1 3.2 12 85
148342b 4.9 3.9 4.2 L5 90
148342c 5.9 4.8 4.9 L5 70
148342d 8.0 6.3 7.6 2.5 83
148342e 8.9 7.0 7.8 2.9 80
148345a 12.7 ? 12.8 ? 90
148345b 18.0 15.4 21.6 12.2 90
148345¢ 18.3 16.5 20.0 8.3 97
148345d 20.9 18.0 25.0 114 100
148345¢ 224 19.6 28.3 12.8 111
148345f 21.7 18.7 29.5 15.0 111
(holotype)

STRATIGRAPHIC OccURRENCE.—Cathedral Moun-
tain Formation; Skinner Ranch Formation.

LocariTies.—Cathedral Mountain: AMNH 500F,
500H, 500M; USNM 702, 702b, 702un, 703b, 726x,
731b. Skinner Ranch: 724q.

DiacNosis.—Large, wide Tautosia with straight
beak.

Types.—Holotype: USNM 148345f. Figured par-
atypes: USNM 148345e. Figured hypotypes: USNM
148342c,e; 154792a—c; 154793a,c-f; 154794a,c,d;
154795; 154796a. Measured paratypes: USNM
148345a—e. Measured hypotypes: USNM 148342a-e.
Unfigured paratypes: 148345a—d.

ComparisoN.—Tautosia fastigiata is characterized
by its large size, transverse outline, strong and
numerous costae whose crests are nearly equal to
one another in height, its attenuate beak with
beak ridges, flattened or slightly indented dorsal
umbo, and by its high, bladelike median septum.
Among species of the Glass Mountains it closely
resembles Antronaria voluminosa, new species, in
its size and outline. Tautosia fastigiata differs in
its somewhat smaller, sharper and more numerous
costae (normally 5 on the fold, in contrast to 4 on
the fold of A. voluminosa), more attenuate beak
with beak ridges, and less widely divergent sides,

SMITHSONIAN CONTRIBUTIONS TO PALEOBIOLOGY

and higher median septum. In 4. voluminosa the
crests of the costae on the fold bend sharply ven-
trally immediately posterior to the commissure,
whereas in T. fastigiata the crests terminate abruptly,
forming a sharp point. Furthermore, the sulcus of
T. fastigiata is nearly uniformly convex from beak
to anterior margin, but that of 4. voluminosa is
more strongly flexed at some point near, but pos-
terior to the anterior margin.

Another large and transverse species is 4. mesi-
costalis (Girty). However, it is smaller than the
average specimen of T. fastigiata, more transverse,
and its costae lower and finer. The middle costa
of the fold of 4. mesicostalis is depressed in most
specimens below the level of the others.

DiscussioN.—Tautosia fastigiata varies in size,
convexity, outline, and number of costae. Most
adult specimens have 5 costae on the fold, but most
juveniles smaller than 10 mm in length have only
3. When the shell is between 7 and 12 mm in
length, 2 costae are normally added, one on each
side of the fold. Juveniles are sufficiently different
from the adults to produce confusion unless a
continuous growth series is available for study.
The features that are constant from juvenile to
adult, and which unite the species are the dorso-
ventrally flattened pedicle valve that is only
slightly curved dorsally and has sharp beak ridges,
the relatively large smooth area of the umbones,
with the brachial umbonal area flattened and nor-
mally slightly longitudinally indented, and the
high median septum. The species that is most
likely to be confused with the juveniles of T.
fastigiata is Pontisia stehlii Cooper and Grant. The
above-mentioned characters distinguish them, and,
in addition, juveniles of T. fastigiata are rather
sharply bent at the posterior edge of the smooth
area of the brachial umbo, whereas in P. stehlii the
convexity of the brachial valve is more uniform,
producing a much more elevated anterior end of
the fold.

Nearly full grown specimens of Anironaria dis-
sona, new species, bear some resemblance to juve-
niles of T. fastigiata. The latter may be distin-
guished by their less transverse outline, more
frequent possession of more than 3 costae on the
fold, flattened pedicle beak with sharp beak ridges,
and especially by the high median septum in the
brachial valve.
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Tautosia galbina, new species
PLATE 525: FIGURES 2-12

Small for genus, biconvex; outline bluntly tri-
angular, sides diverging between 80° and 110°;
profile lenticular; anterior commissure uniplicate,
fold low to moderately high, beginning 3-6 mm
anterior to brachial beak, profile gently convex;
sulcus shallow, beginning 4-6 mm anterior to
pedicle beak, maximum convexity between anterior
ends of costae of flanks. Costae weak to moderately
strong, narrow crests rounded, beginning 4-6 mm
anterior to beaks, strongest on fold, there number-
ing 3, 2 in sulcus; costae strong on pedicle flanks,
numbering 4-6, becoming weaker laterally, weak-
est on brachial flanks. Concentric ornamentation
absent; growth lines faint and few.

Pedicle valve moderately convex, smooth part of
umbonal area slightly inflated; flanks slightly con-
vex to slightly reflexed; beak relatively blunt,
slightly flattened, not attenuate, suberect; beak
ridges sharp, short; lateral pseudointerareas very
narrow or absent; little overlap of valves. Del-
thyrium triangular, base covered by two small,
slightly arching deltidial plates; apical portion
open, forming elongate oval submesothyridid for-
amen. Brachial valve strongly and narrowly con-
vex in anterior profile; smooth area of umbo flat-
tened in profile, slightly flattened to evenly arched
transversely; beak within pedicle valve, covered by
deltidial plates.

Pedicle valve interior with widely expanding
delthyrium, with elongate teeth, supported by short
dental plates reaching valve floor. Muscle area
large, between and anterior to dental plates, widely
expanding anteriorly, occupying as much as half
valve length; adductor scars median, forming small
subcircular mark; diductor scars surrounding ad-
ductors laterally and anteriorly, much larger,
greatly widening anteriorly.

Brachial valve interior with undivided triangu-
lar hinge plate, bounded laterally by elongate, deep,
anteriorly widening, finely corrugated sockets;
crura diverging anteriorly from forward edges of
hinge plate, strongly curved ventrally, often
twisted, dorsal edges keeled; median septum high,
bladelike, long, bisecting posterior part of muscle
area, supporting hinge plate. Muscle area elongate
oval; posterior adductor scars elongate, anteriorly
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divergent, flanking larger, median, anteriorly
widening anterior adductor scars.
MEASUREMENTS (in mm).—
brachial apical
valve thick- angle
length length width ness )
USNM 707e
148352a 5.6 5.1 6.5 3.4 90
148352b 6.2 5.6 6.1 4.0 85
148352¢ 6.9 6.0 6.7 4.5 91
148352d T 6.4 7.8 5.0 100?
USNM 722g
154798b 72 6.2 7.7 45 101
(holotype)

STRATIGRAPHIC OCCURRENCE.—Road Canyon For-
mation.

LocaLiTiEs—AMNH 509; USNM 703, 707e, 722g.

DiacNosis.—Small Tautosia with flanks having
many costae.

Types.—Holotype: USNM 154798b. Figured par-
atypes: USNM 148352a,d,e; 154797; 154798a. Mea-
sured paratypes: USNM 148352a-d.

ComparisoN.—Tautosia galbina is characterized
by its small size, slightly flattened smooth part of
umbonal area, low costae on the flanks, and its
high, bladelike median septum. A similar species
is Wellerella tetrahedra Dunbar and Condra (1932,
pl. 87: figs. 11-16) from the Pennsylvanian of Mis-
souri. Tautosia galbina differs in its more numerous
lateral costae, normally nonreflexed pedicle flanks,
less inflated brachial umbonal area, and especially
in its much higher and longer median septum.

The species does not closely resemble others from
the West Texas Permian. It is similar to Cenor-
hynchia fracida, new species, from which it differs
in its smaller maximum size, more transverse out-
line, less strongly curved pedicle beak, and espe-
cially its many costae on the flanks. This is a smaller
and very rare species. The collection contains only
four lots and none with abundant specimens.

Tautosia lenumbona (Stehli)
PLATE 525: FIGURES 26-35

Terebratuloidea? lenumbona Stehli, 1954:338, pl. 25; figs.
28-30.

Small for genus, slightly wider than long; sub-
triangular to subpentagonal in outline, maximum
width near midvalve; sides somewhat narrowly
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rounded; apical angle variable up to 100°. Ante-
rior commissure uniplicate. Deltidial plates rudi-
mentary; beak short, acute, generally erect. Surface,
except beaks and umbonal region, costate, costae
narrowly rounded, direct, usually 4 or 5, rarely 6,
on fold, one less in sulcus, and 3 or 4 on flanks.

Pedicle valve very gently convex in lateral pro-
file and nearly flat in anterior profile; umbonal
region narrowly swollen; sulcus originating poste-
rior to midvalve, broad and shallow, extending
into long tongue. Flanks fairly strongly deflected,
narrow, gently concave.

Brachial valve fairly strongly convex in lateral
profile, broadly domed and with very steep sides
in anterior profile. Umbonal region moderately
swollen. Fold beginning near midvalve, low, flat-
tened, only slightly elevated above flanks at ante-
rior. Median region marked by narrow, shallow
sulcus extending along midline to anterior margin
and depressing median costae of fold. Flanks fairly
strongly swollen.

Pedicle valve interior with small teeth, elongated
and attached just inside valve margin; dental
plates variable, usually thin, with very narrow um-
bonal chambers filled by shell in some specimens,
thus obscuring dental plates. Muscle field short,
triangular.

Brachial valve with strong curved socket ridges
and corrugated sockets; hinge plate undivided,
with broad outer hinge plates and long slender,
bladelike flattened crura. Median septum thin,
strong and extending to midvalve; adductor field
forming heart-shaped pattern with point posterior.
Anterior adductors lying inside posterior pair.

MEASUREMENTS (in mm).—Hypotypes USNM
152837 and 152838, respectively: length 7.3, 6.8;
brachial valve length 6.4, 6.0; width 8.2, 6.8; thick-
ness 4.5, 3.8; apical angle 90°, 80°.

STRATIGRAPHIC OCCURRENCE.—Bone Spring For-
mation (lower).

LocarLiTiEs.—AMNH 625, 629; USNM 728f, 728h.

Diacnosis.—Small Tautosia with 4 or more co-
stae on the fold; sulcus originating posterior to
midvalve.

Typres—Holotype: AMNH 27320/1:1. Figured
paratype: AMNH 27320/1:2. Figured hypotypes:
USNM 152837, 154799a, 155105a—c.

ComprARIsSON AND DiscussioN.—This species is
characterized by its numerous costae and its small
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size. Stehli assigned it to Terebratuloidea with a
query, in the belief that it had no dental plates.
He also did not have the brachial valve. We ob-
tained additional specimens and have both valves.
The species proves to have dental plates and the
brachial valve has a thick median ridge. It is there-
fore not referable to Terebratuloidea.

Among Sierra Diablo species it might be con-
fused with Tautosia magnisepta (Stehli), but it is
smaller than that species, commonly has more
costae on the fold and in the sulcus, and is differ-
ently shaped. It is also similar to Pontisia longi-
costa (Stehli) but is larger; the pedicle valve of
that species is flatter, more triangular, the fold and
sulcus have only 8 and 2 costae, respectively, and
dorsal valve lacks a median septum. Tautosia
expansa, new species, from the Bone Spring For-
mation (Cutoff Shale Member) is similar, but the
Sierra Diablo species has more costae and they
extend farther posteriorly than those of T. expansa.

Tautosia magnisepta (Stehli)
PLATE 525: FIGURES 3645

Wellerella magnisepta Stehli, 1954, pl. 25: figs. 10-12.

Medium size for genus, length and width about
equal; maximum width at midvalve; outline sub-
triangular, sides long and rounded but anterior
narrowed and truncated. Anterior commissure
strongly uniplicate. Beak short, deltidial plates
small, conjunct. Surface costate, except for beaks
and umbonal regions. Costae narrow and angular,
4 or 5 on fold, median costae generally depressed;
3 or 4 costae in sulcus and 4 or 5 on flanks.

Pedicle valve with gently convex lateral profile,
most of curvature posterior to midvalve; anterior
profile nearly flat, varying from slightly concave
to slightly convex. Umbonal and median region
slightly carinated and marked by posterior exten-
sion of median costae. Sulcus originating anterior
to midvalve, broad and shallow and extending into
strongly geniculated but short tongue. Flanks
slightly concave; anterolateral extremities slightly
extended.

Brachial valve moderately convex in lateral pro-
file, most convex in posterior part; anterior profile
strongly and broadly domed with top flattened.



NUMBER 21

Fold low and inconspicuous, originating at about
midvalve, usually with median depression extend-
ing from umbonal region to anterior margin, de-
pressing median costae. Flanks swollen and slightly
depressed below fold at anterior part.

Pedicle valve interior with elongated teeth lo-
cated on shell margin; dental plates stout, vertical,
slightly divergent. Muscle field somewhat posterior
in location, subtriangular; adductor scars small,
situated near ends of dental plates.

Brachial valve with long thick socket ridges and
corrugated sockets; hinge plate undivided, not
medially indented, separate elements not clearly
defined. Outer hinge plates broad, inner hinge
plates narrow, usually tightly welded; apex with
minute pit.

MEASUREMENTS (in mm).—

brachial apicai
valve thick- angle
length length width ness (°)
USNM 728f
148355a 10.8 8.8 10.9 7.0 95
148355b 12.7 i 14.4 ? 100
148355¢ ? 10.6 13.6 ? ?

STRATIGRAPHIC OCCURRENCE.—Bone Spring For-
mation (lower).

LocaLities—AMNH 629, USNM 728f.

Diacnosis.—Nearly completely costate Tautosia,
costae fine, and with short sulcus and low fold.

Types.—Holotype: AMNH 27334/1:2. Figured
paratypes: AMNH 27334/1:2,3. Figured hypotypes:
USNM 148355a-d, 154800. Measured hypotypes:
USNM 148355a—c.

CoMPARISON AND DiscussioN.—This species is
characterized by its fairly large size, the numerous
costae, and their extension onto the umbonal region
of both valves. They differ from Tautosia lenum-
bona (Stehli) in size, in generally having less
costae on the surface, and in having more elongated
valves. The prominent median septum serves to
distinguish T. magnisepta from any species of
Wellerella. This is an uncommon species in the
Sierra Diablo.

Several specimens of this species have the inner
hinge plates united without suture and the hinge
plate surface is nearly smooth. A few specimens,
however, have the inner hinge plates overlapped
medially but not anteriorly united. No evidence of
an apical chamber was seen in any of the specimens.

1981

Tautostia podistra, new species
PLATE 525: FIGURES 46-51

Small for genus, biconvex; outline bluntly equi-
laterally triangular to subpentagonal, sides diverg-
ing between 70° and 115°; anterior commissure uni-
plicate, fold moderately low, beginning 3 or 4 mm
anterior to brachial beak, profile gently convex,
curvature strongest near anterior margin; sulcus
shallow, beginning 3-5 mm anterior to pedicle
beak, curvature of profile nearly uniform. Costae
moderately high, crests blunt, beginning 2 or 3 mm
anterior to beaks, strongest on fold and pedicle
flanks, numbering 3 on fold, 2 in sulcus, 2 or 3 on
flanks. Concentric ornamentation absent; growth
lines few, faint.

Pedicle valve with smooth part of umbo slightly
inflated; flanks moderately convex, normally not
reflexed or only slightly reflexed; beak sharp, some-
what attenuate, moderately curved dorsally; beak
ridges blunt, short; lateral pseudointerareas narrow
or absent, only slight overlap of valves. Delthryium
triangular, base covered by pair of triangular to
trapezoidal conjunct deltidial plates, slightly arched
dorsally; apical part open, forming elongate oval
foramen. Brachial valve moderately convex, longi-
tudinal profile of smooth part of umbonal area
flattened, transverse profile flattened to slightly
indented; highest part of fold slightly convex; beak
within pedicle valve, covered by deltidial plates.

Pedicle valve interior with delthyrium expand-
ing at same rate as externally, each side with an
elongate tooth, supported by vertical dental plate
reaching floor of valve. Muscle area lying anterior
to dental plates, narrowly expanding anteriorly;
adductor scars not observed: probably as in other
species of genus.

Brachial valve interior with undivided triangular
hinge plate, bounded laterally by elongate, deep,
anteriorly expanding, finely corrugated sockets;
crura diverging forward from anterior edge of
hinge plate, strongly curved ventrally, dorsal edges
carinate; median septum short, high, supporting
hinge plate, descending anteriorly as moderately
long, thin ridge bisecting posterior part of muscle
field. Muscle area oval, subdivisions on available
specimens too faint to be observed.

STRATIGRAPHIC OCCURRENCE.—Skinner Ranch For-
mation (Sullivan Peak Member).
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MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness )
USNM 707-1
152839a 44 3.6 40 2.0 71
152839b 6.0 5.0 6.1 44 89
152839c 6.9 59 7.1 49 102
(holotype)
152839d 73 5.9 8.2 45 110
USNM 710r
152840a 8.5? 7.4 8.4 6.2 100
152840b 8.62 7.5 100 65 111

LocaviTies.—Sullivan Peak: USNM 707-1. Skin-
ner Ranch: 710r, 712p.

DiagNosis.—Small Tautosia with flattened bra-
chial umbo.

Types.—Holotype: USNM 152839c. Figured par-
atypes: USNM 152839e,g. Measured paratypes:
USNM 152839a,b,d; 152840a,b. Unfigured para-
types: USNM 152839a,b,d,f.

CompARIsON.—Tautosia podistra is characterized
by its small size, flattened profile of the brachial
umbonal area, slightly inflated pedicle umbonal
area, relatively narrow outline, and its high blade-
like median septum. It most nearly resembles juve-
niles of Tautosia fastigiata Cooper and Grant from
the Cathedral Mountain Formation of the Glass
Mountains, differing in its narrower outline, less
attenuate pedicle beak with blunt beak ridges,
fewer costae on the flanks, costae on the fold that
begin much farther back, and especially by its
small maximum size. It is distinguished from Pon-
tisia kingi, new species, which also occurs in the
Wolfcampian, by its smaller size, less strongly
hooked pedicle beak, and high median septum.
Externally it is somewhat similar to Wellerella
girtyi, new species, from the Guadalupian, and to
Pontisia stehlii Cooper and Grant, from the Leonar-
dian, but differs from both of these in its smaller
size, more flattened profile of the brachial umbonal
area, and by the presence of a high median septum.

Tautosia pulchra, new species
PLATE 515: FIGURE 29; PLATE 526: FIGURES 1-20

Medium size for genus, subtrigonal to subpen-
tagonal in outline, posterolateral margins straight,
forming apical angle of 80° to 95°. Sides narrowly
rounded, maximum width near midvalve. Anterior
margin broadly rounded to truncated. Anterior
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commissure fairly strongly uniplicate. Beak short,
foramen small, submesothyridid and bounded an-
teriorly by conjunct, gently convex deltidial plates,
some specimens with elevated rims. Surface semi-
costate, costae subangular, appearing near mid-
valve, and usually somewhat variable. Concentric
lines weak or not preserved.

Pedicle valve gently convex in lateral profile,
most convex in posterior half; anterior profile
flatly convex with flanks only slightly deflected.
Umbonal region swollen narrowly and forming
indistinct fold extending to sulcus; median region
slightly swollen. Sulcus originating at midvalve,
broad and shallow, occupied by 2 costae, more in
rare specimens. Flanks flattened, slightly deflected
in dorsal direction and marked by 4 or 5 costae.

Brachial valve fairly strongly and evenly convex
with maximum convexity near midvalve; anterior
profile somewhat narrowly domed but median
region narrowly and gently sulcate and sides steeply
descending. Umbonal region moderately swollen
and medially sulcate. Median region strongly swol-
len, producing fairly steep anterior slope. Fold low,
formed of 3 costae, median one slightly depressed.
Flanks swollen, steep, marked by 4 costae.

Pedicle valve interior with strong but small
teeth and strong, subparallel dental plates. Brachial
valve interior with thin socket plates overhanging
elongate, corrugated sockets; outer hinge plates
narrow; crura long and slender; inner hinge plates
united, usually flat but concave in some specimens,
united with strong but thin and long median
septum, this not reaching midvalve.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width ness (°)
USNM 702
148374a 11.8 10.4 12.6 74 90
148374b 12.0 10.1 13.4 7.8 90
(holotype)
USNM 702ent
148368a 3.0 24 2.6 1.1 80
148368b 4.2 3.3 3.8 14 80
148368c 5.7 4.7 5.4 1.7 90
148368d 7.4 6.3 7.1 2.5 80
148368¢ 8.2 7.1 8.0 4.0 85
148368f 8.8 7.7 9.6 4.7 85
148368g 10.0 8.4 10.3 6.0 90
148368h 10.8 9.1 9.9 6.6 85
1483681 115 10.0 13.0 6.4 90
148368 11.8 10.2 13.2 8.2 95
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STRATIGRAPHIC OccURRENCE.—Cathedral Moun-
tain Formation.

LocaLiTies.—USNM 702a. 702, 702ent, 702 low,
708, 721u.

DiacNosis.—Paucicostate Tautosia with anterior
of brachial valve moderately geniculated.

Tyrpes.—Holotype: USNM 148374b. Figured par-
atypes: USNM 148368b-d, f-h; 148374a; 154801a,c;
154730. Measured paratypes: USNM 148368a-j,
148374a. Unfigured paratypes: USNM 148368a,e;
154801b. Figured specimen: USNM 154730.

CompARISON AND DiscussioN.—This is a variable
species with 3-5 costae on the fold and a conse-
quent difference in the size of the costae. The
species is unlike any of the other septum-bearing
wellerelliform species. It has some resemblance to
Tautosia transenna, but its sides are rounder and
softer in appearance and its costae distinctly less
coarse. It suggests Pontisia stehlii Cooper and Grant
(1969), but has finer costae, is a less robust species,
and has the geniculated front not present in other
species.

Although T. pulchra is about average size, the
shell is extremely thin and delicate. The hinge
plate is small but the septum is stout. The hinge
plates are healed and no trace of an apical plate
was seen.

Tautosia shumardiana (Girty)

PLATE 526: FIGURES 21-51; PLATE 553: FIGURES 1-9;
PLATE 757: FIGURES 8-17 (in volume 5)

Pugnax shumardiana Girty, 1909:316, pl. 15; figs. 15-17c.

Not Pugnoides shumardianus (Girty) R. E. King, 1931:107,
pl. 34: figs. 13-14 [= Pontisia cf. P. stehlii Cooper and
Grant, 1969].

Large for genus, biconvex, somewhat flattened
to inflated; outline elongate to transversely triangu-
lar, sides diverging between 75° and 115°; profile
elongate lenticular to convexly subtrigonal; com-
missure uniplicate; fold moderately high, begin-
ning 7-10 mm anterior to brachial beak, longi-
tudinal profile flatly convex; sulcus shallow, strong-
est longitudinal convexity just behind anterior
margin, continuing nearly to pedicle beak as slight
indentation of smooth part of umbo. Costae weak,
beginning 4-7 mm anterior to beaks, highest on
fold, weak in sulcus and on pedicle flanks, weak or
absent on brachial valve flanks, numbering 3-5 on
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fold, 5 formed by branching of lateral two, middle
one commonly depressed, one less in sulcus than
on fold, 3 or 4 on flanks. Concentric ornamenta-
tion weak or absent; growth lines faint.

Pedicle valve strongly convex longitudinally
near beak; transverse profile indented by back-
ward continuation of sulcus; flanks gently convex,
slightly reflexed in few individuals; beak sharp,
attenuate, dorsally curved; beak ridges rounded;
lateral pseudointerareas absent, with no overlap of
valves. Delthyrium triangular, open, without del-
tidial plates. Brachial valve more strongly convex,
profile somewhat flattened along crest of fold; apex
only slightly curving into pedicle valve.

Pedicle valve interior with widely expanding del-
thyrium; teeth elongate parallel to side of delthy-
rium, supported by vertical dental plates reaching
floor of valve. Muscle area just anterior to edges
of dental plates, oval, with small median adductor
scar surrounded laterally and anteriorly by larger
diductor scars.

Brachial valve interior with triangular undi-
vided hinge plate bounded laterally by elongate,
anteriorly widening, finely corrugated hinge sock-
ets; crura diverging anteriorly from edges of hinge
plate, curving ventrally, dorsal edges carinate;
median septum long, thin, bladelike, moderately
high. Muscle area large, oval, located in smooth
area of umbo, details of pattern unknown.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness °)
USNM 740
148680a 7.8 7.3 7.8 3.4 84
148680b 9.8 8.7 10.9 5.3 95
148680c 13.3 11.2 16.4 8.0 104
USNM 737a
148675 109 10.0 129 5.6 114
USGS 2926
118566a 15.2 13.2 15.2 9.9 94
(holotype)

STRATIGRAPHIC OCCURRENCE.—Capitan Formation;
Bell Canyon Formation (Hegler, Pinery, Rader,
and Lamar members).

LocaLiTies—Capitan: AMNH 804, 847; USGS
2926 (green); USNM 7251, 732q, 737a, 738a, 739,
740, 740k, 740m, 740n, 750a, 750b. Hegler: USNM
731. Pinery: AMNH 33, 398, 401, 524; USNM 725n.
Rader: USNM 725g, 740a, 740i. Lamar: AMNH
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347 (=1-2), 348 (=L-3), 430; USNM 725e, 728p,
728r, 738.

Diacnosis.—Large Tautosia with weakly costate
flanks.

Types.—Holotype: USNM 118566a. Unfigured
paratypes: USNM 118566¢ (not 118566b=?). Fig-
ured hypotypes: USNM 148675; 148680c,d; 154802b;
154803a-d; 154804; 154805; 154920a—c.

CoMPARISON.—T autosia shumavrdiana is charac-
terized by its triangular outline, longitudinally flat-
tened fold with 3 costae, or with 5 if the lateral
two have branched, weakly costate to smooth bra-
chial flanks, costae that begin far forward of the
beaks, sulcus that extends as a shallow indentation
nearly to the apex of the pedicle beak, and its
thin, prominent median septum. Some individuals
resemble specimens of T. elegans (Girty) but the
greatly extended sulcus and weakly costate flanks
distinguish them. The triangular outline and pedi-
cle indentation distinguishes T. shumardiana from
the more nearly round outline and brachially
indented Phrenophoria pinguis (Girty). Anteridocus
swallovianus (Girty) is smaller, has a triangular to
pentagonal outline, no median septum, and greatly
inflated rather than indented or troughed beak
areas.

DiscussioN.—As with most of the rhynchonellid
species of the Bell Canyon Formation members and
the Capitan Limestone it is difficult to obtain large
lots. This is true of T. shumardiana. Consequently
the full range of variation cannot be stated for the
species. As usual the number of costae on the fold
is variable, some specimens having 4 or 5 rather
than 3, and in some the median costa or costae are
more strongly depressed than in others. Two speci-
mens from the Pinery Member have the costae
bounding fold more strongly elevated than in most
specimens, and they may be a separate species.
The median septum is somewhat variably developed
but is generally fairly strong.

Tautosia transenna, new species
PLATE 527: FIGURES 1-31; PLATE 553: FIGURES 41-44
Wellerella? sp. Stehli, 1955:73, figs. 37-39.

Average size for genus; biconvex; outline bluntly
triangular to pear-shaped, sides diverging between
85° and 125°; lateral profile subtrigonal; anterior
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commissure uniplicate, fold beginning 6-8 mm
anterior to brachial beak, longitudinal convexity
low, anterior termination sharp; sulcus moderately
deep, beginning 6-8 mm anterior to pedicle beak,
maximum convexity between anterior proximal
ends of flanks. Costae strong with sharp crests on
fold and pedicle flanks, weak to moderately strong
with blunt crests in sulcus and on brachial valve
flanks, beginning 4-7 mm anterior to beaks, num-
bering 2—4 on fold, normally 3, one less in sulcus,
2-5 on each flank, normally 3. Concentric orna-
mentation not seen; growth laminae faint, widely
spaced.

Pedicle valve with low crest along smooth area
forward of beak; profile from beak to flanks gently
convex to slightly reflexed; beak sharp, somewhat
attenuate; beak ridges blunt, short; lateral pseudo-
interareas narrow, obscurely delimited, partly cov-
ered by overlapping edge of brachial valve. Del-
thyrium triangular, base covered by two slightly
arched trapezoidal deltidial plates, forming elon-
gate submesothyridid oval foramen.

Brachial valve strongly convex from beak to
flanks, and transversely slightly convex along fold,
anterior end of fold slightly reflexed; smooth part
of umbonal region slightly flattened transversely;
apex broad, concealed within pedicle valve, covered
by deltidial plates.

Pedicle valve interior with delthyrium spreading
widely anterior to deltidial plates, teeth elongate,
parallel to edge of delthyrium, supported by verti-
cal dental plates reaching valve floor. Muscle area
subtrigonal to oval, lying just anterior to dental
plates; adductor scars small, median, in posterior
part of muscle area, forming oval to circular mark;
diductor scars large, anteriorly expanding, sur-
rounding adductor mark laterally and anteriorly.

Brachial valve interior with undivided triangular
hinge plate, bounded laterally by deep, wide, ante-
riorly expanding, finely corrugated sockets; crura
diverging anteriorly, strongly curved ventrally,
slightly twisted, dorsal edges keeled; median sep-
tum high, thin, long, supporting hinge plate, bisect-
ing posterior half of muscle area. Muscle area oval;
posterior adductor scars elongate, narrow, diverging
anteriorly from median septum, fused to postero-
lateral edges of larger, anteriorly expanding ante-
rior adductor scars.

STRATIGRAPHIC OCCURRENCE.—Cherry Canyon For-
mation (Getaway Member); Word Formation
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MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness °)
USNM 706b
148402a 1.9 1.6 1.8 0.7 ?
148402b 3.0 24 2.6 1.5 ?
148402¢ 5.1 4.5 42 2.0 cllo
148402d 6.9 6.2 547 3.2 80
148402¢ 9.2 7.8 8.8 4.0 80
(holotype)
148402f 10.1 8.7 10.1 7.4 80
148402g 10.7 9.2 11.3 8.7 80
148402h 114 9.6 12.2 10.1 85
148402i 119 10.3 12.0 11.5 85
USNM 728
148409a 6.9 6.1 7.1 3.8 86
148409b 10.0 8.6 11.5 7.1 108
148409c 12.0 10.8 13.0 8.3 106
148409d 13.3 12.1 15.0 12.3 98
148409e 13.7 12.2 15.2 9.2 100
USNM 706
148399a 8.5 7.5 8.9 5.5 94
148399b 9.9 8.6 9.9 6.8 85

(China Tank, Willis Ranch, Appel Ranch members
and lens between the last two).

LocaLities.—Getaway: AMNH 512, 600; USNM
728, 732. China Tank: 706c, 713. Willis Ranch:
706, 706e. Lens: 706b. Appel Ranch 706d, 719z.

DiacNosis.—Tautosia with median costa of fold
not depressed.

Types.—Holotype: USNM 148402e. Figured par-
atypes: USNM 148402c,d; 148409e; 154807a—e;
154808a—c; 154809a,b,c. Measured paratypes: USNM
148399a,b; 148402a—d,f-i; 148409a—e. Unfigured
paratypes: USNM 148402a,b,d,f-i; 148409a,b,d.

ComPARISON.— T autosia transenna is characterized
by its bluntly triangular outline, slightly convex
to slightly reflexed longitudinal profile of the fold,
abrupt anterior termination of the fold, nonde-
pressed median costa of the fold, anterior margin
without embayment at juncture of fold and sulcus,
and its high median septum. It appears to be
closely related, probably ancestral to T. elegans
(Girty), a rare, late Guadalupian species. It differs
from that species in its normally less transverse
outline, more strongly costate flanks, more nearly
flat profile of the fold, normally nondepressed me-
dian costa of the fold, more flattened smooth area
of the brachial umbo, its unindented smooth area
of the brachial umbo, and its unindented anterior
margin. It differs from Anteridocus swallovianus
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(Shumard) in its larger size, more triangular out-
line, less inflated umbones, stronger costae, more
flattened profile of the fold, and its high median
septum.

This species is distinguished from Cenorhynchia
fracida, new species, also Guadalupian in age, by
its strongly costate flanks, costae that begin farther
back, greater proportional width, and especially by
its broader, flattened brachial umbonal area. An-
tronaria speciosa, new species, from the Hess For-
mation also is similar; T. transenna differs in its
narrower outline, less strongly reflexed pedicle
flanks, smaller average size, high median septum,
nondepressed middle costa of the fold, and its un-
indented anterior margin. Pontisia kingi, new spe-
cies, from the Wolfcampian also has a fold with
only slightly convex profile. Tautosia transenna is
distinguished by its somewhat larger size, broader
outline, less strongly convex fold profile, straight
pedicle beak, deeper sulcus, and high median sep-
tum. Other West Texas species differ from 7. tran-
senna in having the convex profiles of their folds
more strongly convex, reducing greatly the thick-
ness from the anterior end of the fold to the ante-
rior end of the fold to the anterior end of the
pedicle flanks, and normally displacing the position
of the point of maximum thickness from the ante-
rior end to nearer the middle of the shell.

Among foreign species “Pugnax” pseudoutah
Huang (1933) most nearly resembles T. transenna.
That species is narrower, proportionately somewhat
thicker, has an inflated brachial umbonal area, and
less strongly costate flanks than does T. transenna.
The interior of P. pseudoutah is unknown, so com-
parison is impossible. Externally it appears to
belong to Wellerella, but nevertheless it might have
a high median septum, or a low median ridge.
Specimens regarded by Huang (1933:65) as con-
specific with the “cotypes” lack the median septum,
further contrasting that species with T. transenna.
Rhynchonella edelsteini Tschernyschew (1914) also
is similar, but its brachial valve is inflated, its
flanks have fewer and weaker costae, and the
median septum of the fold is slightly depressed,
as in T. elegans. T. transenna differs from Rhyn-
chonella negrii Gemmellaro (1899) in its less in-
flated pedicle umbonal area, more strongly costate
flanks, and sharper anterior termination of the fold.
The interior of Gemmellaro’s species is not known.

DiscusstoN.—Tautosia transenna occurs in the
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Word Formation with Wellerella girtyi, new spe-
cies. Although the two are similar, the strong me-
dian septum of Tautosia is a ready means of sep-
aration. The species is not common. Brachial valve
interiors have a fairly large hinge plate and the
inner hinge plates are sealed without suture in
most cases. In some specimens the inner hinge
plates are slightly domed.

Cenorhynchia, new genus
[Greek kenes (empty) + rhychos (beak)]

Small, rhynchonelliform, biconvex, uniplicate;
outline bluntly trigonal to subpentagonal; fold and
sulcus smooth to weakly semicostate, flanks nor-
mally smooth, rarely weakly costate. Concentric
ornamentation and growth lines weak. Pedicle valve
moderately convex; beak sharp, short to moderately
long, not attenuate, slightly to strongly curved dor-
sally; beak ridges blunt, poorly defined; delthyrium
triangular, open, without deltidial plates. Valves
meeting without overlap, hence no lateral pseudo-
interareas. Brachial valve strongly convex; umbonal
area normally not flattened or depressed; beak
bluntly pointed, not strongly incurved.

Pedicle valve interior with small knoblike hinge
teeth supported by vertical dental plates reaching
floor of valve. Muscle area beginning between ante-
rior edges of dental plates, cordate, widening an-
teriorly, occupying about a fourth to a third of
valve length; adductor scars small, median, lying
in posterior part of muscle area; diductor scars
large, lobe-shaped, surrounding diductors laterally
and anteriorly, meeting one another along midline
of valve in anterior part of muscle area.

Brachial valve interior with well-developed hinge
plate moderately deeply notched at midline, may
have median groove with sides dipping to meet
top of median septum; hinge sockets deep, narrow,
elongate, widening anteriorly, finely corrugated;
crura falcifer, slightly diverging anteriorly from
edge of hinge plate, only slightly twisted, dorsal
edges carinate, keels extending under hinge plate
as crural bases; median septum thin, bladelike, sup-
porting hinge plate, bisecting posterior part of
muscle area, extending about a fourth length of
valve. Muscle area subelliptical, posterior adductor
scars small, narrow, anteriorly divergent, flanking
larger, rounded, medially located anterior adductor
scars.
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Type-SPECIES.—Cenorhynchia fracida, new species.

D1acNosis.—Smooth to anteriorly costate rhyncho-
nellids with strong median septum and absent or
incipient deltidial plates.

ComparisoON.—Cenorhynchia is characterized by
its small size, weak costae, absent lateral pseudo-
interareas, open delthyrium without deltidial
plates or with incipient plates, widely notched and
commonly medially troughed undivided hinge
plate, and its distinct, thin dorsal median septum.
Lack of deltidial plates or their incipient develop-
ment distinguishes it from Wellerella Dunbar and
Condra and Phrenophoria Cooper and Grant which
resembles it externally; its median septum distin-
guishes it from Wellerella Dunbar and Condra,
Pontisia Cooper and Grant, and Anteridocus, new
genus. Lack of a well-developed apical chamber
and its straight pedicle beak and shorter costae
differentiate it from Shumardella Weller (1910).
Acolosia, new genus, is similar externally but has
no median septum.

DiscussioNn.—Most species of this genus are small,
ranging in length from 5 to 10 mm. Most of the
smaller species are smooth, or at any rate nonco-
state, but the larger ones have costae, largely con-
fined to the margins of the fold and sulcus, or
occasional costae on the margins of the flanks. The
beak usually is straight or suberect and either has
an unmodified delthyrium or shows traces of del-
tidial plates at the anterolateral extremities of the
delthyrium. The valves are usually subequal in
depth but some species have a deeper brachial
valve.

Internally the pedicle valve is characterized by
small knoblike teeth supported by strong dental
plates standing out from the walls and defining
deep umbonal chambers. The musculature lies an-
terior to the ends of the dental plates.

The brachial valve of most specimens has an
undivided hinge plate that is supported by a
strongly elevated thin median septum. The socket
ridges are strong, slightly incurved and with a
thickened rim, bounding deep, finely corrugated
sockets. The outer hinge plates are broad and
gently concave. The crural bases form the margin
of the outer hinge plate and all these plates are
welded by fusion of the broad inner hinge plates.
These meet in a plane or are medially arched in
many specimens. The crura are slender, keeled,
concave toward midvalve, and have expanded distal
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extremities. Their bases are keeled and the keels
extend along the underside of the hinge plate.
The muscle area is divided medially by the median
ridge.

Cenorhynchia atmeta, new species

PLATE 543: FIGURES 34-50

Average size for genus, strongly biconvex; out-
line tear-shaped, sides diverging between 60° and
90°; commissure uniplicate, fold moderately high
only at commissure, but standing in low relief
above flanks farther posteriorly, beginning about 3
mm anterior to brachial beak; sulcus not depressed
below flanks except at extreme anterior in largest
specimens. Fold not costate; flanks smooth or with
1 costa on each side, adjacent to fold. Growth
lines weak, irregularly spaced; other concentric
ornament absent; radial ornament absent except
for weak fibrous texture of shell.

Pedicle valve somewhat inflated, strongly convex
transversely, moderately convex longitudinally
through sulcus; beak sharp, slightly curved dorsally;
beak ridges blunt, short; lateral pseudointerareas
absent, so valves meeting without overlap; del-
thyrium narrow, triangular, open, without deltidial
plates. Brachial valve strongly convex transversely,
moderately convex longitudinally, most strongly
curved at posterior; beak blunt, apex within pedicle
valve.

Pedicle valve interior with small, knoblike or
elongate teeth, dental plates short, nearly vertical,
close to sides, normally partly fused to sides; muscle
area elongate, heart-shaped, apex between dental
plates; adductor scars not observed; diductor scars
separated by faint myophragm.

Brachial valve interior with hinge plate deeply
notched anteromedially; sockets deep, relatively
wide, very short, finely corrugated, crura delicate,
anteriorly diverging, ventrally curved, untwisted or
only slightly twisted; median septum thin, blade-
like, highest immediately below hinge plate, reduc-
ing to become low median ridge at anterior end.
Muscle area on floor of valve on each side of
median septum; individual muscle marks not
observable.

STRATIGRAPHIC OCCURRENCE.—Road Canyon For-
mation.
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MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width ness °)
USNM 710u
148162a 3.0 2.6 2.3 1.6 60
148162b 3.8 3.0 2.9 2.1 68
148162c 45 4.0 35 2.8 64
148162d 5.1 4.6 4.0 3.3 72
(holotype)
148162e 5.5 4.9 4.5 3.6 71

LocaLities.—USNM 702c, 703a, 709c, 710u, 719x,
7210, 724j, 726f.

DiacNosis.—Small, smooth Cenorhynchia with
poorly developed median septum.

Tyres—Holotype: USNM 148162d. Figured par-
atypes: USNM 148162e,f,h; 154896; 154897a;
154898a,b. Measured paratypes: USNM 148162a—c,e.
Unfigured paratypes: USNM 148162a—c,g; 154897h.

CoMPARISON.—Cenorhynchia atmeta is character-
ized by its narrow outline, smooth shell, low fold
and shallow sulcus, inflated umbonal regions, dental
plates that fuse to the shell walls, and its short
median septum. The lack of costation and any
vestige of deltidial plates distinguishes it from
C. fracida, C. saginata, and C. ventricosa, all new
species. Its narrower outline and shorter beak dis-
tinguish it from C. hebata, new species. The low
median septum that becomes reduced anteriorly to
a low median ridge separates C. atmeta from all
the above species.

Cenorhynchia camerata, new species

PLATE 510: FIGURES 27-32; PLATE 521: FIGURES 48-57, 62-64

Usual size for genus, length and width nearly
equal, rounded subpentagonal in outline with
narrowly rounded sides and posterolateral margins
forming angle from 85° to 95°. Beak suberect, del-
thyrium open, no trace of deltidial or lateral plates
seen. Surface paucicostate, posterior half smooth;
anterior half with poorly and variably developed
costae, 3 or 4 on fold, one less in sulcus; flanks
with 1 costa.

Pedicle valve gently and evenly convex in lat-
eral profile; anterior profile broadly and gently
concave; sulcus originating posterior to midvalve,
wide and shallow forming broad, long serrated
tongue. Umbonal region moderately swollen.
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Flanks demarcated by low ridge and with steep
slopes.

Brachial valve fairly evenly and gently convex in
lateral profile but narrowly and roundly domed in
anterior profile; sides of dome steep. Fold origi-
nating near midvalve, low, somewhat flattened but
moderately elevated above gently swollen flanks.

Pedicle valve interior with well-marked dental
plates in young, but with umbonal cavities filled
and dental plates obsolete, or nearly so, in adults.
Brachial valve interior with undivided hinge plate;
socket ridge strong; outer hinge plates narrow;
inner hinge plates fused without suture, anteriorly
notched and folded in ventral direction. Median
septum thin, strong, attached to hinge plate
apically, often forming minute chamber just ante-
rior to place of contact.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness )
USNM 727e
155069a 8.5 7.5 8.6 6.4 93
155069b 8.7 7.6 8.2 72 89
155069¢ 7.8 6.9 8.2 6.4 90
155069d 85 7.6 85 6.9 90
(holotype)
155069e 82 7.3 7.1 5.8 92
155069f 7.7 7.0 74 5.0 91

STRATIGRAPHIC OCCURRENCE.—Neal Ranch Forma-
tion (bed 4).

LocaLity.—USNM 727e.

DiagNosis.—Cenorhynchia with valves nearly
equal in length and width, variable number of
costae on fold, and dental plates obsolete in the
adult.

Types.—Holotype: USNM 155069d. Figured par-
atypes: USNM 155069a,g-i. Measured paratypes:
USNM 155069a—c,e,f. Unfigured paratypes: USNM
155069b,c,e,f.

CompARrIsSON AND DiscusstoN.—This species has
some similarities to C. mitigata, new species, but
that species has a more transversely elliptical form,
coarser costae, and fewer of them. Cenorhynchia
saginata, new species, has wider costae more ante-
riorly confined than those of C. camerata, more
costae on the flanks, and in the adult, well-defined
dental plates, which can scarcely be seen in adults
of C. camerala.

The dental plates of C. camerata are evidently
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eliminated by filling of the umbonal cavities.
Young specimens about half the size of adults have
clearly defined dental plates with narrow umbonal
cavities between them and the shell. These were
filled in as the shell reached adulthood.

Cenorhynchia fracida, new species

PLATE 515: FIGURES 1-4, 36-42; PLATE 544: FIGURES 1-21;
PLATE 552: FIGURES 11-13

Slightly larger than average size for genus, un-
equally biconvex, often dorsally inflated; outline
elongate suboval, sides diverging between 55° and
100°; profile subtrigonal to wedge shaped; com-
missure strongly uniplicate; fold low, confined to
anterior part only, slightly convex in profile, ante-
rior termination abrupt; sulcus shallow, beginning
5-8 mm anterior to pedicle valve beak, longitudinal
convexity rather uniform and gentle. Costae few,
weak, blunt, confined to anterior third or quarter,
strongest at anterior end of fold, there usually
numbering 3, one less in sulcus; costae weak in
sulcus and on pedicle valve flanks, numbering 2 or
3 on flanks and normally visible only near com-
missure. Concentric ornamentation not observed;
growth lines weak and widely spaced.

Pedicle valve slightly inflated in beak area, nar-
rowly arched transversely; gently convex toward
flanks, margins of flanks not reflexed; beak sharp,
strongly curved, suberect, without beak ridges;
lateral pseudointerareas absent, no overlap of
valves. Delthyrium triangular, normally open, base
rarely narrowed by rudimentary deltidial plates;
foramen small, triangular. Brachial valve strongly
convex toward flanks, inflated on smooth part of
umbonal area, narrowly arched transversely, with-
out flattening or indentation; beak narrow, sharp,
apex covered by curvature of pedicle beak.

Pedicle valve interior with delthyrium widely
expanding, teeth small and narrow, supported by
short vertical dental plates that reach valve floor.
Muscle area anteriorly expanding, longitudinally
striated, lying anterior to dental plates; muscle
marks faint. Diductor marks narrowly expanding
anteriorly.

Brachial valve interior with undivided triangu-
lar hinge plate, bounded laterally by deep, elon-
gate, anteriorly widening sockets; socket ridges
thick, overhanging sockets, crura diverging ante-
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riorly from edge of hinge plate, long and strongly
curved ventrally, often twisted, dorsal edges cari-
nate; median septum high, thin,.long, bisecting
muscle area and supporting hinge plate but not
forming chamber. Muscle area elongate; posterior
adductor scars elongate, anteriorly diverging, flank-
ing larger, anteriorly widening anterior adductor
scar.

MEASUREMENTS (in mm).—From locality USNM
706b specimens 148167a (holotype) and b, respec-
tively: length 9.8, 7.8; brachial valve length 8.2, 6.7;
width 8.7, 6.7; thickness 6.8, 6.4; apical angle 70°,
65°.

STRATIGRAPHIC OcCURRENCE.—Word Formation
(China Tank, Willis Ranch and Appel Ranch
members; lens between Willis Ranch and Appel
Ranch members). Cherry Canyon Formation (Get-
away Member).

LocALiTiEs.—China Tank: USNM 706c. Willis
Ranch: USNM 706e, 735c. Appel Ranch: USNM
727j. Lens: USNM 706b. Getaway: USNM 730.

Diacnosis.—Elongate-oval Cenorhynchia with
strong median septum.

Types.—Holotype: USNM 148167a. Figured par-
atypes: USNM 148167b,d; 148168a—c,f,g; 154721;
154722. Measured paratype: USNM 148167b. Un-
figured paratypes: USNM 148167c; 148168d,e.

ComparisoN.—Cenorhynchia fracida is character-
ized by its elongate outline, normally narrowly
diverging sides, hooked pedicle beak, narrowly
arched umbonal area of the brachial valve, costae
that are weak on anterior parts of the shell, and
very low or absent on the brachial flanks, and its
high, bladelike median septum. The longitudinal
profile of the fold is relatively flat, aligning this
species with others having that feature: Tautosia
elegans (Girty), T. transenna, new species, Anteri-
docus swallovianus (Shumard), Antronaria spe-
ciosa, new species, and Pontisia kingi, new species.
Among Guadalupian species it most closely re-
sembles T elegans from the Guadalupe Mountains,
differing in its hooked beak which has obsolescent
deltidial plates or none at all, nondepressed middle
costa of the fold, and especially in its smooth, nearly
uncostate flanks and evenly arched, unflattened
brachial umbonal area. Several of the features that
separate it from T. elegans suggest P. kingi from
the Wolfcampian. Cenorhynchia fracida differs in
its narrower outline, costae that begin farther for-
ward, noncostate flanks on the brachial valve, and
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especially in its high median septum. The other
species mentioned above all differ from C. fracida
in their markedly stronger costation, slightly to
strongly reflexed pedicle flanks, and flattened or
slightly indented smooth part of the brachial um-
bonal area.

Cenorhynchia fracida also resembles C. saginata,
new species, but it is longer than the Road Canyon
form, more ovate, and attains a larger size.

Cenorhynchia hebata, new species

PLATE 544: FIGURES 22-40

Small for genus, biconvex; outline bluntly sub-
trigonal to elongate subpentagonal, sides diverging
between 75° and 95°; commissure uniplicate, fold
low, strongly arched transversely, crest extending
to brachial beak; sulcus shallow, barely perceptible
except at commissure. Costae normally absent, oc-
casionally present as slight, weak indentation near
anterior end of fold; flanks smooth. Concentric
ornamentation not observed; growth lines weak,
strongest near anterior margins.

Pedicle valve moderately convex, flanks not re-
flexed; beak short, somewhat blunted, nearly
straight to nearly erect; beak ridges blunt, poorly
defined; delthyrium small, triangular, open, without
deltidial plates; lateral pseudointerareas absent: no
overlap of valves. Brachial valve more strongly
convex transversely; profile gently convex, without
flattening; beak rather prominent, not strongly
incurved.

Pedicle valve interior with sides widely diver-
gent; teeth supported by nearly vertical dental
plates reaching floor of valve and solidly fused to
side of valve. Muscle area broadly triangular, be-
ginning between edges of dental plates; details of
pattern unknown, probably as in other species of
genus.

Brachial valve interior with hinge plate small,
anteriorly notched, solid or with median groove,
depressed at posterior apex to form shallow pit
for attachment of diductor muscles; sockets narrow,
elongate, anteriorly widening, shallow; median
septum high, thin, short, extending about a fifth
valve length; crura delicate, diverging slightly an-
teriorly from forward edge of hinge plate, crural
bases extending from underside of hinge plate
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along dorsal edges of crura. Muscle area small,
subelliptical, details of pattern unknown.
MEASUREMENTS (in mm).—

brachial maxi- apical
valve mid- mum thick- angle
length length width width ness °)
USNM 701a®
148186a 1.8 1.7 1.4 1.6 0.8 ?
148186b 39 34 2.7 3.0 2.1 81
USNM 701d
148182a 2.7 25 2.1 2.1 1.3 ?
148185a 4.3 3.9 3.1 3.7 2.5 90
(holotype)
148185b 55 5.0 44 4.8 3.7 92
148185¢ 6.2 5.8 5.3 5.3 5.0 96

STRATIGRAPHIC OccURRENCE.—Neal Ranch Forma-
tion (Beds 2,4, 9-14).

LocavriTies.—Bed 2: USNM 701. Bed 4: USNM
701d, 721g 727d, 727e, 742c. Beds 9-14: USNM
701a3, 701c, 701k, 712w.

DiaceNosis.—Small, seldom costate, elongate Cen-
orhynchia with dental plates fused to shell wall.

Types.—Holotype: USNM 14818ba. Figured par-
atypes: USNM 148185b,e-g. Measured paratypes:
USNM 148182a; 148185b,c; 148186a,b. Unfigured
paratypes: USNM 148182a.

CompARISON.—Cenorhynchia hebata is character-
ized by its comparatively small size, short beak,
lack of costae, low fold and shallow sulcus, dental
plates that are fused to the shell walls, and its
slightly excavated or depressed hinge plate. It is
smaller and smoother than C. saginata, new species,
and C. fracida, new species. It differs from C. miti-
gata, new species, in its somewhat smaller size,
lower fold, shallower sulcus, shorter beak, and nor-
mally absent costae.

Cenorhynchia mitigata, new species
PLATE 545: FIGURES 1-28

Average size for genus, biconvex; outline elon-
gate subelliptical to subtrigonal or subpentagonal,
sides diverging between 70° and 105°; commissure
uniplicate, fold low, convex in profile, strongly
arched transversely, extending nearly to brachial
beak; sulcus shallow, extending forward as broad
tongue, backward as shallow trough to within 2 or
3 mm of pedicle beak. Costae absent or weak, nor-
mally 2 low, rounded, short asymmetrical costae
on fold, 1 in sulcus, flanks smooth. Concentric

SMITHSONIAN CONTRIBUTIONS TO PALEOBIOLOGY

ornamentation absent; growth lines faint, strongest
near anterior margins.

Pedicle valve moderately convex, flanks not re-
flexed; beak sharp, moderately long, not attenuate,
slightly curved dorsally; beak ridges blunt, short;
delthyrium triangular, open, without deltidial
plates; lateral pseudointerareas absent: no overlap
of valves. Brachial valve moderately convex in pro-
file, strongly convex transversely, without flattening
of umbonal area; beak somewhat prominent, blunt,
not strongly incurved.

Pedicle valve interior with elongate teeth sup-
ported by nearly vertical dental plates reaching
floor of valve. Muscle area heart-shaped, with point
between edges of dental plates; adductor scars
small, median, lying in posterior part of muscle
area; diductor scars larger, anteriorly widening,
meeting one another at midline anterior to adduc-
tor marks.

Brachial valve interior with hinge plate widely
notched, deep groove along median line, forming
small crural cavity with sides dipping down to
meet top of median septum; sockets elongate, ante-
riorly widening, corrugated; beak of valve slightly
elevated above hinge plate, providing surface for
attachment of diductor muscles; median septum
high, thin, bladelike, relatively short, extending
about a fifth to a fourth length of valve; crura
slightly diverging forward from anterior edge of
hinge plate, moderately strongly curved ventrally,
strengthened by crural keels extending from under-
side of hinge plate and along dorsal edges of crura.
Muscle area not observed, pattern probably as in
other species of genus.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness )
USNM 702a
148193a 4.8 4.1 39 24 85
148193b 5.1 4.7 4.7 3.0 85
148193c 6.0 54 5.0 34 85
148193d 6.0 5.4 55 3.3 85
148193e 6.7 6.0 6.5 4.6 90
148193f 6.7 6.0 6.4 4.6 88
148193g 8.9 8.0 8.2 6.0 89
148193h 98 84 9.2 7.1 90
(holotype)

STRATIGRAPHIC OCCURRENCE.—Cathedral Moun-
tain Formation; Road Canyon Formation.
LocavLities.—Cathedral Mountain: AMNH 500F;
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USNM 700x, 702, 702a, 702b, 702-low, 702un, 708,
727p, 727q, 731b. Road Canyon: AMNH 507;
USNM 702c, 716x, 719x, 7210, 721w.

DriacNosis.—Nearly smooth Cenorhynchia with
fold and sulcus nearly reaching beaks.

Tyres.—Holotype: USNM 148193h. Figured par-
atypes: USNM 148205a; 148193e,f; 154899; 154900;
154901a,b. Measured paratypes: USNM 148193a—g.
Unfigured paratypes: USNM 148205b; 148193a—d,g.

CompARISON.—Cenorhynchia mitigata is charac-
terized by its fold and sulcus that nearly reach the
beaks, smooth convexity, and absent or weakly
developed costae. It is larger and more convex
than C. hebata, new species, its beak is longer and
somewhat more strongly curved, and its fold and
sulcus are stronger and begin much farther poste-
riorly. The brachial valve of C. mitigata has a pro-
file more convex than that of C. saginata, new
species, and its costae are fewer and weaker. It
differs from C. fracida and C. ventricosa, both new
species, in its smaller size, weaker costae, wider
outline, less convex brachial valve, and less strongly
curved pedicle beak.

Cenorhynchia nasuta, new species

PLATE 545: FIGURES 42-51

Small for genus, length and width about equal;
outline and profile strongly triangular; maximum
width near midvalve; sides strongly rounded; apical
angle 80°-90°. Anterior strongly nasute; anterior
commissure uniplicate. Beak short, suberect; no
delitidial plates. Surface nearly smooth except for
costae at anterior ends of fold and sulcus; fold
with 3 costae, each flank with 1 poorly defined
costa.

Pedicle valve lateral profile unevenly convex,
posterior part gently convex but anterior strongly
geniculated. Anterior profile gently to moderately
concave. Umbonal region somewhat narrowly
swollen; sulcus originating somewhat posterior to
midvalve, shallow to deep and extended anteriorly
as long narrow tongue. Flanks narrow, gently con-
vex, slightly deflected. Anterolateral extremities
protruding moderately.

Brachial valve gently convex in lateral profile
but narrowly domed in anterior profile; umbonal
region narrowly swollen to subcarinate. Fold orig-
inating well anterior to midvalve rounded to_sub-
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carinate, median costae elevated above lateral ones.
Flanks moderately swollen, steep.

Pedicle valve interior with small teeth and short,
thin, dental plates. Brachial valve interior with
variable hinge plate supported by strong, thin, and
long median septum.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness )
AMNH 512
152813a 105 9.0 9.5 7.0 90
152813b 9.2 8.3 8.9 5.7 90
152813c 9.6 8.7 10.0 8.8 95
(holotype)

STRATIGRAPHIC OCCURRENCE.—Cherry Canyon For-
mation (Getaway Member).

Locavrities.—AMNH 512, 585.

Diacnosis.—Elongate triangular Cenorhynchia
with nasute anterior.

Tyres—Holotype: USNM 152813c. Figured par-
atypes: USNM 152813a,d; 154903a,b. Measured
paratypes: USNM 152813a,b. Unfigured paratype:
USNM 152813b.

ComparisoN.—This species is characterized by its
narrow and nasute anterior and pentagonal form.
In the latter respect it is readily separated from
C. fracida and C. triangulata, both new. It is also
a thicker shell than the latter. Although it has a
somewhat pentagonal form, it is readily distin-
guished from C. pentagonalis, new species, by the
wider fold which usually has 4 low costae rather
than 3 strongly angular ones. This is an extremely
rare species: only 9 specimens are known.

Cenorhynchia parvula, new species
PLATE 545: FIGURES 29-41

Small for genus, usually longer than wide, some-
what tear-shaped, with rounded sides and the maxi-
mum width anterior to midvalve. Unequally bicon-
vex, brachial valve deeper and more convex. Ante-
rior commissure uniplicate. Beak short, suberect,
with open, unmodified delthyrium. Surface smooth
except for incipient costa in sulcus and 1 on each
flank.

Pedicle valve fairly and evenly convex in lateral
profile; nearly flat in anterior profile except for
dorsally and abruptly deflected flanks. Umbonal
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region moderately convex; sulcus broad and shal-
low, originating anterior to midvalve and in adults
occupied by short median costa; sulcus anteriorly
bounded by short costa; median region gently con-
vex and flanks narrowly rounded.

Brachial valve fairly evenly and moderately con-
vex but with maximum curvature near midvalve,
umbonal region strongly curved under beak of
pedicle valve; anterior profile narrowly and strong-
ly domed with long gently swollen flanks; fold,
short, narrow, and anteriorly indented in adults,
originating in anterior quarter and strongest when
viewed from anterior.

Pedicle valve interior with small, obliquely elon-
gated teeth notched at posterior end; dental plates
receding, strong but with narrow umbonal cavities.
Muscle field anterior to delthyrial cavity, not
strongly impressed and without detail.

Brachial valve interior with cardinalia variable,
socket ridges strong, outer hinge plates narrow, and
crura short. Inner hinge plates varying from in-
completely closed to complete, concave to convex,
usually concave in young. Median septum short,
best defined at apex.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness °)
USNM 703a
148189a 1.4 1.2 1.2 0.7 ?
148189b 2.3 21 2.0 1.2 70
148189c 29 2.6 25 15 84
148189d 4.1 3.8 32 22 78
148189e 5.0 4.3 3.7 2.8 70
148189f 5.4 4.7 44 3.9 85
148189g 6.8 6.0 55 44 74
(holotype)

STRATIGRAPHIC OccURRENCE.—Cathedral Moun-
tain and Road Canyon formations.

LocarLities.—Cathedral Mountain: USNM 703a?,
703b, 703bs. Road Canyon: AMNH 507; USNM
702¢c, 703a, 708c, 721s, 724b.

DiagNosis.—Small Cenorhynchia with reduced
median septum and incipient costa in sulcus in
the adult.

Tyres.—Holotype: 148189g. Figured paratypes:
USNM 148189f,h; 154902a,b. Measured paratypes:
USNM 148189a—f. Unfigured paratypes: USNM
148189a-e.

ComparisoN.—This species is most like C. atmeta,
new species, also from the Road Canyon Forma-
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tion, in size and general outline. It is, however,
more robust, with greater development of the me-
dian septum, and attains larger size, is deeper, and
has the development of the costa at the anterior
margin.

Cenorhynchia pentagonalis, new species

PLATE 520: FIGURES 1-10, 49

Large for genus, slightly wider than long, outline
pentagonal. Maxmium width near midvalve; sides
narrowly rounded; apical angle near 90°. Anterior
margin truncated; anterior commissure uniplicate.
Beak moderately long, pointed, straight to suberect,
no deltidial plates. Surface nearly smooth except
for fold with 4 narrowly rounded costae; flanks
each with 1 costa.

Pedicle valve gently convex in lateral profile,
strongest curve near midvalve; anterior profile
gently concave. Umbonal and median regions
slightly convex; sulcus originating anterior to mid-
valve, broad, shallow, and extended into long
tongue geniculated at nearly right angle. Flanks,
narrow, slightly convex.

Brachial valve fairly evenly and gently convex
in lateral profile, most curvature in umbonal re-
gion; anterior profile narrow, steep-sided dome,
flattened on top. Umbonal and median regions
swollen; umbo not sulcate. Fold low, inconspicu-
ous, originating anterior to midvalve; flanks swol-
len, depressed slightly below fold.

Pedicle valve interior with delicate, subparallel
dental plates. Brachial valve interior with variable
hinge plate, divided in young, complete in adults.
Crura long, curved, concave toward midvalve;
inner hinge plates small, uniting but attached to
long, high, thin median septum nearly reaching
midvalve.

MEASUREMENTS (in mm).—From locality USNM
706c specimen 152814a (holotype): length 9.9,
brachial valve length 8.0, width 10.0, thickness 6.8,
apical angle 90°.

STRATIGRAPHIC OCCURRENCE.—Word Formation
(China Tank Member).

Locavities: Word: USNM 781u. China Tank:
USNM 706¢.

DiAcNosis.—Pentagonal, fairly large Cenorhyn-
chia with 4 subequal, crowded costae on the fold.

Types.—Holotype: USNM 152814a. Figured par-
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atypes: USNM 152814b,d,f,g,j. Unfigured paratypes:
USNM 152814c,e,h,i.

ComparisoN.—This is one of the larger species
of Cenorhynchia which is readily distinguished
from C. triangulata and C. fracida, both new, by
its pentagonal form and comparatively broad fold,
with 4 costae at the anterior end. It shares a pen-
tagonal form with C. nasuta, new species, which
differs in its narrow fold, with only 8 costae.
Cenorhynchia pentagonalis is very rare; only 10
specimens have been recovered from many large
blocks.

Cenorhynchia saginata, new species

PLATE 508: FIGURES 65-67; PLATE 510: FIGURES 33-37;
PLATE 515: FIGURES 45-56; PLATE 546: FIGURES 1-24

Average size for genus, biconvex; outline sharply
trigonal to bluntly subpentagonal, widest anterior
to midvalve, sides diverging between 70° and 105°;
commissure uniplicate, fold moderately high at
anterior end, nearly flat in lateral and transverse
profiles, crest becoming lower posteriorly, extend-
ing to beak; sulcus shallow, extending as barely
perceptible trough to within 2 or 3 mm of pedicle
valve beak. Costae moderately strong at anterior
end of fold, numbering 2-4, normally 3, weak and
low elsewhere, normally numbering 1 or 2 on
flanks. Concentric ornament absent; growth lines
weak over most of shell, slightly stronger near
anterior margins.

Pedicle valve with strongest convexity near
umbo, flanks not reflexed but nearly flat; beak
sharp, moderately long, somewhat attenuated,
straight to suberect, curvature increasing with size
of shell; beak riges short, blunt; delthyrium nar-
row, triangular, open, without deltidial plates;
lateral pseudointerareas absent: no overlapping of
valves. Brachial valve more convex transversely,
gently convex in anterior profile; beak somewhat
prominent due to crest of fold, blunt, not strongly
incurved.

Pedicle valve interior with sides diverging widely
anterior to delthyrium, teeth small, supported by
nearly vertical dental plates reaching floor of valve.
Muscle area cordate, pointing posteriorly, details
of pattern unknown.

Brachial valve interior with hinge plate deeply

and narrowly notched, having shallow median-
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groove and small crural cavity; apex of beak arched
over hinge plate forming place of attachment for
diductor muscles; sockets deep, elongate, anteriorly
widening, corrugated; crura slender, diverging
slightly from forward edge of hinge plate, moder-
ately strongly curved ventrally; crural bases extend-
ing from underside of hinge plate along dorsal
edges of crura; median septum high, thin, blade-
like, connected at posterior to plates forming small
crural cavity or to center of hinge plate, extending
forward about a fifth valve length. Muscle area
faintly defined; posterior adductor marks elongate,
anteriorly diverging, flanking larger subelliptical
anterior adductor scars lying adjacent to midline
of valve.
MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width ness )
USNM 702c
148212a 2.0 1.7 1.7 0.9 ?
148212b 2.3 2.0 1.9 1.2 ?
148212c 3.6 3.0 2.9 2.0 ?
148212d 45 3.9 4.0 2.5 88
148212¢ 5.3 45 4.2 2.2 73
148212f 5.7 48 5.7 2.8 81
148212g 7 6.1 7.0 3.6 82
148212h 8.2 72 8.6 5.1 88
148212i 9.0 7.8 8.8 5.5 92
148212j 10.0 9.0 11.3 8.4 95
(holotype)
USNM 706f
148170a 4.8 4.0 3.9 18 81
148170b 6.2 5.1 5.0 2.7 85
148170c 7.1 6.0 5.9 3.8 70
USNM 707e
148174a 7.8 6.9 7.3 5.9 70
148174b 84 7.0 8.1 6.3 94

STRATIGRAPHIC OccURRENCE.—Cathedral Moun-
tain, Road Canyon, and Cibolo formations.

Locavrities.—Cathedral Mountain: USNM 702,
702-low. Road Canyon: USNM 702c, 703d, 706f,
707e, 719x, 721j, 721t, 726z, 726za. Cibolo: USNM
738g, 738-1.

DiacNosis—Large Cenorhynchia  with com-
pressed valves and costae on fold and in sulcus.

Tyres.—Holotype: USNM 148212j. Figured par-
atypes: USNM 148212g-i,k,m,n; 148174a,b; 148176;
153487; 154666a; 154731a—c; 154904. Measured par-
atypes: USNM 148212a—i; 148170a—c; 148174a,b.
Unfigured paratypes: USNM 148212a-f,1; 154666b.

ComPARISON.—Cenorhynchia saginata is charac-
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terized by the flat profile of its fold which gives the
fold a moderately high anterior end, the short but
relatively strong costae on the anterior end of the
fold of adults,,the suberect beak of adults and the
rather strong angularity of its outline. It is larger
and more strongly costate than either C. hebata or
C. mitigata, both new. It most nearly resembles
C. fracida, new species, from which it differs in its
more triangular and less pentagonal outline, lower
convexity, less strongly curved pedicle beak, lower
fold, and fewer costae on the fold.

Cenorhynchia transversa, new species
PLATE 521: FIGURES 42-47

Usual size for genus, wider than long, valves
subequal in depth: subpentagonal outline with
narrowly rounded sides and long flattened postero-
lateral margins; anterior margin truncated: ante-
rior commissure moderately uniplicate, serrate.
Foramen open, no deltidial plates. Surface semi-
costate, costae low and narrow, strongest at ante-
rior, 5 on fold, 1 distinct one on each flank and
trace of a second.

Pedicle valve moderately convex in lateral profile,
broadly domed in anterior profile, dome broadly
flattened on top and with short steep sides. Um-
gonal and median regions moderately convex; sul-
cus wide and shallow originating just anterior to
midvalve, forming short serrated tongue. Interior
unknown.

Brachial valve has same convexity as opposite
valve in lateral profile but broadly and evenly
domed in anterior profile. Sides moderately steep;
umbonal and median regions gently inflated; fold
poorly defined and originating in anterior half.

Brachial valve interior with narrow outer hinge
plates rising to narrow socket ridges; hinge plate
undivided, slightly domed medially; crura short;
median septum moderately elevated, extending
about a third valve length.

MEASUREMENTs  (in mm).—Holotype USNM
154769: length 7.8, brachial valve length 7.1, width
9.0, thickness 6.1, apical angle 97°

STRATIGRAPHIC OCCURRENCE.—Road Canyon For-
mation.

LocaLity.—USNM 732j.

DiacNosis.—Wide Cenorhynchia with 5 costae on
the fold.
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Types.—Holotype: USNM 154769.

ComrarisoN.—This species is fairly large and
need be compared only to the larger species of
Cenorhynchia. 1t is similar to C. mitigata, new
species, but differs in having a lower fold and
sulcus with more costae on the fold. It differs from
C. saginata, new species, in the same characters. It
is smaller than C. pentagonalis, new species, and
has a less well-defined fold and sulcus than that
species. Only a single specimen of C. transversa is
known.

Cenorhynchia triangulata, new species

PLATE 546: FIGURES 26-39

Large for genus, triangular in outline, maximum
width just anterior to midvalve. Posterolateral mar-
gins straight; sides narrowly rounded and anterior
truncated. Valves unequal in depth, brachial valve
deeper. Anterior commissure strongly uniplicate.
Surface semiplicate, fold with 3 costae, flanks
usually with 1.

Pedicle valve unevenly convex in lateral profile,
greatest convexity in posterior half, anterior half
somewhat flattened; anterior profile medially gen-
tly concave to slightly convex, flanks narrow and
abruptly deflected. Umbonal region convex; sulcus
originating just anterior to midvalve and drawn
anteriorly into fairly long tongue deflected toward
opposite valve at angle of almost 90°. Sulcus
bounded by narrow, short costa. Beak suberect to
erect, elongate; delthyrium modified by incipient
deltidial plates.

Brachial valve moderately convex in lateral pro-
file, most convex in umbonal region; highly and
narrowly domed in anterior profile. Umbonal
region narrowly swollen; flanks gently inflated and
marked by single costa.

Pedicle valve interior with small teeth and stout
dental plates with narrow umbonal cavities. Mus-
culature not known. Brachial valve interior with
hinge plate divided; socket ridges strong; outer
hinge plates broad; crura long and slender, strongly
curved and with strong keels. Inner hinge plates
long and narrow not meeting medially. Median
septum long, strongly elevated, extending nearly
to midvalve.

STRATIGRAPHIC OcCCURRENCE.—Word Formation
(Willis Ranch Member).
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MEASUREMENTS (in mm).—

brachial apical

valve thick- angle
length length width  ness °)

USNM 706
148165a 10.6 9.3 9.4 5.8 64
148165b 10.2 8.6 8.9 6.0 70
(holotype)

148165¢ 9.4 8.2 8.1 5.2 70

LocaLity.—~USNM 706.

DiacNosis.—Triangular Cenorhynchia with strong
median septum.

Types.—Holotype:
paratypes: USNM
types: USNM
USNM 148165c.

ComparisoN.—This species is completely -unlike
C. pentagonalis and C. nasuta, both new, in its
elongate triangular outline and generally lesser
depth. It is similar to C. fracida, new species, but
is still more triangular than that form, with a
more subdued median fold and less deep brachial
valve. Like those species with which it is compared,
this one is extremely rare.

USNM 148165b. Figured
148165a,d—f. Measured para-
148165a,c. Unfigured paratypes:

Cenorhynchia unicostata, new species

PLATE 519: FIGURES 25-34

Small for genus, subpentagonal to subtriangular
in outline; widest near midvalve; wider than long;
sides narrowly rounded; anterior margin slightly
emarginate; anterior commissure uniplicate; del-
tidial plates disjunct. Surface paucicostate: fold
marked by two subangular costae with deep median
indentation; sulcus with one strong costa and
flanks with one or two costae.

Pedicle valve very gently convex in lateral profile,
anterior half strongly geniculated to form long
tongue with two distal teeth; anterior profile
broadly concave. Umbonal region moderately
swollen. Flanks widely extended, gently concave to
flat. Sulcus originating at midvalve but median
costa arising just anterior to umbo.

Brachial valve having much greater depth than
pedicle valve, fairly strongly convex in lateral
profile but strongly domed in anterior profile, top
of dome deeply notched and with two points on
each side, sides of dome rounded and very steep.

1995

Fold originating just posterior to midvalve, strongly
elevated and with steeply sloping flanks.

Pedicle valve interior with strong dental plates
having deep umbonal cavities. Brachial valve with
strong socket ridges overhanging finely corrugated
sockets. Outer hinge plates narrow; inner hinge
plates united; hinge plate often widely notched.
Median septum strong, slender, and high.

MEASUREMENTS (in mm).—Specimens USNM
153485a  (holotype) and ¢, respectively: length
10.6, 9.3; brachial valve length 8.9, 7.9; width 12.3,
10.2; thickness 8.9, 7.3; apical angle 99°, 99°.

STRATIGRAPHIC OcCCURRENCE.—Cathedral Moun-
tain Formation (Institella zone).

LocaLity. —USNM 721u.

DiAgNosis.—Small Cenorhynchia with 2 costae
on the fold.

Tyres.—Holotype: USNM 153485a. Figured
paratypes: USNM 153485b,e~h. Unfigured para-
types: USNM 153485¢,d.

CompARISON.—The ornament of this species with
its single costa in the sulcus and the 2 strong
costae forming the fold is unique to the genus.
This is a rare species, seen only at USNM 721u.

Cenorhynchia ventricosa, new species

PLATE 547: FIGURES 1-5

Large for genus, biconvex; profile bulbous; out-
line bluntly triangular, sides diverging about 90°;
commissure uniplicate, fold high, beginning 7 mm
anterior to brachial beak, profile highly convex;
sulcus fairly deep, beginning 6 or 7 mm anterior to
pedicle beak. Costae low, fine, crests rounded to
sharp, beginning 7 mm anterior to beaks, number-
ing 5 on fold, 4 in sulcus, 1 or 2 on flanks.

Pedicle valve somewhat inflated, uniform con-
vexity from beak to anterior margin, slightly con-
vex toward nonreflexed flanks; beak short, strongly
curved dorsally; beak ridges short, blunt; lateral
pseudointerareas narrow or absent: little or no
overlap of valves. Delthyrium triangular, open, no
deltidial plates observed. Brachial valve strongly
inflated; profile from beak to anterior margin
moderately convex; transverse profile strongly and
narrowly arched; smooth part of umbo strongly
arched, not flattened; beak slightly protrusive,
within pedicle valve.

Interior unknown.
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MEASUREMENTS (in mm).—Holotype USNM
148762: length 12.5, brachial valve length 11.0,
width 12.7, thickness 11.3, apical angle 85°.

STRATIGRAPHIC OccURRENCE.—Neal Ranch For-
mation (beds 12-14).

LocaLity.—~USNM 701d.

DiagNosis.—Large Cenorhynchia with strongly
ventricose and subcarinate brachial valve.

Types.—Holotype: USNM 148762.

CompARISON.—Cenorhynchia ventricosa is char-
acterized by its prominent fold with 5 fine costae,
strong and uniform convexity of profile, and sharp
convexity transversely, without flattening; also its
hooked pedicle beak, and open delthyrium. It most
nearly resembles C. fracida, new species, differing
in the convexity of the profile of the fold, much
more prominent fold, larger size, and normally 5
costae on the fold. C. fracida has the smooth area
of the pedicle umbo slightly flattened in profile,
producing a lower fold.

Cenorhynchia species 1
PLATE 517: FIGURES 26-35

A species of this genus is represented by 5 speci-
mens of subpentagonal outline and small size.
Specimen 153492a is 7.5 mm long, 7.4 mm wide at
the widest point, which is anterior to midvalve,
and is 4.5 mm thick. The specimens are mostly
smooth except for the anterior margins which are
costate, 2 costae on the fold and 1 in the sulcus
and another on the flanks. All are marked this way
except one which has two costae in the sulcus.
The valves are subequal in depth.

STRATIGRAPHIC OCCURRENCE.—Skinner Ranch For-
mation.

LocaLity.—USNM 726h.

TypEs.—Figured specimens: 153492a,b.

STRIGIRHYNCHIINAE, new subfamily

Completely costate, hinge plate undivided and
supported by median septum. Falcifer crura.

Genera in West Texas: Strigirhynchia Cooper
and Grant, 1969; Madarosia, new genus; and
Chaeniorhynchus, new genus.

These genera are all rare and stratigraphically
restricted, the first and second to the Guadalupian,
the third to the Leonardian.
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Genus Strigirhynchia Cooper and Grant
Strigirhynchia Cooper and Grant, 1969:14.

Medium size, rhynchonelliform, strongly bicon-
vex; outline bluntly triangular to nearly circular;
commissure gently uniplicate; fold low, sulcus
shallow; costae distinct but fine, low, beginning at
or near apexes of beaks, crests sharp, or blunt
without bifurcation or intercalation. Concentric
ornamentation consisting of faint, closesly spaced
striae. Beak of pedicle valve sharp, straight to sub-
erect; delthyrium triangular, may be completely
open, or closed at base by deltidial plates; lateral
pseudointerareas wide to absent; little or no over-
lap of valves; regions lateral to beaks smooth, may
be somewhat flattened or pinched.

Brachial valve inflated, cross section of umbonal
area flattened or moderately deeply indented; beak
within pedicle valve.

Pedicle valve interior with sides of delthyrium
moderately diverging, teeth knob-shaped, supported
by vertical dental plates reaching floor of valve,
fused to side of valve. Muscle area triangular,
widening anteriorly; adductor scars narrow, elon-
gate, median and posterior, located in beak area
between dental plates; diductor scars anteriorly ex-
panding, one on each side of median line.

Brachial valve interior with undivided triangular
hinge plate; hinge sockets deep, long, finely den-
ticulate, anteriorly expanding; median septum
high, thin, long, bisecting part of muscle area,
posterior end beneath hinge plate terminating
bluntly against plate; crura diverging forward from
anterior edges of hinge plate, strongly curved ven-
trally, dorsal edges carinate. Muscle area elongate
oval; posterior adductor scars elongate, narrow,
widely separate, flanking larger, anteriorly widen-
ing, medially contiguous anterior adductor scars.

Tyre-SpEciEs—Rhynchonella? indentata B. F.
Shumard (1860:393; Girty, 1909:321, pl. 15: figs.
20a-c, as interpreted herein and with neotype des-
ignated by Cooper and Grant, 1969:14).

DracNosis.—Medium-sized Rhynchonellacea hav-
ing fine, direct costae, concave brachial valve umbo,
and undivided hinge plate supported by a long,
thin septum.

CompArIsON.—Strigirhynchia is characterized by
bulbous convexity, fine, low, rounded, nonbifurcat-
ing costae that begin at or near the apexes of the
beaks, and by its undivided hinge plate and high
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median septum. Internally it is identical to species
of Phrenophoria Cooper and Grant in which the
median septum is high. It differs from those species
in its completely or nearly completely costate
shell, and costae that are finer, lower, and more
densely arranged, and begin normally nearer to
the beaks than is usual in semicostate Phreno-
phoria. Allorhynchus Weller is similar externally,
but Stirgirhynchia differs in its undivided hinge
plate and high median septum. It is distinguished
from genera of the Camarotoechiidae by its lack
of a septalium or cural cavity between the top of
the median septum and the underside of the hinge
plate.

Strigirhynchia elongata, new species

PLATE 510: FIGURES 1-12, 38

Small for genus, elongate, triangular in outline
with broadly rounded sides and narrowly rounded
anterior margin; sides forming angle of 64°. Beak
long, suberect, foramen oval, submesothyridid; del-
tidial plates large, conjunct. Anterior commissure
uniplicate. Valves costate except for umbonal re-
gions, costae crowded, narrow, 4 on fold, 3 in
sulcus, and 7 or 8 on each flank.

Pedicle valve moderately convex in lateral profile
and moderately domed in anterior profile, lateral
slopes short but moderately gentle. Sulcus broad
and shallow, originating well anterior to midvalve;
tongue short; flanks narrowly rounded, slightly
protruding anterolaterally.

Brachial valve of about the same depth as pedi-
cle valve, flatly convex in lateral profile, broadly
but flatly domed in anterior profile with short
steep sides. Umbonal region concave; fold orig-
inating about two-thirds distance from beak, low,
narrow, defined best by wider costae forming.

Brachial valve with undivided hinge plate and
strong, thin, bladelike septum. Other details not
preserved.

MEASUREMENTs  (in  mm).—Holotype USNM
154688a: length 10.0, brachial valve length 7.9,
width 8.2, thickness 5.5, apical angle 64°.

STRATIGRAPHIC OCCURRENCE.—Bell Canyon For-
mation (Lamar Member).

Locarity. —USNM 728p.

DiacNosis.—Elongate, narrowly triangular Stri-
girhynchia.
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Tyres—Holotype: USNM 154688a. Figured par-
atypes: USNM 154687, 154688b.

ComparisoN.—The long slender form and long
beak distinguish this species from the other two
members of the genus.

Strigirhynchia indentata (Shumard)

PLATE 508: FIGURES 6-29; PLATE 520: FIGURES 35-39;
PLATE 521: FIGURES 30, 31

Rhynchonella? indentata Shumard, 1860:393.—Girty, 1909:
321, pl. 15: figs. 20-20c.

Strigirhynchia indentata (Shumard) Cooper and Grant, 1969:
14.

Moderately large, biconvex, adults somewhat
globose; outline bluntly triangular, sides diverging
between 85° and 105°; profile elongate oval to
lenticular; anterior commissure uniplicate; fold
low, beginning 6-8 mm anterior to brachial beak,
evenly convex in profile except for flattening near
umbo; sulcus shallow, beginning 7-9 mm anterior
to pedicle beak, profile evenly convex. Costae low,
narrow, crests rounded, beginning 3-6 mm anterior
to beaks, numbering 4-7 on fold, one less in
sulcus, 7-10 on each flank. Concentric ornamenta-
tion consisting of zigzag striae; growth lines weak.

Pedicle valve moderately strongly convex along
sulcus and toward flanks; beak sharp, attenuate,
not curved dorsally; beak ridges short, rounded;
lateral pseudointerareas long, broad, bounded on
pedicle valve by sharp, slightly arcuate line,
strongly overlapped by brachial valve along lateral
commissure. Delthyrium triangular, base covered
by pair of large conjunct deltidial plates, foramen
oval to nearly circular.

Brachial valve slightly more strongly convex,
umbonal area longitudinally indented; sides of
umbonal area pinched and flattened opposite flat
lateral pseudointerareas of pedicle valve, making
brachial beak somewhat attenuate, producing strong
beak ridges between flattened sides and flattened
umbo; apex within pedicle valve, covered by del-
tidial plates. Fold broad, flattened to moderately
concave medially.

Pedicle valve interior with sides of delthyrium
diverging anterior to deltidial plates, teeth elon-
gate, parallel to valve sides and supported by ver-
tical dental plates reaching floor of valve. Muscle
area beginning near anterior edges of dental plates,
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slightly excavate, triangular to oval; adductor area
oval to round, small, median, surrounded laterally
and anteriorly by larger, anteriorly expanding
diductor scars.

Brachial interior with wundivided triangular
hinge plate, bounded laterally by elongate, ante-
riorly widening, deep, finely denticulate sockets;
crura long, diverging forward, strongly curved ven-
trally, concave toward midvalve, dorsal edge cari-
nate; median septum high, thin, delicate, moderately
long, and supporting hinge plate, extending into
muscle area. Muscle area elongate oval, posterior
adductor scars small, elongate, anteriorly diverging
from midline of valve; anterior adductor scars
large, anteriorly expanding, separating posterior
scars.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width ness )
USNM 737a
148530a 82 74 8.0 3.6 93
148530b 9.7 8.6 9.6 6.6 93
148530c 10.9 9.6 10.5 8.4 86
USGS 2926 (green)
118572 12.9 11.5 14.6 94 95
(neotype)
AMNH 806
154662 11.92 106 11.7 8.6 90

STRATIGRAPHIC OCCURRENCE.—Capitan Formation.
Bell Canyon Formation (Rader and Lamar
members).

LocAavrities.—Capitan: AMNH 799, 806, 847, 853;
USGS 2926 (green), 7404 (blue); USNM 725i, 725-1,
787a, 738a, 739, 740k, 740n, 740o. Rader: USNM
740g. Lamar: USNM 725e, 728p, 738.

DiacNosis.—Moderate size, variable Strigirhyn-
chia, usually elongate or slightly transverse.

Types.—Neotype: USNM 118572. Figured hypo-
types: USNM 148530a; 148531; 154659a; 154660;
154661a; 154762a,b; 154771; 155107; 155108. Mea-
sured hypotypes: USNM 148530a—c, 154662.

ComPARISON.—Strigirhynchia indentata is charac-
terized by its high convexity, small and numerous
costae that arise near the beaks very gradually
rather than abruptly, low fold and shallow sulcus,
and especially by its indented brachial umbonal
area, pinched sides, and large, flat lateral pseudo-
interareas. It differs from the other known species
of the genus, S. transversa, new species, in its nar-
rower form, wider fold and sulcus, smaller angle
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of divergence of sides, and more narrowly rounded
lateral extremities.

An externally similar species is Rhynchonella
salinasi Gemmellaro (1899:120, pl. 27: figs. 43-47),
which has a similarly pinched brachial beak and
wide lateral pseudointerareas. However, Gemmel-
laro’s species is indented longitudinally on both
valves, the indentations extend farther forward,
costae begin nearer the beak than in S. indentata,
and the commissure is not uniplicate. The internal
characters of R. salinasi are unknown, so its generic
position is not certain.

DiscussioN.—The generic position of this species
has been questionable since it first was described,
because the interior was poorly known. Shumard
(1860) did not illustrate his specimens, so the pres-
ent concept of the species is Girty’s (1909) inter-
pretation of Shumard’s description. The species is
so distinctive, however, and its stratigraphic posi-
tion so consistent that there is little doubt that it
has been correctly identified. Specimens from the
Guadalupe Mountains in the Museum collection
have the internal features well preserved. Exter-
nally they appear to be conspecific with Girty's
illustrated specimen; internally they have generic
characters that relate them to Strigirhynchia.

Shumard’s measurements indicate a specimen
about 14 mm long by 13 mm wide, but none of
the specimens in the Museum collection conform
to these measurements. His specimen is distinctly
longer than wide which is not true of Girty’s illus-
trated specimen which is distinctly wider than long
although it agrees well in other respects. Shumard
also speaks of the beak being moderately incurved
which is not in accordance with any of our speci-
mens. Our illustrated specimen USNM 148530c is
much more in accordance with- Shumard’s species.

King (1931) assigned several specimens to “Cam-
arophoria?”’ indentata (Shumard). His description
is based on an admittedly atypical individual from
Mexico, but his specimens from the Glass Moun-
tains differ from the Mexican one only in being
somewhat more convex. There is no mention of an
indented brachial umbonal area, pinched sides,
nor broad lateral pseudointerareas. He mentions
internal features that include a spondylium in the
pedicle valve, but no hinge plate in the brachial
valve. As King (1931:111) has said, “It may be
seen that the description does not accord very well
in some respects with that of Shumard,” and we
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believe that his specimens are not S. indentata, but
an elongated Stenoscisma.

Strigirhynchia transversa, new species
PLATE 514: FIGUREs 1-28

Large for genus, transversely triangular in out-
line, greatest width anterior to midvalve; postero-
lateral margins gently concave; sides narrowly
rounded; anterior margin slightly emarginate. An-
terior commissure uniplicate. Lenticular in profile.
Beak small, pointed, straight to suberect. Surface
costate, costae fine and numerous, 7 or 8 on fold,
one less in sulcus; 7-10 on flanks.

Pedicle valve gently convex in lateral profile;
anterior profile broadly concave except for gently
convex flanks; umbonal region, gently and nar-
rowly convex; sulcus originating near midvalve,
broad and shallow. Anterolateral extremities mod-
erately protuberant. Flanks narrow. False interarea
broad, almost completely overlapped by brachial
valve.

Brachial valve moderately convex in lateral pro-
file but umbonal region conspicuously flattened.
Anterior profile broadly and moderately domed.
Umbonal region flattened and indented by con-
spicuous oval trough. Fold originating at midvalve,
low, not well defined anteriorly and often with
shallow median sulcus tending to depress anterior
margin of fold. Flanks gently convex and only
slightly deflected below fold.

Interior details unknown except for dental plates
and long delicate median septum in brachial valve.

MEASUREMENTs (in mm).—

brachial apical
valve thick- angle
length length width  ness )
USNM 750a
152863a 13.0 11.5 17.1 82 105
(holotype)
152863b 13.0 11.6 17.2 11.3 105
USNM 725k
152864a 11.1 9.4 12.4 6.1 90
152864b 8.2 7.1 7.6 4.0 75
USNM 740
148534 1.0 97 180> 47 80

STRATIGRAPHIC OCCURRENCE.—Capitan Formation.
LocaLities.—USNM 725k, 725-1, 738a, 740, 750a,
750b.
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DiacNosis—Transverse Strigirhynchia with wide
fold and sulcus.

Tyres.—Holotype: USNM 152863a. Figured par-
atypes: USNM 152863b,c; 154716; 154717. Measured
paratypes: USNM 148534; 152863b; 152864a,b.

ComparisoN.—This species differs from §. inden-
tata (Shumard) by its strong width compared to
length and the more prominent fold and sulcus.

DiscussioN.—Young of this species tend to be
elongate rather than transverse as is usual in young
rhynchonellids. Furthermore, the concave umbonal
region occupies nearly the entire brachial valve
except for the marginal 2 mm in a specimen 8 mm
long. Another juvenile with the brachial valve 10
mm long has a depressed area measuring 7.5 mm.

Chaeniorhynchus, new genus
[Greek chainos (open) + rhynchus (beak)]

Average size for rhynchonellid, valves subequal
in depth, usually elongate brachial valve slightly
larger; outline oval to subtrigonal; anterior com-
missure uniplicate. Beak long, suberect to erect;
delthyrium open; no deltidial plates. Surface com-
pletely costate.

Pedicle valve interior with small teeth parallel
to shell margin; dental plates well developed.
Muscle field not well impressed.

Brachial valve interior with strong socket ridges
and uncorrugated sockets. Outer hinge plates
broad; crural bases keeled; crura falcifer, curved,
appearing to be twisted and flattened at distal
extremity; inner hinge plates united medially with-
out visible suture. Median septum slender, strong,
high, extending anteriorly for about a third valve
length, and acting as myophragm to divide elon-
gate adductor muscle field.

TypE-SPECIES.—Chaeniorhynchus
species.

Diacnosis.—Completely costate Rhynchonellacea
having dental plates, undivided hinge plate, and
long thin median septum.

Comparison.—This genus in its completely co-
state exterior is similar to Allorhynchus Weller but
differs in having an undivided hinge plate and a
strong median septum, both of which are lacking
from Allorhynchus.

DiscusstoN.—This genus also has the exterior
expression of Trophisina, new genus, but the fine

inauris, new
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ribs and aborted median septum of that genus
separate Chaeniorhynchus and prevent confusion.
Absence of deltidial plates in large specimens of
Chaeniorhynchus is an unusual feature in such a
relatively late, geologically speaking, rhynchonellid
genus. Most of the genera of the late Paleozoic
rhynchonellids have the deltidial plates well devel-
oped, or at least in a rudimentary state. It shares
this unusual feature with the new genus Tricoria.

The interior of the pedicle valve appears to have
no unusual features, but as in some other genera,
the dental plates have the tendency to lie close to
the walls of the valve and are not always easy to
see. The brachial valves of young specimens have
the hinge plate undivided, a feature that is estab-
lished at an earlier age than in the related genus
Trophisina . Unfortunately, most brachial valve
interiors available for study do not have well-
preserved crura. Two good specimens indicate
slender elongate crura that are compressed laterally,
as is common in many Permian genera. The me-
dian septum is variable but generally is long and
slender.

Chaeniorhynchus inauris, new species

PLATE 507: FIGURES 1-20

Average size for genus, biconvex, bulbous; out-
line somewhat pear-shaped, sides diverging between
80° and 110°; profile oval; anterior commissure
uniplicate; fold low, evenly convex longitudinally,
strongly arched transversely, bearing 4 or 5 fine low
costae; sulcus shallow. Costae fine, low, crests sharp
or rounded, extending to apexes of beaks; surface
entirely costate except posterior lateral surfaces
near hinge; flanks bearing 5-7 lower, finer costae.
Concentric ornamentation absent, growth lines
infrequent.

Pedicle valve strongly convex; beak sharp, weakly
to strongly curved dorsally; beak ridges weak; lat-
eral pseudointerareas not present, no overlap of
valves lateral to beaks. Delthyrium triangular, open,
deltidial plates absent. Brachial valve strongly and
evenly convex; apex within pedicle valve.

Pedicle valve interior with small hinge teeth,
elongate, parallel to shell edge, supported by
strong vertical dental plates reaching valve floor.
Muscle area oval, lying anterior to ends of dental
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plates; scars too faint to be differentiated. Brachial
valve interior with broadly triangular, undivided
hinge plate, bounded laterally by elongate, finely
denticulate sockets; crura projecting forward,
diverging anteriorly, strongly curved ventrally,
dorsal edge carinate; median septum high, blade-
like, supporting hinge plate, extending forward
about a third length of valve. Muscle area small,
oval, posterior adductor scars obscurely separated
from larger anterior adductor scars.
MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness )
USNM 702
148520a 10.3 9.1 9.1 14 80
148520b 9.2 7.9 8.8 7.3 80
USNM 702-low
148784a 10.0 8.4 8.8 c6.0 86
(holotype)

STRATIGRAPHIC OccURRENCE.—Cathedral Moun-
tain Formation.

LocaLities.—USNM 702, 702-low, 735b.

Types.—Holotype: USNM 148784a. Figured par-
atypes: USNM 148520a,b; 154654a—c,e. Measured
paratypes: USNM 148520a,b. Unfigured paratypes:
USNM 148784b; 154654d,f.

DiacNosis.—Chaeniorhynchus having strongly de-
veloped fold and sulcus occupied by few costae.

CompARISON.—Chaeniorhynchus inauris is charac-
terized by its small size, bulbous convexity, low
fold and sulcus, numerous fine costae that extend
to the apexes of the beaks, open delthyrium with-
out deltidial plates; its complete costation of the
shell distinguishes it from species of Wellerella that
occur in the Glass Mountains; and its undivided
hinge plate and median septum distinguish it from
externally similar species of Allorhynchus. Pontisia
longicosta (Stehli, 1954:336) from the Bone Spring
Formation in the Sierra Diablo is costate to the
apexes of the beaks. C. inauris differs from it in its
larger size, proportionately finer costation, greater
convexity, and especially by its high median sep-
tum, which is in contrast to the “low broad ridge”
of P longicosta.

DiscussioN.—This is one of the rarest of the
brachiopods from the prolific Split Tank area of
the Cathedral Mountain Formation.
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Chaeniorhynchus salutare, new species

PLATE 507: FIGURES 21-31

Usual size for genus, length and width nearly
equal but some slightly elongate; outline elongate
oval to subtrigonal. Maximum width slightly ante-
rior to midvalve. Sides moderately to strongly
rounded; divergence of sides 80° to 90°. Anterior
commissure strongly uniplicate. Beak fairly long,
strongly suberect; delthyrium open, long and nar-
row. Surface costate, costae narrowly rounded, 5 or
6 on fold, one less in sulcus, about 6 on each flank.

Pedicle valve fairly evenly and moderately con-
vex in lateral profile; anterior profile slightly
convex but median region slightly concave. Um-
bonal region narrowly convex; sulcus originating
near midvalve, broad and shallow, scarcely deep-
ening anteriorly. Flanks gently swollen, narrowly
rounded, not strongly differentiated from median
region.

Brachial valve fairly strongly and evenly convex
in lateral profile; strongly and narrowly domed in
anterior profile, top well rounded. Umbonal and
median regions swollen. Fold poorly defined, visible
chiefly where slightly elevated above flanks. Fold
originating near midvalve. Flanks inflated but
steep. '

Pedicle valve interior with small teeth and strong
dental plates extended forward. Brachial valve
with strong socket plates and smooth sockets. Hinge
plate and crura not well preserved. Median septum
thin and extending about a quarter valve length.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness (®)
USNM 703a
148522a 11.9 10.0 10.4 8.7 80
(holotype)
148522b 11.0 9.6 10.7 8.0 85
148522¢ 10.0 8.7 8.8 5.0? 80?
148522d 7.8 7.0 7.6 5.5 80

STRATIGRAPHIC OCCURRENCE.—Road Canyon For-
mation.

LocALity.—~USNM 703a.

D1agNosis.—Chaeniorhynchus having a fairly
wide but shallow and low sulcus and fold.

Types.—Holotype: USNM 148522a. Figured par-
atypes: USNM 154653b,g. Measured paratypes:
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USNM 148522b-d. Unfigured paratypes: USNM
148522b—d; 154653a,c-f.

ComparisoN.—This species differs from C. mauris,
new species, in reaching slightly greater size, in
having a less prominent fold and sulcus, but in
having, generally, more costae on these features.
The Road Canyon species is somewhat less rotund
than the earlier one and the tongue of the pedicle
valve is longer. Inside the brachial valve the me-
dian septum of C. inauris is more strongly devel-
oped than that of the Road Canyon species.

DiscusstoN.—This species is as rare as its rela-
tives in the Cathedral Mountain Formation, only a
dozen specimens having been recovered.

Chaeniorhynchus transversum, new species

PraTE 508: FIGURES 48-55

Large for genus, pentagonal outline, wider than
long, sides narrowly rounded and anterior margin
broadly rounded; posterolateral margins forming
angle of 94°. Anterior margin broadly uniplicate;
beak suberect, delthyrium open, no trace of del-
tidial plates. Surface completely costate, costae
direct, not intercalated, 6 on fold, 5 on each flank.

Pedicle valve evenly and gently convex in lat-
eral profile, broadly and gently domed in anterior
profile with very short sides. Median and umbonal
regions moderately swollen; sulcus originating
near midvalve, broad and shallow, forming short
serrated tongue anteriorly; geniculation of tongue
gradual and gentle. Flanks gently convex, slopes
gentle.

Brachial valve deeper than pedicle valve, strongly
and evenly convex in lateral profile; anterior profile
forming strong evenly rounded dome with very
steep sides. Fold poorly defined, scarcely elevated
above swollen flanks. Interior not known.

MEASUREMENTs (in mm).—Holotype USNM
148523: length 12.1, brachial valve length 10.3,
width 12.5, thickness 9.0, apical angle 94°.

STRATIGRAPHIC OccURRENCE.—Cathedral Moun-
tain Formation.

LocaLity.—USNM 703b.

DiacgNosis.—Large transverse Chaeniorhynchus
with poorly defined fold and sulcus.

Types.—Holotype: USNM 148523.

CowmparisoNn.—This species is most like C. salu-
tare, new species, but that species is smaller, has a
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more incurved beak, finer costae, a narrow and
better defined fold and sulcus, narrower shell, and
longer tongue than C. transversum. Chaeniorhyn-
chus inauris, new species, is smaller, has weaker
costae, is narrower, and is more narrowly shoul-
dered than C. transversum. Only one specimen of
this rare species has been found. Unfortunately
the dorsal structures are covered by silica but
strong dental plates are visible through a hole in
the anterior.

Madarosia, new genus

[Greek madaros (bald)]

Medium size, subpentagonal outline; inequi-
valved, brachial valve deeper; profile convexiplane;
uniplicate, anterior commissure strongly plicated
but fold weakly developed. Beak suberect. Del-
thyrium open, deltidial plates absent or marginal.
Exterior smooth except for short lamellae at ante-
rior margin.

Pedicle valve interior with short dental plates
defining narrow delthyrial chamber; muscle field
extending anterior to anterior ends of dental
plates.

Brachial valve interior with small and delicate
cardinalia; hinge plate concave to flat, undivided;
socket ridges small; outer hinge plates broad; crura
falcifer, delicate, long, slender, and with keeled
dorsal edge. Median septum long, slender, elevated,
and supporting hinge plate.

Typre-SPECIES.—Madarosia anterolamellata, new
species.

DiacNosis.—Smooth rhynchonellaceans having
narrowly confined cardinalia; undivided hinge plate
having wide outer hinge plates and a strong median
septum.

CompaArisON.—In sorting specimens from Bell
Canyon residues this genus is often confused with
Bryorhynchus. Although the exteriors are similar,
Madarosia has no costae or costellae, no deltidial
plates or a mere trace of them, and the tongue of
the ventral valve is angular rather than rounded
as in most of the Camarotoechiids. Internally Mad-
arosia is very distinct from Bryorhynchus because
it has an undivided hinge plate whereas that of
Bryorhynchus is divided and the crura are longer
and more strongly curved. The smooth shell and
subpentagonal form distinguish Madarosia from
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all of the costate and semicostate genera.

DiscussioN.—The almost complete lack of del-
tidial plates in this genus is a primitive character.
Although the collection is not large, only one
pedicle valve showed any indication of deltidial
plates and these are mere traces on the delthyrial
margins of specimen USNM 154916h.

Madarosia anterolamellata, new species

PLATE 517: FIGURES 48-54; PLATE 552: FIGURES 38-58

Medium size, subpentagonal in outline, wider
than long, maximum width near midvalve; sides
rounded; anterior truncated. Anterior commissure
narrowly rounded to angular. Surface smooth ex-
cept for short growth lamellae at anterior.

Pedicle valve with small beak and triangular
delthyrium; umbonal region narrowly swollen,
swelling not extending to midvalve; flanks flat-
tened to narrowly concave and depressed below
lateral margin; sulcus originating just anterior to
midvalve, abrupt but shallow and forming long,
narrowly rounded to angular tongue.

Brachial valve gently convex in lateral profile;
umbonal region flattened; anterior half broadly
arched transversely to form low fold; flanks de-
scending steeply.

Interior of both valves as described for genus.

MEASUREMENTs (in mm).—

brachial apical
valve thick- angle
length length width ness (°)
USNM 725f
154744a 12.0 105 13.5 7.4 122
(holotype)
154744b 11.3 10.6 13.2 72 122
USNM 740j
154916b 10.0 9.3 10.2 5.3 116
154916¢ 12.0 11.0 14.6 7.0? 116
154916d 10.5 9.2 12.1 7.0 119
USNM 731
154933 11.8 10.4 13.4 6.7 119

STRATIGRAPHIC OccURRENCE.—Bell Canyon For-
mation (Hegler, Pinery, and Rader members).

LocavLities—Hegler: USNM 731. Pinery: AMNH
33. USNM 736. Rader: USNM 725f, 740j.

DiacNosis.—Madarosia  with narrow
lamellae in the adult.

Tyrrs.—Holotype: USNM 154744a. Figured par-
atypes: USNM 154744b,c; 154916a-h. Measured

anterior
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paratypes: USNM 154744b, 154916b-d, 154933. Un-
figured paratypes: USNM 154933.
ComparisoN.—This species differs from M. pen-
tagona, new species, in its somewhat smaller size,
less thickness, and the presence of the growth
lamellae at the anterior. Differences also appear in
the brachial valves of the two species, that of
M. anterolamellata being much more delicate but
with a proportionately longer hinge plate and
more prominent outer hinge plates.
DiscussioN.—This is a rare and delicate species.
It occurs in the lower three members of the Bell

Canyon Formation but has not yet been taken-

from the Lamar Member. The shell is so thin that
some specimens were lost in handling them for
study.

Madarosia pentagona, new species

PLATE 513: FIGURES 39-41; PLATE 548: FIGURE 18

Large for genus, pentagonal in outline, wider
than long, with gently rounded sides and truncated
anterior. Unequally biconvex, pedicle valve gently
convex, but brachial valve deeper. Anterior com-
missure strongly angular and extended in dorsal
direction. Delthyrium open, no deltidial plates.
Surface smooth.

Pedicle valve interior with short dental plates
sloping medially and defining narrow delthyrial
chamber. Muscle field narrow and extending ante-
rior to delthyrial cavity.

Brachial valve interior with short, undivided
hinge plate; outer hinge plates moderately wide;
crura long and slender, dorsally keeled and with
flattened distal extremity. Median septum long
and slender.

MEASUREMENTS (in mm).—Specimen USNM
154930 (holotype): length 13.0, brachial valve
length 11.3, width 14.1, thickness 9.0, apical angle
116°.

STRATIGRAPHIC OCCURRENCE.—Cherry Canyon For-
mation (Getaway Member).

LocaLity —AMNH 512.

DiacNosis.—Thick Madarosia without anterior
lamellae and with fairly stout cardinalia.

Tyres—Holotype: USNM 154930.

ComparisoN.—This is a more robust species than
M. anterolamellata; it is much thicker and has
stouter cardinalia. The hinge plate is less extended
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anteriorly than that of M. anterolamellata and the
outer hinge plates not so prominent. This is a very
rare species: only one specimen was taken from the
vast amount of residues from AMNH 512=USNM
728.

ALLORHYNCHIDAE, new family

Rhynchonellacea with ventral fold and dorsal
sulcus, completely or nearly completely costate.
Pedicle valve with dental plates and variable del-
tidial plates; brachial valve without median septum
but with divided hinge plate. Crura falcifer or
modified falcifer.

Genera in West Texas: Allorhynchus Weller,
1910; Ptilotorhynchus, new genus; Deltarina, new
genus; Fascicosta Stehli, 1955; Hemileurus, new
genus.

Genus Allorhynchus Weller, 1910

Allorhynchus Weller, 1910:509; 1914:197.—Stehli, 1955:74.

Shell rhynchonelliform, biconvex; outline bluntly
triangular; profile subtrigonal to semiovate; anterior
commisure uniplicate, fold low, sulcus shallow;
costae low but distinct, crests rounded, without
bifurcation or intercalation, beginning at or near
beaks. Concentric ornamentation and growth lam-
inae weak. Pedicle beak sharp, straight to moder-
ately curved dorsally; delthyrium triangular, sides
slightly constricted by rudimentary, usually dis-
junct, deltidial plates; lateral pseudointerareas
narrow, normally covered by slight overlap of bra-
chial valve. Brachial beak rounded, lying inside
pedicle valve beneath small disjunct deltidial
plates.

Pedicle valve interior with delthyrium widened
to receive beak of brachial valve; teeth supported
by vertical dental plates reaching valve floor. Mus-
cle area triangular, between and anterior to for-
ward edges of dental plates; adductor scars small,
forming elongate oval mark in posterior part of
muscle area; diductor scars lateral and anterior to
adductor scar, widening abruptly at posterior end,
gradually expanding from there forward.

Brachial valve interior with medially divided or
deeply notched hinge plate, bounded laterally by
deep, anteriorly widening, finely to coarsely corru-
gated hinge sockets; socket ridges strong, crura
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falcifer, diverging anteriorly, strongly curved ven-
trally, commonly appearing twisted, dorsal edges
carinate, with keel extending beneath hinge plate;
median septum absent; low myophragm present or
absent. Muscle area elongate oval; posterior ad-
ductor scars narrow, elongate, posterior ends sep-
arate, diverging anteriorly, flanking larger, ante-
riorly widening, lobate anterior adductor scars.

Tyre-SPECIES.—Rhynchonella  heteropsis N.H.
Winchell, 1865:121.

Types—Lectotype: USNM 142567a from Win-
chell’s type lot.

CompArisoN.—Allorhynchus is distinguished by
its relatively low fold and shallow sulcus, fine, blunt
costae that cover the shell, usually extending to the
beaks, by its divided hinge plate, and lack of a
median septum. Its costate umbonal areas and
divided hinge plate distinguish it from Wellerella.
Strigirhynchia, new genus, is costate to the beaks,
but its undivided hinge plate and high median
septum separate it from Allorhynchus.

DiaGNosis.—Completely costate Allorhynchidae
having a divided hinge plate and no median
septum.

DiscussioN.—Stehli (1955:74) remarked that the
combination of features characterizing Allorhyn-
chus is distinctive, and not likely to be confused
with that of other genera. But he assigned his
Permian specimens only tentatively to the genus,
giving two reasons for his doubt. One is the ab-
sence of known species of Allorhynchus from the
Pennsylvanian. The other involves anatomical
details of the shell. He cites the presence of con-
centric striae on the Mississippian shells and their
absence on the Permian species known to him. One
new species in the Museum collections has faint
concentric striae, but we consider that to be a
specific character at most, certainly not eliminating
from the genus the two other species which do not
exhibit it. Furthermore, that feature may be de-
stroyed by silicification of the shell, leaving con-
centric ornamentation visible only on a few speci-
mens. The other feature that Stehli believes may
distinguish the Mississippian species from the Per-
mian species is denticulation of the hinge sockets.
This feature cannot be observed on the calcareous
specimens of the type species from Iowa, but
minute denticulation or corrugation is present in
a few silicified Mississippian specimens of a species
from the Warsaw Formation of Tennessee. Coarse
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silicification can destroy fine denticulation, so it is
not visible on all specimens of that Mississippian
species, but its presence on a few is sufficient to
link them generically with the more coarsely den-
ticulate Permian species. We believe that all the
known species have generic characters in common,
and that assignment of Permian species to the
Mississippian genus need not await discovery of
species of Allorhynchus in Pennsylvanian strata.

The type-species A. heteropsis (Winchell) shows
the exterior characters to perfection, with the beaks
and umbones of both valves covered by costae. We
here select specimen USNM 142567a as type speci-
men for the species. This specimen was formerly
one of Winchell’s cotypes. It shows all of the exte-
rior characters and, in addition, the nature of the
deltidial plates may be clearly seen. They are small
and disjunct. This feature is fairly general among
species of the genus. Only one specimen of a new
species from the Mississippian (Warsaw) of Ten-
nessee shows conjunct deltidial plates. Two addi-
tional specimens show the socket plates and the
myophragm of the brachial valve. The Permian
specimens and the new species from the Mississip-
pian (Warsaw) of Tennessee alluded to above
yielded most of the information on the interior
details.

The specimens from Tennessee are small, rotund
forms. The teeth of the pedicle valve are almost
horizontal and are flattened in the direction of the
shell width but they have a strong socket on their
posterior side. The teeth of the Permian species
are more knoblike but also have a deep socket on
the outside of the tooth. The dental plates of the
Mississippian forms are strong and have deep um-
bonal chambers but the Permian ones usually have
narrow, slitlike umbonal cavities. The muscle scars
were not clearly discerned in any of the specimens
but they lie anterior to the ends of the dental
plates.

Inside the brachial valve the sockets are minutely
corrugated in the Permian forms but these struc-
tures were not seen in the Mississippian specimens.
The socket ridges of the Mississippian examples are
strong and somewhat elevated. They bear broad
and concave outer hinge plates that are bordered
by the crural bases. Inner hinge plates can be seen
on both Mississippian and Permian specimens but
they were not seen to unite in any of the speci-
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mens. The divided hinge plate is thus a persistent
character in the genus.

The falcifer crura of the Mississippian specimens
are generally long, slightly bowed, somewhat ex-
panded anteriorly, and form hollow plates with
the concavity facing toward the midline of the
shell. The plates are crescentic in cross section. On
the underside of the hinge plate the crura are
strongly keeled and the keels extend to the apex.
The Mississippian specimens have a strong myo-
phragm that divides the muscle field but does not
reach the apex. In most of the Permian species no
trace of a myophragm was seen.

A semicostate allorhynchid from the Neal Ranch
Formation is here separated as the new genus
Hemileurus in allusion to this difference in its
exterior. Some of the Permian specimens have non-
costate umbones but this shell is half smooth and
thus presents a greatly different appearance from
typical Allorhynchus.

Allorhynchus is common at several levels but it
is not abundant at any place in the Glass or Guada-
lupe Mountains.

Allorhynchus circulare, new species
PLATE 780: FIGURES 19-24 (in part V)

Medium size for genus, subcircular to roundly
subpentagonal in outline, length slightly greater
than width; sides strongly rounded; anterior mar-
gin broadly rounded. Posterolateral margins form-
ing angle of 80° Valves subequal in depth. Del-
tidial plates small, disjunct. Surface costate, costae
crowded, 5 on fold and 5 on flanks. No concentric
ornament preserved.

Pedicle valve evenly and moderately convex in
lateral profile and broadly and gently convex in
anterior view; sulcus originating just posterior to
midvalve, shallow throughout and forming short,
serrated tongue. Flanks rounded.

Brachial valve moderately convex in lateral pro-
file but somewhat more so in anterior view; fold
poorly defined, originating posterior to midvalve
but never highly elevating. Flanks rounded and
convex, only slightly depressed below fold at
anterior.

Pedicle valve interior with strong dental plates.
Brachial valve with strong socket ridges, narrow
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sockets, narrow to nonexistent outer hinge plates,
and short crura.

MEASUREMENTs (in mm).—Holotype USNM
148059a: length 7.5, brachial valve length 6.2, width
6.9, thickness 5.3, apical angle 80°.

STRATIGRAPHIC OCCURRENCE.—Cherry Canyon For-
mation (Getaway Member).

LocaLity —USNM 732.

DiacNosis.—Rotund, thick and rounded Allor-
hynchus with poorly defined fold and sulcus.

Tyres.—Holotype: USNM 148059a. Figured par-
atypes: USNM 148059b,c. Unfigured paratypes:
USNM 148059d-m.

ComrarisoN.—The intermediate size of this spe-
cies limits comparison to A. concentricum, new
species, from which it differs in its narrower out-
line, more circular form, greater thickness, and
lack of any concentric ornament such as is con-
spicuous on A. concentricum.

Allorhynchus concentricum, new species

PLATE 509: FIGURES 74-77

Usual size for genus, length and width nearly
equal; valves subequal in thickness; outline pen-
tagonal, sides rounded; posterolateral margins
forming angle of 110°. Anterior commissure gently
uniplicate. Delthyrium open, no trace of deltidial
plates. Fold with 5 costae, 6 or 7 on flanks; entire
surface covered by fine concentric lines.

Pedicle valve gently and evenly convex in lateral
profile; anterior profile broadly and gently convex;
beak somewhat elongated; umbonal region mod-
erately inflated; sulcus originating at about mid-
valve, wide and shallow; tongue short. Flanks some-
what flattened, with gentle slopes.

Brachial valve gently convex in lateral profile but
moderately domed in anterior profile with short
steep sides. Median region and umbonal region
swollen; fold originating slightly posterior to mid-
valve, poorly defined, barely elevated above mod-
erately swollen and steep flanks.

Interior unknown.

MEASUREMENTs (in mm).—Holotype USNM
154676: length 8.6, brachial valve length 7.6, width
8.9, thickness 5.5, apical angle 110°.

STRATIGRAPHIC OCCURRENCE.—Road Canyon For-
mation.

LocaLity —~USNM 732;.
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DiacNosis.—Finely costate Allorhynchus with low
fold, shallow sulcus, and strong concentric lines.

Types.—Holotype: USNM 154676.

ComrarisoN.—In size this species suggests A.
triangulatum and A. variabile, both new, but it is
much more finely costate than either of these spe-
cies. It is also suggests Petasmatherus nitidus, new
species, but is larger, has more and crowded co-
stae, and is provided with concentric lines which
do not appear on P. nitidus.

Allorhynchus formulosum, new species

PLATE 540: FIGURES 4-14

Average size for genus, subtrigonal to subpen-
tagonal in outline, sides rounded, maximum width
anterior to midvalve. Anterior margin truncated.
Anterior commissure strongly uniplicate. Apical
angle usually about 90°. Completely costate, but
indistinct at apexes; costae moderately elevated,
narrowly rounded with fairly wide interspaces, 5
costae on fold, 4 or 5 on flanks, last ones indistinct.

Pedicle valve moderately convex in lateral pro-
file, greatest convexity just posterior to midvalve;
anterior profile gently and broadly convex. Beak
short, straight or nearly erect, with oval foramen
and small disjunct deltidial plates. Median and
umbonal regions gently convex; sulcus wide, shal-
low, originating at midvalve, forming moderately
long tongue. Flanks narrowly elevated in antero-
lateral extremities, short but steep.

Brachial valve gently convex in lateral profile
but strongly domed and with precipitous sides in
anterior profile. Umbonal region moderately con-
vex; median region moderately swollen. Fold, short,
low, poorly defined, originating at midvalve. Flanks
moderately swollen and steep.

Pedicle valve interior with narrow, oblique den-
tal plates oriented parallel to shell margin and
located well forward of deltidial plates. Dental
plates thin, delicate, short, and defining narrow
umbonal chambers. Muscles not clearly impressed.

Brachial valve interior with strong socket ridges
and moderately wide outer hinge plate. Inner hinge
plates rudimentary. No median septum or myo-
phragm. Crura moderately long.

STRATIGRAPHIC OCCURRENCE.—Cherry Canyon For-
mation (Getaway Member).
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MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness (®)
AMNH 585
154881a 8.2 7.3 9.3 5.5 98
(holotype)
154882a 34 3.0 3.5 14 80
154882b 44 3.6 4.2 1.8 80
154882c 5.1 4.2 4.8 2.2 80
154882d 5.4 47 5.3 28 80
154882e 7.0 6.2 74 3.6 85
154882f 7.6 6.6 8.0 4.6 90
154882g 7.5 6.7 8.3 438 85
154882h 8.6 7.1 10.4 5.5 105

LocaLiTies.—AMNH 585; USNM 730.

DiacNosis.—Fairly wide, short Allorhynchus with
broad fold, shallow sulcus, and short beak.

Types.—Holotype: USNM 154881a. Figured par-
atypes: USNM 154881c,d; 154882g,h. Measured
paratypes: USNM 154882a-h. Unfigured paratypes:
USNM 154881b,e,f.

ComparisoN.—This species approaches 4. per-
mianum Stehli in size but no specimen actually
attains the size of that species. The two may be
distinguished, beside the size, by the stronger rib-
bing of A. formulosum when compared to A. per-
mianum of the same size, the generally wider form
and much shorter beak of the pedicle valve of A.
formulosum. Specimens of similar size must be
compared because the young of 4. permianum are
more elongate than adults of A. permianum of the
same size.

Allorhynchus aff. A. macrum (Hall)
PLATE 780: FIGURES 69-77 (in part V)

Aff. Rhynchonella macra Hall, 1856:11.
AfE. Allorhynchus macrum (Hall) Weller, 1914:199, pl. 25:
fig. 1-4.

Figures of a Mississippian species of Allorhyn-
chus are introduced here for comparison with the
interiors of the Permian species assigned to the
genus. The figures illustrate well the divided hinge
plate.

STRATIGRAPHIC OCCURRENCE AND LocALiTy.—War-
saw Formation, Clarksville, Tennessee.

Types.—Figured specimens USNM 155071.
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Allorhynchus permianum Stehli
Allorhynchus? permianus Stehli, 1955:74, figs. 18-31.

Large for genus, biconvex; outline bluntly tri-
angular to subpentagonal, sides diverging from 50°
in juveniles to 120° in largest adults; profile len-
ticular to semiovate; commissure uniplicate, fold
high, with moderately convex profile; sulcus shal-
low, evenly convex longitudinally. Costae moder-
ately high, strong, beginning at beaks or slightly
anterior, numbering 4 or 5 on fold, normally 5,
one less in sulcus, 6 or 7, rarely 8 on each flank.

Pedicle valve slightly inflated in umbonal area,
gently convex toward nonreflexed flanks; beak
sharp, somewhat attenuate, slightly curved dorsally;
beak ridges blunt, relatively short; lateral pseudo-
interareas narrow, entirely or partly covered by
overlapping brachial valve. Delthyrium triangular,
in adults constricted along sides by disjunct del-
tidial plates, open in juveniles; foramen eyeshaped
or rounded triangular.

Brachial valve strongly convex toward flanks,
gently convex longitudinally along fold; umbonal
area slightly flattened in transverse cross section,
some with shallow longitudinal indentation; beak
often attenuate, end blunt, within pedicle valve
below deltidial plates.

Pedicle valve interior with sides of delthyrium
abruptly widened anterior to deltidial plates, form-
ing notch to accommodate brachial beak, each side
with one knob-shaped, slightly elongate hinge tooth
supported by a vertical dental plate reaching floor
of valve. Muscle pattern roughly triangular, lying
between and anterior to forward edges of dental
plates; adductor scars elongate, in posterior part
of muscle area, one on each side of median line,
surrounded laterally and anteriorly by wider,
longer, anteriorly expanding diductor scars.

Brachial valve interior with hinge plate divided
by wedge-shaped notch, bounded laterally by deep,
anteriorly widening, socket ridges which define
finely to coarsely denticulate hinge sockets; crura
short, diverging anteriorly, strongly curved ven-
trally, often twisted, dorsal edges carinate; myo-
phragm low, rounded, bisecting posterior part of
muscle area, often completely absent. Muscle area
elongate oval; posterior adductor scars narrow,
elongate, widely separated, slightly diverging ante-
riorly, flanking larger, bilobate, anteriorly widening
anterior adductor scars.
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STrATIGRAPHIC OCCURRENCE.—Road Canyon For-
mation; Word Formation; Cherry Canyon Forma-
tion (Getaway Member).

LocaLiTies.—See subspecies below.

DiacNosis.—Large for the genus with high fold
having 5 costae.

Tyres—Holotype: AMNH 27905/5. Figured hy-
potypes: USNM 148054a-h. Measured hypotypes:
USNM 148078; 148088; 148094a,b.

CompARISON.—Allorhynchus permianum is char-
acterized by its comparatively large size, high fold
with 5 strong costae that extend to the beak or
close to it, relatively short crura, strongly corru-
gated sockets, and broad low myophragm in the
brachial valve. It differs from A4. heteropsis (Win-
chell) from the Mississippian of Iowa in its large
size, more numerous costae, and absence of a well-
defined median groove on the exterior of the bra-
chial umbonal area. It differs from Hemileurus
runcinatus, new species, from the Neal Ranch For-
mation in its larger size, more numerous and
stronger costae that begin farther back on the beaks,
longer and less strongly curved pedicle beak, and
valves that overlap slightly anterior to the beaks,
commonly producing a narrow lateral pseudoin-
terarea.

Allorhynchus permianum permianum Stehli
PLATE 541, FIGURES 1-30

Allorhynchus? permianus Stehli 1955:74, figs. 18-31.

ComprarisoN.—This subspecies occurs in the Get-
away Member of the Cherry Canyon Formation in
the Guadalupe Mountains, Guadalupian in age. Its
costae extend to the apexes of the beaks, a feature
that distinguishes it from the otherwise similar
Glass Mountains subspecies, 4. permianum word-
ense, new subspecies.

MEASUREMENTs (in mm).—From locality USNM
728 specimen AMNH 27905/5 (holotype): length
12.5, brachial valve length 10.5, width 13.9, thick-
ness 9.5, apical angle 105°.

STRATIGRAPHIC OCCURRENCE.—Cherry Canyon For-
mation (Getaway Member).

Locarities.—AMNH 496, 512, 547, 600; USNM
728.

DousTrurL OccURRENCE.—Bell Canyon Formation
(Hegler and Lamar members). Capitan Formation.
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Locarities.—Hegler: USNM 731. Lamar: AMNH
37, USNM 728r. Capitan: 738a, 740, 750.

Allorhynchus permianum wordense, new subspecies
PLATE 542: FIGURES 1-51

ComparisoN.—This subspecies occurs in the
Word Formation of the Glass Mountains. It is dis-
tinguished from the subspecies from the Guadalupe
Mountains by its incomplete costae that normally
begin 1-2 mm anterior to the apexes of the beaks.
In other characters the two groups are indistin-
guishable.

STRATIGRAPHIC OcCCURRENCE.—Word Formation
(China Tank, Hess Canyon, and Willis Ranch
members; lens between Willis Ranch and Appel
Ranch members).

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width ness (°)
USNM 706
148084a 5.5 4.6 43 2.2 55
148084b 7.7 6.2 7.0 3.3 60
148084c 9.3 7.8 9.0 3.7 80
148084d 10.0 85 9.9 6.0 80
148084e 9.3 8.2 9.4 3.7 80
148084f 10.0 8.3 10.6 6.7 96
148084g 15.0 12.6 154 10.6 113
154889¢ 12.9 11.2? 18.7 9.7 88
(holotype)
USNM 706b
148088a 4.1 3.2 3.1 1.6 ?
148088b 4.6 3.6 39 1.9 ?
USNM 706e
148078 11.9 10.4 12.6 8.0 114
USNM 706z
148094a 13.8 11.8 15.8 9.0 100
148094b 5.9 5.3 5.5 2.9 65

LocaLities.—China Tank: USNM 703e, 706¢,
706z, 713, 726r. Willis Ranch: AMNH 505; USNM
706, 706e. Appel Ranch: USNM 715i, 719z, 722t,
724u. Lenses: USNM 706b, 732¢, 737w. Word For-
mation (undifferentiated): USNM 731p.

Types.—Holotype: USNM 154889c. Figured par-
atypes: USNM 148081a-e; 148084e—g; 154889a—f,h;
154890a—d. Measured paratypes: USNM 148078,;
148084a—g; 148088a,b; 148094a,b. Unfigured para-
types: USNM 148084a-d, 154889g, 154890c.
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Allorhynchus triangulatum, new species
PLATE 542: FIGURES 52-60

Medium size, longer than wide in all growth
stages; elongate triangular outline with apical angle
approaching 89° Sides gently rounded; maximum
width anterior to midvalve. Anterior margin
straight. Surface nearly completely costate but
beaks variable, ranging from costate to nearly
smooth. Surface marked by crowded, rounded to
subangular costae, 4 or 5 on fold, usually 4, one
less in sulcus. Flanks marked by 3-5 costae, last
two usually indistinct.

Pedicle valve shallower, evenly and moderately
convex in lateral profile; medially flat to slightly
concave in anterior profile. Beak long, suberect,
with large elliptical to oval foramen. Deltidial
plates small, disjunct. Umbonal region narrowly
swollen; sulcus originating just anterior to mid-
valve, shallow and narrow, approximating about
half valve width. Tongue long and flattened.
Flanks narrow, rounded.

Brachial valve moderately convex in lateral pro-
file, most convex in posterior half; anterior profile
narrowly domed and with steep .parallel sides.
Umbonal region moderately convex; fold originat-
ing near midvalve, narrow, moderately strongly
elevated at anterior end. Flanks gently swollen and
only slightly depressed.

Pedicle valve interior with moderately long den-
tal plates separated from valve wall by narrow
slits; muscle scars not impressed.

Brachial valve interior with long crura, crescentic
in section, concave toward midvalve, and with
keels under crural base. No inner hinge plates.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width ness ]
USNM 706¢
148092a 12.0 9.8 11.4 10.0 77
148092b 9.7 7:9 9.3 7.9 75
(holotype)
148092¢ 9.2 7.6 8.3 5.7 72
148092d 8.9 7.6 7.3 5.5 64
148092e 8.9 7.3 7.8 6.0 68
148092f 7.6 6.3 6.8 5.4 64
148092g 5.3 4.2 4.5 3.3 63

STRATIGRAPHIC OCCURRENCE.—Word Formation
(China Tank, Willis Ranch, and Appel Ranch
members and lens between the last two).
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LocaLiTies.—Word: USNM 731u, 732s. China
Tank: USNM 706c, 733q. Willis Ranch: AMNH
505; USNM 706, 706e, 724u. Appel Ranch: USNM
7140. Lens: USNM 742b.

DiacnNosis.—Elongate, thick Allorhynchus with
narrow fold and long beak.

Types.—Holotype: USNM 148092b. Figured par-
atypes: USNM 148092c-€,h,i. Measured paratypes:
USNM 148092a,c-g. Unfigured paratypes: USNM
148092a,f,g.

ComrArisoN.—This species occurs with 4. vari-
abile, new species, but is readily distinguished by
its long, triangular outline, and narrow fold. Its
narrow form, narrow fold, and fine costae distin-
guish it from 4. permianum Stehli.

Allorhynchus variabile, new species

PLATE 543: FIGURES 1-13

Medium size for genus, slightly wider than long
in adults, subtrigonal in outline; valves subequal
in depth. Sides narrowly rounded; maximum width
at or slightly anterior to midvalve. Anterior mar-
gin truncated. Apical angle about 90° or slightly
greater. Surface nearly completely costate; costae
narrow, rounded; interspaces narrower than co-
stae; costae numbering 4-6 on fold, usually 4; one
less costa on sulcus; flanks marked by 3-7, last
ones usually indistinct.

Pedicle valve evenly and moderately convex in
lateral profile, slightly sulcate in anterior profile.
Beak moderately long, suberect, pointed; foramen
elongate, elliptical, usually restricted anteriorly by
disjunct deltidial plates. Umbonal region moder-
ately swollen; sulcus originating at midvalve, deep-
ening rapidly. Flanks narrow, gently convex.

Brachial valve moderately convex in lateral pro-
file, maximum curvature in posterior part and flat-
tened anteriorly; anterior profile narrowly domed
with steep sides. Fold low, somewhat spreading
anteriorly, occupying more than half of width and
originating just anterior to midvalve. Flanks
rounded, gently depressed.

Pedicle valve interior with short dental plates,
defined by narrow umbonal cavities. Brachial valve
interior with divided hinge plate, no inner hinge
plates. Socket ridges low; crura short, curved, and
with strong keels.
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MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness (™)
USNM 706¢c
148090a 10.6 9.0 12.0 8.0 95
(holotype)
148090b 10.1 8.6 11.0 6.8 88
148090c 9.4 7.8 9.5 6.7 78
148090d 7.7 6.3 74 4.7 73
148090¢ 7.0 5.9 6.7 4.1 73
148090f 7.5 6.4 74 45 i

STRATIGRAPHIC OcCURRENCE—Word Formation
(China Tank and Willis Ranch members).

LocArities.—China Tank: USNM 706c. Willis
Ranch: 706.

DiagNosis—Medium  size, transverse Allorhyn-
chus with low fold marked by five costae and
smooth umbones.

Types.—Holotype: USNM 148090a. Figured par-
atypes: USNM 148090a-h; 154892a,b. Measured
paratypes: USNM 148090b-f.

ComparisoN.—In the adult form this species is
slightly wider than long and has fairly crowded
costae. It is smaller than 4. permianum Stehli,
with more even and finer costae and with a some-
what narrower sulcus in the young and some adults,
but this feature is variable. The costae of the fold
of A. permianum are strong and conspicuous but
those of A. wvariabile are subdued and fairly even
in size.

Allorhynchus venustulum, new species
PLATE 542: FIGURES 61-64; PLATE 543: FIGURES 14-33

Rhynchonella longaeva Girty, 1909:322, pl. 15: figs. 19a—c [not
18].

Small, with rounded contours and subtrigonal
to subpentagonal outline; apical angle about 75°;
lenticular in profile, brachial valve having slightly
greater depth; sides rounded but maximum width
slightly anterior to midvalve; anterior margin gen-
tly rounded; anterior commissure gently uniplicate.
Surface completely costate but costae often indis-
tinct at umbones; costae broad and gently rounded
and with narrow interspaces, 3-5 on fold and 5 or
6 on each flank.

Pedicle valve evenly and gently convex in lateral
profile but broadly and moderately domed in ante-
rior profile. Beak nearly straight to suberect,
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usually short, except in young; foramen elongate
oval; deltidial plates small, lateral and basal, dis-
junct; posterior and median regions gently convex;
sulcus, shallow and poorly defined, originating near
midvalve and producing short tongue. Flanks short
and moderately steep.

Brachial valve moderately convex in lateral pro-
file, most curvature in umbonal region; anterior
profile broadly and moderately domed and with
short steep sides. Median and umbonal regions
moderately inflated; fold low, poorly defined and
best seen at anterior; flanks swollen and moderately
steep.

Pedicle valve interior with narrow teeth, com-
pressed in the direction of width and located well
anterior to deltidial plates; dental plates delicate,
short, defining very narrow delthyrial chamber;
muscle field anterior to delthyrial cavity, but scars
poorly impressed.

Brachial valve strong, inclined
socket ridges defining narrow, corrugated sockets;
outer hinge plates narrow, crural bases narrow;
inner hinge plates moderately developed. Crura
of falcifer type. Median ridge low, wide, clearly
secondary, adductor scars near midvalve.

MEASUREMENTS (in mm).—

interior with

brachial apical
valve thick- angle
length length width ness (°)
USNM 738b
152804a 29 2.2 2.7 1.2 60
152804b 3.5 24 3.0 1.9 60
152804c 4.5 3.5 4.0 2.1 60
152804d 6.0 4.8 5.4 3.8 60
152804c 7.0 5.7 5.8 4.0 70
152804f 6.8 5.7 6.3 4.0 70
152804g 74 6.4 A 4.7 5
(holotype)

StrATIGRAPHIC OccURRENCE—DBell Canyon For-
mation (Hegler, Pinery, Rader, and Lamar
members).

Locarities.—Hegler: USNM 731. Pinery: USNM
725h. Rader: USNM 725g. Lamar: AMNH 38, 40,
347 (=L-2), 348 (=L-3), 351 (=1L-6), 430; USNM
725e, 7281, 728p, 728r, 738, 738bh.

DiacNosis.—Small elongate Allorhynchus with
low, rounded costae.

Tyrrs—Holotype: USNM 152804g. Figured par-
atypes: USNM 152804f, 154891a-d, 154893a-d,
154894, 154895. Measured paratypes: USNM
152804a—f. Unfigured paratypes: USNM 152804a-e.
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ComrarisoN.—This is a small elongated species
and may be compared only to Petasmatherus niti-
dus and pumilus, both new. It is readily distin-
guished [rom the latter by its stronger and some-
what subdued ribbing and less elongated beak of
the pedicle valve. It is more like P. nitidus but is
generally a smaller species, with less well-defined
fold and sulcus, more variable costation in the fold
and sulcus, and more subdued costation. It is much
smaller and more trigonal than any of the species
of Allorhynchus from the Word Formation of the
Glass Mountains or the Getaway Member in the
Delaware Basin.

DiscussioN.—The species is rare, and has been
found only in the dark limestones of the Bell
Canyon Formation.

Allorhynchus species unidentified

The above named species do not include all of
the forms this genus takes in the residues or broken
from their matrix in the Glass Mountains. Speci-
mens referable here were taken from the Skinner
Ranch Formation (Decie Ranch Member) at USNM
711d; a coarse-ribbed species occurs in the Road
Canyon Formation at USNM 703d, and 721j. An-
other more rotund species occurs in the Willis
Ranch Member of the Word Formation at USNM
723w; a specimen of Allorhynchus comes from the
Word Formation at USNM 731m.

In the Guadalupe Mountains the Getaway Mem-
ber of the Cherry Canyon Formation produced a
rotund species at AMNH 496. A species occurs in
the Cutoff Shale Member of the Bone Spring For-
mation at AMNH 678.

Small collections from the Capitan and Bell
Canyon formations also cannot be assigned to
known species. These occur in the Capitan at
USNM 738a, 740, 750, and in the Bell Canyon
Hegler Member at USNM 731, and Lamar Mem-
ber at AMNH 37, USNM 728r.

Ptilotorhynchus, new genus
[Greek ptilotos (winged) + rhynchus (beak)]

Rhynchonellid about medium size, triangular in
outline, biconvex and strongly inequivalve, bra-
chial valve deeper and more convex. Anterior com-
missure uniplicate, [old low, sulcus shallow but
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long. Beak short, straight; deltidial plates conjunct
and strongly alate. Surface multicostellate, costellae
increasing by implantation and bifurcation in sev-
eral generations.

Pedicle valve interior with small teeth and dental
plate greatly reduced or obsolete in adults. Muscle
area large and rounded.

Brachial valve interior with deeply notched
hinge plate with non corrugated sockets and thick
socket plate; outer hinge plates narrow; crura, flat-
tened falcifer, moderately long, laterally com-
pressed blades with broad faces toward midline of
valve; inner hinge plates not formed in young,
forming short narrow arch in adults. Median ridge
confined to apex in adult and supporting hinge
plates, not present in young; median ridge often
thick; adductor field elongate and divided medially
by low, thin myophragm.

TyPES-SPECIES.—Ptilotorhynchus delicatum, new
species.

DiagNosis—Rhynchonellida with numerous bi-
furcated costellae, obsolescent dental plates, and a
median ridge in the brachial valve supporting a
deeply indented hinge plate.

ComrArisoN.—This genus can be recognized
easily by its distinctively marked exterior with the
bifurcating costellae. In this respect it resembles
Fascicosta Stehli and Divaricosta Cooper and Grant,
but differs from both of them in having the dental
plates of the pedicle valve aborted or obsolete and
the hinge plate deeply indented. The strongly alate
deltidial plates, which are carried from youthful
stages to the adult, are also an unusual feature that
lends distinction to the genus. In the above respects
it differs from the multicostate forms as well as
those with direct costae.

DiscussioN.—This interesting genus has a num-
ber of characters peculiar to it. The alate deltidial
plates are a rarity among Paleozoic genera. They
occur in the Glass Mountains fauna in the young
of Rhynchopora, where they are conspicuous but
usually not so strongly developed as in the present
genus. Perhaps, if the young of more Paleozoic
rhynchonellids were known, these peculiar plates
would prove to be of wider occurrence. In Ptiloto-
rhynchus they aredeveloped in the adult as well
as in the young and are as strongly marked as in
some of the late Mesozoic genera. They serve to
strengthen the foraminal margin and help to pro-
duce a pedicle tube.
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Another feature unique to this genus among the
Glass Mountains and other West Texas rhyncho-
nellids is the obsolescence of the dental plates.
These are greatly reduced in the leiorhynchids but
are seldom lost completely. The Permian faunas
of Russia have rhynchonellids, such as Pseudo-
wellerella and Denticuliphoria, (both Licharew
1956), in which the dental plates have atrophied.
In Ptilotorhynchus dental plates were not observed
in the young specimens available. These specimens
were, perhaps, in a young-adult stage rather than
immature, only their size suggests their youth. The
teeth in this genus are very small; running in a
curve from them along the lateral shell wall is a
low ridge that probably represents the growth
track of the tooth and is not a remnant of a dental
plate.

The cardinalia of this genus are also unusual for
Permian rhynchonellids. In the smaller specimens,
probably young adults, the hinge plate is deeply
indented, with no trace of inner hinge plates; but
in the largest specimen, truly an adult, the inner
hinge plates form a low ridge between the crural
bases. The outer hinge plates are narrow and the
crural bases are a keel on their inner edge. The
crura are laterally compressed blades, rather rigid,
and with the concave side facing midvalve. In the
younger specimens no trace of a median septum is
evident, although in the largest specimen a rudi-
mentary ridge occurs at the apex and joins the
inner hinge plates in the support of the hinge plate.
Anteriorly the ridge is extremely short, but between
the adductors in this large specimen a narrow
myophragm appears as a continuation of the ridge.
In some of the younger specimens the median de-
pression on the brachial valve is translated in the
interior to a broad rounded ridge.

Ptilotorhynchus delicatum, new species

PLATE 508: FIGURES 72-76; PLATE 513: FIGURES 1-18;
PLATE 552: FIGURES 15, 16

Medium size for rhynchonellid, elongate oval to
subtrigonal in outline, sides diverging at about 90°.
Maximum width near midvalve. Sides broadly
rounded. Anterior commissure uniplicate with
moderate amplitude. Beak short, straight. Surface
multicostellate, fold poorly defined, costellae nar-
rowly rounded, with interspaces about same size as
costellae; fila strong in interspaces.
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Pedicle valve moderately convex in lateral profile,
maximum convexity near midvalve; anterior profile
flatly and broadly concave. Umbonal region nearly
flat. Sulcus variable, originating just anterior to
umbo, shallow and narrow, deepening and widen-
ing anteriorly, but nowhere very deep; flanks mod-
erately rounded; sulcus occupied by 11 costellae in
one specimen. Flanks moderately convex, narrowly
rounded and usually moderately strongly marked.

Brachial valve of about equal or slightly greater
depth than pedicle valve; strongly convex in lateral
profile, maximum convexity near midvalve; anterior
profile narrowly domed, sides steep and precipitous.
Umbonal region moderately concave, especially in
young, but lessening in adults and giving way to
low, inconspicuous fold slightly posterior to mid-
valve; fold variable, generally low and rounded in
both profiles; flanks somewhat swollen and not
strongly deflected.

Interior details of both valves as described for
genus.

MEASUREMENTS (in mm).—Holotype USNM
148219: length 13.9, brachial valve length 125,
width 12.6, thickness 10.6, apical angle 90°.

STRATIGRAPHIC OCCURRENCE.—Cherry Canyon For-
mation (Getaway Member), Capitan Formation,
Bell Canyon Formation (Hegler, Pinery, Rader,
and Lamar members).

LocALrties.—Getaway: USNM  732. Capitan:
USGS 7404 (blue); USNM 7255, 739, 740. Hegler:
USNM 731, 740c. Pinery: USNM 733. Rader:
USNM 725g, 740a, 740g, 740i, 740j, Lamar: AMNH
430; USNM 725e, 728p, 738, 738b.

DiacNosis.—Ptilotorhynchus with long, shallow
sulcus in the pedicle valve.

Tyres.—Holotype: USNM 148219. Figured par-
atypes: USNM 154710a,e,h; 154711; 154712a,b;
154713; 154714; 154668a,b; 154670. Unfigured par-
atypes: USNM 154710b—d, f.g.

ComparisoN.—This is the only species of this
genus known, but inasmuch as species of Divaricosta
and Fascicosta have similar exteriors they might be
confused with it. The lack of dental plates and the
nature of the hinge plate of Ptilotorhynchus distin-
guishes them readily.

DiscussioN.—The available material on which
this species and genus is based indicates either var-
iable species or possibly more than one species.
Specimens from USNM 725e include young and
adult individuals. The young are variable, some
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specimens being widely triangular but others elon-
gate triangular. The adults have the long shallow
sulcus on the pedicle valve that appears to be a
generic as well as specific character. The measured
paratype is preserved in limestone and is undis-
torted. It is elongate triangular and appears more
elongate than the specimen from AMNH 430. The
latter is crushed, however, and does not reveal its
true character. It has seemed best to regard all of
the specimens as belonging to a single variable
species.

Deltarina, new genus
[Greek delta]

Small, triangular in outline, with narrowly
rounded sides; subequivalve; lenticular in profile,
both valves shallow. Greatest width anterior to
midvalve; anterior commissure broadly to narrowly
uniplicate. Beak straight, moderately long, narrow
and sharply pointed; foramen elongate triangular;
deltidial plates rudimentary, disjunct. Interareas
small. Surface multicostate, costae strong and
prominent.

Pedicle valve with small narrow teeth lying paral-
lel to shell margin and posteriorly grooved; dental
plates thin, convergent, with narrow umbonal
cavities, often difficult to distinguish; muscle field
fairly strongly impressed, with large diductor scars.

Brachial valve with smooth sockets defined by
cup-like fulcral plates and strong inner socket
ridges overhanging sockets. Hinge plate divided;
outer hinge plates narrow, bearing laterally flat-
tened, short falcifer crura; inner hinge plates not
developed, or rudimentary. Median ridge slender
or absent. Adductor field not impressed strongly
enough to distinguish details.

TyrPE-SPECIES.—Deltarina magnicostata, new
species.

DiacNosts.—Strongly and completely costate rhyn-
chonellids with rudimentary, disjunct deltidial
plates, divided hinge plate, and with brachial valve
septum absent or rudimentary.

ComparisoN.—The exterior of this genus is very
distinctive in having the fold composed of two
costae and the one corresponding costa in the
sulcus, and with the flanks having occasional bifur-
cation or intercalation. Lack of deltidial plates (or
at best, mere vestiges) combined with a fairly long
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tapering beak are characteristic. The genus suggests
Divaricosta Cooper and Grant, but in that genus
the fold and sulcus are occupied by numerous
costae and the deltidial plates are elaborate. It
differs from Fascicosta Stehli (1955) in lacking nu-
merous bifurcations and intercalations of the costae,
and in having more pronounced costae and a
shorter beak.

Deltarina is like Ptygmactrum, new genus, Peta-
smatherus Cooper and Grant and Elassonia, new
genus, in the possession of a divided hinge plate,
but it differs from all three in size but more espe-
cially in the ornamentation. The first has a few
direct angular costae, and the second has a peculiar
straight hinge, while Elassonia has a broadly sulcate
anterior commissure.

DiscussioN.—This interesting but rare genus has
a distinctive exterior with its triangular outline,
narrowly lenticular profile, and strong costae that
increase by intercalation or bifurcation. The beak
is fairly long, with a long triangular foramen which,
at first glance, appears to be unmodified. The del-
tidial plates are usually so narrow that they escape
attention in complete specimens. The separated
valves reveal them readily because of the small
notch at their anterior where the curved umbonal
region of the brachial valve is inserted under or
against them.

Inside the pedicle valve the dental plates are
variably developed, although easily seen. They are
delicate and convergent. In some specimens the
cavities between them and the inner wall of the
valve are so narrow that they might be overlooked.
The teeth bear notches at the posterior where they
are inserted under the strongly overhanging inner
socket ridge.

Inside the brachial valve the cardinalia are
narrow but thick, and are elevated considerably
above the sides of the shell. All the plates except
the crura are fairly thick. This is true of the young
as well as adults and old age specimens. In the
very young the outer hinge plates are narrow or
not developed but they expand with age. A septum
or ridge seems not to play a role in the develop-
ment of the cardinalia.

The sockets are defined by thick fulcral plates
as well as the bounding socket ridges. The outer
hinge plates are broad but the inner hinge plates
are variously developed. In most specimens they are
united medially, but in some they are deeply
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notched, in others united posteriorly so that the
hinge plate seems undivided. The crura are mod-
erately long and curved, are keeled anteriorly, and
lie oblique to the midline; the distal extremity is
obliquely truncated, the sharper, narrower extrem-
ity on the posterior side.

This genus is not common at any locality but
dissolution of large blocks usually yields a few
specimens. It is necessary to dissolve a considerable
quantity of limestone to obtain a collection ade-
quate for detailed study.

Deltarina magnicostata, new species

PLATE 507: FIGURES 32-56; PLATE 508: FIGURES 30-33; PLATE
552: FIGURES 18-21; PLATE 780: FIGURES 1-6 (in part V)

Small, broadly triangular in outline and long,
sharply pointed beak. Posterolateral sides slightly
concave; lateral margins narrowly rounded and
anterior margin broadly rounded to truncated. An-
terior commissure broadly to narrowly uniplicate.
Surface multicostate, costae strong and fairly
broadly rounded. Growth interruptions distant.

Pedicle valve evenly and gently convex in lateral
profile, broadly and gently convex in anterior pro-
file. Umbonal region narrow and convex; sulcus
originating at beak and extending to anterior mar-
gin as short tongue. Sulcus marked by single costa
implanted anterior to beak and extending to ante-
rior margin; flanks marked by 4 costae. Flanks
somewhat flattened.

Brachial valve evenly convex in lateral profile,
more convex than opposite valve, maximum con-
vexity near midvalve. Anterior profile broadly and
moderately domed. Fold broad, originating as shal-
low sulcus with single intercalated bifurcation just
posterior to midvalve to form 2 prominent costae
elevated above flanks to form fold. Flanks gently
rounded, occupied by 3 or 4 costae.

Interiors as described for genus.

STRATIGRAPHIC OccURRENCE.—Bell Canyon For-
mation (Hegler, Pinery, Rader, and Lamar mem-
bers).

Locavurties.—Hegler: USNM 731. Pinery: AMNH
398, 401; USNM 725h, 725n, 733. Rader: AMNH
410; USNM 725f, 740a. Lamar: AMNH 37, 347
(=L-2), 373, 430; USNM 725e, 728p, 728q, 738,
738b.

Types.—Holotype: USNM 154651c. Figured par-
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MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width ness )
USNM 738
152815a 5.3 4.2 5.4 2.7 74
152815b 8.1 6.8 8.2 44 81
152815¢ 8.6 74 9.2 5.5 83
152815d 9.7 7.7 9.8 6.0 80
152815¢ 9.2 7.6 9.6 4.7 84
USNM 725e
154651c 8.8 7.3 9.8 6.6 97
(holotype)
USNM 738b
152816 8.5 7.3 9.2 5.0 90

atypes: USNM 152815d; 154651a,b,d—f; 154656a,c—e,
g-1; 154658; 1564915; 155109a,b. Measured paratypes:
USNM 152815a—e, 152816. Unfigured paratypes:
USNM 152815a-c,e; 152816; 154656b,f.

DIAGNOSIS.—Strothy costate, triangular Deltarina.

CompARrIsON.—No other species of the genus is
known to which this one can be compared.

DiscussioN.—The folding in this species indicates
a reversion from a youthful sulcate condition to a
uniplicate commissure in the adult. The smallest
specimen in the collection is 3 mm long and has a
smooth ventral beak for a short distance. It is con-
vex, and on the umbonal region is preserved a
shallow sulcus, also smooth. On the pedicle valve
of this small specimen the smooth part becomes a
fairly deep narrow sulcus in which a single costa
is inserted 1.5 mm from the beak. On the brachial
valve, about 0.5 mm anterior to the beak, a single
costa is inserted which immediately bifurcates and
extends to the anterior margin. The costae bound-
ing the initial sulcus on the pedicle valve extend
from beak to margin and really define the fold,
but they are usually not elevated to a height equal
to that of the median two which are the more con-
spicuous. On the pedicle valve the costae bounding
the sulcus meet the troughs on the outside of the
median bifurcated pair of costae. These sulcus-
bounding costae are slightly elevated above those
on the flanks. Together with the sulcus this pair
makes a sort of fold.

Genus Fascicosta Stehli, 1955
Fascicosta Stchli, 1955:71.

Small, rhynchonelliform, biconvex, uniplicate;
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outline subelliptical to subtrigonal, transverse to
elongate. Anterior commissure uniplicate. Costae
fine or coarse, beginning at beaks, number increas-
ing anteriorly by bifurcation; concentric ornament
absent; radial costellae and growth lines weak.
Pedicle valve flatly to moderately convex; beak
sharp, straight, suberect or slanted ventrally; beak
ridges bordering interareas; delthyrium triangular
or trapezoidal, may perforate beak; deltidial plates
absent; lateral pseudointerareas absent: no over-
lapping of valves. Brachial valve somewhat more
convex, umbonal area may be flattened or indented;
beak blunt, may be nearly straight, producing
nearly straight hinge line; apex external or curved
into pedicle valve.

Pedicle valve interior with small teeth; dental
plates short, convergent, supporting hinge teeth.
Muscle area tear-shaped; adductor scars central or
near posterior apex of muscle area, small, subellip-
tical; diductor scars larger, anteriorly widening.

Brachial valve interior with divided hinge plate
supported by a low, thin median ridge; sockets
deep, denticulate, anteriorly widening; socket
ridges thick; outer hinge plates broad; crura falci-
fer, long and slender, expanded distally, diverging
slightly from anterior edge of hinge plate, curved
ventrally; crural bases strong, extending from un-
derside of hinge plate along dorsal edges of crura;
inner hinge plates poorly developed. Muscle area
narrowly elliptical; posterior adductor scars elon-
gate, narrow, widely separate from one another,
diverging slightly anteriorly, located at flanks of
muscle area; anterior adductor scars somewhat larg-
er, anteriorly widening, lying along midline of
valve, extending farther forward; diductor muscle
pit shallow, small, located in apex of hinge plate.

Tyre-Seecies—Rhynchonella?  longaeva Girty,
1909:322, pl. 15: figs. 18-19. The larger of Girty’s
two syntypes (118573a) is selected as lectotype.

DiacNosis.—Rhynchonellacea having bifurcated
and intercalated costae, divided or deeply notched
hinge plate, and median ridge.

ComrarisoN.—Fascicosta is characterized exter-
nally by its rhynchonelliform shape, costae that
begin at the beaks and increase in number ante-
riorly by bifurcation, nearly straight beak with
wide delthyrium and with rudimentary or absent
deltidial plates. Internally it is distinguished by the
convergent dental plates in the pedicle valve, and,
in the brachial valve, by the divided hinge plate
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that is supported by a thin median ridge, and by
the relatively narrow muscle area with only slightly
diverging posterior adductor muscle scars. Exter-
nally it most nearly resembles Divaricosta Cooper
and Grant in its bifurcating costae, differing in its
open delthyrium, straighter hinge line, smaller,
more knoblike hinge teeth without lateral sockets,
absent lateral pseudointerareas, and lack of overlap
of valves lateral to beaks. In shape and outline it
resembles species of Petasmatherus Cooper and
Grant or Allorhynchus Weller, but it is easily dis-
tinguished by its bifurcating costae, lack of pseudo-
interareas, and strong median septum.

Although Stehli (1955) assigned specimens from
the Getaway Member to Fascicosta, these are not
congeneric with Rhynchonella? longaeva Girty,
which he designated as the type species; for a dis-
cussion see Divaricosta (below) and Cooper and
Grant (1969:11).

DiscussioN.—Disappointingly few specimens of
this genus have been taken from the residues from
the Guadalupe Mountains. Nevertheless, it is pos-
sible to give many important details of the interior.
The pedicle valve has proved not to have deltidial
plates, a fact that helps to distinguish this genus
from some of the larger species with bifurcated
costae such as those of Ptilotorhynchus, new genus,
and Strigirhynchia Cooper and Grant. Inside the
pedicle valve the dental plates converge toward
the valve floor. Old specimens fill in the cavities
between the dental plate and side wall, tending to
obscure the dental plates. Although this has taken
place in some of the specimens, no instance of the
dental plates having been eliminated by this means
was seen.

The hinge plate is deeply notched, having broad
outer plates, but poorly developed inner plates.
The latter are seldom well developed but in some
specimens may meet near the apex. The median
ridge is generally fairly strong and moderately long,
simulating a septum, but does not usually reach
midvalve.

Fascicosta bella, new species

PLATE 505: FIGURES 12-15; PLATE 509: FIGURES G8-73; PLATE
552: FIGURES 30-37; PLATE 780: FIGURES 28-33 (in volume 5)

Small, subpentagonal in outline, inequivalved,
brachial valve deeper; sides narrowly rounded; an-
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terior margin broadly rounded; posterolateral mar-
gins forming angle of 102°. Anterior commissure
uniplicate. Beak erect to suberect; delthyrium open,
no trace of deltidial or marginal plates. Surface
costate, 4 on fold and 3-5 on each flank.

Pedicle valve gently convex in lateral profile,
maximum convexity in posterior half; anterior
profile flatly convex but with broad depression rep-
resenting sulcus. Umbonal region swollen but with
sulcus beginning at beak and expanding anteriorly,
occupied by 3 costae, 1 originating at beak but 2
intercalated just anterior to beak; tongue short, not
strongly geniculated. Costae bounding fold stronger
than others; flanks convex, moderately steep.

Brachial valve moderately convex, posterior half
more strongly convex than flattened anterior half;
anterior profile moderately convex, dome flattened
on top; umbonal region swollen, with fairly wide
depression containing 2 costae at beak and extend-
ing to anterior margin; additional costa implanted
on each side of primary two just anterior to beak,
forming fold consisting of 4 costae; costae bound-
ing depression at beak anterior depressed, forming
bounding costae of swollen flanks.

Pedicle valve interior with short convergent
dental plates; brachial valve interior with divided
hinge plate and low median ridge not supporting
hinge plate. Other details not clear.

MEASUREMENTS (in mm).—From locality USNM
725g specimen 154621 (holotype) and from AMNH
410 specimen 154679, respectively: length 6.9, 7.5;
brachial valve length 5.8, 6.4; width 8.2, 8.5; thick-
ness 4.8, (?); apical angle 102°, 102°.

StrATIGRAPHIC OccURRENCE—Bell Canyon For-
mation (Hegler, Rader, and Lamar members).

Locavrities—Hegler: USNM 731, Rader: AMNH
410; USNM 725f, 725g; Rader: 740i, 740j. Lamar:
USNM 728i.

DiagNosis.—Fascicosta with two median primary
and two implanted costae on the fold.

Tyres.—Holotype: USNM 154621. Figured para-
types: USNM 154518a—c, 154679, 155079a. Unfig-
ured paratype: USNM 154678. Measured paratype:
USNM 154679.

CompaArisoN.—This species is smaller than F.
longaeva (Girty) and very differently ornamented.
There are fewer costae, and those of the fold and
sulcus are fairly regular: 1 primary and 2 inter-
calated in the sulcus and 2 median primary and 2
intercalated on the fold. This species could be con-
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fused with specimens of Divaricosta Cooper and
Grant which also has considerable intercalation of
costae but that species has an undivided hinge
plate.

The specimen from the Lamar Member is not
in complete accordance in its costation with the
Rader Member specimens. It has primary costae
like those of the Rader specimens, but the inter-
calation is irregular, a costa appearing near the
beak but that on the opposite side appearing near
midvalve and all the costae somewhat distant. Dis-
covery of more specimens may indicate two species.

Fascicosta elongata, new species

PLATE 509: FIGURES 62-67; PLATE 780: FIGURES 13-18
(in volume 5)

Small, elongate triangular in outline, sides
rounded, maximum width slightly anterior to mid-
length. Beak long, narrow, suberect, foramen long,
triangular; modified slightly by rudimentary dis-
junct deltidial plates. Costae narrow and subangu-
lar, crowded and bifurcating in three generations.
Anterior commissure narrowly uniplicate.

Pedicle valve about same depth as brachial valve,
moderately convex in lateral profile, greatest curva-
ture in umbonal region; broadly and flatly convex
in anterior profile. Sulcus narrow and shallow, not
defined until midvalve, occupied by single costa
on umbo, second costa intercalating 2 mm anterior
to beak and extending to anterior margin. Flanks
narrow, moderately swollen and occupied by 6-8
costae, sides unequal because of uneven bifurcation.
Tongue short and narrow.

Brachial valve with moderate convexity in lateral
profile, maximum convexity at midvalve; anterior
profile somewhat narrowly domed. Fold narrow,
low, defined just anterior to midvalve, occupied by
3 costae, 2 initial ones and 1 intercalated. Flanks
flatly convex and somewhat depressed, occupied by
6 or 7 costae.

Interior not known.

MEASUREMENTS  (in  mm).—Holotype USNM
152817: length 8.4, brachial valve length 6.8, width
7.8, thickness 5.7, apical angle 74°.

STRATIGRAPHIC OccURRENCE.—Bell Canyon For-
mation (Hegler, Pinery, Rader, and Lamar mem-
bers).

Locavrties—Hegler: USNM 731,

732a, 740c.
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Pinery: AMNH 33; USNM 725h. Rader: USNM
725f, 725g. Lamar: AMNH 430.

DiacNosis.—Small, narrowly triangular Fascicosta
with long beak and narrow costae.

Types.—Holotype: USNM 152817. Figured para-
type: USNM 155110.

ComparisoN.—This species will not be confused
with the type species F. longaeva (Girty) because
of its narrower outline, more slender costae and
the more prominent but narrower fold and sulcus.

DiscussioN.—Although only a few specimens of
this species are known, it is so unlike F. longaeva
that the two cannot be confused at any stage in
their growth. It is probable that F. elongata would
prove a variable species because of the sporadic
way in which intercalation and bifurcation of costae
takes place. The beak of the brachial valve is
marked by a short sulcus, as usual in youthful rhyn-
chonellids, but, in less than 1 mm, 2 costae appear
that oppose the initial costa intercalated in the
sulcus of the pedicle valve. Both of these costae
bifurcate about 1.5 mm from the beak, the left
bifurcation of the right primary costa continues
to the anterior margin and forms the center costa
of the fold; the right hand bifurcation becomes the
outer costa of the fold but bifurcates near mid-
valve, the bifurcation descending into the trough
bounding the fold. A few short bifurcations appear
in the anterior third of the flanks.

Fascicosta longaeva (Girty)
PLATE 509: FIGURES 27-59

Rhynchonella? longaeva Girty, 1909:322, pl. 15; figs. 18-19.
Not Fascicosta longaeva (Girty) Stehli, 1955:71-73, figs. 1-17
[= Divaricosta squarrosa Cooper and Grant, 1969:12].

Average size for genus, moderately strongly bi-
convex; outline bluntly transversely subtrigonal to
subpentagonal, sides diverging between 90° and
120°; anterior commissure gently and broadly
uniplicate; fold low, moderately convex longitudi-
nally and transversely, obvious only at anterior end;
sulcus very shallow, only slightly depressed below
level of flanks, extending forward for short distance
as broad, flat tongue. Costae strong, fine, with
sharp crests, beginning at beaks, number slightly
increased anteriorly by bifurcation, most bifurca-
tions located within 7 mm of beaks; costae num-
bering 5-7 on fold, one less in sulcus, 5-8 on each
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flank. Concentric striae absent; growth lines weak,
irregularly spaced over surface of shell, not ob-
viously concentrated or stronger near margins.
Shell substance coarsely fibrous.

Pedicle valve rather strongly convex, flanks not
reflexed; beak short, suberect, slightly curved dor-
sally; delthyrium wide, triangular; deltidial plates
disjunct, rudimentary or absent; beak ridges short,
blunt; lateral pseudointerareas absent: no overlap
of valves.

Brachial valve slightly more strongly convex;
umbonal region with strongest convexity trans-
versely and longitudinally, without flattening or
indentation; beak bluntly rounded, curved into
pedicle valve.

Pedicle valve interior with small teeth; dental
plates reaching valve floor, converging but not
meeting. Muscle field located anterior to delthyrial
cavity, moderately deeply impressed, nearly circu-
lar. Scars difficult to distinguish.

Brachial valve interior with divided hinge plate
supported by median ridge extending forward but
not reaching midvalve. Sockets elongate, corrugated
and widening anteriorly; socket ridges stout; length
of crura not known; outer hinge plate narrow.
Muscle area broadly semiovate, extending about a
third valve length, but details unknown.

MEASUREMENTs (in mm).—

brachial maxi- apical
valve mid- mum thick- angle
length length width width ness (°)
USNM 737a
148247a 8.7 8.0 952 9.8 6.0 104
148247b 11.0 95 132% 132* 98 110
USGS 2926
118573a 9.1 8.2 ? 94 6.2 100
(lectotype)
USNM 750b
152816a 9.2 8.3 93 103 53 101

STRATIGRAPHIC OCCURRENCE.—Capitan Formation;
Bell Canyon Formation (Pinery, Rader, and La-
mar members).

Locavrities.—Capitan: USGS 2926 (green); USNM
7374, 7400, 750a, 750D. Pinery: AMNH 524; USNM
725n, 736. Rader: AMNH 410; USNM 725g. Lamar:
USNM 725e, 7281, 728p, 728r, 738, 738b.

DiacNosis.—Fascicosta with rounded outline and
strong costae.

Types.—Lectotype: USNM 118573a. Figured hy-

potypes: USNM 148246; 148247a; 152816a,b;
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154677; 144771. Measured hypotypes: USNM
148247a,b; 152816a. Paratypes: USNM 118573b.

ComMmpARISON.—Fascicosta longaeva is characterized
by its rather strong convexity, sharp bifurcating
costae, slightly curved pedicle beak, lack of del-
tidial plates, low fold and shallow sulcus, nonover-
lapping valves with absence of lateral pseudointer-
areas, and more convergent dental plates. It
suggests Strigirhynchia indentata (Shumard) but
differs in its more lenticular profile, less strong con-
vexity, and much coarser, more angular and more
widely spaced costae that bifurcate less frequently.
It differs from F. elongata in its more rounded out-
line and larger size.

DiscussioN.—Rhynchonella? longaeva Girty was
designated by Stehli (1955) as the type species of
his genus Fascicosta. He decribed and illustrated a
species from the lower Guadalupian (Cherry Can-
yon Formation) of the Guadalupe Mountains
which he identified with Rhynchonella? longaeva.
Study of Girty’s collection of syntypes of this spe-
cies, shows that R.? longaeva is not the same species
as that illustrated by Stehli, and in our opinion is
not congeneric. That species now constitutes the
type species of a different genus, and is discussed
under Divaricosta squarrosa Cooper and Grant.

Fascicosta longaeva has proved to be rare and
difficult to identify. A few specimens have been
found among the Geological Survey collections and
among those made by members of the National
Museum in the Guadalupe Mountains. Disappoint-
ingly few specimens have been recovered from the
residues and most of these have not had well pre-
served interiors. The assignment of this species to
Stenoscisma by Branson (1948:525) is entirely erro-
neous because the type specimen does not have a
spondylium or camarophorium.

Hemileurus, new genus

[Greek hemi (half)y + leuros (smooth)]

Small; subtriangular in outline; pedicle valve
with elongate, nearly straight beak; foramen ellip-
tical to oval, modified by rudimentary, disjunct
deltidial plates. Broadly uniplicate. Surface ante-
riorly costate, umbones and posterior part smooth;
shell smooth in young.

Pedicle valve interior with stout teeth supported
by long, subparallel dental plates. Brachial valve
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with divided hinge plate; socket ridges strong,
bounding deep, uncorrugated sockets; outer hinge
plates broad and concave; crura modified falcifer,
long, curved, concave toward midvalve, keeled under
crural base. Inner hinge plates rudimentary, not
uniting. Muscle marks not preserved. Myophragm
low and indistinct.

TYPE-SPECIES.— Hemileurus runcinatus, new
species.

Diacnosis.—Interior like Allorhynchus but with
the posterior half or less of both valves noncostate.

CompArisoN.—The divided hinge plate of this
genus eliminates it from comparison with a large
body of rhynchonellid genera. Its distinction from
Allorhynchus Weller, to which it is related by its
interior details, is based on its partially noncostate
exterior. Deltarina, new genus, has a divided hinge
plate but it is multicostate; the same may be said
for Fascicosta Stehli. The completely multicostate
exterior of Ptilotorhynchus, new genus, is a ready
means of separation on the exterior character but
the absence of dental plates in the pedicle valve is
further confirmation of the difference.

Hemileurus runcinatus, new species

PLATE 539: FIGURES 1-8

Average size for genus; outline bluntly triangular
to subovate, sides diverging between 60° and 110°,
normally about 90°; profile subovate to globose;
shell frequently distorted; commissure uniplicate,
fold low, with uniformly convex profile; sulcus
shallow, barely depressed in some specimens. Co-
stae low, fine, beginning 2-5 mm anterior to beaks,
arising very gradually, point of origin obscure,
umbonal areas normally smooth, but with faint
hints of incipient costae; number of costae 3-8 on
fold, normally 5, one less in sulcus, from 3-6 on
each flank.

Pedicle valve uniformly convex along median
line, moderately convex toward nonreflexed flanks;
beak sharp, moderately to strongly curved dorsally;
beak ridges poorly defined; lateral pseudointerareas
absent, valves normally not overlapping. Delthy-
rium triangular, completely open in juveniles, sides
slightly constricted in adults by small, disjunct
deltidial plates.

Brachial valve more strongly convex, smooth part
of umbonal area often slightly flattened trans-
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versely; beak relatively sharp, projecting slightly
into pedicle valve below deltidial plates.

Pedicle valve interior with sides of delthyrium
abruptly widening anterior to deltidial plates, each
side with elongate, knoblike tooth supported by
vertical dental plate reaching valve floor. Muscle
area roughly triangular; adductor scars narrow,
median, elongate, lying between and anterior to
edges of dental plates; diductor scars producing
“shoulders” on triangular muscle area, lying lateral
and anterior to adductors, anteriorly widening
slightly, one on each side of median line.

Brachial valve interior with hinge plate divided
by deep, wedge-shaped median notch, bounded lat-
erally by deep, anteriorly narrowly expanding,
minutely corrugated hinge sockets; crura diverging
anteriorly, strongly curved ventrally, commonly
twisted, dorsal edges carinate; median ridge or
myophragm completely absent. Muscle area oval
to nearly circular, relatively small, lying in um-
bonal area; posterior adductor scars nearly circu-
lar, lying laterally and far back, partly under for-
ward edges of hinge sockets; anterior adductor scars
larger, median, slightly farther forward.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width ness °)
USNM 701k
148071a 23 2.0 2.0 1.0
148071b 3.0 2.8 2.5 1.4 65
148071c 4.7 4.0 3.8 2.5 74
148071d 6.4 5.6 5.3 3.5 91
148071e 7.3 6.4 6.5 4.1 84
148071£ 8.6 7.5 8.6 5.4 90
148071g 9.5 8.0 9.0 6.4 90
148071h 11.2 9.7 10.6 75 100
(holotype)

STRATIGRAPHIC OcCURRENCE.—Neal Ranch Forma-
tion (beds 4-14).

Locarities.—USNM 701c, 701d, 701h, 701k, 712w.

DiaGNosis.—Shape and costation variable.

Typres.—Holotype: USNM 148071h. Figured par-
atypes: USNM 148071g,i-1; 154876a,c. Measured
paratypes: USNM 148071a—g. Unfigured paratypes:
USNM 148071a—f, 154876b.

ComparisoN.—This is the only species of this
genus known.

DiscussioN.—An extremely variable species, not
only as to the shape of the valves but also the
costation. The fold is variable and is occupied by
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3-8 costae. The specimens with narrow fold having
a low number of costae are usually elongate and
narrow: the others are more widely triangular and
the fold may contain as many as 8 narrow crowded
costae or as few as 4. Obese forms in which the
valves are greatly swollen and the shell very rotund
are common. The anterior commissure is variable
but is usually not strong. Generally the tongue of
the pedicle valve is short and the fold low.

PONTISIIDAE, new family

Semicostate to completely costate Rhynchonella-
cea with plicate anterior commissure; pedicle valve
with dental plates; deltidial plates variable. Bra-
chial valve with undivided hinge plate, no median
septum; crura falcifer to modified falcifer.

Genera in West Texas: Pontisia Cooper and
Grant, 1969; and dAphaurosia, Acolosia, Anteri-
docus, Antronaria, Lirellaria, and Divaricosta, all
new genera.

Genus Pontisia Cooper and Grant, 1969

Pontisia Cooper and Grant, 1969:13.—Stehli and Grant, 1970:
33.

Small to medium, triangular to subpentagonal;
unequally biconvex, brachial valve deeper; anterior
commissure strongly uniplicate; beak suberect; for-
amen elongate-oval; deltidial plates usually dis-
junct, or uncommonly conjunct. Surface costate,
costae strong, usually not extending to beaks.

Pedicle valve interior with small teeth; dental
plates strong but defining narrow umbonal cham-
bers; muscle field anterior to delthyrial cavity;
diductors and adjustors subflabellate; adductors
central.

Brachial valve interior with undivided hinge
plate; crura modified falcifer; socket ridges strong,
inclined over smooth sockets; outer hinge plates
fairly wide, separating narrow crural bases from
socket ridge; inner hinge plate forming bridge,
often convex, over notothyrial cavity. Median sep-
tum absent but myophragm or thick secondary
swelling developed in some old specimens. Ad-
ductor field with small posterior adductors at end
of median ridge, and larger pair anterior to latter
and median ridge.
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TypE-SPECIES.—Pontisia stehlii Cooper and Grant
(1969:13, pl. 4; figs. 7-10).

DiacNosis.—Hinge plate similar to that of Welle-
rella but not supported by a median septum.

CompArisoN.—The exterior of members of this
genus strongly resemble Wellerella, at least at the
anterior part. Some species are likely to differ in
having the costae extended farther back, nearly to
the beaks, thus resembling Allorhynchus, which is
usually completely costate; but other species strongly
resemble Wellerella with their semicostate valves.
The interior of the pedicle valves of Wellerella
and Pontisia are almost the same, but the brachial
valves have a fundamental difference. In Wellerella
the inner hinge plate is supported by the median
septum which is a high, bladelike plate of varying
length. It extends to the hinge plate, whereas in
Pontisia young adults have no trace of a median
septum but usually have a low ridge. In old speci-
mens the low ridge often swells to a boss posteriorly
under the hinge plate. This simulates Wellerella,
but the boss is never a septum although it may help
to support the hinge plate.

Pontisia costata, new species

PLATE 529: FIGURES 8-26

Average size for genus, wider than long, widest
slightly anterior to midvalve; subtrigonal in out-
line; posterolateral margins forming right angle or
somewhat less; lateral margins narrowly rounded.
Anterior margin truncated. Anterior commissure
strongly uniplicate. Beak short, deltidial plates
small, disjunct. Surface strongly costate but with
naked umbonal region; costae thick, rounded on
flanks, subangular on fold, 3 costae on fold, median
costa often slightly shorter than others, 2 in sulcus,
and 4 or 5 on flanks stronger and more prominent.

Pedicle valve very gently convex in lateral pro-
file, nearly flat in anterior profile. Umbonal and
median regions gently convex. Sulcus originating
near midvalve, narrow and shallow, forming mod-
erate tongue. Flanks flattened and moderately
inclined.

Brachial valve very gently convex in lateral pro-
file, broadly but gently convex in anterior profile
but with steep sides. Umbonal and median regions
flatly convex; fold originating near midvalve, some-
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what flattened on top, slightly elevated above the
flanks anteriorly; flanks swollen, steep.

Pedicle valve with small teeth and stout dental
plates. Brachial valve with strong but short socket
ridges; outer hinge plates narrow; crura falcifer,
long, laterally compressed, hollow toward midvalve;
inner hinge plates short, coalesced and with deep
reentrant.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness °)
USNM 705a
152843a 8.1 7.3 8.9 5.0 90
(holotype)
152843b 7.7 6.7 8.2 5.8 90
152843¢ 8.2 7.0 9.1 5.6 90
152843d 74 6.5 7.6 52 90
152843e 72 6.4 8.9 4.3 90
152843f 5.1 43 5.0 34 80

STRATIGRAPHIC OCCURRENCE.—Skinner Ranch For-
mation (base).

LocaLiTies—USNM 705a, 720f, 724q.

DiaeNosis.—Medium size Pontisia with strongly
costate flanks and subtrigonal outline.

Types.—Holotype: USNM 152843a. Figured par-
atypes: USNM 152843b; 154815a,b; 154816a—c,r.
Measured paratypes: USNM 152843b—f. Unfigured
paratypes: USNM 152843c—f, 154816d—q.

CowmrarisoN.—This species suggests Pontisia lon-
gicosta (Stehli) and P. nanas (Stehli) from the
lower Bone Spring Formation. It differs from the
former in having larger size, somewhat stronger
costae, although the numbers are about the same,
greater depth to the valves, more laterally flaring
costae on the flanks, and a shorter beak.

Pontisia costata has about the same size and ap-
pearance as P. nanas (Stehli) but it differs in hav-
ing costae which are more closely crowded, extend
farther posteriorly, and are more numerous on the
flanks. Moreover, the fold and sulcus of this species
are narrower and less pronounced than those of
P. nanas.

Discussion.—This species was found only in
the lower part of the Skinner Ranch Formation.
The species is especially distinctive for the promi-
nently ornamented flanks and the fact that the
costae extend far posteriorly. In a few specimens
bifurcation of costae appear to take place on the
flanks. Specimens are commonly crushed at USNM
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705a but several survived the geological processes
and acidizing treatment.

Pontisia franklinensis, new species

PLATE 529: FIGURES 64-70

Small for genus, biconvex; profile subtrigonal,
outline transversely subovate to subtrigonal, sides
diverging between 90° and 120°; commissure uni-
plicate; fold low, beginning 3-4 mm anterior to
brachial beak, profile moderately convex near an-
terior margin; sulcus shallow, beginning about 4
mm anterior to pedicle beak, maximum curvature
between ends of flanks. Costae low, short, crests
blunt, beginning about 3 mm anterior to beaks,
numbering 3 on fold, 2 in sulcus, 2 or 3 on flanks.
Concentric ornamentation or growth lines not
observed.

Pedicle valve with smooth part of umbonal area
gently convex, flanks not reflexed; beak short,
blunt; beak ridges short, blunt; lateral pseudoin-
terareas narrow or absent; slight overlap of valves.
Delthyrium triangular, deltidial plates small. Bra-
chial valve with smooth part of umbonal area
nearly flat in profile, slightly flattened transversely;
beak blunt, within pedicle valve.

Pedicle valve interior with sides of delthyrium
widely diverging, teeth supported by vertical dental
plates reaching floor of valve. Muscle area triangu-
lar, anteriorly expanding, slightly excavate, scars
of separate muscles not observed, probably located
as in other species of genus. Brachial valve interior
with undivided triangular hinge plate, bounded
laterally by elongate, deep, anteriorly widening,
hinge sockets; crura diverging anteriorly from for-
ward edge of hinge plate, strongly curving ventrally,
twisted, dorsal edges carinate; median ridge low,
rounded. Muscle area not observed: probably sub-
divided into posterior and anterior adductor scars
as in other species of genus.

STRATIGRAPHIC OCCURRENGE.—Hueco Canyon For-
mation.

LocALrties.—USNM 712e, 712m, 720b, 725z.

DiacNosis.—Small, trigonal, transverse Pontisia
with, few strong, rounded, short costae.

Tyrrs.—Holotype: USNM 152846a. Figured par-
atypes: USNM 152846b,c,f. Measured paratypes:
USNM 152846b-e, 152847a—e. Unfigured paratypes:
USNM 152846d,e; 152847a—e.
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MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness )
USNM 712m
152846a 7.8 6.9 9.8 5.7 110
(holotype)
152846b 6.9 6.2 8.6 5.6 110
152846¢ 6.5 5.9 7.1 5.0 110
152846d 5.9 5.4 6.7 4.0 100
152846e 5.3 4.7 5.7 3.7 90
USNM 720b
152847a 7.7 6.5 9.8 6.8 110
152847b 7.3 6.2 8.2 6.0 100
152847¢ 7.0 6.0 78 5.6 100
152847d 6.3 5.3 6.5 5.1 100
152847¢ 47 43 4.9 1.8 90

CoMmPpARISONS.—Pontisia franklinensis is charac-
terized by its small size, transverse outline, low,
blunt costae, nearly equiangular trigonal profile
with flattened smooth part of brachial umbonal
area, fold that is high at the margin relative to the
pedicle valve, but low relative to the brachial
flanks, and its low median ridge. Externally it most
nearly resembles Tautosia podistra, new species,
from the Wolfcampian of the Glass Mountains,
differing in its weaker, relatively shorter costae,
more strongly bulging profile of the brachial valve,
lower fold and shallower sulcus, and especially in
its low median ridge in the brachial interior. It
differs from P. kingi, new species, also from the
Wolfcampian of the Glass Mountains, and from
P. stehlii Cooper and Grant, from the Leonardian,
in its smaller size, weaker costae, more transverse
outline, more equiangularly trigonal profile, blunter
beak, flatter brachial umbonal area and conse-
quently more highly elevated anterior end of the
fold.

Pontisia franklinensis also resembles Wellerella
nitidula, new species, but that species generally is
somewhat larger in its mature forms, is rounded,
has more strongly costate flanks, and is not so flatly
truncated anteriorly.

Discussion.—This species occurs in countless
numbers in the lower part of the Hueco Canyon
Formation north of Hueco Inn. It does not appear
to be the same species referred incorrectly by R. E.
King to “Pugnoides” texanus (Shumard). Although
the species occurs by the thousand at this place it
is difficult to obtain good interior details. The vast
majority of the specimens occur with both valves
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in contact. The Hueco Group contains other species
of rhynchonellids, some undoubtedly related to
Pontisia but others of unknown generic affinities.

Pontisia kingi, new species
PLATE 520: FIGURES 31-34; PLATE 530: FIGURES 16-32

Average size for genus, profile subtrigonal; out-
line bluntly triangular to suboval, sides diverging
between 80° and 120°; commissure uniplicate, fold
low to moderately high, beginning 4-8 mm anterior
to brachial beak, longitudinal convexity low, ante-
rior termination abrupt; sulcus moderately deep to
deep, beginning 5-8 mm anterior to pedicle beak,
longitudinal convexity greatest between anterior
ends of costae on flanks. Costae moderately high,
broad crests normally blunt, beginning 3-56 mm
anterior to beaks, strongest on fold and pedicle
flanks, moderately strong in sulcus, weak on bra-
chial valve flanks, numbering 2-5, normally 3 on
fold, one less in sulcus, 2—4, normally 3 on flanks.
Concentric ornamentation faint, closely spaced
striae; growth laminae weak, widely spaced.

Pedicle valve moderately inflated on smooth area
near beak, strongly convex through sulcus, slightly
convex toward flanks; inner costae of flanks longi-
tudinally slightly convex to strongly hooked dor-
sally; beak ridges prominent, blunt, short; lateral
pseudointerareas very narrow or absent, litttle or
no overlap of valves. Delthyrium triangular, base
covered in adults by small, nearly flat deltidial
plates; apical part open, forming elongate oval
foramen. Brachial valve slightly convex along fold,
strongly convex toward flanks and transversely;
smooth part of umbonal area normally evenly
arched transversely, may be somewhat flattened;
apex of valve within pedicle valve, covered by
deltidial plates.

Pedicle valve interior with sides of delthyrium
widely expanding, teeth elongate, parallel to sides,
supported by vertical dental plates reaching floor
of valve. Muscle area elongate, relatively narrow,
beginning just anterior to edges of dental plates,
slightly expanding anteriorly; adductor scars in
posterior part of muscle area astride median line,
forming small oval mark; diductor scars elongate,
anteriorly expanding, surrounding adductor scars
laterally and anteriorly.

Brachial valve interior with undivided triangu-
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lar hinge plate, laterally bounded by narrow, only
slightly expanding, finely corrugated sockets; crura
diverging forward from anterior edge of hinge
plate, strongly curved ventrally, often twisted,
dorsal edges carinate; median ridge broad, low,
rising near beak and forming short septum support-
ing hinge plate, extending forward into muscle
area bisecting it. Muscle area elongate; posterior
adductor scars narrow, diverging anteriorly from
median ridge, flanking anterior adductors, fused
with them; anterior adductors narrowly expanding
anteriorly, one on each side of median ridge.
MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width ness Y
USNM 701a®

154837a L5 12 1.3 0.5 ?
154837b 1.9 1.6 1.6 0.7 92
154837¢ 3.2 2.8 2.5 1.8 90
154837d 4.5 4.0 3.9 24 87
154837¢ 48 42 3.9 2.6 70
5.0 4.6 4.1 34 85
USNM 701d
148593a 6.0 52 5.6 3.6 80
148593b 7.7 6.4 8.3 6.0 90
148593c 95 7.9 10.0 6.9 100
148593d 10.0 84 12.5 10.0 112
USNM 701-1
148598 12.3 105 144 9.0 112
USNM 721g
152848a 10.6 9.2 11.8 7.8 5
152848b 11.1 9.6 12.6 8.0 105
(holotype)

STRATIGRAPHIC OCCURRENCE.—Gaptank Formation
(Uddenites-bearing Shale Member); Neal Ranch
Formation (beds 2—-4, 9-14); Lenox Hills Forma-
tion.

Locarities—Uddenities: USNM 701e, 701q, 701v.
Neal Ranch, bed 2: USNM 701; bed 4: USNM
701-1, 727e; beds 9-14: USNM 701a3, 701c, 701d,
701g, 701k, 721g. Lenox Hills: USNM 705m, 705s.

DiacNosis.—Pontisia of medium size having nar-
row flanks, and flattened brachial profile.

Types.—Holotype: USNM 152848b. Figured par-
atypes: USNM 148593d; 148597; 148598; 152848a;
154762a,b; 154763a; 154836a,b,d. Measured para-
types:  USNM  148593a-d, 148598, 152848a,
154837a—e. Unfigured paratypes: USNM 148593a—c,
154763b-d, 154836¢.

ComPARISON.—Pontisia kingi is characterized by
its relatively narrow flanks, longitudinally only
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slightly convex fold, transversely evenly arched, or
slightly flattened brachial beak area, hooked pedi-
cle beak, normally 3 costae on the fold, with the
middle one commonly slightly depressed, its low
median ridge, and relatively narrow muscle areas.
The deltidial plates begin to grow rather late in
life, so are absent on juveniles and small on adults,
also there is little overlap of the valves lateral to
the beaks, so the lateral pseudointerareas are re-
duced or absent.

This species is similar to Antronaria speciosa and
Wellerella girlyi, both new species, and to P. stehlii
Cooper and Grant. It differs from 4. speciosa in its
narrower flanks (the widest specimen of P kingi is
about the same width as a narrow specimen of
Antronaria speciosa), less consistently and less
strongly depressed middle costa on the fold, conse-
quently less deeply indented anterior margin,
hooked pedicle beak, low median ridge in the
brachial interior, and costae that begin farther
forward. It is distinguished from W girtyi by its
flat fold profile, hooked beak and especially by its
low median ridge instead of a high, thin septum.
Its primary differences from P. stehlii are its pro-
portionately broader outline, broader and blunter
costae, commonly depressed middle costa on the
fold, flattened profile of the fold, more strongly
hooked beak, and smaller average and maximum
size.

Three stratigraphically remote species that re-
semble P. kingi externally are Wellerella osagensis
(Swallow) from the Pennsylvanian of the Midcon-
tinent, Tautosia elegans (Girty), and T. transenna,
new species, from the Guadalupian of the Glass
and Guadalupe Mountains. From W. osagensis, P.
kingi differs in its somewhat broader outline, com-
monly depressed middle costa of the fold, more
flattened profile of the fold, costae that start far-
ther forward of the beaks, more strongly curved
pedicle beak, and its low median ridge rather than
a high median septum. From T. clegans and T.
transenna it differs in its smaller deltidial plates,
less strongly inflated pedicle umbonal area, more
strongly hooked pedicle beak, and especially by its
low median ridge.

Discussion.—This is a very thin and delicate
species that is difficult to recover from the residues,
as it often falls apart when completely decalcified.
Nevertheless it is distinctive and attractive, al-
though somewhat variable in its present makeup.
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It is an uncommon species, and the large quantity
of blocks dissolved from USNH 701d and 721g is
the only reason the collection of it is adequate.

Variation is seen in the form of the fold and
sulcus, some specimens having these narrowly
pinched whereas a few have them more spread out.
Narrow forms also occur as well as some with 2, 4,
or 5 costae on the fold. Such variations appear to
be normal in most of the rhynchonellid species.

The species is named in honor of R. E. King in
recognition of his important work on the brachi-
pods of the Glass Mountains.

Pontisia longicosta (Stehli)
PLATE 530: FIGURES 33-45
Wellerella longicosta Stehli, 1954:336, pl. 25: figs. 23-27.

This small and distinctive species is referred to
Pontisia because it has no median septum, the
medial part of the valve being marked by a broad,
low ridge. The species is one of the most easily
recognized of the genus because the costae extend
almost to the beak, which is unusual for members
of this genus. Furthermore, it has a distinctive
sharply triangular outline, and a peculiar sulcus on
the pedicle valve. This sulcus is narrow and is
occupied by two large costae which crowd the nar-
row space. The sulcus is also extended into a
narrow tongue that is sharply geniculated at right
angles to the commissure.

Stehli failed to fix a type for the species. We
select, therefore, AMNH 27319/1:1, which is a
complete specimen illustrated by figure 23 of his
plate 25.

STRATIGRAPHIC OCCURRENCE.—Bone Spring For-
mation.

LocaLimies.—USNM 728f, 728h.

DiagNosis.—Neatly and sharply triangular Pon-
tisia. with the narrowly angular costae reaching
almost to the beaks.

Types.—Lectotype: AMNH 27319/1:1. Figured
hypotypes: USNM 154835a—f.

ComparisoN.—No other small species of the genus
has the costae occupying nearly all of the valves.
It cannot therefore be confused with P. magnico-
stata, new species, and P. stehlii Cooper and Grant,
both also nearly complete costate.
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Pontisia magnicostata, new species

PLATE 531: FIGURES 1-8

Large for genus, wider than Ilong, outline
roundly elliptical. Maximum width at midvalve;
sides strongly rounded; anterior margin broadly
rounded. Anterior commissure uniplicate. Beak
short, bluntly pointed; deltidial plates short, con-
junct. Surface except for umbones strongly marked
by wide, elevated subangular costae, 3 on fold and
4 on each flank.

Pedicle valve very gently convex in lateral and
anterior profiles; umbonal and median regions
gently inflated; sulcus originating at midvalve,
shallow, forming moderately geniculated tongue;
sulcus crowded by 2 large costae; flanks gently
convex to concave, slightly deflected.

Brachial valve moderately deep and gently con-
vex in lateral profile; broadly domed and with top
flattened in anterior profile; umbonal region slightly
convex; median region flattened; fold originating
near midvalve, fairly strongly elevated anteriorly,
gently convex longitudinally; median costa not de-
pressed. Flanks moderately inflated, steep sides, and
moderately depressed below fold.

Pedicle valve interior not known. Brachial valve
interior with undivided hinge plate, having strong
socket ridges bounding minutely corrugated sockets;
outer hinge plates narrow; crura concave medially,
broad; inner hinge plates wide, slightly folded me-
dially. No median septum. Median ridge low, form-
ing inconspicuous myophragm. Adductor field just
posterior to midvalve small, posterior adductors
narrow and together forming crescent; anterior
scars larger and more rounded.

MEASUREMENTS (in mm).—Specimens USNM
152850a (holotype) and b (paratype), respectively:
length 15.3 (beak estimated), 12.8; brachial valve
length 14.0, 11.4; width 17.9, 14.5; thickness 11.5,
7.3; apical angle 110°, 110°

StrATIGRAPHIC OCCURRENCE.—Neal Ranch Forma-
tion (bed 12 of P. B. King).

LocaLity. —USNM 722w.

DiacNosis.—Large, rounded, elliptical Pontisia
with strong, thick costae.

Types.—Holotype: USNM 152850a. Figured par-
atypes: USNM 152850c. Measured and unfigured
paratype: USNM 152850b.

ComparisoN.—This species in its coarse orna-
ment and almost complete costation is similar to
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Pontisia stehlii Cooper and Grant. It differs in its
greater size and the magnitude of its costation,
which is the coarsest of any of the Glass Mountains
rhynchonellids.

Discussion.—This species is known from only
three specimens, but it is so large and distinctive,
and the interior so clearly displayed in the brachial
valve, that we did not hesitate to name it. Another
unusual feature is its large size and the fact that it
comes from the Neal Ranch Formation. Hitherto
only small rhynchonellids have been taken from
this stratigraphic unit.

Pontisia nanas (Stehli)
PLATE 515: FIGURES 43,44; PLATE 531: FIGURES 39-58

Wellerella nanas Stehli, 1954:336, pl. 25: figs. 18-22.

Small for genus, elongate triangular in outline
with narrowly pointed apex, rounded sides, and
somewhat narrowed anterior. Anterior commissure
uniplicate. Beak short, suberect, and with conjunct
deltidial plates. Surface semicostate, costae sub-
angular, 3 on fold (median one depressed), 2 on
sulcus, and 2 or 3 on each flank.

Pedicle valve gently convex in anterior and lat-
eral profile; beak and umbonal region smooth and
gently convex; sulcus originating near midvalve,
short and deep, forming moderately long and
strongly geniculated tongue. Costae in sulcus occu-
pying complete width and extending onto umbo
just beyond midvalve. Flanks mnarrow, slightly
convex, and with strong angular posterolateral
extremities.

Brachial valve flatly convex in lateral profile but
narrowly domed in anterior profile, median region
flattened, sides subparallel and nearly perpendicu-
lar. Fold originating at midvalve, flattened; flanks
rounded and moderately depressed below the fold
at anterior.

Pedicle valve interior with dental plates; brachial
valve interior without median septum or ridge;
hinge plate deeply notched medially, inner hinge
plates narrowly arched. Outer hinge plates broad;
sockets not corrugated.

STRATIGRAPHIC OCCURRENCE.—Bone Spring For-
mation; Skinner Ranch Formation (base and Sulli-
van Peak Member); Hess Formation (Taylor Ranch
Member).

Locavrties.—Bone Spring: AMNH 625, 631, 634;
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MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness °)
USNM 728e
152853a 6.4 5.5 6.4 45 90
152853b 5.7 4.9 5.6 4.0 90
152853¢ 5.4 4.6 5.3 3.2 90

USNM 725c, 728e, 728f, 728h, 745. Skinner Ranch
(base): USNM 720e. Sullivan Peak: USNM 707d,
722-1. Taylor Ranch: USNM 702d.

DiacNosis.—Very small, triangular Pontisia with
depressed median costa in fold.

Types—Lectotype: AMNH 27318/1. Figured
paratypes: AMNH 27318/1:2. Figured hypotypes:
USNM 154728a,b; 154842a,c-j. Measured hypo-
types: USNM 152853a—c.

ComparisoN.—This species suggests Pontisia
franklinensis, new species, and is also externally like
Wellerella nitidula, new species. It is smaller than
either of these species and is readily distinguished
by the narrowing of the anterior, by the more de-
pressed median costa, and less developed costae on
the flanks. It is readily distinguished from P. longi-
costa (Stehli) by its smooth posterior half.

DiscussioN.—This is a rare species in the Sierra
Diablo but specimens have appeared in the Glass
Mountains in the Scacchinella beds at the base of
the Skinner Ranch Formation. The hinge plate is
variable and is usually fairly wide. The median
part is deeply notched and the inner hinge plates
unite in a small fold or in a flat area or a shallow
depression. The median ridge appears not to be
variable to any marked degree.

Pontisia parva, new species
PLATE 520: FIGURES 23-30

Small for genus, subtrigonal in outline; length
and width nearly equal; sides rounded, anterior
margin truncated; posterolateral margins nearly
straight, forming angle of 85°-95°. Anterior com-
missure uniplicate. Deltidial plates conjunct; fora-
men mesothyridid, oval. Front flattened from rapid
growth along anterior edges of both valves. Surface
semicostate, posterior half smooth but anterior half
costate, 3 costae on fold and 2 or 3 on each flank.

Pedicle valve nearly flat in lateral profile, poste-
rior region slightly convex; anterior profile slightly
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concave; sulcus narrow, short, originating anterior
to midvalve; umbonal and median regions slightly
inflated; flanks slightly concave, poorly demarcated
and with scarcely any slope to posterolateral
margins.

Brachial valve deeper, gently convex in lateral
profile but strongly domed in anterior profile, with
gently rounded top but nearly straight sides. Fold
short and narrow, slightly elevated above strongly
rounded flanks.

Pedicle valve interior with short but strong plates.
Brachial valve interior with fairly wide outer hinge
plates and small socket ridges; inner hinge plates
united, forming undivided hinge plate with ante-
rior edge turned slightly ventrad. Crural bases
slender; crura laterally compressed, falcifer.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness (°)
USNM 727e
154928a 8.1 6.9 7.8 6.4 91
154928b 7.6 6.5 8.2 7.0 93
(holotype)
154928¢ 7.5 6.7 8.8 7.3 92

STRATIGRAPHIC OccURRENCE.—Neal Ranch Forma-
tion (bed 4).

LocALity. —USNM 727e.

DiacNosts.—Small, subtriangular Pontisia with
truncated front and narrow fold and sulcus.

Types.—Holotype: USNM 154928b. Figured par-
atypes: USNM 154928a,c-e. Measured paratypes:
USNM 154928a,c.

Comparison.—This species differs from Pontisia
costata, new species, in its semicostation, although
the two species are nearly the same size. It is a
smaller species than P. kingi, new species, and has
a narrower fold and sulcus and much flattened
anterior. From P. franklinensis, new species, it dif-
{ers in its more triangular shape, narrower fold and
sulcus, and broad flat front. It suggests P. nanas
(Stehli) but differs in its narrow fold and sulcus,
triangular shape, and the flattened front.

Pontisia robusta, new species
PLATE 508: FIGURES 1-5

Large for genus, subpentagonal in outline, wider
than long, sides narrowly rounded; anterior margin
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broadly rounded; posterolateral margins forming
angle of 104°. Beak erect. Deltidial plates conjunct,
foramen oval, mesothyridid. Surface costate except
in umbonal region of both valves, costae thick and
subangular with narrower interspaces, 4 on fold,
and 4 on each flank.

Pedicle valve with lateral profile gently convex
in posterior half, fairly strongly geniculated toward
brachial valve in anterior half; anterior profile
broadly and gently concave. Sulcus originating at
midvalve, broad and shallow, containing 3 costae.
Flanks narrow, not strongly deflected anterolaterally
but with steep slopes.

Brachial valve deeper than pedicle valve, gently
convex in lateral profile with maximum curvature
at umbo; anterior profile narrowly domed with top
of dome flattened and serrated by costae of fold,
sides very steep. Umbonal region and flanks swollen;
{old originating near midvalve, low, not rising
strongly above steep flanks.

Interior without median septum.

MEASUREMENTs  (in mm).—Holotype USNM
154664a: length 13.5, brachial valve length 11.7,
width 15.7, thickness 11.7, apical angle 104°.

STRATIGRAPHIC OccURRENCE.—Cibolo Formation
(Breccia Zone of Udden).

LocALity.—~USNM 728-1.

DiacNosis.—Large Pontisia with thick, crowded
costae.

Types.—Holotype: USNM 154664a. Unfigured
paratypes: USNM 154664b—d.

CoMPARISON AND DiscussioN.—This species is like
Pontisia kingi and P. magnicostata, both new, and
P. stehlii, Cooper and Grant. From the first it differs
in being larger, having stronger and more crowded
costae, and stronger costae on the flanks. From the
second it differs in having more crowded costae,
those of P. magnicostata having much wider inter-
spaces. P. stehlii is variable, especially in the costa-
tion of the fold, but the costae are not so thick and
crowded as those of P. robusta, and those on the
flanks are much less crowded; furthermore, the
anterolateral extremities are more prominent.

That P. robusta is variable is shown by paratype
154664b, a young individual that has only three
costae on the fold and two in the sulcus. Neverthe-
less, the costae are crowded in the sulcus and indi-
cate close resemblance to the type when fully grown.
Three other paratypes, all poorly preserved, give
glimpses of the interior. In the two in which it
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might be preserved no septum was seen, nor can
any trace of a septum be seen on the type when the
shell is moistened.

Pontisia stehlii Cooper and Grant

Pontisia stehlii Cooper and Grant, 1969:13, pl. 4: figs. 7-10.

CoMPARISON.—Pontisia stehlii is characterized by
its moderate size, bulbous shape, convex profile of
the fold, relatively narrow flanks with costae that
are not reflexed, costae that begin far back on the
beak, and its low median ridge in the brachial
valve. A similar appearing species in the Hess For-
mation is Antronaria speciosa, new species, from
which P. stehlii differs in its nondepressed median
costa of the fold, much more strongly convex pro-
file of the fold, so that the ends of the costae slope
ventrally rather than terminate abruptly, its nar-
rower flanks with nonreflexed costal crests, and its
costae that begin farther back on the beak. In the
Capitan Formation, Tautosia elegans (Girty) is ex-
ternally similar but it differs in most of the same
features that distinguish 4. speciosa.

A species that resembles P. stehlii externally is
Wellerella girtyi from the Word Formation in the
Glass Mountains and the Cherry Canyon Forma-
tion of the Guadalupe Mountains: the external
form is so similar that King (1930) considered them
to be the same, yet they are really generically dif-
ferent. Pontisia stehlii is larger, has somewhat wider
flanks that bear more costae, its costae begin far-
ther back on the beaks, and its dorsal umbonal
area is flattened or indented 1nstead of being evenly
arched transversely.

DiscussioN.—Many specimens exhibit the interior
of the species and make excellent material on which
to base the genus. The deltidial plates of the pedi-
cle valve are conjunct, narrow, elevated toward the
anterjor, and have elevated rims part way around
the foramen. The teeth are small, knoblike, and
jut out from under the shell rim, and thus are
grooved on the outside. Underneath, the deltidial
plates are buttressed by an arching deposit which
thickens them and is attached to the dental plates.
The dental plates are nearly vertical and nearly
parallel. The muscle field is large, located anterior
to the delthyrial cavity, and with large rounded
diductor scars enclosing the adductors.

The sockets of the brachial valve are strongly
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but minutely corrugated, and are bounded by
strong ridges that bear slightly concave broad outer
hinge plates. These attach the crura, which are
strongly keeled below and are strengthened by an
extension of the outer hinge plate along its side.
The crura are long, crescentic in section and con-
cave toward midvalve. The inner hinge plates are
variable but wide, in some specimens coalescing to
form a concave plate or flat or uniting in a slight
anticline. No trace of a median septum can be seen
under the hinge plate, and the median ridge, when
present, is low and inconspicuous.

This is the most abundant species of Pontisia in
the Glass Mountains and a fair sample of it has
been obtained from several localities. As here de-
scribed, it has a somewhat longer stratigraphic
range than most of the other species, since it occurs
in the Institella Zone at the base of the Cathedral
Mountain Formation and extends into the Road
Canyon Formation. Its greatest abundance is at the
base of the Road Canyon. A species with as wide a
vertical and geographic range is certain to have
considerable variation. This is true of P. stehlii,
which exhibits variation in both vertical and hori-
zontal dimensions.

The type locality for the species is USNM 702c,
where specimens are mostly trigonal, rather thick
anterior to midvalve, and with a fairly long beak.
The species is usually elongate until it reaches
about 10 mm length, at which point the width
becomes greater and the species wider than long.
The costae are usually crowded and thick. These
features characterize many of the specimens from
the Institella Zone in the Split Tank region, and
while no real problem in identifying them as P.
stehlii is encountered, several aberrations create
difficulties. Some specimens are rounder than usual
and the costae invade the umbonal region. Further-
more, the spaces between the costae are deeper and
wider than in the type group and in some speci-
mens the costae are enormously thickened and the
shell is a gross example of the rounded forms. Inter-
mediates are readily found, however, making it
clear that these are all related. In fact, odd speci-
mens from the type locality exhibit the same gigan-
tism in the ribbing.

Interesting horizontal variations also occur. At
USNM 702c over 87 percent of 56 specimens counted
have only 3 costae on the fold; these are crowded
and the fold is high; 7 percent of the specimens
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have 4 costae on the fold and 6 percent have 5
costae. At USNM 721s, of 50 specimens counted,
2 percent have 7 costae on the fold, 22 percent have
5 costae, 34 percent have 4 costae, and 42 percent
have only 3 costae on the fold. This is considerably
different from those of USNM 702c. The collection
from USNM 7210 is still different. Of 88 specimens
counted, 59 percent have only 3 costae on the fold,
but 28 percent have 4 costae, and only 13 percent
have 5 costae on the fold. From USNM 719x, 39
specimens showed 69 percent with 3 costae, eighteen
percent with 4, and thirteen percent with 5 costae
on the fold. Inasmuch as each of these lots come
from separate local bioherms, it suggests that the
variation is due to local conditions. In each case a
good solid core of specimens were most like the
types in having 3 costae on the fold.

Along with these variations are distorted obese
or deformed specimens that may appear in any
considerable lot of rhynchonellids. We have named
as P. stehlii tumidosa a few specimens that are
rounded, tumid, globular in outline, and in which
the costae extend far onto the umbo. These suggest
some of those from the Institella Zone but they are
generally more tumid and the characters more per-
sistent. They come, however, from the Road Can-
yon Formation rather than the earlier beds
although they are suggestive of the older forms.

Pontisia stehlii stehlii Cooper and Grant

PLATE 517: FIGURES 21-25, 38-47; PLATE 533: FIGURES 39-G0;
PLATE 534: FIGURES 1-49; PLATE 552: FIGURE 14

Pugnoides texanus R. E. King [not Shumard], 1931:108, pl.
34: figs. 5-9.

Pugnoides elegans [part] R. E. King [not Girty], 1931:106, pl.
33: figs. 12, 13; pl. 34: figs. 4 [not figs. 2, 3 (= Antronaria
speciosa Cooper and Grant, new species)].

Average size for genus, biconvex, normally some-
what bulbous, brachial valve much deeper than
pedicle valve; outline transversely triangular to
nearly oval, sides diverging between 80° and 110°;
profile subtrigonal; anterior commissure uniplicate;
fold low to moderately high, beginning 5-7 mm
anterior to brachial beak, profile flattened near
beak, abruptly convex near anterior margin; sulcus
shallow to moderately deep, beginning 8-10 mm
anterior to pedicle beak, convexity strongest be-
tween highest points of flanks. Costae strong, broad
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and crowded, sharp or blunt, beginning 4-5 mm
anterior to beaks, numbering 2-6 on fold, normally
3, one less in sulcus, 2-6 on each flank, normally 4,
those on flanks lower and less sharp than on fold.
Concentric ornamentation absent; growth lines few
and faint.

Pedicle valve somewhat inflated forward of beak,
strongly convex through sulcus, slightly convex
toward flanks; inner costae of flanks prominent but
not reflexed; beak sharp, dorsally curved, normally
somewhat attenuate; beak ridges blunt to sharp;
lateral pseudointerareas narrow, partly covered by
overlapping brachial valve. Delthyrium triangular,
base covered by trapezoidal plates, curved to form
low arch; foramen elongate oval. Brachial valve
moderately to strongly convex transversely and
longitudinally; smooth part of umbo flattened or
slightly indented; apex of valve within pedicle
valve, covered by deltidial plates.

Pedicle valve interior with sides of delthyrium
widely diverging anterior to deltidial plates; teeth
elongate, supported by vertical dental plates reach-
ing floor or valve. Muscle field bluntly triangular
to transversely oval, lying anterior to ends of den-
tal plates; adductor scar median, small, nearly cir-
cular to longitudinally oval; diductor scars wide,
tear-shaped, surrounding adductor scar laterally
and anteriorly.

Brachial valve interior with undivided but deeply
notched, triangular hinge plate, bounded laterally
by deep, anteriorly expanding, strongly corrugated
sockets; falcifer crura projecting forward and ante-
riorly diverging, strongly curved ventrally, may
twist as much as 90°, dorsal edges carinate; median
septum reduced to small median keel on underside
of hinge plate and low median ridge along floor of
valve. Muscle area partly divided by median ridge;
posterior adductor scars elongate, anteriorly diverg-
ing, flanking large, oval anterior adductor scars.

STRATIGRAPHIC OccURRENCE.—Cathedral Moun-
tain, Road Canyon, and Word (Willis Ranch Mem-
ber) formations.

LocaLities.—Cathedral Mountain: AMNH 500G;
USNM 702, 702a, 708, 721u, 7260, 726u, 726y, 735b.
Road Canyon: USNM 702c, 703a, 703c, 703d, 709u,
716x, 719x, 720d, 721j, 7210, 721s, 721t, 726f. Willis
Ranch: USNM 723w.

DiagNosis.—Pontisia with deep brachial valve
and closely crowded broad costae but smooth beaks
and umbones.
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MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness (°)
USNM 702¢
148710a 0.7 0.5 0.7 0.3 -
148710b 15 1.3 14 0.7 =
148710c 2.8 2.3 22 1.0 =
148710d 42 3.5 3.5 1.9 -
148710e 55 4.6 5.0 20 cl00
148710f 7.0 6.0 6.7 2.7 <100
148710g 9.0 7.6 8.8 4.0 85
148710h 9.4 7.0 9.3 6.0 101
148710i 11.5 9.7 11.6 73 102
148710j 12.4 10.9 14.7 6.2 108
148710k 12.4 10.6 135 10.9 102
148710-1 14.4 122 15.8 11.8 108
148710m 155 134 18.5 13.0 100
1538352 13.7 11.6 14.3 12.3 98
(holotype)
Types—Holotype: USNM 153835a. Figured
hypotypes: USNM 148710h,i; 153835b—i,m—p,r;

154743a,b; 154745a—j; 154848a—c,e; 154849; 154850a;
154851a,b; 154852a—c. Measured hypotypes: USNM
148710a-m.

CompAarisON.—Pontisia stehlii stehlii may have
descended from the related P. s. tumidosa, new sub-
species, which differs from P. s. stehliz in having a
more convex pedicle valve, lower fold and shal-
lower sulcus, and the costae extending farther onto
the umbo, in some specimens suggesting almost com-
plete costation but usually the beaks are smooth.
Pontisia s. stehlii usually has a longer beak on the
pedicle valve than P. s. tumidosa and it is usually
more flattened anteriorly. Pontisia s. tumidosa is
generally more rounded in outline than P. s. stehlii,
which generally is more trigonal.

Pontisia stehlii tumidosa, new subspecies
PLATE 510: FIGURES 56-62; PLATE 535: FIGURES 52-66

Medium size for genus, subcircular to subtrigonal
in outline, brachial valve deeper than pedicle valve;
posterolateral extremities approaching 110°. Sides
rounded, greatest width near midvalve; anterior
margin moderately rounded to subtruncate. Ante-
rior commissure uniplicate. Beak short, sharply
angular, with elongate oval foramen and eclevated,
conjunct but short deltidial plates. Surface variably
costate, usually with 3 broadly rounded, crowded
costae on fold, rarely 4 or 5 and 3 or 4 on each
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flank. Interspaces much more narrow than costae.

Pedicle valve moderately convex in lateral pro-
file, broadly and gently convex in anterior profile;
umbonal region narrowly convex; median region
gently convex; sulcus originating near midvalve,
broad, shallow and poorly defined, crowded with
costae. Tongue moderately long, strongly genicu-
lated and convex transversely. Flanks narrow,
rounded, slightly inflated and with poorly devel-
oped anterolateral extremities.

Brachial valve fairly strongly convex in lateral
profile but evenly and strongly domed in anterior
profile with nearly vertical sides. Umbonal region
gently convex; fold originating near midvalve, mod-
erately wide, only slightly elevated above flanks
from origin to anterior margin. Flanks rounded
and steep.

Interior same as that of typical subspecies.

MEASUREMENTS (in mm).—

brachial apical
valve thick-  angle
length length width ness (°)
USNM 702¢c
148623a 8.0 7.0 7.8 5.9 90
148623b 8.5 Al 8.5 8.4 90
148623¢ 8.7 72 9.2 6.6 100
148623d 94 7.5 9.5 82 90
148623e 9.5 7.8 9.3 85 90
148623f 9.8 8.0 9.8 7.5 90
148623g 10.3 8.7 10.4 8.7 100
148623h 11.4 9.5 11.5 7.9 100
(holotype)
STRATIGRAPHIC OccURRENCE.—Cathedral Moun-

tain and Road Canyon formations.

LocAavriTies.—Cathedral Mountain: AMNH 500;
USNM 702, 702a, 702b, 702inst, 702-low, 702un,
703a', 703b, 703bs, 708, 726u. Road Canyon:
USNM 702¢, 703a, 703¢c, 719x, 7210, 724c.

Dr1agNosis.—Rotund and bulbous Pontisia stehli
with costae extended to but not onto the beaks.

Tyres.—Holotype: USNM 148623h. Figured par-
atypes: USNM 148623b,c,g; 154682a,b; 154686a-c.
Measured paratypes: USNM 148623a—g. Unfigured
paratypes: USNM 148623a,d-f.

Pontisia truncata, new species
PLATE 516: FIGURES 1-5

Medium size for genus, subpentagonal in out-
line, wider than long, with narrowly rounded sides
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but broadly truncated front margin; apical angle
94°. Beak erect. Anterior commissure uniplicate
and serrate; deltidial plates conjunct; foramen oval,
submesothyridid. Surface costate except for um-
bonal regions, costae elevated and narrowly rounded
with narrow interspaces, 3 on fold, and 3 on each
flank.

Pedicle valve less deep than brachial valve; gen-
tly convex in lateral profile but broadly and gently
concave in anterior profile; sulcus originating at
about midvalve, wide and shallow, forming short
serrated tongue; flanks concave but elevated above
sulcus and sharply angular.

Brachial valve moderately convex in lateral pro-
file, maximum convexity in anterior part; anterior
profile broad, rounded dome somewhat flattened on
top. Fold low, and flat topped, defined only at
front and originating near midvalve. Flanks swol-
len and rounded but depressed slightly below fold.

Pedicle valve interior with small teeth but thick
dental plates; muscle field cordate, large, lying ante-
rior to delthyrial cavity. Brachial valve interior with
moderately wide outer hinge plates forming ridges
overhanging sockets; inner hinge plates united, with
slightly elevated suture line and moderately deep
anterior notch. Crura not preserved.

MEASUREMENTs (in mm).—Holotype USNM
154734: length 13.0, brachial valve length 12.1,
width 15.8, thickness 11.5, apical angle 94°.

STRATIGRAPHIC OCCURRENCE.—Road Canyon For-
mation.

LocaLity. —USNM 732j.

Diacnosis—Widely pentagonal Pontisia with
low fold and only 2 costae in the sulcus.

Types.—Holotype: USNM 154734.

CompArIsON AND DiscussioN.—This species is
similar to several of the medium-sized Antronaria
such as dAntronaria dissona, A. specialis, new species,
and 4. mesicostalis (Girty). It differs from all of
these in not having a median costa or costae de-
pressed below the level of the fold. Pontisia stehlit
Cooper and Grant is marked like P. {runcata in
some of its forms but differs in having a higher
fold and greater thickness. Other specimens of P.
stehlii are like P. truncata but are thicker, less wide,
with thicker costae, and less prominently angular
flanks.

The brachial valve of P truncala has no median
septum and is typical of the genus in all respects.
Unfortunately, silica deposition in the adductor
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field made it impossible to differentiate the pattern
of muscles.

Pontisia ventricola, new species

PLATE 520: FIGURES 50-55; PLATE 536: FIGURES 28-51

Pugnoides texanus R. E. King [not Shumard], 1931:108, pl.
34: figs. ba-d; 6a-d; 8a, b [not 7a—c]; 9.

Medium size for genus, length and width about
equal; outline subpentagonal with broadly rounded
sides and gently rounded anterior margin. Valves
unequal in depth, brachial valve slightly deeper.
Sides diverging at obtuse angle in adults. Anterior
commissure strongly uniplicate. Beak small, nearly
straight; deltidial plates conjunct, defining small,
oval, submesothyridid foramen. Surface paucico-
state, posterior one-half to one-third smooth, ante-
rior one-half to two-thirds marked by strong, broad,
rounded to subangular costae, 2-4 occupying fold,
usually 3, and one less in sulcus; each flank with
2 or 3 costae, third costa usually not strong.

Pedicle valve fairly evenly and moderately con-
vex in lateral profile, broadly and slightly convex
in anterior profile, costae of the sulcus somewhat
protuberent. Umbonal region narrowly convex; me-
dian region usually conspicuously swollen where
costae of sulcus originate. Sulcus starting anterior
to midvalve and anterior to origin of costae. Sulcus
short, with long transversely convex tongue only
slightly depressed below anterolateral extremities.
Flanks very narrow, flattened, sloping slightly.

Brachial valve fairly evenly and moderately con-
vex in lateral profile; anterior profile broadly and
moderately domed with short but with precipitous
sides. Umbonal region moderately convex but me-
dian region fairly strongly swollen. Fold slightly
spreading, originating anterior to midvalve, occu-
pying slightly more than half width; fold trans-
versely flattened anteriorly, slightly elevated above
flanks at anterior. Flanks steeply sloping, swollen.

Pedicle valve interior with short dental plates;
muscles not impressed. Brachial valve interior with
undivided hinge plate having median region de-
pressed or elevated; socket ridges slender; falcifer
crura moderately long, strongly curved, crescentic
in section with concave side facing medially. No
trace of median septum.

STRATIGRAPHIC OCCURRENCE.—Hess

(top).

Formation
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MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness °)
USNM 726n
152860a 4.6 4.1 42 1.7 76
152860b 5.6 4.7 5.6 2.4 80
152860c 6.4 5.4 5.5 25 70
152860d 7.3 6.3 6.9 3.0 72
152860e 8.0 6.9 8.2 5.1 84
152860f 8.8 7.8 8.6 5.6 90
152860g 9.0 8.1 9.3 6.2 93
152860h 9.2 8.3 9.2 6.3 93
1528601 10.0 8.6 10.5 6.2 97
152860 9.7 8.7 9.5 6.8 96
152860k 10.5 9.3 10.4 6.8 96
152860-1 9.4 8.2 9.4 6.8 85
152860m 11.2 9.7 11.6 78 103
(holotype)
152860n 10.6 94 10.5 7.8 94
1528600 11.7 10.5 11.3 6.4 98
152680p 10.7 9.4 10.8 7.5 108
152860q 11.0 98 10.9 7.1 99
152860r 11.3 10.3 115 7.2 97
152860s 12.4 11.3 13.1 7.7 107
King 223
YPM 12530 11.4 10.3 12.3 7.8 107
STRATIGRAPHIC QCCURRENCE.—Hess Formation
(top)-

LocaLities—King 223; USNM 726n.

DiacNosis.—Seminude, coarsely costate Pontisia
with medially inflated valves.

Types.—Holotype: USNM 152860m. Figured
paratypes: USNM 152860b,d,h,j,k,s; 154866a—e.
Measured paratypes: USNM 152860a-1,n-s. Unfig-
ured paratypes: USNM 152860a,c,e-g,1,1-1.

CompAarisoN.—The swollen median areas of both
valves and the strong spreading costae characterize
this species. Bicostate specimens differ from Anteri-
docus bicostatus, new species, in having their length
and width nearly equal, being more strongly co-
state farther posteriorly, and in having much less
strongly developed anterolateral extremities. Pon-
tisia ventricola is larger and more robust than
P franklinensis, new species, from the Hueco Can-
yon Formation. The valves of P. ventricola are
more strongly swollen medially than those of P.
kingi, new species, from the Neal Ranch Formation.
It is much larger than P. nanas (Stehli) and has a
less deep sulcus on the pedicle valve. Pontisia ven-
tricola is not so wide as specimens of Antronaria
spectabilis, new species, of the same size, but that
species attains a much larger size than the Hess
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species. Furthermore, P. ventricola does not have
the depressed median costa in the fold which char-
acterizes the Bone Spring species. Pontisia stehlii
Cooper and Grant is much larger and much more
variable than the Hess species but has less spread-
ing and narrower costae in many specimens and is
not swollen medially as is P. ventricola.

An undescribed species from the Hueco Canyon
Formation is most like P. ventricola. A specimen
of this species was identified by King with the Hess
species (1931:108, pl. 34: fig. 7a—c). This Hueco
species (YPM 12527) is readily distinguished by the
nearly complete costation of the valves, whereas
P. ventricola is usually about half smooth posteriorly.

DiscussioN.—Most specimens of this species have
3 costae on the fold and 2 in the sulcus. Out of 104
specimens 5 had 2 costae on the fold and 5 had 4
costae on the fold. A costa on one specimen was
bifurcated to produce 4 on the fold. The young
are thin, long beaked, and their sides form an
acute angle. The brachial valve is slightly concave
anteriorly. This species is abundant at the top of
the Hess but is not known elsewhere.

Pontisia wolfcampensis, new species

PLATE 520: FIGURES 11-18

Small for genus, wider than long, subpentagonal
in outline; sides rounded, anterior margin trun-
cated, apical angle about 100°. Anterior commis-
sure uniplicate; valves unequal in depth, brachial
valve deeper. Deltidial plates variable, from dis-
junct to conjunct in specimens of same size; fora-
men oval, permesothyridid. Surface semicostate, 3
on fold, 2 in sulcus, and 3 on each flank; costae on
tongue and anterior side of fold with shallow
groove.

Pedicle valve gently convex in lateral profile but
flatly to gently concave in anterior profile. Um-
bonal and median regions moderately swollen;
sulcus originating at midvalve, wide, producing
long tongue. Flanks flattened, somewhat deflected
in anterolateral direction; flanks narrow and
rounded.

Brachial valve narrowly domed in anterior pro-
file with moderately rounded top but precipitous
sides. Fold originating at midvalve, low and flat-
tened on top, not strongly elevated above inflated
flanks.

Pedicle valve interior with slender dental plates.
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Brachial valve interior with small cardinalia; outer
hinge plates fairly wide; socket ridges slender; inner
hinge plates fused and anteriorly notched. Crura
laterally compressed, long and curved.
MEASUREMENTS (in mm).—Specimens USNM
154764c (holotype) and b (paratype), respectively:
length 9.1, 8.4? brachial valve length 8.0, 7.9; width
10.7, 9.8; thickness 8.8, 6.3; apical angle 100°, 100°.
STRATIGRAPHIC OcCURRENCE.—Neal Ranch Forma-
tion (Bed 4).
LocALity. —USNM 727e.
DiagNosis.—Small Pontisia, semicostate,
short, low fold and small cardinalia.
Types—Holotype: USNM 154764c. Figured par-
atypes: USNM 154764a,d,e. Measured and unfig-
ured paratype: USNM 154764b.
ComrarisoN.—This species need be compared
only to P. parva, new species, with which it occurs,
because it differs in the same degree from the
species to which the latter species was compared. It
also shares some of the characteristics of P. parva,
new species, such as the broadly flattened front due
to rapid growth along the anterior margins of both
valves. It differs from P. parva in being larger,
wider, having somewhat stronger costae, and a
wider fold and sulcus.

with

Lirellaria, new genus
[Latin lirella (small ridge)]

Medium size for rhynchonellacea, with rounded
contours and subpentagonal to subcircular outline;
anterior commissure strongly uniplicate. Beak short,
suberect to erect, with submesothyridid foramen
and conjunct, small deltidial plates. Beak ridges
strong, surface costellate, costellae direct, reaching
or nearly reaching beaks.

Pedicle valve interior with small teeth supported
by thin, short, strong dental plates.

Brachial valve with large undivided hinge plate
having strong socket ridges, small outer hinge plates
and broad coalesced inner hinge plates. Median
septum absent. Crura modified falcifer, broad,
curved, concave toward midvalve.

TyPE-SpECIES.—Lirellaria costellata, new species.

DiagNosis.—Medium, costellate rhynchonellacea
having an undivided hinge plate, no median
septum.

ComparisoN.—This genus suggests Allorhynchus
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Weller and Pontisia Cooper and Grant but differs
from both in having a costellate exterior. It fur-
ther differs from Allorhynchus in having an undi-
vided hinge plate. It differs from Wellerella Dun-
bar and Condra in the absence of a median septum
and in the costellate exterior. It also differs from
Phrenophoria Cooper and Grant in ornamentation
and lack of a median septum.

It differs from other costellate genera in having
the costellae direct and undivided. Ptilotorhynchus,
new genus, is multicostellate but differs from Lirel-
laria in having a divided hinge plate and elaborate
deltidial plates. Strigirhynchia Cooper and Grant is
costellate but it has a long, high median septum
and a concave brachial valve umbo. Lirellaria differs
[rom Aphaurosia, new genus, in its ornament, the
valves being almost completely costellate rather
than half smooth as in Aphaurosia.

Livellaria also suggests Trophisina, new genus,
but is usually not so globular as that genus. It is
also possible that species of Lirellaria of globular
form will be found. Sufficient difference exists, how-
ever, in the character of the cardinalia to distin-
guish the two. Trophisina has a well-formed median
septum, a feature not present in Lirellaria. Tro-
phisina is also not provided with conjunct and
strong deltidial plates as is Lirellaria.

DiscussioN.—Some features of both valves of
Lirellaria are worthy of note. In the pedicle valve
the teeth are set inside the valve, with a deep
groove between them and the valve margin. The
dental plates are thus narrowed and elongated and
the cavities between them and the valve wall in
some specimens are almost completely filled. The
dental plates and teeth are thus like these struc-
tures in some modern rhynchonellids. As usual with
thin-shelled, silicified branchiopods we have not
been able to determine the form and individual
scars of the muscle field.

Concerning the inside of the brachial valve we
have information from only a few specimens, con-
sequently the inside variation is not understood.
The hinge plate in both species has the crura tied
to the socket plate by broad outer hinge plates; but
in L. crassa, new species, the inner hinge plates are
not well developed and the gap between them is
plugged by shell tissue. No specimen preserves the
crura in perfect condition. They are keeled, mod-
erately long, gently curved, and concave toward
midvalve.
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Lirellaria costellata, new species

PLATE 508: FIGURES 56-64; PLATE 511: FIGURES 1-20;
PLATE 780, FIGURES 44-50 (in part V)

Medium size, subcircular in outline, margins
rounded; posterolateral extremities converging at
about 90°; sides and anterior margin broadly
rounded. Anterior commisure strongly uniplicate.
Beak short, suberect with small foramen and short
deltidial plates. Surface costellate, 8 costellae on
fold of adults, one less in sulcus, and 12 on each
flank.

Pedicle valve evenly and moderately convex in
lateral profile but broadly and gently convex in
anterior profile. Umbonal and median regions
swollen. Sulcus originating anterior to midvalve,
broad and shallow but produced into long broadly
rounded tongue geniculated nearly at right angle.
Flanks narrow and moderately convex.

Brachial valve moderately and evenly convex,
somewhat more rounded at umbo in lateral profile;
anterior profile somewhat narrowly domed but
smooth and steep sided. Umbonal and median re-
gions swollen; fold originating anterior to mid-
valve, low and with soft contours and only slightly
elevated at anterior. Flanks swollen and steep.

Pedicle valve interior with strong dental plates.
Brachial valve interior with undivided hinge plate
having broad, coalesced inner hinge plates and stout
laterally compressed crura.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness ®)
USNM 728p
1550732 7.6 7.0 8.5 4.4 90
USNM 738
152820 5.8? 4.8 5.8 42 90
AMNH 40
152821c¢ 10.0 9.0 10.0 6.5 90

STRATIGRAPHIC OccURRENCE.—Bell Canyon For-
mation (Lamar Member).

LocaLiTies—AMNH 37, 38, 40; USNM 72be,
728p, 738.

Diacnosis.—Finely costellate Lirellaria with
short, low fold and shallow sulcus.

Types.—Holotype: USNM 155073a. Figured par-
atypes: USNM 152819; 152821a,c; 154667; 154692a,b;
154693a,b; 154696a; 155073b; 155112a,b. Unfigured
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paratypes: USNM 152821b; 154696b,c.

ComrarisoN.—Differs from L. crassa, new species,
in the greater abundance of, and finer, costellae,
especially on the fold and sulcus, and in its smaller
size.

DiscussioN.—This is a rare species in the Lamar
Member but the specimens, although slightly dis-
torted, display their internal characters well. In
the few specimens collected, variation in the
strength of the ornament was seen.

Lirellaria crassa, new species
PLATE 780: FIGURES 57-65 (in part V)

Usual size for genus; length and width nearly
equal; valves subequal in depth; outline subcir-
cular to subpentagonal; greatest width slightly an-
terior to midvalve; posterolateral margins meeting
at about 90°-105°; sides rounded; anterior margin
broadly rounded. Beak short with strong beak
ridges, oval foramen, and small disjunct deltidial
plates. Surface costellate, costellae strong, in adults
three on fold, one less in sulcus, and 5 or 6 on
flanks, outermost ones small.

Pedicle valve evenly and flatly convex in lateral
profile and broadly but gently convex in anterior
profile. Umbonal and median regions swollen; sul-
cus originating near midvalve, broad and shallow,
but produced into a short tongue geniculated at
obtuse angle. Flanks narrow, moderately convex,
moderately steep.

Brachial valve moderately but unevenly convex
in lateral profile, with the front convex. Anterior
profile broadly and gently domed and with steep
sides. Umbonal and median regions swollen; fold
low, originating near midvalve, flattened, and only
slightly elevated at anterior. Flanks swollen, with
long, steep slopes.

Pedicle valve interior with dental plates obscure.
Brachial valve interior with long, curved, laterally
compressed crura and inner hinge plates not com-
pletely coalesced.

MEASUREMENTs (in mm).—Specimens 155072a
(holotype) and b, respectively: length 8.7, 7.8; bra-
chial valve length 7.5, 6.5; width 8.9, 7.1; thickness
4.6, 4.7; apical angle 105°, 98°.

STRATIGRAPHIC OCCURRENCE.—Bell Canyon For-
mation (Lamar Member).

Locauity. —USNM 728p.
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Types.—Holotype: USNM 155072a. Figured par-

atypes: USNM 155072b,c. Measured paratype:
155072b. Unfigured paratypes: USNM 155072d-h.
DiagNosis.—Strongly costellate Lirellaria.
ComparisoN.—This species differs from L. costel-
lata, new species, in having stronger costellae and
smaller size.

Lirellaria diabloensis, new species

PLATE 511: FIGURES 23-25

A single specimen preserving both valves, con-
veniently broken at the anterior of the brachial
valve, measures 9.5 mm long, 10.0 mm wide, and
6.4 mm thick. The valves are of about equal depth,
the sides rounded, and the anterior commissure
shows evidence of uniplication. The pedicle valve
is moderately convex in both profiles, and has a
somewhat keeled umbonal region and flattened
anterior. The brachial valve is moderately convex
in both profiles but the fold at the anterior is
obscure. The beak of the pedicle valve is moder-
ately long and suberect, with a small foramen
defined by conjunct and strong deltidial plates. The
surface is costellate, the costellae becoming faint
but still present in the umbonal regions.

The interior is not well preserved and the car-
dinalia are thickened by siliceous deposit, neverthe-
less the hinge plate is undivided, unsupported, and
medially notched.

STRATIGRAPHIC OCCURRENCE.—Bone Spring For-
mation.

LocarLity.—~—AMNH 591.

Types—Holotype: USNM 152822.

ComparisoN.—This species is larger than the
others except Lirellaria? sp. 1; it is more robust, has
more numerous costellae than L. crassa, new spe-
cies, but is not so finely ornamented as L. costellata,
new species.

Lirellaria? species 1

PLATE 511: FIGURES 21, 22

A possible species of Lirellaria is indicated by a
single pedicle valve measuring 13 mm in length
and 15 mm in width. It is subpentagonal in out-
line and has a long, wide, and rounded tongue.
The sulcus originates near midvalve, is wide and
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shallow, and poorly differentiated except at its
anterior. The surface is covered by numerous costel-
lae, 12 in the sulcus and 15 or 16 on the flanks.
The umbonal region is broadly carinate, the carina-
tion melting into the sulcus at about midvalve. The
flanks are fairly broad, moderately convex, but not
strongly deflected.

The beak is short and the posterolateral bound-
aries converge at an angle of 110°. The foramen is
small, submesothyridid and bounded anteriorly by
conjunct deltidial plates. The teeth are small and
lie inside of but parallel to the shell margin. Den-
tal plates are long and stout. The muscle field is
small, with a truncated anterior margin and large
diductor scars surrounding the adductors.

STRATIGRAPHIC OcCCURRENCE.—Word Formation
(Willis Ranch Member).

LocaLity. —USNM 706e.

Genus Divaricosta Cooper and Grant, 1969

Divaricosta Cooper and Grant 1969:11.

Medium size, biconvex; outline bluntly subtri-
gonal to subpentagonal; uniplicate, fold low, sulcus
shallow to moderately deep. Costae beginning at
beaks, increasing anteriorly by bifurcation; con-
centric striae faint, fine; growth lines weak over
most of shell, becoming strong laminae near an-
terior margins.

Pedicle valve moderately convex, flanks not re-
flexed; beak short, bluntly pointed, straight, or
dorsally curved, apsacline; delthyrium wide, nearly
completely closed by conjunct deltidial plates, for-
amen small, subcircular, mesothyridid; lateral
pseudointerareas narrow, partly covered by edge of
opposite valve.

Brachial valve somewhat more convex; beak
bluntly rounded, apex covered by deltidial plates.

Pedicle valve interior with recess in delthyrium
for brachial beak; teeth strong, somewhat curved;
dental plates vertical, supporting hinge teeth, often
fused to sides of valve. Muscle area narrowly tri-
angular, beginning between dental plates, expand-
ing anteriorly; adductor muscle scars small, lying
near center of muscle area, surrounded by larger
diductor scars.

Brachial valve interior with large undivided
hinge plate; hinge sockets deep, wide, strongly
denticulate; with strong outer socket ridges articu-
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lating with sockets on outside of teeth. Crura falci-
fer, diverging slightly from forward edge of hinge
plate, not twisted, gently curving ventrally; crural
bases extending from underside of hinge plate along
undersides of crura; median ridge moderately high,
thick, broadly rounded, extending into posterior
part of muscle area. Posterior adductor muscle scars
elongate, narrow, widely separated from one an-
other, slightly diverging anteriorly, lying lateral to
larger, anteriorly slightly expanding anterior ad-
ductor scars along median line; diductor muscle
impression at apex of valve, at posterior extremity
of hinge plate.

TypE-SPECIES.—Divaricosta squarrosa Cooper and
Grant (1969:12, pl. 4: figs. 1-6).

DiacNosis.—Medium-sized rhynchonellacea hav-
ing numerous bifurcating and intercalated costae
and an undivided hinge plate.

CompArIsoN.—Divaricosta is characterized by its
costae that begin at the beaks and increase in num-
ber anteriorly by bifurcation or intercalation, its
low fold and moderately shallow sulcus, its large,
conjunct deltidial plates, the narrow lateral pseu-
dointerareas that are partly covered by the over-
lapping edges of the brachial valve, the large, un-
divided hinge plate, and thick, high median dorsal
ridge, but absent median septum. It resembles
Fascicosta Stehli (1955) in its bifurcating costae,
differing in its large conjunct deltidial plates, over-
lapping valves that produce lateral pseudointer-
areas, undivided hinge plate, and median dorsal
ridge but no brace or septum.

Ptilotorhynchus, new genus, is similar to Divari-
costa in external appearance but the deltidial
plates have winglike protuberances and a divided
hinge plate. Divaricosta differs from Deltarina, new
genus, in more numerous bifurcations of the costae,
an undivided hinge plate, and a thick median
ridge.

DiscussioN.—The type species of Divaricosta, D.
squarrosa Cooper and Grant, was described and
illustrated by Stehli (1955:71, 73) as Fascicosta
longaeva (Girty). Stehli did not designate any of
these specimens as the type for Fascicosta, but in-
stead chose Girty's species under the mistaken opin-
ion that it belonged to the same species as his Get-
away specimens. Our study of Girty’s Rhynchonella?
longaeva, including the illustrated holotype (Girty,
1909, pl. 15: fig. 18) and all paratypes in the U.S.
Geological Survey collections, leads us to conclude

SMITHSONIAN CONTRIBUTIONS TO PALEOBIOLOGY

that the resemblance between R.? longaeva and D.
squarrosa is only in the bifurcation of the costae,
and that they are otherwise generically distinct.

Several features of interest may be pointed out
in the shell anatomy of Divaricosta. The deltidial
plates of the pedicle valve are very thick and con-
junct but clearly show the suture. The anterior
surface of the deltidial plates is excavated into a
broad crescent to receive the movement of the bra-
chial valve. The teeth are unusual in that they
protrude into the valve from the side and are tied
to the valve wall by horizontal plates. The teeth
are buttressed by strong dental plates that stand
away from the valve wall. The teeth are thus set
off by a wide gap or socket between the tooth and
the valve wall. This receives an elongated tooth
that occupies the outside of the socket in the oppo-
site valve. In old specimens the cavity between the
dental plate and the valve wall is filled by shell
substance but the horizontal plate and the deep
sockets between the tooth and the valve edge is
well developed.

Old specimens of the pedicle valve are charac
terized by a broad shelflike extension of the pos-
terolateral margin just anterior to the teeth. In one
specimen these shelves extend in a dorsal direction
as high as the anterior tongue. This shelf is over-
lain by the posterolateral region of the brachial
valve in a strong overlap.

The hinge plate is notable for its solidity and
the peculiar development of the socket. The socket
is strongly corrugated and bounded by a thick,
strong socket plate. On the outside a thin plate
forms the outer boundary of the socket, but this
plate is inside the margin of the brachial valve.
This plate is an accessory tooth in the brachial
valve that articulates with the socket on the out-
side of the tooth. This arrangement makes for a
strong articulation.

The hinge plate is composed of the socket ridge
which hangs over the socket and to which is fixed
a broad outer hinge plate which attaches the crural
bases that are anteriorly keeled. The hinge plate
also is marked by a fairly elongated fulcral plate
under the socket. The inner hinge plates unite
medially in a fairly broad fold. These plates are
buttressed by a median support that varies from a
fairly slender median septum to a thick and solid
ridge, usually the latter.

The crura are moderately long, stout, slightly
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curved and keeled on the ventrolateral edge. The
distal end is oblique, being sharply pointed toward
the inside but obtuse dorsolaterally.

Divaricosta squarrosa Cooper and Grant
PLATE 509: FIGURES 1-26; PLATE 552: FIGURES 6-10

Fascicosta longaeva [not Girty] Stehli, 1955:71-73, figs. 1-17.
Divaricosta squarrosa Cooper and Grant, 1969:12, pl. 4: figs.
1-6.

Small, moderately strongly biconvex; outline
bluntly subtrigonal to subpentagonal, sides diverg-
ing nearly 100°; anterior commissure uniplicate;
fold low, beginning inconspicuously, gently convex
longitudinally and transversely; sulcus shallow,
deeper at anterior, beginning 3 or 4 mm anterior to
beak. Costae strong, narrow, ropelike, beginning at
beaks, increasing anteriorly by bifurcation and
intercalation, numbering 3-5 on fold, one less in
sulcus, 6-9 on each flank. Concentric striae fine,
closely spaced; growth lines weak and widely spaced
except near anterior margins, there strong, closely
spaced, laminar.

Pedicle valve moderately convex in lateral and
anterior profiles, flanks not reflexed; beak short,
bluntly pointed, slightly attenuate, straight or with
delthyrial area slanted ventrally away from hinge;
delthyrium wide, triangular, nearly completely
closed by large, thick, conjunct deltidial plates,
leaving small, round foramen; lateral pseudointer-
areas present, width variable, more-or-less covered
by overlapping edge of brachial valve.

Brachial valve moderately convex, umbonal area
slightly flattened or indented; beak bluntly rounded,
slightly prominent, apex covered by deltidial plates.

Pedicle valve interior with shallow recess for
accommodation of brachial beak; teeth strong,
tusklike, continuous, with nearly vertical dental
plates that are discrete or fused to sides of valve.
Muscle area narrowly triangular, beginning be-
tween anterior edges of dental plates, expanding
slightly anteriorly to about a third valve length,
often slightly excavate; adductor scars small, lying
near center of muscle area, completely surrounded
by larger diductor scars.

Brachial valve interior with large semicircular,
undivided hinge plate, bounded laterally by deep,
wide, strongly denticulate sockets having high, thin
outer socket ridges; inner socket ridges curved,
narrowly overhanging sockets; outer hinge plates
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narrow, crura diverging anteriorly from forward
edge of hinge plate, narrow, curved ventrally, mod-
erately long, not twisted; crural bases vertical, nar-
row but strong ridges on underside of hinge plate,
extending as keels along dorsal side of crura; me-
dian ridge moderately high, thick, broadly rounded,
extending about a fourth to a fifth valve length.
Muscle area subelliptical, slightly depressed; pos-
terior adductor scars narrow, elongate, slightly
diverging anteriorly, lying lateral to elongate, ante-
riorly slightly widening anterior adductor scars
located along median line of valve, lateral and

" anterior to median ridge.

MEASUREMENTS (in mm).—Specimen USNM
148221: length 6.9, brachial valve length 6.3, mid-
width 6.9, width 7.1, thickness 4.0, apical angle
100°.

STRATIGRAPHIC OCCURRENCE.—Cherry Canyon For-
mation (Getaway Member).

LocaLity. —AMNH 512 (=USNM 728).

DiagNosis.—Divaricosta with ragged anterior
lamellae.

Types—Lectotype: AMNH 27904/1; Figured
paratypes: AMNH 27904/2, 4, 6. Figured hypo-
types: USNM 148221, 15467ba—c.

CompArisoN.—Divaricosta squarrosa is character-
ized by its strong, ropelike, bifurcating costae, large,
thick deltidial plates, small, mesothyridid foramen,
thick shell with strong growth laminae which make
ragged margins, and internally by its nearly verti-
cal dental plates and strong dorsal median ridge.
It differs from Fascicosta longaeva (Girty) in its
stronger, higher, more bluntly rounded costae that
bifurcate or intercalate more frequently, its less
inflated umbones, higher fold and deeper sulcus,
slightly overlapping posterolateral valves edges that
produce narrow lateral pseudointerareas, prominent
and crowded growth laminae near the margins, and
more nearly vertical dental plates.

DiscussioN.—The details of the interior have
been described under the generic discussion. This
species is rare in the Getaway Limestone but it has
not been seen at any other level in the Guadalupe
Mountains.

Divaricosta vagabunda, new species

PLATE 509: FIGURES 60, 61

Usual size for genus, wider than long, greatest
width at midvalve, outline transversely elliptical,
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median ridge that swells and extends for about a
quarter the valve length, but does not give any
notable support to the hinge plate.

Antronaria emarginata, new species

PLATE 530: FIGURES 1-15

Medium size for genus, wider than long, and
widely cordate in outline, posterolateral margins
forming angle of 90° to 110°, anterolateral ex-
tremities narrowly lobed and anterior margin
variably lobate and usually deeply emarginate. Beak
usually long and straight to slightly curved. Fora-
men small. Surface costate, costae narrowly angu-
lar, variable in number, usually 4 or 5 in sulcus
and 5 or 6 on fold, median ones deeply depressed
to form strong sulcus in fold, thus producing deep
emargination. Flanks with 3-7 costae. Costae
marked by zigzag, concentric lines.

Pedicle valve unevenly convex in lateral profile,
umbonal region having most convexity; anterior
profile nearly flat to gently concave. Umbonal re-
gion narrowly swollen. Sulcus originating at mid-
valve, deepening and widening suddenly and
forming short strongly geniculated tongue, leaving
flanks as narrowly rounded lobes with parts bor-
dering sulcus strongly protuberant. Flanks gently
convex and narrow.

Brachial valve fairly strongly convex in lateral
profile; anterior profile broadly and strongly domed
but deeply sulcate medially; umbonal and median
regions somewhat swollen; fold originating slightly
posterior to midvalve, defined by outer costae or
outer pair of costae; sulcus originating just poste-
rior to point of origin of fold, narrow and very
deep, helping to form deep anterior emargination.
Flanks narrow and rounded.

Interior with short dental plates in pedicle valve
but no septum and only slight development of me-
dian ridge in brachial valve.

STRATIGRAPHIC OCCURRENCE.—Skinner Ranch For-
mation (Decie Ranch and Sullivan Peak members).

Locavities.—Decie Ranch: USNM 707a, 727u.
Sullivan Peak: USNM 707, 726h.

DiacNosis.—Medium-sized Antronaria with deep-
ly emarginated anterior and numerous costae.

Typre.—Holotype: USNM 154838a. Figured par-
atypes: USNM 148662, 152844. Measured paratypes:
USNM 152844a,b; 152845a-d. Unfigured paratypes:
USNM 154838b—d; 152844a,b; 152845a—d.
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MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness )
USNM 707a
152844a 12.62 11.4 17.8 7.8 110
152844b 14.0 11.9 17.5 11.6 115
USNM 727u
152845a 132 11.8 17.2 8.9 110
152845b 13.5 11.7 16.2 8.9 105
152845¢ 11.5 10.4 15.0 7.6 110
152845d 12.7 10.8 15.1 7.6 105
154838a 13.2 11.6 17.3 8.8 104
(holotype)

ComparisoN.—This species is most similar to
Antronaria mesicostalis (Girty) but differs in hav-
ing a more extreme development of the sulcate fold
and the anterior emargination. It differs from 4.
speciosa, new species, which is also deeply emargi-
nate, in having more numerous costae.

DiscussioN.—This is a rare species of which only
unsilicified specimens are available. Therefore, we
do not have all of the details of the interior but
from exfoliated specimens come indications that it
is typical for Antronaria.

Antronaria indentata, new species

PLATE 531: FIGURES 9-24

Medium size for genus, widely subpentagonal in
outline, sides narrowly rounded, anterior margin
with strong emargination. Apical angle 111°. Ante-
rior commissure deeply uniplicate. Deltidial plates
conjunct, foramen mesothyridid. Surface unevenly
costate, posterior third smooth but anterior costate.
Costae strong, subangular numbering three on fold,
median costa short, deeply sunk below bounding
costae, producing emargination; three costae on
flanks.

Pedicle valve gently convex posteriorly but
strongly geniculated anteriorly in lateral profile;
anterior profile broadly concave with exaggerated
flanks. Umbonal region moderately swollen; sulcus
originating posterior to midvalve, narrow and very
deep but forming short tongue. Flanks concave and
reflected anteroventrally and strongly serrated.

Brachial valve fairly strongly convex, most so in
anterior region in lateral profile; anterior proﬁle
broadly domed, narrowly indented on top; sides
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steep; fold originating about one-third distance from
beak, not strongly elevated and marked by two
bounding costae. Flanks swollen, steep, depressed
below fold.

Pedicle valve interior with strong dental plates.
Brachial valve interior with undivided hinge plate,
narrowly notched medially; crura long.

MEASUREMENTS (in mm).—From locality USNM
725c specimens 154839a holotype and b (paratype),
respectively: length 11.9, 9.3; brachial valve length
10.1, 7.8; width 16.0, 13.2; thickness 11.0, 9.4; apical
angle 111°, 111°.

STRATIGRAPHIC OCCURRENCE.—Bone Spring For-
mation.

LocaLities.—AMNH 696; USNM 725c.

DiagNosis—Transverse, deeply indented Antro-
naria with strongly reflected anterolateral extremi-
ties in the pedicle valve.

Types.—Holotype: USNM 154839a. Figured par-
atypes: USNM 152851a—c; 154839b.

ComparisoN.—This species need be compared
only to the deeply indented species that character-
ize the Skinner Ranch, Cathedral Mountain, and
Bone Spring formations. It is smaller than A.
emarginata, new species, from the Decie Ranch
Member, and is strongly costate and not so elon-
gated. It resembles Antronaria speciosa, new spe-
cies, but that is a larger and more robust species,
having longer valves but less deeply emarginate.
It differs from Antronaria mesicostalis (Girty) in
being more emarginate and having less costae form-
ing the fold and in the sulcus.

Antronaria mesicostalis (Girty)

PLATE 517: FIGURES 1-17; PLATE 531: FIGURES 25-38;
PLATE 552: FIGURES 22-29

Pugnoides mesicostalis Girty, 1929:413, pl. 1: figs. 22-28.
Leiorhynchus? mesicostale (Girty) Branson, 1948:382.

Large for genus, biconvex; outline strongly and
narrowly transverse, sides diverging between 100°
and 145° and very narrowly rounded; profile sub-
trigonal; anterior emarginate; anterior commissure
uniplicate; fold moderately high, wide, beginning
about 6 mm anterior to brachial beak, rather
strongly but evenly convex longitudinally; sulcus
moderately deep, beginning about 8 mm anterior
to pedicle beak, evenly convex or geniculate near
anterior margin. Costae rather fine, low, numerous,
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beginning 3 mm anterior to beaks, sharpest on fold,
there numbering 3-5, usually 5, with one on the
median line normally deeply depressed; one less in
sulcus, 4-6 on flanks, averaging 5; concentric orna-
mentation weak; prominent growth lines rare.

Pedicle valve flat and shallow, maximum con-
vexity on umbonal region, or near anterior margin
of sulcus, flanks nearly flat to gently concave or
slightly reflexed. Tongue short, deeply serrated;
beak short, rather thick, apex sharp, slightly curved
dorsally, beak ridges gently rounded, obscure; lat-
eral pseudointerareas narrow or absent. Delthyrium
triangular, on dorsal side of beak, base covered by
two flat or slightly arching deltidial plates, leaving
apex open as oval foramen.

Brachial valve more strongly and evenly convex
longitudinally and transversely than opposite valve;
smooth part of umbo flattened or slightly indented,
indentation becoming deeper anteriorly, merging
with depressed median costa of fold; apex of valve
within pedicle valve, covered by deltidial plates.
Flanks gently swollen, with steep slopes.

Pedicle valve interior with sides of delthyrium
widely diverging anterior to deltidial plates; teeth
small, elongate, parallel to edge of delthyrium, sup-
ported by strong vertical dental plate reaching
floor of valve. Muscle area anterior to dental plates;
adductor scars small, oval, central, surrounded lat-
erally and anteriorly by long, anteriorly broad
diductor scars.

Brachial valve interior with undivided triangular
hinge plate, bounded laterally by deep, elongate,
finely corrugated (?) sockets; crura long, modified
falcifer, projecting forward from hinge plate, di-
verging anteriorly, curving strongly ventrally and
twisting as much as 90°, dorsal edge keeled; inner
hinge plates narrow. Median ridge low, broadly
rounded, extending anteriorly between posterior
adductor muscle scars to near center of anterior
adductor scars. Muscle area oval to nearly circular,
posterior adductor scars narrow, elongate, ante-
riorly diverging, their posterior ends separated by
median ridge, anterior ends contiguous with
broadly ovate anterior adductor scar.

STRATIGRAPHIC OCCURRENCE.—Bone Spring and
Cibolo formations (Breccia Zone of Udden).

LocaLrTies.—Bone Spring: AMNH 497, 625, 632,
697, 699; USNM 725c; 728e. Cibolo: USNM 738c,
738s.

DiacNosis.—Strongly transverse, deeply emargi-



2040

MEASUREMENTs (in mm).—

brachial apical
valve thick- angle
length length width  ness °)
152852a 108+ 9.9 16.5 7.8 125
(lectotype)
152852b 116+ 105 143 9.4 120
USNM 725¢
152851a 9.6 8.4 13.3 6.0 115
152851b 10.74+ 100 15.8 6.5 120
152851¢ 8.9 7.8 11.6 5.0 110
152851d 8.5 7.0 11.2 ? 105
152851e 11.7 10.6 16.0 11.0 115

nate Antronaria with one costa in the fold con-
spicuously depressed.
Types.—Lectotype: USNM 152852a. Figured hy-

potypes: USNM 154511; 154742a-d; 15285la—c;
1544839a,b; 154840; 154841a,b. Measured paratype:
USNM 152852b. Measured hypotypes: USNM
152851a—e.

CoMPARISON.—Antronaria mesicostalis is charac-
terized by its fairly large size, strongly transverse
outline, small and numerous costae, with the mid-
dle one of the fold normally deeply depressesd, and
its low median ridge in the brachial valve. It is
nearly as large as 4. spectabilis and 4. voluminosa,
both new; it differs from the former in its longitu-
dinally more convex brachial valve, thicker beak
without sharp beak ridges, strongly depressed me-
dian costa on the fold, and its greater width. It
differs from A. voluminosa by its smaller size, more
numerous costae, more strongly transverse outline,
and by the depressed median costa on the fold.

This species is commonly emarginate anteriorly
and in this respect is like 4. speciosa and A. emar-
ginata, both new. It differs from the former in being
shorter and more transverse and in having more
numerous costae; it differs from the latter in having
less numerous costae and generally being less emar-
ginate but generally shorter and wider.

DiscussioN.—Antronaria mesicostalis has mistak-
enly had R. E. King's Pugnoides transversus added
to its synonymy (R. E. King, 1931:108, footnote).
We have large collections of King’s species from
several localities and they are consistently larger
and have more numerous costae than Girty’s species,
and are seldom emarginate. We are, therefore, rec-
ognizing King’s species as separate and distinct.

Branson (1948) recorded this species as belonging
to the genus Leiorhynchus. Its ornamentation char-
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acteristics and the absence of a median septum in
the brachial valve as well as the form of the dental
plates argue against this assignment. The brachial
valve has the low median ridge characteristic of
Pontisia and Antronaria which is not primarily a
hinge plate support.

Girty had two specimens of this species and
named the wider of the two as the type. It is differ-
ent in shape from the paratype, which is narrower
and subtriangular, but it has the same type of fold
and sulcus with the same strongly depressed median
costa. Obviously the two specimens could be aber-
rations of some more intermediate form but it is
impossible to tell. The stratigraphic level from
which Girty’s specimens came is not known. Al-
though we have collections from the Apache Can-
yon region, this species was not found. Specimens
suggesting it were taken at the north end of the
Baylor Mountains (USNM 725c) and from the
Victorio Canyon region. These also indicate a spe-
cies of considerable variation, the extremes being
greater than those seen in the type lot.

The lots from the Baylor Mountains are ex-
tremely wide and suggest A. speciosa but are not
so large or coarse, have more costae, and are usually
deeply emarginate. Costae on the fold vary from
three to five but those on the flanks are more con-
stant. Specimens with only 3 costae on the fold
tend to have a different appearance from those
with b costae, yet they come from the same strata,
have the same general transverse form, and seem
to belong to the same species.

Specimens from AMNH 625 and USNM 728e
are more like the types and have both transverse
and narrow forms that can be matched closely to
the types. In view of the paucity of specimens
available, we are recognizing forms from both areas
as the same species. It is probable that it will be
necessary to have collections from the Lower Bone
Spring all along the Sierra Diablo and from the
Baylor Mountains before the species can be clearly
understood.

Antronaria pluricosta, new species

PLATE 535: FIGURES 7-25

Large for genus, transversely triangular in out-
line, apical angle variable, usually up to 110
maximum width slightly anterior to midwidth;



NUMBER 21

sides narrowly rounded; anterior margin strongly
truncated but slightly emarginate medially. Ante-
rior commissure strongly uniplicate. Beak fairly
long, straight to suberect, with fairly large fora-
men and well-developed conjunct deltidial plates.
Surface semicostate, costae narrow on fold and
sulcus, broader on flanks, usually subangular; costae
numbering 4 or 5 on fold, usually 5, one less in
sulcus, and usually 3 or 4 on flanks.

Pedicle valve very gently convex in lateral pro-
file, maximum convexity just anterior to umbonal
region; anterior profile broadly concave. Umbonal
and median regions slightly swollen; sulcus origi-
nating anterior to midvalve, broad and shallow but
forming strongly geniculated tongue; flanks narrow,
slightly deflected and with anterolateral extremities
strongly projecting.

Brachial valve very gently convex but median
region conspicuously flattened and anterior sharply
but narrowly geniculated to meet edge of pedicle
valve; anterior profile squarely domed, sides steep
and subparallel, top flattened. Umbonal region
with shallow sulcus extending to anterior margin
depressing median costa or costae. Fold originating
anterior to midvalve, flat and wide, only moderately
elevated at anterior margin. Flanks anteriorly
swollen, moderately depressed below level of fold.

Pedicle valve interior with short dental plates
separated from valve wall by narrow cavities that
become filled with shell in old age; muscle field
deeply impressed, situated just anterior to ends of
dental plates, somewhat cordate in outline.

Brachial valve with undivided but medially in-
dented hinge plate; crura curved, concave toward
midvalve; inner hinge plates united. Median ridge
thick, supporting hinge plate and extended ante-
rior to posterior side of rounded adductor impres-
sion which occupies midvalve.

MEASUREMENTs (in mm).—

brachial apical
valve thick- angle
length length width  ness (°)
AMNH 591
152854a 15.0 12.8 18.1 18.7 100
152854b 14.6 125 17.5 11.7 100
152854c 13.2 10.9 15.0 9.5 90
152854d 12.8 105 15.8 10.5 90
(holotype)

STRATIGRAPHIC OCCURRENCE.—Bone Spring For-
mation (lower).
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LocaLity.—AMNH 591.

DiagNosis.—Large, triangular Antronaria with
conspicuously flattened median region on brachial
valve and thick median ridge.

Types—Holotype: USNM 152854d. Figured par-
atypes: USNM 152854b,c,i,k. Measured paratypes:
USNM 152854a—c. Unfigured paratypes: USNM
152854a,e-h,j.

ComparisoN.—This species is distinctive in hav-
ing a strongly triangular lateral profile, strongly
truncated and broad front, and the depressed me-
dian costae in the fold. It suggests Antronaria dis-

-sona, A. speciosa, A. spectabilis, and A. specialis, all

new, but differs from them in its shape and espe-
cially in the broadly flattened to slightly emarginate
anterior. Antronaria speciosa is often flattened ante-
riorly from rapid growth at the anterior margin
but it is ornamented so differently from A. pluri-
costa that no confusion between them is likely.

DiscussioN.—Antronaria pluricosta has a thick
shell, with the result that the musculature is well
impressed. The pedicle valve has a narrowly cor-
date muscle field with the diductor scars crescentic
in outline and wrapped around the adductor scars.
In the brachial valve the adductor scars make, at
the anterior end of the median ridge, a rounded
patch, which does not completely bisect the scar.
The median ridge is also distinctive, being low and
rounded and swelling somewhat under the hinge
plate. It cannot be construed to be a median sep-
tum and is entirely typical of Antronaria. The
crura are slender for such a thick shell but have
the form usual in the genus.

Antronaria specialis, new species

PLATE 532: FIGURES 1-23

Moderately large, broadly subtrigonal to subellip-
tical in outline with narrowly rounded sides and
truncated anterior margin. Apical angle varying
from 80° to about 110°. Anterior commissure uni-
plicate. Maximum width near midvalve. Beak some-
what elongated, narrow; deltidial plates conjunct.
Surface about two-thirds costate, costae subangular,
usually 4 on fold, occasionally 3 or 5; one less in
sulcus; flanks usually with 4 costae.

Pedicle valve gently convex in lateral profile,
broadly flattened to slightly concave in anterior
profile. Beak and umbonal region narrowly, gently
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inflated. Sulcus originating at midvalve moderately
broad, shallow, forming short tongue; flanks gently
concave, slightly deflected.

Brachial valve gently convex in lateral profile,
broadly domed in anterior profile with short,
abrupt, and steep sides. Umbonal region faintly
sulcate, sulcus continuing to anterior margin,
slightly depressing median costa. Fold usually low;
flanks moderately swollen, moderately depressed
below fold.

Pedicle valve interior with short and erect dental
plates; muscle field lightly impressed. Brachial
valve interior with short and narrow hinge plate
fairly deeply indented medially; outer hinge plates
broad; inner hinge plates small; crura fairly broad,
strongly curved toward pedicle valve, concave
inward. Median ridge low and inconspicuous.

MEASUREMENTS (in mm).—

brachial apical
valve thick- angle
length length width  ness )
AMNH 492
152856a 9.0 7.9 9.5 3.7 80
152856b 11.5 9.7 13.9 6.0 90
152856¢ 122 10.0 14.7 7.3 90
152856d 12.7 10.6 16.0 10.0 100
152856e 145 12.0 17.0 10.5 95
152856£ 15.2 13.3 19.7 114 105
(holotype)
152856g 16.7 13.8 21.2 11.2 105

STRATIGRAPHIC OCCURRENCE.—Bone Spring For-
mation (lower).

LocaLities—AMNH 492, 591, 624; USNM 728g.

DiacNosis.—Medium-sized to large Anironaria
with 4 or 5 costae on the fold.

Types—Holotype: USNM 152856f. Figured par-
atypes: USNM 152856d,g; 154843a—c; 154844b-g;
154845f. Measured paratypes: USNM 152856a-¢,g.
Unfigured paratypes: USNM 152856a—c,e; 154844a;
154845a—e.

ComrarisoN.—This species suggests several of the
larger new species of Antronaria such as 4. titania
and A. voluminosa, both new, but it is readily
distinguished from them by their lesser size and
more especially by the greater width of these two
species. In size and general form it is most like
A. spectabilis, new species, of the Sierra Diablo
and A. dissona, new species, of the Glass Moun-
tains. It differs from the former in having finer
costae and in having 4 or 5 costae on the fold rather
than 3 strong angular ones as in 4. spectabilis.
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Antronaria dissona is about the same size as A.
specialis but has only 3 costae on the fold and is
usually somewhat narrower than 4. specialis. Occa-
sional aberrancies of these species may cause con-
{usion, but A. specialis with 3 costae on the fold
are as rare as are specimens of the other two species
with 4 or 5 on the fold.

DiscussioN.—This species is fairly common in
Apache Canyon of the Sierra Diablo, where it
occurs in a dolomitic rock near the bottom of the
Bone Spring Formation with species of Antronaria
and Stenoscisma. Typically it is widely triangular
and has a narrow hinge plate. This is, however,
entirely characteristic of Antronaria, as it is unsup-
ported by a septum or even a swelling of the me-
dian part of the valve.

Full growth stages of the species are available.
As usual with these rhynchonellids the young have
a concave brachial valve and are completely smooth.
Costation starts at the 5-6 mm stage with the
appearance of costae in the median region. Costae
appear on the flanks in the next stage, at about
7 or 8 mm. During these stages the brachial valve
changes to gently convex and the shell is essentially
adult.

Antronaria speciosa, new species
PLATE 532: FIGURES 24-61

Pugnoides elegans [part] R. E. King [not Girty], 1931:106, pl.
34: figs. 2, 3 [not pl. 33: figs. 12-13, or pl. 34: fig. 4 (=
Pontisia stehlii Cooper and Grant)].

Wellerella elegans Stehli [not Girty], 1954:355, pl. 25: figs.
13-17.

Large for genus, biconvex; outline triangular,
slightly bilobate, normally wider than long; sides
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