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CENOZOIC GIANT PECTINIDS FROM CALIFORNIA AND THE
TERTIARY CARIBBEAN PROVINCE:
LYROPECTEN, “MACROCHLAMIS,’ VERTIPECTEN, AND NODIPECTEN SPECIES

By Juprrn Terry SmiTH*

ABSTRACT

Tertiary pectinids recognized for more than 125 years by field
geologists can now be used to date and correlate 3-4 m.y. increments
of the geologic record and to determine faunal distributions in relation
to tectonic terranes. Fossil pectinids are commonly preserved in shallow-
marine clastic deposits that mostly lack microfossils. The stratigraphic
ranges of Lyropecten, “Macrochlamis,” Vertipecten, and Nodipecten can
be used to subdivide provincial megafaunal stages in California and to
correlate chronostratigraphic units in the Pacific Northwest and Atlantic
Coastal Plain. One New World taxon, ‘“‘Macrochlamis’ magnolia ojai-
ensis, n. subsp., supports a direct correlation between the middle
“Vaqueros” Stage of California (interpolated as 27-23 m.y. B.P.) and
an Upper Chattian-Lower Aquitanian Stage section in southwestern
Switzerland. Two lithologic units widespread in California, the Vaqueros
Formation (spanning 12 m.y., from the late Oligocene into the early
Miocene) and Temblor Formation (deposited over a period of 26 m.y.,
from the late Eocene or early Oligocene to the middle Miocene), trans-
gress much longer periods of time than have been generally recognized.

Certain species pairs are identified as cognates, close relatives
descended from a common ancestor. Close similarities are found between
widely separated assemblages from the Salton Trough of California and
the Caribbean, the Gulf Coastal Plain of eastern Mexico and the Sinu
Valley of western Colombia, the Santa Rosalia area in Baja California
Sur, Mexico, and the Paraguana Peninsula of Venezuela. Distribution
patterns for relatively recently dispersed taxa have important implica-
tions for middle to late Cenozoic paleogeography and tectonic history,
especially in west Mexico and the Caribbean. Speciation was concur-
rent with the closure of the Isthmus of Panama, the opening of the Gulf
of California, and possibly with the northward translation of segments
of the California Continental Borderland. Tertiary Caribbean and Pacific-
Panamic Lyropectens and Nodipectens are plotted on a simplified
tectonic map as an early step in considering Cenozoic molluscan distribu-
tions in relation to major plate boundaries. Taxa having unusual distribu-
tions are tabulated with the tectonic events that may have modified their
observed geographic ranges. Southern California and the Baja Califor-
nia peninsula include tectonostratigraphic terranes and tectonic slivers
that may have moved on the order of hundreds or thousands of kilo-
meters in the Paleogene. Relations between recently dispersed faunas
and tectonic terrane boundaries are further complicated by short-term
variations in oceanographic phenomena such as currents, El Nifio events,
and shifts in areas of upwelling.

Lyropecten evolved in the late Oligocene or early Miocene, Nodipecten
by the late middle Miocene. According to the classification used here,
Lyropecten still lives in the Galapagos. Holocene Nodipectens divide the
Pacific-Panamic and Caribbean provinces into two subprovinces each.

*Current address: 1527 Byron Street, Palo Alto, CA 94301 U.S.A.
Manuseript approved for publication June 15, 1988.

Habitat, life history, dispersal, and growth data are summarized for living
Nodipectens, whose distinctive shell features include ledges and hollow
nodes. Phylogenetic lineages are based on progressive trends in
node formation and rib schemes, some of which have biostratigraphic
significance.

INTRODUCTION

From the time of the Pacific Railroad surveys (Conrad,
1856, 1857) to the present, geologists have used Pectens
to identify and correlate Cenozoic marine clastic rocks in
central and southern California. Ralph Arnold, newly
graduated from Leland Stanford Junior University,
undertook the first comprehensive study of living and
fossil West Coast pectinids, basing his monograph on ex-
tensive collections and all available stratigraphic data.

Every decade or two since, other molluscan paleon-
tologists have reexamined Arnold’s original specimens,
described new species, and added new insights to inter-
pret pectinid evolution, distributions, and biostratigraphy.
Individual problematic specimens from Arnold’s collection
have been discussed by four generations of Tertiary
molluscan specialists, each pondering the phylogenetic im-
portance of a particular structure or sculptural detail.

The aim of this paper is to revise the genera Lyropecten,
“Macrochlamis,” Vertipecten, and Nodipecten and to
assemble published and unpublished biostratigraphic data
for refined correlations based on old and newly established
index species (fig. 1). Distributional data are considered
in relation to paleogeography, currents, and tectono-
stratigraphic terranes. The report is based primarily on
field checks in selected areas and the type and general
collections as of 1972-1973 at the U.S. Geological Survey
and in national institutions listed below under Locality
Data.

Major systematic works that include eastern Pacific
species referred to Lyropecten, ‘‘Macrochlamis,” Verti-
pecten, and Nodipecten are the following:

Ralph Arnold! (1906). First comprehensive treatment

1Ralph Arnold’s maps and 40 field notebooks are included in almost 200,000 of his papers
in the Manuscript Department of the Hurtington Library, San Marino, Calif.
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of 300 living and fossil taxa, many of them new; 53 plates
illustrating new and earlier described type specimens.
Material came mostly from San Francisco area institu-
tions, Leland Stanford Junior University, the University
of California at Berkeley, California Academy of Sciences,
and Arnold’s private collection.

B

A

Radiometric ages of units associated with pectinid-bearing strata

Conejo Volcanics, 15.5£0.8 Ma near base, overlie Topanga
Canyon Formation, Saddle Peak Member, Santa Monica
Mountains (D.L. Turner and R.H. Campbell in Yerkes and
Campbell, 1980a)

A% Welded ash-flow tuff, 11.2+1.3 Ma, caps unnamed marine
fossiliferous units with angular unconformity, southwestern
I[sla Tiburén, Sonora, Mexico (Gastii and Krummenacher,
1977)

Monomict volcanic breccia, 12.9+0.4 Ma, interbedded with
marine fossils, southwestern Isla Tiburén, Sonora, Mexico
(Smith and others, 1985; Smith, in press)

A  El Modeno Volcanics, 14.1+1.6 Ma, conformably overlie
Topanga Formation, Santa Ana Mountains (Turner, 1970;
Weigand,1982)

A5 Basalt flow, 6.04+0.18 Ma and 5.94+0.18 Ma, in lower part
of Painted Hill Formation overlies Imperial Formation in
Whitewater River-Super Creek area, northern Salton Trough
(Matti and others, 1985)

Latrania Sand Member of Imperial Formation overlies Alverson
Andesite of authors, which is 16+1.0 Ma (Eberly and
Stanley, 1978)

A7 Rhyolitic tuff of Obispo Formation is 16.5+1.2 Ma (Turner and
others, 1970)

A° Basalt flow in lower part of Comondu Formation is 14.5+1.2
Ma, rhyolite in upper part of San Gregorio Formation is
25.3+0.3 Ma. Fossiliferous Isidro Formation is between them
(Hausback, 1984; McLean and others, 1987)

A2 Tholeiitic basalt, 8.57+£0.28 Ma, caps unconformably Miocene

marine sediments in Arroyo Patrocinio, Baja California Sur,
Mexico (J.G. Smith, unpublished data, 1984)

A0 Basaltic andesite, 12.3+0.4 Ma and 12.5+0.4 Ma, underlies
marine fossils of Boleo Formation near Santa Rosalia, Baja
California Sur, Mexico (Sawlan and Smith, 1984; and J.G.
Smith, unpublished data, 1984) '

A" Tuff, 3.3+0.5 to 1.9£0.5 Ma, interbedded with Carmen-
Marquer Formations, undifferentiated, north of Loreto, Baja
California Sur, Mexico (McLean, 1987, 1988)

A2 Basalts cap Cerro del Elefante (6.48+0.23 Ma) and Mesa de
las Auras (5.70+0.20 Ma) and are younger than abundantly
fossiliferous Almejas Formation, Vizcaino Peninsula, Baja
California Sur, Mexico (Sawlan and Smith, 1984)

Vertipecten kernensis specimens from Pyramid Hill Sand
Member of basal Jewett Sand have 87Sr/%Sr values of
0.708208+0.000040 and 0.708193+0.000034, interpreted
as 23t1 and 23.3+1 Ma, respectively (Hilary Olson, sample
numbers HCO 1SrPH and HCO 2SrPH). Stratigraphic posi-
tions are shown in Olson (1988) in a measured section from
Pyramid Hill, Calif. in Rio Bravo Ranch 71/2' quadrangle,
sec. 14, T. 28 S., R. 29 E.

FiGURE 1.—Continued. B. Radiometric ages of units associated
with pectinid-bearing strata.

L.G. Hertlein (1925a,b, 1928a,b, 1935, 1957, 1966).
Described new material he collected from the northern
Channel Islands and western Mexico. He named faunal
zones and authored papers on the Miocene of the Baja
California peninsula (Hertlein and Jordan, 1927), Pleisto-
cene mollusks from the Galapagos Islands (Hertlein and
Strong, 1939) and the geology and paleontology of the
Pliocene San Diego Formation, California (Hertlein and
Grant, 1972).

U.S. Grant, IV and H.R. Gale (1931). A large volume
incorporating information from expanded collections at
many national institutions and the paleontological liter-
ature. Despite the title, ‘‘Catalogue of Marine Pliocene
and Pleistocene Mollusca,” they treated Paleogene and
Neogene species and included taxa from beyond Califor-
nia, illustrating many in 32 plates.

Wayne Loel and W.H. Corey (1932). Systematic treat-
ment of about 200 invertebrate taxa, based on large
numbers of specimens at the University of California,
Berkeley, collected by them or for them with an emphasis
on both chronologic and stratigraphic intervals. They em-
phasized faunas from the Vaqueros Formation, grouping
localities by particular embayments. Loel and Corey
covered a wide geographic area and used generalized
stratigraphic data; their formation boundaries were
faunal, not lithologic, and they used rock units in a
chronostratigraphic sense.

Woodring (1957, 1977, 1982). Systematic studies of
Paleogene and Neogene mollusks of Panama and the Ter-
tiary Caribbean Province based on extensive U.S. Geo-
logical Survey collections at the U.S. National Museum
and on holdings in West Coast museums. He included
precise stratigraphic data and compared fossil species
with Holocene taxa when feasible.

A. Myra Keen (1958, 1971). Holocene pectinids are
listed and illustrated in two editions of “Sea Shells of
Tropical West America.” Her ecological and distributional
data were based on the Stanford University and Califor-
nia Academy of Sciences’ collections and from the
literature.

Gilbert Grau (1959). Systematic treatment and illustra-
tions of the pectinids of the eastern Pacific, based on his
private collection, now in the U.S. National Museum of
Natural History, and on national collections, the Allan
Hancock Foundation holdings now at the Los Angeles
County Museum of Natural History, and the literature.

E.J. Moore (1963, 1984b). Discussed and described
marine Miocene mollusks from the Astoria Formation in
Oregon, including Vertipecten (1963; Moore and Addicott,
1987). Primary source material on pectinid genera and
species from California and Baja California, Mexico, are
reviewed, and holotypes are illustrated in Moore (1984b).

F.S. MacNeil (1967). Described northern species of pec-
tinids, including Vertipecten in Alaska.

W.0. Addicott (1965, 1973, 1974, 1976a,b). Pectinid
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TABLE 1.—Geographic, geologic, and chronostratigraphic ranges of the genera Lyropecten, Vertipecten, Nodipecten, and Macrochlamis

Lyropecten!

Nodipecten

Macrochlamis

General geographic range

Province or geographic
subregions defined by
species distributions

Geologic range

Oldest known occurrence:
Eastern Pacific

California, Mexico
Panama, Galapagos,
Colombia, Venezuela,
Antilles

Pacific and Tertiary
Caribbean

Oligocene to Holocene

L. pretiosus (including
L. submiguelensis auctt.)
and Lyropecten sp. cf. L.

magnificus, early Miocene

Alaska, Washington,
Oregon, California;
Kamchatka?

North Pacific

Late Eocene to early
Miocene

V. yneziana, late
Eocene in California;
several contemporary

species reported from

Washington and Alaska

New and 0ld World;
Pacific Panamic,
eastern and western
Atlantic

Tertiary Caribbean;
Holocene: tropical
eastern Pacific,
Caribbean and Gulf
of Mexico

Miocene to Holocene

N. nodosus,
late middle or late
Miocene

New World and O0ld World
California and Europe

Tethyan, Mediterranean
area; California

Oligocene to Pliocene
(Aquitanian-Astian
Stages of Europe)

"M." magnolia magnolia
middle Oligocene

Caribbean-southern L. colinensis colinensis
Atlantic Coastal late early Miocene to late
Plain middle Miocene

Middle and upper "Vaqueros,"
"Temblor," "Margaritan,"
"Jacalitos"

Megafaunal stages in
California

Number of New World species 15 10
and subspecies, living and

fossil, recognized in this

paper

"Tejon" stage of Weaver
and others (1944),
unnamed, "Vaqueros"

-—= N. collierensis, -—-
N. fragosus, late

Miocene or early Pliocene

Lower "Vaqueros" and
lcwer middle "Vaqueros"

Not represented in the
fossil record of
California

1"Lyropecten" is used for several Oligocene or Miocene Caribbean taxa not included in this chart; their relation to Lyropecten, s. s. of the

eastern Pacific is uncertain.

biostratigraphy and geographic distributions were used
for provincial zonation, regional correlation, defining and
refining megafaunal stages, paleocology and paleoclima-
tology. Data gathered from U.S. Geological Survey field
work and collections from national institutions. Mollusks
were collected from critical biostratigraphic sequences
from type areas of megafaunal stages in the Temblor and
La Panza Ranges, the Cholame Hills, Kern River area,
San Emigdio Mountains, and in the Pacific Northwest.
U.S. Geological Survey collections are tied to precise
geographic and stratigraphic localities on published maps.

T.E. Stump (1979, 1981). A study of Cenozoic pectinids
from Baja California, the islands of the Gulf of Califor-
nia, and western Sonora, Mexico, including stratigraphic
and geographic distributions. Illustrations of species
referred to Lyropecten, Argopecten, Chlamys, Nodipecten,
Leptopecten, Euvola, Flabellipecten, Oppenheimopecten,
and Leopecten.

Other authors did not describe many new scallops but
made important use of pectinid distributional data to solve
regional correlation problems, measure amounts of off-
set along faults (Addicott, 1968), identify paleoclimatic
trends (Addicott, 1970c¢), or trace paleogeographic bound-
aries. They include Woodring (1938), Hanna (1926),

Vedder and Moore (1976), Weaver and Kleinpell (1963),
and Mongin (1959).

OVERVIEW OF THE GENERA

These genera were studied together because many of
their species co-occur as index fossils and are used to
define megafaunal provinces (Addicott, 1974). All have
members that have radial ribs and attain giant sizes (more
than 9 cm in diameter, commonly more than 15 ¢m), and
most are abundant; they are familiar and useful to many
field geologists whether or not the mappers have a
specialized knowledge of paleontology. Although the
genera overlap in age and geographic and stratigraphic
ranges, there are no direct evolutionary lines between
“Macrochlamis’” and Vertipecten and species referred to
Lyropecten and Nodipecten. Lyropecten and Nodipecten
are phylogenetically closer than the others, although their
exact relation is unknown. The genera are compared in
table 1.

LYROPECTEN

With the exceptions of L. colinensis, s.l., Lyropecten
is an eastern Pacific genus. Dhondt (1972), in her system-
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atic revision of the Chlamydinae, recognizes ten species
of European Tertiary Lyropectens. Most seem closer to
Chlamys, s.l. than to Pecten estrellanus, the type species
of Lyropecten, although general characters such as radial
ribs and byssal notch are the same for large numbers of
pectinid taxa. Characteristic Lyropecten crura were ab-
sent in the European specimens that I saw.

The genus is distinguished by paired hinge teeth, sub-
equal auricles, a hinge less than half the shell length,
moderately deep byssal notch, and convex valves, some
of which are ledged. Some lineages have key ribs or nodes
of the scheme N 2r N, 2r N or R 3r R, 3r R (see fig. 15
for scheme code); others have regularly spaced ribs of
equal prominence.

“LYROPECTEN”’

“Lyropecten” dumblei, “L.” condylomatus, and “L.”
articulosus are provisionally included here because they
have hinge teeth, a tendency toward ledged growth forms,
node formation in left valves, and costate, lirate macro-
sculpture. They may not be Lyropecten, s.s., as it differs
in adult size, geographic range, and place of origin; they
may be closer to European pectinids, a relationship not
investigated for this study. They are small compared to
Pacific Lyropectens, and they are known from only a few
isolated occurrences in Oligocene and lower middle
Miocene rocks. Lyropecten pyx Gardner, here referred to
“Stralopecten,” has the growth form and triangular
auricles of Stralopecten but hinge teeth similar to those
in the “Lyropectens” listed here. Tucker-Rowland (1938b)
noted that hinge teeth are present in juveniles but obsolete
in adults of the type species of Stralopecten, S. ernest-
smiathi. All of these taxa need further work.

«“ MACROCHLAMIS”’

Macrochlamis is primarily a European, Miocene and
Pliocene genus, now extinct, whose dispersal from France
to the Vienna Basin and eastern Mediterranean (fig. 13B)

has been traced by numerous workers, including Roger"

(1939) and Demarcq and Barbillat (1971). Although M.
latissimus, the type species, has a circilar outline and
California representatives do not, both groups have pro-
portionally large auricles, a reduced or absent byssal
notch, and cardinal hinge teeth. California species are mid-
dle to late Oligocene in age; they are referred to “Macro-
chlamis” because not enough specimens were available
for a detailed investigation of the genus and because there
is no documented dispersal route between Europe and
western North America. Other European species, such
as M.tournalii, M. terebratulaeformis, and M. nodosifor-
mis have outlines and overall proportions comparable to
those of “M.” magnolia, s.l. Specimens of “M.” magnolia

ojaiensis, n. subsp., from the Ojai Valley of California,
suggest it is not merely convergent but morphologically
very close to specimens from southwestern Switzerland
referred herein to M. terebratulaeformis.

The genus is characterized by 0-3 pairs of hinge teeth,
large, equal auricles, hinge greater than half the shell
length, a shallow byssal notch, and large, equally convex
valves. Ribs are commonly few in number, wider in the
central parts of the shell, narrower toward the margins.

VERTIPECTEN

Vertipecten, unlike the other genera, is a cool water
form, now extinct, known from the eastern Gulf of Alaska
to California. Its presence during the late Eocene to
early Miocene of California permits direct correlations
between Addicott’s (1972) Californian magafaunal stages
(“Tejon”’?, unnamed, ‘“‘Vaqueros,”” and ‘“Temblor’’) char-
acterized by warm-water taxa and the more recently
defined megafaunal stages of the Pacific Northwest
(Addicott, 1977; Armentrout, 1983; Moore and Addicott,
1987). Left valves record a recognizable progression of
morphologic changes that can be used to subdivide the
“Vaqueros”’ Stage.

The genus is characterized by a smooth hinge area,
equal to subequal auricles, deep byssal notch, a tendency
toward planar right valve and convex left valve profiles;
ribs vary in number, width, and macrosculpture.

NODIPECTEN

Nodipecten has a well-documented history in the Ter-
tiary Caribbean Province, the Pacific-Panamic and west-
ern Atlantic areas. The oldest records are in Florida,
Venezuela, Patagonia, and Baja California Sur, Mexico;
they suggest it ranged through the Panamic seaway until
its closure in the late early Pliocene. Endemic species of
Nodipecten evolved in the late Miocene in the Gulf of
California, the Gulf Coastal Plain, the southeastern Atlan-
tic Coastal Plain, the Greater Antilles, and northern South
America. The only old world, eastern Atlantic represent-
ative is N. corallinoides (d’Orbigny) living today off the
Cape Verde and Canary Islands. Without knowledge of
the Neogene African record, it is impossible to say
whether the Cape Verde taxon is derived from the Carib-
bean via clockwise currents in the North Atlantic or
whether old world fossil ancestors await recognition and
systematic study.

The genus is characterized by paired hinge teeth, un-
equal auricles, hinge about half the shell length, a deep
byssal notch, and equal valves with costate, lirate macro-
sculpture. Shells tend to have ledges and large, hollow
nodes described by the node schemes Nr N, r N or N 2r
N.r N.
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DIAGNOSING CONVERGENT PECTINIDS

Fragments of pectinids are commonly hard to identify;
incomplete specimens of the four genera considered here
have been referred in publications to a number of other
pectinid taxa. Diagnostic characters, type species, and
range data are summarized in table 2 to aid in distin-
guishing convergent (similar but unrelated), sometimes
co-occurring forms from species of Argopecten, Swifto-
pecten, Stralopecten, Chlamys, Patinopecten, and Chesa-
pecten. Representatives of these genera are illustrated in
plates 1 and 2.

A number of species, originally described as Lyropecten
or Nodipecten, are placed in other genera in this paper.
Most are from the formations of the Chesapeake Group
of the Atlantic Coastal Plain, two are from California, and
one is from the Miocene Tumbez Formation at Zorritos,
Peru. Original citations and the generic names used here
are as follows:

Original name This paper

Chlamys (Lyropecten) acanikos Gardner,
1926, U.S. Geological Survey Profes-
sional Paper 142-A, p. 46, pl. 11,
figs. 1, 2

Chlamys (Lyropecten) madisonius basslert
Tucker-Rowland, 1938a, Institut royal
des science naturelle de Belgique, ser.
2, fascicule 13, p. 13-14, pl. 5, fig. 1

Pecten (Nodipecten) caloosaensis Dall,
1898, Wagner Free Institute of
Science, Trans., v. 3, pt. 4, p. 731,
pl. 29, fig. 12

Chlamys (Lyropecten) dysoni Tucker-
Rowland,1938a, Institut royal des
science naturelle de Belgique, ser. 2,
fascicule 13, p. 5, pl. 4, fig. 9

Chlamys (Lyropecten) planicosta Gardner,
1943, U.S. Geological Survey Profes-
sional Paper 199-A, p. 34, pl. 9, fig. 1

Chlamys (Lyropecten) pontoni Mansfield,
1932Db, Florida State Geological Survey
Bulletin 8, p. 59, pl. 10, figs. 1, 2

Lyropectern pyx Gardner, 1936,
Florida Geological Survey Bulletin 14,
p. 19, pl. 1. figs. 7-9

Chlamys (Lyropecten) santamaria
Tucker, 1934, American Midland
Naturalist, v. 15, no. 5, p. 615, pl. 26,
fig. 2

Pecten (Lyropecten) tamiamiensis
Mansfield, 1932a, U.S. Geological
Survey Professional Paper 170-D,

p- 47, pl. 16, figs. 4, 6

Chlamys

Chesapecten

Stralopecten

Argopecten?

Argopecten eboreus
(Conrad)
(fide Waller, 1969)

Nodipecten collierensis
(Mansfield) or
Chesapecten?

“Stralopecten’’?

Chesapecten

Chlamys

2Growth form and triangular auricles as in Stralopecten ernestsmithi and S. cal is,
although the species has hinge teeth and no ctenolium. Older than the other Stralopectens,

“S.” pyz was described from the middle Miocene Shoal River Formation of northwestern Florida.

Pecten (Lyropecten) tucilla Olsson, 1932, Aequipecten
Bulletins of America Paleontology,

v. 19, no. 68, p. 83, pl. 5, figs. 1, 4

Pecten (Lyropecten) bowersi Arnold, 1906,
U.S. Geological Survey Professional
Paper 47, p. 70-71, pl. 12, figs. 1, 2;
pl. 13, figs. 1, 1a

Pecten (Lyropecten) perrini Arnold, 1906,
U.S. Geological Survey Professional
Paper 47, p. 80-81, pl. 14, figs. 1, 1a;
pl. 15, fig. 1

Vertipecten

Vertipecten

ACKNOWLEDGMENTS

Specimens studied for this paper came from many
sources: museums, universities, U.S. Geological Survey
geologists, and private individuals. Those in charge of col-
lections were generous with their time and help, making
even short visits to their institutions productive and in-
formative. Many individuals contributed suggestions for
literature and maps that provided the regional setting in
which the taxa are considered. It was a pleasure to work
with all of these people, to learn from them, and to assem-
ble their data to make a composite study of pectinids in
space and time.

I appreciate and acknowledge the efforts of the follow-
ing: Carole S. Hickman and Joseph Peck, University of
California, Berkeley; Peter U. Rodda and Barry Roth,
California Academy of Sciences; Frank H. Kilmer, Califor-
nia State University, Humboldt; David Doerner and
Donald W. Weaver, University of California, Santa Bar-
bara; Louella R. Saul and Clarence A. Hall, Jr., Univer-
sity of California, Los Angeles; Edward C. Wilson and
James H. McLean, Los Angeles County Museum; Thomas
Démeré, Anthony D’Attilio, and George Radwin, San
Diego Museum of Natural History; Jack D. Mount and
Marilyn A. Kooser, University of California, Riverside;
A. Eugene Fritsche, California State University, North-
ridge; R. Gordon Gastil, M.E. Cassidy, and J.R. Neuhaus,
San Diego State University; Kenneth Boss, Museum of
Comparative Zoology; William K. Emerson and Norman
D. Newell, American Museum of Natural History; Robert
Robertson, Academy of Natural Sciences, of Philadelphia,;
Robert Chambers, Wagner Free Institute of Science,
Philadelphia; Katherine W. Palmer, Paleontological Re-
search Institution; Emily H. and Harold E. Vokes, Tulane
University; Albert E. Sanders, Charleston Museum; Mat-
thew H. Nitecki, Chicago Natural History Museum; Susan
M. Kidwell, University of Chicago; Thomas R. Waller,
Druid Wilson, Wendell P. Woodring, Barbara A. Bedette,
Jann W.M. Thompson, and Joseph Rosewater, U.S.
National Museum.

For information or specimens from institutions outside
the United States, I am particularly grateful to Denise
Mongin Petitbois, Laboratoire de Geologie du College de



8 CENOZOIC GIANT PECTINIDS FROM CALIFORNIA AND THE TERTTIARY CARIBBEAN PROVINCE

TABLE 2.—Comparative data for convergent pectinid genera
[See also plates 1 and 2]

Genera-—~-~-------

Type species

Nodipecten
Dall, 1898

Lyropecten
Conrad, 1862

"Lyropecten"

Macrochlamis

(this paper)

Sacco, 1897a
[= Gigantopecten

Rovereto, 18991

Argopecten

Monterosato, 1899
[= Plagioctenium
Dall, 1898 of
authors]

Swiftopecten
Hertlein, 1936

Ostrea nodosa

Pallium estrellanum

Ostrea latissima

Pecten circularis

Pecten swiftii

Linnaeus, 1758 Conrad, 1856 Brocchi, 1814 Sowerby, 1835 Bernardi, 1858
[= P. solidulus
Reeve, 1853]
Diagnostic morpho-
logic characters

of the genera

Hinge RV, 3 pairs, LV, RV, 3 pairs, LV, 0-3 pairs, Hinge teeth Teeth weak to 1 pair of
2 pairs of hinge 2 pairs of hinge variable variable, moderately hinge teeth
teeth teeth 0-3 pairs strong

Auricles Subequal to equal, Equal to subequal, Equal to Very large, equal, Equal; free mar- Unequal, A

Byssal area

Valve profiles,
outline

Beak or umbone
in relation to
the hinge line

Sculpture

Fine macro-
sculpture

Geographic
distribution

Geologic range

lirate, costate

Byssal notch
deep, ctenolium
prominent

Equal convexity;
ht=1th, circular
outline

Beaks project
slightly beyond
hinge line

Radial ribs, some
with hollow nodes;
LV ribs alternate
in width

Concentric lirae
and radial costae

North Carolina to
Gulf of Mexico,
Caribbean to
Brazil; eastern
Atlantic Ocean and
tropical eastern
Pacific; Patagonia

Miocene to Holocene

radially costate

Byssal notch
present

Equal to subequal,
some with ledges
ht=lth

Varies with

species; beaks
project beyond hinge
in some, meet at the
hinge line in others

Radial ribs; some
left valves with
key ribs; 1 species
has hollow nodes

Concentric lirae
and radial costae

California; central
America; Venezuela,
Dominican Republiec,
Galapagos Islands

Early Miocene to
Holocene

subequal, small;
slight twist in
RV A auricle

Byssal notch
present

Equal to sub-
equal, commonly
ledged; ht=1th

Beaks project
slightly beyond
hinge line

Radial ribs
some left
valves with
nodes

Concentric
lirae, radial
costae

Mexico, Greater
Antilles, Co-
lombia, Florida;
possibly from
the Mediter-
ranean Tertiary

Oligocene to
Miocene

smooth auricles, P
auricle higher than
A auricle

Byssal notch
shallow

Equal; flat to
convex; ht=1th

Beaks meet at hinge
line or RV projects
slightly above it

Low, rectangular
radial ribs become
obsolete in some
adults; nodes in
some species

Weak, mainly concen-—
tric growth lines

Europe and
California

Middle Oligocene to
Pliocene

gins of P auricle
sigmoidal in
plane of commis-
sure; P sinus
well developed
(Waller, 1969)

Byssal notch
present, depth
varies

Equal;
ht=1lth

Beaks meet at
hinge line or um-
bones project
slightly above it

Radial ribs

Radial costae;
looped lamellar
growth lines

Cosmopolitan, in
tropical to warm
temperate seas

Miocene to Holocene

auricle longer
than P auricle

Notch well
developed

Equivalved;
ht>1th

Beaks meet at
at hinge line

Folded radial
ribs, some
have ledges
and nodes

Radial costae

California to
Japan

Middle Miocene
to Holocene
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TABLE 2.—Comparative data for convergent pectinid genera—Continued

Genera---=--=---=--

Type species—-----

Stralopecten

Chlamys, s.s.

Tucker-Rowland,
1938b

Roding, 1798

Vertipecten

Grant and Gale,
1931

Patinopecten, s.s.
Dall, 1898

Chesapecten

Ward and Blackwelder,

1975

Pecten ernest-

Pecten islandicus

Pecten bowersi

Pecten caurinus

Chesapecten nefrens

smithi Tucker, 1931 Muller, 1776 Arnold, 1906 Gould, 1850 Ward and Blackwelder, 1975
Diagnostic morpho-
logic characters
of the genera:
Hinge Teeth absent or Teeth weak to Smooth, no Teeth weak to Hinge area smooth
obsolete in adults obsolete teeth absent
Auricles Triangular, large, Unequal; A auricle Equal to subequal, Unequal, propor- Equal to subequal, P

Byssal area

Valve profiles

Beak or umbone
in relation to
the hinge line

Sculpture 5-7 strong radial Many fine radial Radial ribs; Radial ribs low, Radial ribs
ribs ribs, commonly riblets tend rectangular
dichotomous and to split in sulcate in some
spinose RV. 1-3 key species
ribs develop
in LVs of
some species
Fine macro- Strong radial cords Fine radial costae, Imbricated Imbricated lamellar Scabrous lirae
sculpture to fine radial concentric growth lamellae or microsculpture,
costae lines; spinose; scales, shagreen some with shagreen
shagreen microsculp- microsculpture microsculpture
ture in some species
Geographic Atlantic Coastal Cosmopolitan California to California to Japan Atlantic Coastal
distribution Plain, North Gulf of Alaska; Plain, New Jersey to

Geologic range

equal, radially
costate

Shallow byssal
notch, prominent
ctenolium

Subequal,
triangular; ht>lth

Beaks project
equally, silightly
beyond hinge line

Carolina to
Florida

Miocene(?) to
Pliocene

longer than P
auricle

Deep, prominent
notch

Equal
ht>1th

Beaks project
equally, slightly
beyond hinge line

Triassic to Holocene

hinge more than
half the shell
length

Deep, prominent
notch

RV flat, LV
convex; 1lth>ht in
older species,
ht>1th in
younger taxa

Beaks project

equally, slightly
beyond hinge line

Kamchatka?

Late Eocene to
early Miocene

tionally small,
less than half the
the shell length

Notch deep, slightly
flexed; ctenolium
present in
Juveniles

Equal, flat valves;
RV longer than LV,
ht=1th

Beaks project
equally, slightly
beyond hinge line

Oligocene(?) and
middle Miocene to
Holotene

auricle higher than
than A auricle

Notch varies, deeper
in older fossils,
shallower in
younger species

Subequal, RV flatter
than LV, 1th >ht

Beaks project
equally, slightly
beyond hinge line

Florida; northeast
Mexico; Colombia

Early or middle
Miocene to early
Pliocene
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LYROPECTEN AND NODIPECTEN DISTRIBUTIONS
AND APPLICATIONS TO GEOLOGIC PROBLEMS

Lyropecten is Oligocene to Holocene in the Pacific and

ranges in age from Miocene to early or middle Pliocene
in Central America and the Caribbean. Nodipecten is
known from the Miocene to Holocene in the Pacific-
Panamic province, the Gulf of Mexico and the Caribbean,
the Holocene in the eastern Atlantic and Brazil, and the
Miocene of Patagonia.

More significant distribution patterns emerge for
species and subspecies, some of which are very distant
and discontinuous for such relatively recently dispersed
middle and late Cenozoic taxa. In some cases, close
relatives are geographically distant while taxa from inter-
vening areas are not phylogenetically intermediate. Clues
to their dispersal routes are obscured by the scarcity of
known fossil occurrences and recent tectonic events. Taxa
whose distributions contribute data on former faunal
provinces or tectonic events include both living and fossil
forms, many of which are cognates (close relatives
descended from a common ancestor) that ranged widely
in the Tertiary Caribbean sea before the emergence of
the Central American land barrier. Most dispersed with
the prevailing currents, but others went long distances
in the opposite direction. The following groups of the
Pacific-Panamic and Caribbean Nodipectens and Lyro-
pectens have proved to be the most useful for paleogeo-
graphic reconstructions because of their phylogenetic
relationships and spatial distributions:

N. arthriticus and N. subnodosus

N. subnodosus and N. nodosus

N. collierensis, N. pittieri, and N. nodosus

N. veatchii, N. peedeensis, and N. veracruzensis, n. sp.

L. magnificus and L. crassicardo

L. colinensis colinensis and L. colinensis vokesae,
n. subsp.

“L.” dumbler

DISTRIBUTIONS, FAUNAL PROVINCES,
AND SURFACE CURRENT PATTERNS

NODIPECTEN

The western Atlantic is divided into two provinces on
the basis of living species or subspecies of Nodipecten (fig.
2). Nodipecten fragosus lives in the warm temperate Gulf
of Mexico and north to Cape Hatteras (Gulf and Carolin-
ian provinces of Briggs, 1974; the Caloosahatchian Prov-
ince of Petuch, 1982); N. nodosus is found in the tropical
Caribbean and as far south as Rio de Janeiro (Caribbean,
West Indies, and Brazilian provinces of Briggs, 1974, in
part the Gatunian province of Petuch, 1982). The Greater
Antilles have probably been a barrier to Nodipecten
dispersal since the early Pliocene, despite the existence
of passageways such as the Yucatan Channel that per-
mit Caribbean water masses to enter the Gulf of Mexico.

Of the two western Atlantic species, Nodipecten
nodosus, the Caribbean form from the eastern Antilles,
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is closer to N. corallinoides, a dwarf form living around | east dispersal of some shallow tropical mollusks having
the islands off the continental shelf of northwest Africa. | eurythermal larvae (Scheltema, 1968), and the North
The distribution in time of N. corallinoides in the eastern | Equatorial Current is available for east to west transport.
Atlantic is unknown, as is the direction of dispersal by | Nodipecten is primarily a Tertiary Caribbean, tropical
currents. The North Atlantic gyre accounts for west to | Pacific, and western Atlantic genus. Specimens of N.
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corallinoides are reduced in size and limited in distribu-
tion; the taxon may represent an outpost island fauna
from the west.

On the Pacific coast, Nodipecten species define two
provinces: the Pacific-Panamic between the Tres Marias
Islands, Mexico, and Peru, and the Gulf of California and
western Baja California peninsula. The southern form, N.
arthriticus, ranges through the Paita Buffer Zone of
Olsson (1961) to Paita, Peru, as it has since at least
Pliocene time. The northern species, N. subnodosus,
migrated 800 km north against the California Current
from the Vizeaino Peninsula, Mexico to Catalina Island
off Los Angeles, Calif., during unusually warm periods
from 1957-1959 (Radovich, 1961; Strachan and others,
1968), an example of dispersal during short-term favor-
able conditions produced during an El Nifno event by an
unusually strong countercurrent and an increase of 1-2°C
in average sea-surface temperatures (Radovich, 1961).

The boundary between Holocene Pacific species of
Nodipecten is at the Tres Marias Islands near the mouth
of the Gulf of California; why these islands are the bound-
ary is not well understood, because seasonal variations
in temperature and currents produce similar conditions
in water masses to the north and south. Pliocene records
of N. arthriticus, the southern species, at Isla Cerralvo
and Loreto, Baja California Sur, indicate that it ranged
farther north at that time. Specimens of N. arthriticus
960 km south in Acapulco Bay, Mexico have aberrant rib-
bing and node schemes, characters that could result from
pollution or other factors causing genetic variability
within the population of a species that seems to have been
morphologically constant for at least ten million years.

Of the four living New World Nodipecten species, adja-
cent forms are more distantly related than widely
separated ones. The Caribbean N. nodosus is closer to the
Gulf of California N. subnodosus than to the intervening
Pacific-Panamic taxon, N. arthriticus (fig. 2).

LYROPECTEN

Lyropecten magnificus, the sole surviving Lyropecten,
is found in the Galapagos, where it has lived since the mid-
dle or late Pliocene, and off Port Utria, Colombia (a single
juvenile, USNM 765017, documents its presence near the
mainland). Its closest relatives are the California late
Miocene index fossil L. erassicardo and Lyropecten sp.
cf. L. magnificus from the early to early middle Miocene
of Baja California Sur, Mexico. The ancestor of L.
magnificus presumably dispersed southeastward some
6,000 km across the North Equatorial Current during
periods of weak westerly flow. Modern circulation, sum-

marized in figure 2, shows that existing low latitude cur-
rents do not normally transport water masses from
California as far south as the Galapagos, although the
oldest islands were 200 km farther north and west at the
time of dispersal (Cox, 1983), and temporary shifts in cur-
rents are part of E1 Nifo phenomena. Dispersal of the L.
crassicardo-L. magnificus stock may have occurred dur-
ing periods of strong upwelling in the east Pacific waters
off Panama, when associated currents moving south and
west passed through the Galapagos (Abbott, 1966). Such
a migration path is rare and probably of short duration,
as suggested by the small percentage of Panamic marine
mollusks living among the largely endemic fauna in the
Galapagos (James, 1984). Growth of the eastern volcanic
islands of the Galapagos to shallow depths provided an
oceanic refuge at the time the ancestral taxon was dis-
persing in that direction.

PALEOGEOGRAPHY OF THE TERTIARY
CARIBBEAN PROVINCE

The Tertiary Caribbean Province was recognized by
Woodring (1966) as an extensive tropical sea extending
between the present Caribbean and the eastern Pacific
from the Eocene until the middle Pliocene, when the
Isthmus of Panama rose above sea level. Western limits
of the province now include southern Baja California and
Tertiary marine basins in Guerrero and Michoacan,
western Mexico (Durham and others, 1981; Perrilliat,
1981, 1987; Smith, in press). Southern limits may also be
modified because of exotic occurrences of Tertiary Carib-
bean taxa in Patagonia (Smith and Zinsmeister, 1982).

Six Miocene subprovinces were recognized on the basis
of molluscan genera and subgenera (Woodring, 1974):
Mexican, West Indian, Central American to northern
South America, Colombian-Venezuelan-Trinidad, Brasil-
ian, and Ecuadorian-Peruvian. Different subdivisions
were discussed by Petuch (1982): the Caloosahatchian for
the southern Atlantic and Gulf Coastal Plains and the Gulf
of Mexico, the Gatunian Province for the present Carib-
bean and Pacific-Panamic areas. Refinements of these
ideas and subdivisions based on various invertebrate
groups are discussed by Jones and Hasson (1985). A
Miocene Atlantic-Pacific Province is preferred by Per-
rilliat (1981, 1987) to reflect the fauna of the Miocene Fer-
rotepec Formation of southwestern Michoacan, Mexico.
Some of the younger Lyropectens and Nodipectens are
restricted to these subdivisions, but late Miocene and older
taxa range across provincial boundaries.

The Tertiary Caribbean faunal province, as defined by
Lyropecten. and Nodipecten, is shown in figure 3. The



DISTRIBUTIONS, FAUNAL PROVINCES, AND SURFACE CURRENT PATTERNS

120° 100~ 80 60° 40°W
q T T T T T q L
SGP X NORTH AMERICA ATLANTIC
= ST s+
NCT /A , 27 PACIFIC \\__4-——=x% OCEAN
Cl \ ~—_— '\1’) 7
30 |- T (%) \5/?;; -/ \ 4 OCEAN
IC e\, —_ ~
(&) = ‘\ 3 A, YJ - \ AN
BT \ \\“ _JL o Q =) ———— Miocene Atlantic-
(A,®) \\ Gulf of Mexico DY Pacific Province \ \
sR” \ Q) of Perrilliat (1981) * \
Yc CUBA N
(®*) e\ ¥ ©_DOMINICA l ' ‘ .
200 b \ , Caribbean HMT REPUBLIC *,0
AN sea P > . ATLANTIC
N A AN *,© Paraguana
Peninsula, M
~ Venezuela “{; OCEAN
- .
. ~ T
10-N |- ~
~
N
p4 Costa Rican N N
C/p/ and Atrato Trough
(& Panamanian \
o L o seaways \ ¢
C, fa imate)
5‘4 N pproximate N
\ ~
\ SOUTH AMERICA ~ ~
10°s L 0 1000 2000 KILOMETERS ~~ -~
L 1 1 I 1
! 1 1 ] 1 i 1 1 1
EXPLANATION
— —? Tertiary Caribbean province faunas—Dashed where A Acapulco, Guerrero
Q__/ approximate; queried where uncertain BT  Bahia Tortugas
Central American seaways modified from Woodring CH  Cape Hatteras, North Carolina
(1966) Cl  Catalina Island, California
LMB La Mira Basin, Michoacan, Mexico (Durham and E  Esmeraldas, Ecuador
others, 1981, Perrilliat. 1981, 1987) G Guayaquil, Ecuador
IC  Isla Cedros
IT Isla Tiburd
Tertiary Caribbean cognates sla Tiburdn
. - L Loreto
(not necessarily the same age at all localities) - .
Li  Limén, Costa Rica
Pacific Gulf of Mexico and Caribbean LMB La Mira Basin, Mexico
A Nodipecten veatchii A Nodipecten peedeensis LP  La Purisima and San Isidro
B Nodipecten subnodosus O Nodipecten fragosus MB  Madden Basin, Panama
® Nodipecten arthriticus! * Nodipecten nodosus 2 NCI  Northern Channel Islands, California:
* Nodipecten nodosus O Nodipecten collierensis Santa Cruz. Santa Rosa
W Lyropecten tiburonensis, n.sp. © Lyropecten colinensis, s.I. SGP  San Gorgonio Pass, California
SR  Santa Rosalia
SRV  Santa Rosa area, Veracruz, Mexico
ST  Salton Trough, California
T  Trinidad, BW.L
1 Alsi)gfsrg)m Miocene at Valle Hermosa, Argentina (Smith and Zinsmeister, TB  Tubard area, Colombia
y YC  Yucatan Channel

Late Miocene in the Pacific, Pliocene to Holocene in the Caribbean.

FIGURE 8.—The Tertiary Caribbean province and distribution of species of Lyropecten and Nodipecten. No correction for plate tectonic movement.




14 CENOZOIC GIANT PECTINIDS FROM CALIFORNIA AND THE TERTIARY CARIBBEAN PROVINCE

northeastern boundary of the Tertiary Caribbean Prov-
ince includes southern Florida, based on occurrences of
Nodripecten collrerensis there and in northern Venezuela.
Neogene marine deposits of the southern Atlantic Coastal
Plain as far north as Lake Waccamaw, North Carolina
contain sparse records of N. collierensis and N. peedeen-
sts, but this area, in part the Caloosahatchian Province
of Petuch (1982), is considered peripheral to the main Ter-
tiary Caribbean Province. The northwestern part of the
province includes Tertiary marine basins from Michoacan
to Oaxaca and southern Baja California Sur, Mexico; the
relation of the northern Gulf of California and Salton
Trough is under investigation.

PALEOCURRENTS IN THE TERTIARY CARIBBEAN SEA

Western Atlantic current systems have been generally
the same since the Miocene (Berggren and Hollister,
1974), when one major component flowed east to west
through Central American seaways and another deflected
north along the east Mexican highlands as the Gulf Stream
does today. Uplift of the Greater Antilles arc and the
Panamanian land barrier changed the configuration of the
larger Tertiary Caribbean basin but probably had little
effect on the overall sense of major surface currents.

In the tropical eastern Pacific, pectinid distributions do
not fit present or inferred late Cenozoic surface current
patterns. As in the western Atlantic, current directions
and amounts and variability of seasonal upwelling are
probably largely unchanged since the Miocene. Observed
fossil distributions are believed to reflect short-term cir-
culation changes such as El Nifio/Southern Oscillation
phenomena, in some cases modified by tectonic events
such as uplift of barriers or movement of tectonic
microplates within faunal provinces.

CENTRAL AMERICAN SEAWAYS

In the absence of large-scale regional geologic maps, the
Central American seaways are generally shown schema-
tically as east-west straits aligned with the North Atlan-
tic Equatorial Current. Their original locations may be
obscured by considerable middle to late Cenozoic tectonic
changes in the area (Case and Holcomb, 1980). Despite
his exhaustive studies of Canal Zone mollusks, Woodring
(1957-1982) noted that we do not know when or by what
routes many species moved between the Pacific and
western Atlantic sides of the Tertiary Caribbean Prov-
ince. Neither Nodipecten nodosus nor N. veatchii, Tertiary
Caribbean Nodipectens found in Baja California Sur, Mex-
ico, is known from the Canal Zone fauna, although
penecontemporaneous Lyropectens are found there.

Possible seaways cited by Woodring (1966) include the
southern Nicaraguan depression and passages through
central Costa Rica and central Panama. The Atrato Strait

or Bolivar Trough of western Colombia, Ecuador and
northern Peru was wider and may have remained open
a long time. Although the fauna of the Atrato Strait has
yet to be collected and studied in detail, the connection
is indicated by ‘‘practically identical middle Miocene”
(sensu Woodring, 1966) invertebrates from the Caribbean
and Pacific coasts of Colombia. Geographic considerations
to the contrary, there is no geological or faunal evidence
of a seaway through the Gulf of Tehuantepec (Durham
and others, 1955).

FINAL CLOSURE OF THE CENTRAL AMERICAN SEAWAYS

Separation of the eastern and western parts of the Ter-
tiary Caribbean sea was complete by 3.5 to 3.1 m.y. ago,
according to data from foraminifers (Saito, 1976; Keigwin,
1978), terrestrial vertebrates (Webb, 1978; Repenning and
Tedford, 1977) and sedimentary studies (Mullins and
Neumann, 1979). Closure may not have been accomplished
by simple uplift of the area, as the Isthmus of Panama
and adjacent areas are within a zone of deformation in-
volved in faulting and east-west shortening in the area
of convergence of the Nazca, Caribbean and South
American plates (Pennington, 1981).

An important earlier shoaling in the middle Miocene is
suggested by sedimentary and erosional records resulting
from the origin of an accelerated Gulf Stream deflected
northward from the South Equatorial Current (Mullins
and Neumann, 1979) and supported by the presence of
terrestrial vertebrates of North American affinities in
Panama during the Miocene (Whitmore and Stewart,
1965). The Tertiary Caribbean Lyropectens and Nodi-
pectens contribute little information on the age of final
uplift of the Isthmus of Panama; their fossil records are
scarce in the area of interchange and restricted to the
Madden Basin. Holocene Nodipectens can live in shallow
lagoons and their dispersal is less affected by shoaling
than that of deeper water organisms.

PALEOBIOGEOGRAPHY OF TERTIARY
CARIBBEAN COGNATES

Cognates are related taxa that are also called homo-
logues if a close phylogenetic connection is documented.
Many West Mexican and Caribbean forms are homo-
logues, having descended from a common Tertiary Carib-
bean species, and their distributions and age ranges help
to solve paleogeographic and biostratigraphic problems.
Cognates commonly go unrecognized because regional
specialists are rarely familiar with both living and fossil,
Atlantic and Pacific organisms and the literature on them.
Woodring (1966) compiled a list of cognate molluscan
genera and Vermeij (1978) tabulated 279 pairs of Holo-
cene molluscan species and subspecies; both references
are points of departure for further detailed studies. This
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investigation of Nodipecten and Lyropecten indicates that
distributional details for species and subspecies highlight
significant information that is masked by generic distribu-
tions; similar improved resolution is expected for other
species pairs.

Of the three Lyropecten and Nodipecten cognate pairs
known to have traversed Central America and northern
South America, all seem to have crossed before the late
Miocene or earliest Pliocene. Fossil records are insuffi-
cient for determining dispersal directions, although Nod:i-
pecten may have originated in the Pacific part of the
Tertiary Caribbean Province and the oldest Lyropectens
are from west Mexico and California. Only one pair,
Lyropecten colinensis colinensis and L. colinensis vokesae,
n. subsp., is represented in Panama, in the Alhajuela For-
mation, and all sets of cognates had reached the extreme
ends of the Tertiary Caribbean Province by the early
Pliocene, well before the final closure of the Central
American seaways.

Although pectinid cognates are not found throughout
the Tertiary Caribbean Province, they serve to correlate
particular areas within it. Lyropecten colinensis vokesae,
n. subsp. is found in the Gurabo and Cercado Formations
of the Dominican Republic; L. colinensis colinensis is
restricted to Venezuela, the Eastern Antilles and the
lower member of the Alhajuela Formation of Panama.
Nodrpecten veatchii from the late Miocene of the Vizcaino
Peninsula, Baja California Sur, corresponds to N. peedeen-
sis from the Pliocene of the southern Atlantic Coastal
Plain. Nodipecten nodosus, Pliocene to Holocene in the
Paraguana Peninsula of Venezuela, is the closest relative
of N. subnodosus, middle Pliocene to Holocene of the Gulf
of California, a relation documented by the occurrence of
N. nodosus in the upper Miocene Boleo Formation at
Santa Rosalia, Baja California Sur. Should other species
pairs have similar distributions, these data could have im-
portant paleogeographic implications for relating faunal
provinces and tectonic terranes. Additional information
can be expected from megafossiliferous Tertiary marine
units from the Yucatan Peninsula (Butterlin, 1977) and
numerous other known but unstudied invertebrate local-
ities in the Tertiary Caribbean Province.

FAUNAL PROVINCES AND TECTONIC TERRANES

From the discussion of plate tectonic theory by Atwater
(1970) until the discovery of marine Tertiary fossils in
west Mexico (Durham and others, 1981; Perrilliat, 1981,
1987), the absence of an eastern Pacific Tertiary marine
record north of Panama was explained by subduction be-
neath the Middle American Trench. Rapidly accumulating
fossil and seismic data will require some years for thor-
ough study and synthesis, but it is already clear that plates
and microplates have moved far in the relatively recent

past and that not all the records have been lost through
subduction. Plate movements in the eastern Pacific and
Caribbean require that paleontologists consider fossil
assemblages not only as biocoenoses, thanatacoenoses, or
reworked deposits but also as pieces of the geologic record
preserved in tectonostratigraphic terranes that have been
carried along by plate translation (Durham, 1985).

The relation between middle Tertiary to Holocene pec-
tinid distributions and plate motion is complicated by the
preliminary state of our knowledge of tectonic terranes,
which may include plates, microplates, or flakes, many
of whose boundaries are obscured. Rates of sea-floor
spreading near the mouth of the Gulf of California, one
of the cognate species boundaries, averages 6 cm per year
(Drummond, 1981); this rate is very small compared to
the rate of dispersal of planktonic larvae or free-swimming
adult Pectens. Latitudinal displacement along faults com-
bined with plate motion is more significant than plate
movement alone, although total displacement is likely to
fall within the geographic range of a particular taxon. For
example, at the mouth of the Gulf of California, plate
motion has moved the Baja California Peninsula 250 km
away from the west Mexican mainland in the past 4-5
million years (Moore and Buffington, 1968), concurrent
with Nodipecten speciation in that area. Such movement
may partly explain anomalous distributions for which
evidence of seaways or other avenues of dispersal is
absent.

This section is a preliminary attempt to relate middle
to late Cenozoic faunal distributions to tectonostrati-
graphic terranes, which are in the early stages of recogni-
tion. When details of stratigraphic and tectonic settings
are known, the fossils will date the events and correlate
terranes.

PACIFIC-PANAMIC AND CARIBBEAN
LYROPECTEN AND NODIPECTEN OCCURRENCES AND
TECTONIC PLATE BOUNDARIES

The locations of 22 taxa are plotted on a plate tectonic
map (fig. 4). Most taxa are provincially restricted, but
several are cognate pairs that dispersed to the extremes
of the Tertiary Caribbean Province across present plate
boundaries. Most are confined to shallow basins along the
edges of continents or islands developed on folded
Mesozoic rocks of the Caribbean within plate boundaries
marked by major faults.

Several taxa have somewhat anomalous distributions
that could have been affected significantly by plate
movements. Further investigation of the distributions of
these forms within their regional stratigraphic and tec-
tonic settings will determine whether their faunal bound-
aries are merely coincidental with plate margins or related
to translated or rotated blocks. A representative taxon
for each region is cited in table 3. Within provincial areas,
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A A A Active subduction zone—Sawteeth on
upper plate

LA A Thrust fault—Sawteeth on upper plate

i

Active transform fault—Dashed where
approximately located. Arrows indi-
cate direction of relative movement

-

Plate movement—Arrows indicate
relative direction, number indicates
movement in centimeters per year.
Data from Drummond (1981)

Spreading ridge, diverging plate
boundary

Absolute plate motion

Converging plate boundary;
subduction rate

Plate boundaries (modified after
Mattson, 1984)

C ) Approximate boundary of selected
- mountain ranges, troughs, or terranes
of significance in locating Tertiary
marine fossils
Tres Marias Islands

3M
@ Lyropecten occurrence (numbers)

Nodipecten occurrence (letters)

Symbol

EXPLANATION

Lyropectens
Lyropecten catalinae

@ L. cerrosensis

@ L. colinensis colinensis

®

L. colinensis vokesae,
n. subsp.

L. denaius
L. gallegosi
L. modulatus
L. pretiosus

0000

L. tiburonensis, n. sp.

“L.” articulosus

@ ©

“L.” condylomatus

®

“L.” dumblei

ymbol  Nodipectens
@ N. arnoldi
N. arthriticus
© N. collierensis
N. fragosus
N. nodosus

N. peedeensis

N. pittieri

©@ 0 ©

®

subnodosus

. veatchii

8 N. veracruzensis, n. sp.

FIGURE 4.—Continued.

Age
Middle Miocene

Early Pliocene

Early Miocene
to late middle
Miocene

Late Miocene to
early Pliocene

Miocene

Late Miocene

Late Miocene

Late Oligocene to
early Miocene

Late middle
Miocene to early
late Miocene

Oligocene

Early to middle
Miocene

Late Oligocene
to early Miocene

Age
Late Pliocene
to Pleistocene
Late Miocene
to Holocene

Late Miocene to
early Pliocene

Late Miocene or
early Pliocene
to Holocene

Late Miocene
to Holocene

Miocene(?),
Pliocene, and
Pleistocene(?)

Miocene to
Pliocene

Middle Pliocene
to Holocene

Late Miocene

Middle Pliocene

Tectonic setting

Pacific plate, California
Continental Borderland;
related to Vizcaino species

Pacific plate and Vizcaino
Peninsula, in shallow basins

South Caribbean terrane and
Eastern Antilles; North
Panama deformed belt

Caribbean plate, Hispaniola
terrane; North Panama
deformed belt

North Panama deformed belt

Vizcaino Peninsula

Vizcaino Peninsula

La Purisima, Baja California;
western Transverse Ranges,
northern Channel Islands

Gulf of California, Isla
Tiburén and Salton Trough,
California

Greater Antilles deformed
belt; Cuba

North American plate,
southern Atlantic Coastal
Plain and east Mexican
Coastal Plain, Coahuila
terrane

South Caribbean terrane;
east Mexican Coastal Plain,
Coahuila terrane;
Baja California?

Tectonic setting
South Caribbean terrane;
southern Eastern Antilles
Vizcaino terrane; Loreto
and Isla Cerralvo, Gulf of
California; terraces in
Oaxaca, Ecuador, Peru;
San Jorge Basin, Argentina
South Caribbean terrane;
North American plate,
South Atlantic Coastal Plain;
descendant lives in Gulf of
California
North American plate, south
Atlantic Coastal Plain

South Caribbean terrane;
eastern Baja California

North American plate,
southeast Atlantic Coastal
Plain

North American plate, Petén
and Greater Antilles fold
belts; Caribbean plate,
Hispaniola terrane; north
Eastern Antilles

Pacific plate, Gulf of
California

Vizcaino Peninsula

Yucatan block, Maya terrane
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TABLE 3.—Geographic distributions of Nodipecten and Lyropecten taxa possibly related to plate tectonic movement

Taxa

Age

Region

Tectonic events in area concurrent with speciation

N. arthriticus

N. veatchii, cognate
of Atlantic Coastal
Plain species N.
peedeensis; L.
gallegosi and L.
modulatus, endemic
Vizcaino taxa

L. colinensis vokesae,
n. subsp.

L. denaius

L. pretiosus (including
L. submiguelensis

of authors)

L. magnificus

Lyropecten sp. cf.
L. magnificus

"L." dumblei

Late Miocene to
Holocene

Late Miocene

Late Miocene or
Pliocene

Miocene

Late Oligocene to
early Miocene

Late Miocene or
early Pliocene
to Holocene

Early to early
middle Miocene

Oligocene

Near Loreto, Isla Cerralvo, and Islas
Tres Marias, Mexico (Pliocene);
Oaxaca terraces (Pleistocene);

Islas Tres Marias to Peru
(Holocene); Vizcaino Peninsula
(upper Miocene); Patagonia (middle
or upper Miocene)

Isla Cedros; Vizcaino Peninsula

Panama and Dominican Republic

Panama, La Boca Formation; eastern
Costa Rica; North Panama deformed
belt

Central Baja California Sur, Mexico,
La Purisima area; northern
Channel Islands, California

Santa Cruz Island, Galapagos

La Purisima and Arroyo Patrocinio,
Baja California Sur, Mexico; Wheeler
Springs quadrangle, Calif.(?)

Gulf Ccastal Plain of east Mexico
and northwest Florida; Sinu Basin,

Tres Marias Islands lie at juncticn of East

Pacific Rise and Middle America Trench;

dispersal was concurrent with (1) opening of mouth
of the Gulf of California (Karig and others, 1978),
and (2) northward translation of Baja California
Peninsula, possibly in slivers (Crouch, 1979; Beck
and Plumley, 1979).

Paleomagnetic data imply more than 1,000 km of northward
translation (9° lateral displacement, 24° clockwise
rotation) between late Cretaceous and early Oligocene;
since then Baja California peninsula has undergone only
only 250 km of translation (approx. 2° latitudinal
displacement and 8° clockwise rotation) in rifting away
from mainland Mexico (Hagstrum and others, 1985, 1987).

Deformation cof belts of rock in Dominican Republic and
Panama (Moore and Buffington, 1968).

Interaction of Nazca, South American, and Caribbean
plates; formation of eastern Panama Basin (Case and
others, 1984; Pennington, 1981).

Pacific plate movement northwestward as much as 3,800
km since the Eocene in the California Continental
Borderland, including clockwise rotation of Transverse
Ranges in southern California, according to
palecmagnetic data (Champion and others, 1981;
Kamerling and Luyendyk, 1981; Crouch, 1979).

Santa Cruz Island, one of the oldest, easternmost
islands of the Galapagos, was 200 km farther north and
west of its present position in middle Pliocene
(Cox, 1983). Sea-floor spreading south of the Galapagos
Rift and eastward plate moticon at 5 cm/yr brought
Galapagos within dispersal path of L. magnificus.

Northward translation of Baja California (Hagstrum and
others (1985, 1987) and displacement along faults of
the California Continental Borderland. Specimens
from Transverse Ranges (LSJU loc. 2170) may represent
this taxon.

Gulf Coastal Plain of east Mexico and northwest Florida
is relatively undisturbed, but Sinu Basin is a deformed

belt being affected by movement of Caribbean plate (Case
and Holcomb, 1980) and by Nazca plate being thrust under
South American plate between Panamanian-Colombian border

Colombia, South Caribbean deformed
belt. Baja California Sur, Mexico(?)

and southern Ecuador (Pennington, 1981).

tectonic events have taken place concurrently with specia-
tion and dispersal. In some cases Holocene species bound-
aries coincide with plate boundaries, with no apparent
environmental restrictions to prevent the species from
migrating from one terrane to another. Tectonic events
are also given, with references to papers providing struc-
tural or paleomagnetic data relating to plate motion.
As relations between tectonic terranes and faunal prov-
inces become clearer, paleontological data should be useful
for dating or constricting events and tracing paleogeo-
graphic history. A recent study in the Gulf of California,
for example, related molluscan distributions to associated
radiometrically dated voleanic rocks (Smith, in press).
Data showed that an early gulf similar in extent to the

present one existed as early as 13 Ma (Smith and others,
1985), several million years prior to the tectonic “proto-
gulf” attributed to late Neogene extensional tectonics and
sea-floor spreading (Larson, 1972; Hagstrum and others,
1987). Faunas from Isla Tiburon, Sonora, San Felipe, Baja
California, and the northern Salton Trough represent
beach to deep water taxa of late middle and late Miocene
age (Smith, in press; Boehm and Ingle, 1981; Kristin
MecDougall, unpublished data, 1987) and Caribbean and
Pacific-Panamic affinities (Vaughan, 1917, Hanna, 1926,
and others). These taxa underwent speciation and disper-
sal both before and during the time the boundary between
the North American and Pacific plates changed from west
of the Baja California peninsula to the Gulf of California.
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FIGURE 5.—Major provinces of California and northern Baja California. SAf, San Andreas fault; Gf, Garlock fault; MCf, Malibu Coast fault;
BPf, Big Pine fault. En echelon faults in the Gulf of California shown schematically. Sources of map data: Case and Holcomb (1980); Case
and others (1984); Mattson (1984); Howell and others (1983); Dickinson and Coney (1980); Moore and Buffington (1968); Karig and others
(1978); Drummond (1981). Plate-tectonic map of Circum-Pacific region, northeast quadrant, scale 1:10,000,000.

Tertiary Pectens and other mollusks also divide the Baja
California Peninsula longitudinally and suggest three sub-
provinces: the islands and margins of the Gulf, the area
west of the Sierra La Giganta, and the Vizcaino Penin-
sula (see figure 6).

TERTIARY PECTINID DISTRIBUTIONS AND
TECTONIC TERRANES IN CALIFORNIA

Since the time that the concept of suspect terranes was
applied in California (Coney, and others, 1980), mainly

pre-Tertiary faunal distributions have been considered
with respect to tectonic plates and microplates. Earlier
paleogeographic reconstructions used molluscan assem-
blages to match shorelines and measure cumulative
amounts of offset since the Oligocene along the San
Andreas fault (Addicott, 1968). Regional mapping and
new paleomagnetic and tectonic data suggest that within
the Pacific and North American plates in California there
are smaller suspect terranes that need to be reinves-
tigated. As we learn how recent some large-scale plate
movement has been, along with possible slivering,
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FicURE 6—West Mexican and California Continental Borderland localities and molluscan provinces of the eastern North Pacific Ocean.

Modern shallow-water molluscan provinces and mean temperatures after Addicott (1970a).

splintering, and rotation of blocks, it becomes clear that
geographically restricted Tertiary fossils are important
clues to the origins and affinities of young suspect ter-
ranes. Major structural blocks of California and Baja
California are shown in figure 5; certain pectinids and
other index fossils from these blocks may have paleo-
geographic significance.

Studies such as this one identify species from exotic
provinces and those whose distributions are not easily ex-
plained by continuous embayments between northern and
southern California and southern Baja California Sur,
Mexico. These taxa focus attention on suspect areas that

can be expected to yield further data from other
disciplines of geology.

California Lyropectens are potentially most useful for
identifying suspect terranes in these areas: the Califor-
nia Continental Borderland, especially Oligocene to lower
and middle Miocene strata, and the Transverse Ranges
(figure 6).

“Macrochlamis” magnolia [= Pecten magnolia of many
workers] has Mediterranean Tethyan affinities and first
appears on the Pacific coast of North America in the
middle Oligocene part of the Vaqueros Formation. The
middle Oligocene form, “M.” magnolia magnolia, is found
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FIGURE 7.—Mountain ranges, faults, and provinces in California and Baja California relating to significant pectinid localities.

only on the present Pacific plate, in the southern Coast
Ranges, La Panza Range, Caliente-Cuyama area, the
Transverse Ranges, and the Santa Ana Mountains. The
late Oligocene to early Miocene subspecies, “M.” mag-
nolia ojaiensis, is found on both sides of the San Andreas
fault, in the Pigeon Point block of the Santa Cruz Moun-

tains, the Temblor and San Emigdio Ranges, Pyramid Hill
area of Kern County, and the eastern Ventura Bay of Loel
and Corey (1932). Intermediate forms are known from the
Nipomo-Huasna Basin, northern side of the Santa Ynez
Range, western Santa Susana Mountains, and the La
Honda block of the Santa Cruz Mountains.
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EXPLANATION

Faults—Dashed where inferred. Arrows indicate rela-
tive direction of movement. Note: spread-
ing centers shown by parallel lines attached
to fault; en echelon faults in the Gulf of
California shown schematically
SAf, San Andreas: Zf, Zayante; Cf,
Calaveras; SGOf, San Gregorio; Nf,
Nacimiento; BPf, Big Pine; SYf, Santa
Ynez; Gf, Garlock; SGf, San Gabriel;
SCIf, Santa Cruz Island; MICf, Malibu
Coast; MCrf, Mission Creek; Bf, Banning;
NIf, Newport-Inglewood: Ef, Elsinore;
SClef, San Clemente Island; ABf, Agua
Blanca; SSPM., east front of the Sierra San
Pedro Martir; Mf, Malarrimo

Valleys—CV, Cuyama Valley; CP, Carrizo Plain; AV,
Antelope Valley; SGP, San Gorgonio Pass

+SD Cities—SFO, San Francisco: C. Coalinga; B, Bak-
ersfield; LAX, Los Angeles; SD, San Diego:
Y, Yuma; P, Phoenix; Tj, Tijuana; Mx,
Mexicali; E, Ensenada; SF, San Felipe; PP,
Puerto Penasco; ER, El Rosario; BT, Bahia
Tortugas; GN, Guerrero Negro; Sl, San
Ignacio: SR, Santa -Rosalia

CD Mountains

West of San Andreas fault, north to south:
Coast Ranges
SC, Santa Cruz Mtns: SL, Santa Lucia
Range; CH, Cholame Hills; LP, La Panza
Range; CR, Caliente Range; SM, Sierra
Madre Mtns; SRR, San Rafael Range
Transverse Ranges
SY. Santa Ynez Range; SMo, Santa
Monica Mtns; SG, San Gabriel Mtns
California Continental Borderland

SA, Santa Ana Mtns, Puente Hills; SJH,
San Joaquin Hills

|

pum—

Peninsular Range province
CM, Coyote Mtns

Baja California Sur cordillera

SSF, Sierra San Francisco; SSL, Sierra
Santa Lucia

Vizcaino Peninsula
SSA, Sierra de San Andres
East of San Andreas fauit, north to south

MH, Mount Hamilton Range; DR. Diablo
Range; TR, Temblor Range; SE, San Emi-
gdio Range; Te, Tehachapi Mtns; SB, San
Bernardino Mtns; LSB, Little San Bernar-
dino Mtns; Oro, Orocopia Mtns; Cho,
Chocolate Mtns

Other—BC, Baja California; BCS, Baja California
Sur

FIGURE 7.—Continued.

Many Lyropecten index species—L. crassicardo, L.
estrellanus, L. miguelensis, and L. terminus—are endemic
California taxa of biostratigraphic and chronostrati-
graphic significance (fig. 1). They are widespread and

belong to species or phylogenetic series that lived and
evolved in California during time intervals of 2 to 7 m.y.
They are useful as index fossils for provincial correlation,
not potential indicators of far-moving suspect terranes.
Plate or microplate translation is suggested by such ex-
otic species with Vizcaino affinities as L. catalinae and
L. pretiosus [= L. submiguelensis auctt.]. L. catalinae
from the Modelo Formation of the eastern Ventura basin
and from Catalina Island is closely related to, or possibly
the same as, L. gallegosi from the upper Miocene Alme-
jas Formation of western Baja California Sur. Lyropecten
pretiosus from the northern Channel Islands is a late
Oligocene or early Miocene index fossil in the La Purisima
area of Baja California Sur (Smith, 1984). Lyropecten
crasstcardo, a late Miocene, shallow-water California
species, is present on San Miguel Island, westernmost of
the Channel Islands; closer to the mainland, on southwest
Santa Cruz Island, the west Mexican L. pretiosus has been
collected from a diorite breccia facies of the Vaqueros For-
mation which interfingers with a younger sandstone facies
bearing the California endemic taxon L. miguelensis.

Other areas where pectinid distributional data may be
anomalous include the block between the Santa Ynez fault
and the Santa Ynez River, the Cuyama Valley and
Caliente Range, and Antelope Valley in the northwestern
Mojave desert. Mountain ranges, faults, and provinces in
California and Baja California relating to significant pec-
tinid localities are shown in figure 7.

Fossils from the Salton Trough having Caribbean af-
finities indicate a more extensive Gulf of California in the
late middle Miocene to Pliocene (Smith, in press), rather
than an exotic terrane. Early Pliocene and younger
Lyropectens are restricted to basins and embayments that
formed locally; they do not suggest hundreds of kilometers
of possible tectonic displacement as do some of the early
Miocene fossils.

Considering Tertiary molluscan distributions in Califor-
nia in relation to tectonic setting is very new. Many other
mollusks associated with the pectinids—Turritella,
Rapana, Cymia, and Solenosteira, for example—offer
similar possibilities for recognizing taxa that are not
endemic to California. As in the Caribbean and west Mex-
ico, terranes may have been rotated or translated within
the geographic ranges of Tertiary species. Population
studies of certain taxa within and between small suspect
blocks may contribute useful insights on packages of rocks
that were contiguous or more nearly aligned from 40-5
m.y. B.P.

NODIPECTEN LIFE HISTORY
AND GROWTH PATTERNS

Living Nodipectens have rarely been observed; most of
our suppositions about them are deduced from shell
features or taken from studies of other pectinids. Growth
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series provide ontogenetic details but do not indicate what
factors account for intermittent structures such as con-
strictions or nodes. Clues are provided in monographs of
other pectinids, most of them commercial shellfish. We
know that important morphological and ecological dif-
ferences exist within genera and within species, and that
general biological facts cannot be assumed to be true for
all pectinids.

Pectinid life history studies have been carried out for,
among others, Pecten [Argopecten] irradians (Risser,
1901), Pecten maximus (Tang, 1941), Notovola merids-
onalis (Fairbridge, 1953), Placopecten magellanicus (Mer-
rill and others, 1966; Schick and others, 1988), and
Argopecten gibbus (Allen and Costello, 1972). Unlike
Nodipecten, all these scallops are gregarious, congre-
gating in commercially valuable beds. Except for A. ¢1b-
bus, they are cold-water species whose life cycles and
growth layers vary seasonally except in deep-water
populations. Nodipectens are tropical to warm temperate
shallow-water forms whose shells exhibit variable concen-
tric features that could be explained by genetic variation
or by ecological changes, except that environmental varia-
tions are unlikely in the tropics.

SHELL MORPHOLOGY

LARVAL SHELLS OF NODIPECTEN SUBNODOSUS (SOWERBY)

Juveniles as much as 2 em high have been dredged from
36-64 m in the Gulf of California, but they have not been
reported living in shallower water with adults. Com-
parisons with larval shells of other pectinids suggest that
N. subnodosus is oviparous, the eggs being released to the
sea for external fertilization. Scanning Electron Micro-
scope photographs show the larval shell about 190 um
long, ornamented by concentric growth lines and resem-
bling the prodissoconch of Argopecten irradians (T.R.
Waller, written commun., 1981).

The larval shell has a small Prodissoconch I (length 84
pum) barely set off from the larger Prodissoconch II
(185-190 pm), using the terminology of Jablonski and Lutz
(1980). These characters, a relatively small Prodissoconch
I and a large Prodissoconch II ornamented only by growth
lines, distinguish species having a planktonic larval stage.
Argopecten irradians larvae have shells of comparable
size and spend 7-9 days as planktonic larvae (Waller,
1976), a reasonable estimate for the larval life of N. sub-
nodosus. After metamorphosis and settling, the young
bivalve becomes byssate and the postlarval shell or
dissoconch abruptly develops a new surficial macrosculp-
ture (fig. 8D,F).

In the right valve, the exterior shell layer from the pro-
dissoconch margin to the earliest dissoconch stage is of
prismatic calcite, which looks smooth or skinlike, even on
the auricles. It changes to foliated calcite early in

dissoconch growth, before the appearance of radial ribs
and adult macrosculpture (fig. 8 B,E). In contrast. the
postlarval macrosculpture on left valves is coarser and ir-
regular (fig. 84,C), gradually giving way to the more
organized costae and lirae characteristic of adults. This
differentiation of shell macrosculpture between right and
left valves is nearly universal in the families Pectinidae
and Propeamussiidae (Waller, 1972, 1978). European ex-
amples were illustrated by Fatton and Bongrain (1980):
Chlamys (Aequipecten) opercularis (Linnaeus), Chlamys
(C.) varia (Linnaeus), Pecten maximus (Linnaeus), and the
fossils Chlamys (C.) multistriata (Poli) and Pecten subar-
cuotus Tournouer.

The significance of different sculpture patterns in young
Nodipectens is unknown, but from studies of bay scallops
Waller (1976) reported that differences in microstructure
of right and left valves in Argopecten irradians ‘“‘allow
the right valve to flex and nestle within the left during
closure.”

Studies made using SEM raise many questions beyond
the scope of this paper. The two kinds of early juvenile
microsculpture on right valves may be from a period of
byssate attachment followed by a late juvenile to adult
stage in which the animal can either cling by its byssus
or recline on the substrate. Early juvenile left valves have
only one kind of microsculpture, foliated calcite, in both
early and later dissoconchs. In freely reclining adults, the
right valve is always toward the substrate and has more
uniform ribs than the left valve, which frequently develops
nodes or ledges beginning at about 8 ¢m high. Further
study of growth series is needed to relate morphologic

FIGURE 8.—Scanning electron microscope photographs of larval shell
microsculpture in Nodipecten subnodosus (Sowerby). SEM photographs
of a specimen of Nodipecten subnodosus (Sowerby), hypotype SDSNH
T.S. 31222. The two-valved juvenile was taken live from 20 fms off
Isla Carmen, Gulf of California by H.N. Lowe. It measures 8 mm high,
8 mm long; length of Prodissoconch I [PT]is84 um, Prodissoconch IT
[PII] 190 um, D, dissoconch, eD, early dissoconch. Photographs by
Robert Oscarson, U.S. Geological Survey. A, Left valve showing pro-
dissoconch orientation with respect to dissoconch and marked change
from smooth larval shell to foliated calcite in postlarval shell. B, Right
valve showing prodissoconch (P). early dissoconch (eD), and later
dissoconch (ID) sculpture patterns formed by prismatic calcite and
foliated calcite. C, Left valve, dorsal view. Prodissoconchs I and II
are smooth, in marked contrast to early dissoconch microsculpture.
Note that the early dissoconch is foliated calcite in left valves, prismatic
calcite in right valves. D, Right valve, view of Prodissoconch II and
early dissoconch with skinlike microsculpture pattern formed by
prismatic calcite. Byssal notch begins abruptly in postlarval stage,
probably when animal settles on substrate. £, Right valve at lower
magnification, showing three microsculptural types: Prodissoconch
I and II are smooth, early dissoconch has prismatic calcite, and later
dissoconch to adult stages have foliated calcite. Ctenolium is well
developed from the beginning of the byssal notch. F, Right valve,
higher magnification than figure 8, showing how different magnifica-
tions emphasize microsculptural difference.









NODIPECTEN LIFE HISTORY AND GROWTH PATTERNS

27

A Right valve, Nodipecten fragosus

Posterior auricle Anterior auricle

Byssal notch

Posterior .
Anterior

Interspace
showing coarse
radial macro-

Central space

B Left valve, Nodipecten fragosus

> Five generations
of nodes

Anterior Incipient riblet ()

Lateral key rib

—

Well-developed Thickening Large bulbous Flaring
hollow node along rib node node
Carib

by

Flanged node

—

A

Eroded or
abraded
flange

Incipient node

sculpture (corresponds to left Central key rib, N¢
valve central key rib) Rib or node scheme: rNrNcrNT -
The central ribs define the diagnostic Nodipecten pattern
EXPLANATION EXPLANATION
i Interspace — Indicates key ribs (wider, more prominent)
r  Rib of normal width i Interspace
Rib count is 8 r  Rib of normal width
Rib count is 7 *
C Nodes

X

or flanged Long, narrow Broken node,
s (typical of flange forming hole sealed
bean specimens) tubular node from inside

Flanges rather than
closed nodes;
for example,
Nodipecten pittieri
(side view of rib)

Nodes common
at edge of ledges,
accentuate change in
angle (section parallel
to dorso-ventral axis)

D

Posterior views showing profiles
(LV, left valve; RV, right valve)

AAA

@
e f




28 CENOZOIC GIANT PECTINIDS FROM CALIFORNIA AND THE TERTIARY CARIBBEAN PROVINCE

and they are more pronounced in left valves. Certain
species tend to have ledges of a particular profile: left
valves of some specimens of N. arthriticus, N. subnodo-
sus, N. veatchii, and Lyropecten crassicardo have angular
profiles, right valves rounded ones. L. estrellanus and L.
maguelensis have rounded profiles, highly convex in some
juveniles. Left valves of L. modulatus are flat until about
5 cm high, then develop a pronounced change in shell
angle. Juveniles of “L.” dumblei have a flat left valve with
a single angular break in slope after the shell is 2 em high,
then a rounded adult form with no further ledging. All
of these species have some individuals with no ledges at
all, flat valved from juvenile through adult stages. Prom-
inent angular ledging is also present in some species of
Swiftopecten, Stralopecten, Hinnites, Ostrea, and in
Mytilus edulis, where the process of forming ledges was
first described (Moore, 1934). Cryptopecten vesiculosus
has 1-3 conspicuous growth rings, the first one forming
when the shell has an average height of 1.3-2.7 ecm
(Hayami, 1973).

HOW LEDGES FORM

Ledge development has not been studied in field or
laboratory specimens of Nodipecten. It must be a rapid
process because few living or fossil individuals are seen
with partly formed ledges. Shelf edges are sometimes
marked by a generation of hollow nodes or elongate
thickenings.

Since the outer shell edge reflects the mantle, the shell-
secreting layer must expand, change orientation, and
draw in to form a ledge. In normal shell production, the
valves are open and the mantle extends along the margins
(Pannella and MacClintock, 1968). Clark (1970) used time-
lapse photographs to watch Pecten diegensis produce daily
growth increments by extending the mantle edge,
secreting a thin layer, thickening and calcifying it. On a
megascopic scale, this may be how Nodipectens produce
new shell, including the big folds that are preserved as
nodes.

PERIODIC GROWTH

Evidence for cyclic growth includes thick and thin incre-
ments, light and dark layers of finely grouped increments,
and grooves or breaks in the shell (Barker, 1970). Ex-
periments show that shell growth is very complicated,
varying within a taxon or an individual according to the
animal’s physiology and environment.

Studies on pelecypods that deposit concentric rings
show that growth rates are much faster in juveniles than
in older individuals; they slow during spawning and ac-
celerate afterward. Pannella and MacClintock (1968)
report that growth is not continuous throughout 24 hours,
that although shell increments are deposited every day,

there may be interruptions or periods of very slow growth.
Orton (1926) found that young cockles deposited 1-1.5 mm
of new shell per week, the rate varying with any slight
disturbance.

Megascopic concentric lines on shells have been attrib-
uted to changes associated with seasons, breeding, en-
vironment, shock, diurnal and subdaily growth, and tides
and annual cycles. Rhoads and Pannella (1970) tabulate
shell characters for these events, but none fit the random
frequency of ledges in Nodipecten. Distinguishing the
rings according to cause is difficult except in intertidal
or marked experimental animals. Microscopic growth in-
crements range from 10-100 ym in thickness and are
visible in cross sections of the shell. They appear as con-
centric lines on shell surfaces, and in Nodipecten and
Lyropecten they are wavy or lirate. In certain specimens
of Nodipecten (pl. 7, figs. 1, 2), the lirae project perpen-
dicularly to the shell surface and remain in interspaces
as frilly laminae obscuring the radial costae. Megascopic
inspection of Holocene Nodipecten shows no conspicuous
clumping of growth lines, although Barker (1970) reported
some N. subnodosus shells showing “an occasional distinct
minor growth band comprised of 15 or 30 growth striae.”
Pannella and MacClintock (1968) attribute the constant
thickness of microgrowth increments in subtidal shells to
the absence of appreciable variation in temperature.

Experiments on Swiftopecten swiftii(Bernardi) from
2-50 m in coastal waters off Japan suggest seasonal
growth cycles with the fastest rates during the first three
years of life (Ponurovskii and Silina, 1983). During this
time, annual accretions are 2.1-2.6 cm, later decreasing
to 1 mm per year. For this species, ledges form annually
but vary with summer warming periods and short-term
environmental changes such as storms. Growth incre-
ments include elementary layers that represent 24-hr
periods, broader growth layers that probably develop in
a few days, and ledges that form every summer.

Observations on spawning or disturbance, rather than
seasonal, rings are probably more relevant to understand-
ing ledging in Nodipecten, since seasonal variation is slight
for subtidal tropical and subtropical organisms having a
wide geographic distribution. In his initial studies of ledg-
ing in cold-water Mytilids, Moore (1934) found that ledges
formed in winter. Shell laid down during the summer con-
tinued in the same orientation as the preceding layers,
but winter ledges formed at an angle to previous shell
growth,

Pannella and MacClintock (1968) and Rhoads and Pan-
nella (1970) note that spawning in Mercenaria mercenaria
(Linnaeus) is marked by a sudden break in regular shell
deposition followed by a slow recovery indicated by a
series of thin daily growth lines. These differ from shock
rings, such as those produced after a storm that show a
sudden break in deposition followed by either death or a
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fast recovery. Abrupt changes distinguish these from
seasonal rings that are preceded by a gradual decrease
in deposition. Rings from any cause are less sharply
defined in subtidal and deeper water shells.

Data are not available on shell size at sexual maturity
in Nodipecten. Juveniles commonly develop the first ledge
at 2 em high; later constrictions are at irregular intervals,
usually before the shell is 8-10 em high. The fact that some
individuals have no ledges at all suggests that constric-
tions are not related to a regular reproductive cycle.

DISTURBANCE RINGS

Shock rings can result from injury or change in orien-
tation as distinguished from environmental stress caused
by variations in temperature, salinity, and turbidity. Mol-
luscan growth experiments show that larger individuals
tend not to record small disturbances. Minor grooves and
narrow or erratic rings were reported by Barker (1970)
for “comparatively short” interruptions of several days
to two weeks, perhaps when a specimen was rolled about
during a storm. He thought concentric grooves formed
at the end of a slow growth period, not during it. In
another study, 1-2 year old cockles showed megascopic
rings 1 or 2 days after being removed from sea water for
15 minutes and stronger rings appeared in shells that
were notched for experiments (Orton, 1926); “L.” condy-
lomatus valves have profiles similar to these.

NODES

Nodes are the most conspicuous feature of many left
valves of living Nodipectens and Lyropectens. They form
in generations of at least three large nodes each in Nodi-
pecten and are usually more pronounced on alternating
ribs (fig. 6). Node production has not been reported in
laboratory specimens, and very few individuals died in the
midst of forming them. We assume nodes form rapidly
when the mantle edge flares in large ruffles at an angle
to the shell edge. The largest flare coincides with the cen-
tral rib, lesser ones with alternating lateral ribs. Mantle
ruffles are reflected in thin shell material that is then
calcified. The mantle then secretes shell material con-
tinuous with the former edge, sealing off the hollow nodes
from the inside (MCZ 164873, pl. 3, fig. 3,). Shell flanges
that become nodes are continuous with earlier shell
material and probably secreted by the same mantle fold.
One individual of N. pernodosus (hypotype USNM 334976,
pl. 3, fig. 1) lost the capacity to form nodes in one section
of mantle but was able to secrete ribs with normal fine
macrosculpture.

Node shape and prominence varies, but within a taxon
the node scheme or pattern of nodose ribs is the same.
Nodes develop only in the left valves of most Nodipectens,

but they can also form in right valves of N. nodosus, N.
pernodosus, and N. fragosus. Holocene Nodipectens and
Lyropecten magnificus have hollow nodes, but some fossil
Lyropectens had filled nodes or elongate thickenings on
corresponding left-valve ribs.

Nodes first form when the Nodipecten reaches 2-2.5 cm
high. Subsequent sets may occur regularly at about 1-2
cm intervals or sporadically. Although they are common-
est in young shells as much as 5-6 cm high, they are not
unknown in larger adults.

Observations suggest that Nodipecten and Lyropecten
form nodes in the same way. However, Caribbean speci-
mens of these genera tend to produce ruffles or flares at
a higher angle to the shell edge, and scaly flanges or
former ruffles are commonly preserved. Erosion of flares
often produces rounded bulbous nodes, but many speci-
mens retain some evidence of the frilly edge. Such flanges
are also characteristic of Caribbean fossils identified as
N. pittieri, N. arnolds, and Lyropecten colinensis sub-
species, but they are unknown in Pacific forms. Holocene
Pacific Nodipectens also have smaller, less bulbous nodes
and less conspicuous ledges.

Node formation has not been explained by spawning,
ecologic, or disturbance factors, although these may af-
fect the shell. The sometimes rhythmic but other times
irregular occurrences of generations of nodes suggest
they are not related to regular cyclic phenomena. The
present study disproves the contentions of Dall (1898, p.
729) and Hertlein (1972) that nodosity increases in deeper
water or warmer, more southerly localities. Nodipecten
fragosus from the Carolinas is commonly more nodose
than N. nodosus from the Caribbean. Highly nodose shells
came from open-ocean environments as well as from pro-
tected bays—the same environmental range as shells with
no nodes.

The tendency of certain pectinids to have nodes in con-
sistent patterns is a useful phylogenetic tool. Lyropecten
and Nodipecten are distingished in this paper on the basis
of node scheme (figs. 9 and 15), and several evolutionary
progressions of species grouped according to node ar-
rangement can be traced.

Two “Lyropecten’ species, “L.”” dumblei and “L.” con-
dylomatus, have suitable characters for studying nodes
and ledges. The former has a single distinctive ledge when
the shell is about 2 em high. Ribs on the shelf edge have
a distinctive pattern of thickenings or ‘“proto-nodes” (pl.
20, figs. 4a, 4b). “Lyropecten’” condylomatus looks like
a taxon experimenting with ledging and node possibilities,
perhaps influenced by environmental factors. Node posi-
tions on “L.”” condylomatus are inconsistent, forming no
single pattern. Other pectinid genera, including Swifto-
pecten and European species of Macrochlamis, may have
nodes on left valves; most Lyropectens do not have them.
Biological advantages of nodes, if any, are unknown.
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BIOSTRATIGRAPHIC AND PALEOGEOGRAPHIC
APPLICATIONS OF PECTINID
DISTRIBUTIONAL DATA

VAQUEROS FORMATION AND “‘VAQUEROS”’ STAGE

“Vaqueros” is a name that has been used in reports and
on maps and fossil labels since the early 1900’s to denote
lower Tertiary marine clastic rocks that are exposed over
large areas in central and southern California. Outcrops
commonly form prominent ledges bearing assemblages of
shallow-water marine mollusks, especially pectinids, oys-
ters, and turritellids. The Vaqueros Formation was origin-
ally named by Hamlin (1904) for a section in Monterey
County in the Santa Lucia Mountains and was redefined
by Thorup (1943). The term ‘“Vaqueros Stage,” based on
megafossils, was introduced by Eaton and others (1941),
but it has never been formally described with a designated
type section. It should not be formalized because a time-
stratigraphic unit should not be named for a cartographic
one; a new name needs to be selected, in accordance with
the Code of Stratigraphic Nomenclature (North American
Commission on Stratigraphic Nomenclature, 1983).

Placing the formation name in quotations to indicate
a time-stratigraphic sense is confusing enough without
this unit’s particular stratigraphie, paleontologic, and
nomenclatural complications. Geographically, the forma-
tion is represented in a number of unconnected embay-
ments and basins within which there are abrupt facies
changes. The unit thickens and thins, intertongues with
nonmarine deposits, and has different ages in successive
onlaps, particularly in the San Joaquin Valley.

Megafossils show considerable morphologic evolution
over the 10-12 m.y. between the oldest sections in the
southern Santa Lucia Mountains and the youngest in the
Santa Monica Mountains and northern Channel Islands,
as well as in continuous thick sequences such as those in
the central Sierra Madre and Caliente Ranges (table 4).
The nearshore coarse clastic deposits contain some ben-
thonic foraminifers from the Zemorrian and Saucesian
Stages of Kleinpell (1938), but megafossils are more useful
tools for correlation in the field.

Nomenclatural difficulties stem from using lithostrati-
graphic terms (formations) for chronostratigraphic or
time-rock units (stages, or packages of time during which
there was deposition of rocks and possibly periods of
nondeposition or erosion). The problem is illustrated in
figure 10 for two California megafaunal stages, the
“Vaqueros’ and “Temblor” Stages of Addicott (1972).
The type section of the Vaqueros Formation represents
only the middle part of the ‘“Vaqueros” Stage, an inter-
pretation based on index megafossils. The type Temblor
Formation has two members in the lower half of the
“Temblor” Stage, four members in the ‘“Vaqueros”
Stage, and one each in an unnamed stage (Addicott, 1972)

and part of the upper ‘“Tejon” Stage. Addicott (1965,
1970b) described the “Temblor’’ Stage fauna from the up-
per part of the Olcese Sand of the Barker’s Ranch area
northeast of Bakersfield3; either this area or the central
Temblor Range could serve as type area for the stage that
has never been formally described from a designated type
section. Representative mollusks of the two stages are
illustrated in Wiedey (1928), Hertlein (1928b), Loel and
Corey (1932), and Addicott (1972).

Recognizing the importance of clarifying the two types
of units, lithologic and chronostratigraphic, workers have
already introduced new stage names for the Pacific North-
west (fig. 12). Revisions of California terminology are
hampered by the lack of synthesized stratigraphic and
faunal data required to formalize new stage names and
by the scarcity of complete stratigraphic sequences.

The differences in how the Vaqueros Formation has
been mapped in a number of key areas in California is
documented in table 4; changes in thickness and age are
construed from pectinid index species, which, when
related to the radiometric ages of Turner (1970), show
that deposition of the Vaqueros Formation was time
transgressive over 10-12 m.y. The age of the formation
does not vary in an orderly geographic progression; each
embayment underwent its own depositional and tectonic
history. In the current U.S. Geological Survey chronology,
the “Vaqueros” Stage ranges in age from late early
Oligocene to early Miocene.

Fossils from the central Sierra Madre Range collected
from the Painted Rock Sandstone Member of the
Vaqueros Formation as mapped by Fritsche (1969) repre-
sent all three subdivisions of the ‘‘Vaqueros” Stage. Sec-
tions from the Caliente Range and the Fox Mountain
72-minute quadrangle west of Santa Barbara Canyon
may represent the most complete megafaunal sequences
for the lower, middle, and upper ‘“Vaqueros” Stage,
although the Vaqueros Formation is much thinner in the
Fox Mountain area than in the Caliente Range.

The magnitude of time transgressed (late Oligocene and
early Miocene) explains the long-standing controversy
over the formation’s age (Schenck, 1935, “What is The
Vaqueros Formation of California and is it Oligocene?”’;
papers in Schenck and Childs, 1942). In the geochrono-
logic scheme currently accepted by the U.S. Geological
Survey (Berggren and others, 1985), the Oligocene/
Miocene boundary is drawn within the middle ‘“Vaqueros”
Stage, at 23.7 Ma.

“VAQUEROS’’ STAGE EMBAYMENTS AND
REPRESENTATIVE FAUNULES

The first comprehensive biostratigraphic study of the

3Barker’s Ranch area, center sec. 5, T. 29 S., R. 29 E,, south side of Kern River.
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“Vaqueros” Stage was made by Loel and Corey (1932),
who studied assemblages from the major embayments
(fig. 11). Distributions of two late early and late Oligocene
lower “Vaqueros” index fossils, “Macrochlamis” magno-
lia magnolia and “M.”’ magnolia ojaiensis, n. subsp., are
plotted on figure 11, the former indicating the oldest sec-
tions and the latter upper lower ‘“‘Vaqueros’ to lowest
middle “Vaqueros” Stage rocks where it co-occurs with
the oldest specimens of Vertipecten kernensis (= V.
nevadanus of authors).

“Macrochlamis” magnolia. magnolia, the older sub-
species, is restricted to basins west of the San Andreas
fault, but the younger form, ‘“Macrochlamis” magnolia
ojatensis, ranged widely across it. Known distribution pat-
terns of these subspecies suggest tectonic displacement
greater than the 320 km of offset along the San Andreas
fault well documented by other stratigraphie, structural,
and geophysical studies (Dickinson and Grantz, 1968).

In field notes and publications, fossils from the
Vaqueros Formation have been informally called ‘“‘a
typical Vaqueros fauna,” “‘a Rapana fauna”’ or the ““Tur-
ritella inezana zone.” Although useful within a given
embayment, such assemblages mean different things to
people working in different places. Several species of
Rapana have been described that probably form a
bioseries based on morphologic changes over time. Tur-
ritella inezana, which ranges from the lower “Vaqueros”
to upper ‘“Vaqueros’ Stage, is potentially divisible into
biostratigraphic subspecies. Schenck (1935) considered the
whole Vaqueros Formation the Turritella inezana zone.
Hertlein (1928b) recognized two lower Miocene zones on
San Miguel and Santa Rosa Islands: the Turritella
1nezana zone of the Vaqueros Formation, overlain by the
Turritella ocoyana zone of the Temblor Formation. He
noted the occurrence of Rapana vaquerosensis Arnold
“only in the Turritella inezana zone;” R. imperialis
Hertlein and Jordan is more common with 7. ocoyana.
Loel and Corey (1932) suggest some overlap of zones
defined by species of Rapana and Turritella, both of
which need systematic and biostratigraphic revision
within the current stratigraphic context. Turritella
ocoyana is present well below the highest 7. inezana;
variants of the two species are found together in the
Caliente Range and the San Joaquin Hills (J.G. Vedder,
written commun., 1983). Loel and Corey (1932) and many
others referred to “Transition zone”” assemblages, which
are here assigned to the upper “Vaqueros’ Stage on the
basis of Lyropecten miguelensis and associated taxa.

Another long-used reference point in correlations of the
Vaqueros Formation is the “Lepidocyclina locality” of
Schenck and Childs (1942) in the Adelaida quadrangle 65
km south of the type locality of the Vaqueros Formation.
This outcrop represents the lower part of the section
within the same depositional basin as the rocks of the type

locality. Schenck regarded the locality (LSJU 1155 =
M7895) as the equivalent of Thorup’s member F, but
Vertipectens from the type sections of members E and
F (loc. LSJU 2412) are V. kernensts and the pectinids from
loc. LSJU 1155 are more primitive, V. perrint or a tran-
sitional form between V. perrini and V. kernensis (LSJU
accession no. 30935, and many other specimens from the
vicinity of Lime Mountain). Vertipecten perrini is older
than the lower Saucesian benthonic foraminiferal stage
assignment of Schenck. Vertipectens and benthonic
foraminifers support an Oligocene age for this part of the
Vaqueros Formation, but the overlying shale beds con-
tain latest early Miocene upper Saucesian planktonic
microfossils (Brabb and others, 1983).

The Indians Ranch area, 11 km southwest of the type
locality of the Vaqueros Formation, is another important
reference section. Vertipecten perrini, or an older tran-
sition form between it and V. alexclarks, indicates an early
Oligocene age for the Vaqueros Formation here; in time-
rock terminology it represents the unnamed stage of
Addicott (1972).

Given the changes in concepts of species and variability,
identifications in faunal lists need to be redetermined and
localities recollected for detailed biostratigraphic work.
W.H. Corey once noted (J.G. Vedder, oral commun., 1973)
that many of the Loel and Corey (1932) fossils were
brought in by ranchers or amateur collectors from general
localities. To be accurate, zonations based on such material
require field checks and measured sections.

VERTIPECTEN BIOSERIES AND THE MEGAFAUNAL STAGES
OF CALIFORNIA AND THE PACIFIC NORTHWEST

The chronostratigraphic ranges of six species of Verti-
pecten from California define 3-6 m.y. subdivisions of the
upper “Tejon” stage of Clark and Vokes (1936) and the
unnamed and ‘“Vaqueros’ Stages of Addicott (1972,
1973). They are shown in figure 12 in relation to equiv-
alent units from Washington and Oregon described or
refined by Armentrout (1975, 1977), Addicott (1977),
Allison (1978), Moore (1984c), and Moore and Addicott
(1987), after Weaver and others (1944) and Durham
(1944). Formal descriptions of stage boundaries, type
areas, and faunal assemblages are given in Addicott
(1976a,b, 1977) and Armentrout (1975). As with the
California megafaunal stages, the old stage names
(“Keasey,” “Lincoln,” and ‘‘Blakeley’’) were those of for-
mations, inappropriate and confusing when also used in
a time-stratigraphic sense.

Vertipecten fucanus is the only Vertipecten found in both
California and the Pacific Northwest, present in Kern
County, Calif., in the Olcese Sand or the undivided
Freeman Silt and Jewett Sand unit and at widely
separated localities in the Pacific Northwest: the upper
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(Specific localities and individuals shown in parentheses)

Indicates marine strata. Zemorrian and Saucesian Foram-
iniferal Stages (modified from Addicott. 1968). inter-
polated as 32-26 Ma

San Andreas fault—Arrows show relative direction of
movement

®  "Macrochlamis" magnolia ojaiensis, 5-6 ribbed subspecies

1 Pescadero Beach. Pigeon Point block (CAS 38686:
LSJU acc. no. 47625, M7157)

Central Temblor Range (LSJU 2862. M2631)

3 Pyramid Hill (UCMP B-1605: M1700: UCR 1185: UCR
1154)

San Emigdio Range (USGS 13330)

Topa Topa Mountains (CSUN 263)

Ojai Valley. type area (UCMP D-8792. UCMP A-326.
UCLA 8698. M8012)

7 Santa Susana Mountains (UCR 7586)

8 Santa Monica Mountains., Newton Canyon at Zuma

Canyon

N

(o 36 B0

A "Macrochlamis" magnolia. intermediate rib counts

W Western Santa Susana Mountains {Society of Economic Paleontolo-
gists and Mineralogists fall field trip. 1983)

X - Nipomo-Huasna basin (UCLA 4586)

Y Santa Ynez Range. south of Santa Ynez River (UCMP D-8794)

Z Santa Cruz Mountains. La Honda block (M5049; M2001)

O “Macrochlamis” magnolia magnolia. 8 or 9-10 ribbed subspecies

a Southern Coast Ranges. Tierra Redonda Mountain (LSJU acc. no
53268)

b La Panza Range, Hay Canyon (M2831)

¢ Morro/Toro Creek area (UCLA 6203: UCLA 6208)

d Cuyama Valley. Caliente Range (M2445: M3520; UCLA 5564)

e Santa Ynez Range. Jalama Creek and San Julian Ranch. type area
(LSJU acc no. 1710. UCMP A-315)

f South of Santa Ynez River. Alisal Ranch

g Santa Ana Mountams (Hypotype CAS 61039)

O Vertipecten alexclarki Addicott

A Twobar Creek. Santa Cruz Mountains (LSJU acc. no 4902=Ralph
Arnold loc. 111, Brabb and others. 1977. p 41)

B Central Temblor Range. type area (M3281). late early or early
middle Oligocene: Temblor Formation. base of the Wygal Sand
stone Member (Addicott. 1973)

FIGURE 11.—Distribution of “Macrochlamis” magnolia subspecies in the embayments of the lower ‘‘Vaqueros” stage of Addicott (1972,
1973) (after Loe! and Corey, 1932) and occurrences of Vertipecten alexclarki Addicott.
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part of the Poul Creek Formation of Alaska, Hoh rock
assemblage of Rau (1973), the Clallam Formation (Ad-
dicott, 1976b), and the lower part of the Astoria Forma-
tion of Washington, and the Astoria Formation, upper
part of the Yaquina Formation, and Nye Mudstone of
Oregon. These records permit direct correlation between
the lower Miocene Pillarian Stage of the Pacific North-
west and upper ‘“Vaqueros” Stage of California, as
discussed by Addicott (1976b) and Moore and Addicott
(1987). Moore (1984c) recognized five molluscan zones
equivalent to the five molluscan stages of the Pacific
Northwest, the Vertipecten fucanus Molluscan Zone hav-
ing the same chronostratigraphic range as the Pillarian
Molluscan Stage.

The oldest Vertipectens are geographically more
restricted: V. yneziana and V. alexclark:i are present in
upper Eocene and lower Oligocene rocks in the Santa
Ynez Mountains and in the Temblor Range and Santa
Cruz Mountains, respectively. Vertipecten yneziana
evolved gradually through V. perrini to V. kernensis (=
V. nevadanus auctt.), which dispersed north to the Santa
Lucia and Diablo Ranges, east to the Kern River area and
San Emigdio Range, and south to the Santa Ana Moun-
tains. Vertipecten bowersi has a similar widespread
distribution, overlapping the southernmost record of V.
Sfucanus in Kern County.

Vertipecten is unknown in Japan, but it may be present
in the Miocene and Pliocene of western Kamchatka. A
specimen referred by Sinel’nikova (1975, p. 94-96, pl. 13,
figs. 1a,b) to Chlamys (Leochlamys) daishakaensis Masuda
and Sawada seems to be a Vertipecten close to V.
kernensis. ’

The genus ranges from the Gulf of Alaska to Wash-
ington in the upper Eocene upper Galvinian (the old
“Lincoln”’) Stage of Armentrout (1975). Two Alaskan
species, V. popofensis and V. lachenbruchi, were described
by MacNeil (1967) from the Eocene to Oligocene Acila
shumardi zone of Schenck (1936). More recently refined
chronozones, based on species of Acila, restrict the A.
shumardi zone and its Vertipectens to the late Eocene
Galvinian Stage (Addicott, 1976¢). These species and V.
porterensis (Weaver, 1912) from Washington and V. yne-
ztana from California constitute the oldest known Verti-
pectens. They are included, with V. columbianum (Clark
and Arnold, 1923) from the Sooke Formation, Vancouver
Island, in figure 12 to summarize the range data current-
ly known for Vertipecten.

Morphologically, the Alaskan species correspond less
closely to the contemporaneous V. yneziana than to
younger Vertipectens from California. Vertipecten lachen-
bruchi (MacNeil, 1967, pl. 1, figs. 3-8; pl. 2, figs. 4-7) is
similar to V. perrini and V. alexclarki, and Vertipecten
popofensis (MacNeil, 1967, pl. 2, figs. 1, 3, 5, 6) resembles
V. kernensis.

NEW WORLD-OLD WORLD COGNATE SPECIES
AND IMPLICATIONS FOR CORRELATION

MACROCHLAMIS FROM CALIFORNIA AND SWITZERLAND

“Macrochlamis” magnolia from California and speci-
mens referred here to M. terebratulaeformis (M. tournalit
of authors, in part) from the Swiss Molasse near Sainte-
Croix are almost identical cognate species long used in
their respective provinces for zonation and correlation.
If their relation is as close as their morphology implies,
they permit direct correlation between upper Oligocene
and lower Miocene California megafaunal stages and
classic European divisions now related by planktonic
foraminiferal zones (fig. 134). In the continuous process
of refining age and stage boundaries, resolution is
improved by working out the detailed biostratigraphic
ranges of well-known megafaunal reference species such
as these.

The Swiss specimens are referred here to M. terebra-
tulaeformis; this species also is present in the Burdigalian
of the southwestern-most part of the Rhone Valley of
France (Roger, 1939). It may be a facies controlled
species, and its exact temporal relation to M. tournalii
is as yet unknown. The section near Sainte-Croix from
which the specimens came was considered Helvetian or
Burdigalian by most workers (de Lapparent, 1885; Rit-
tener, 1902; Leriche, 1927; Gignoux, 1950; Augustin Lom-
bard, written commun., 1973), appreciably younger than
the Upper Chattian and Lower Aquitanian Stages of
Steininger (1977) suggested by California cognates in the
equivalent upper lower to middle ‘“Vaqueros’ Stage. A
geological map of the east end of the Auberson Tertiary
basin refers the molasse in the area to the Burdigalian
and Aquitanian (Renz and Jung, 1978).

Tertiary molasse near Sainte-Croix is located in several
small synclinal basins detached from the main Swiss
Molasse and surrounded by Cretaceous rocks that crop
out between the Jura Mountains and the Alps. The
sediments were deposited in shallow water in the perial-
pine trough that connected the Rhone Valley embayment
of the western Mediterranean and the Vienna Basin to
the east (fig. 13B). Eames and Savage (1975) noted that
transgressive seas entered the Rhone Valley during the
Aquitanian and lower Burdigalian stages but did not reach
the Vienna Basin until the middle Miocene upper Bur-
digalian Stage. Because M. terebratulaeformis has been
reported only from the western Mediterranean, it is prob-
ably no younger than the lower Burdigalian Stage of late
early Miocene age.

The Tertiary molasse in the Auberson Valley northwest
of Sainte-Croix is 50 m thick and poorly exposed; fossil-
iferous beds are rare along the road between La Chaux
and Vraconne (Augustin Lombard, written commun.,
1973). The section, which represents a very small ero-
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FIGURE 12.—Chart showing Vertipecten and Acila ranges and megafaunal stage correlations between California and the Pacific
Northwest. Megafaunal and microfaunal stages modified from Allison (1978), Addicott (1977), Armentrout (1975), Poore
(1980), Armentrout and others (1983), and Moore (1984 ¢ ). Molluscan zones of Moore (1984 ¢ ). Pacific Northwest Vertipecten

ranges from the literature.
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FIGURE 12.—Continued.

sional remnant of the Tertiary record, probably does not | in figure 13A4; the upper few meters of conglomerate
span the Aquitanian to Tortonian Stages as believed by | contain megafossils, including Ostrea crassissima. The
Rittener (1902) and later workers. Lithologic subdivisions | macrochlamid suggests that most if not all of the section
in the Swiss molasse in the Auberson Valley are shown | is in the Aquitanian Stage and of early Miocene age.
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Santa Margarita Formation (Miocene}—From oldest to youngest: Bioturbated Ranges of "Macrochlamis" and
white sandstone and basal pebble conglomerate; pellitic phosphate beds. Vertipecten kernensis

mudstone and bentonite; thick beds of gypsum and coquina; mudstone

and coarse-grained pebbly sandstone (Thor, 1978) Macrochlamis terebratulaeformis

\
N\

"M." magnolia ojaiensis, n. subsp.

7

Monterey Formation (Miocene)—Grayish-yellow siliceous shale with a medial
bedded sandstone

[T

"M." magnolia, s.s.

Rincon Formation of Weaver and Kleinpell (1969) (Miocene and Oligo-
cene})—Thin-bedded fissile bentonite bed, uppermost Rincon Shale of
Fritsche and Shmitka (1978); nonresistant dark-gray to dark-brown,
mainly massive siltstone containing foraminifers

Vertipecten kernensis

Fossil localities—See "Locality data”

Vaqueros Formation (Oligocene—early Miocene) CSUN 263: MCZ 18104, 18106
Tvu Upper member—Massive and bedded fossiliferous glauconitic sandstone
Tvm Middle member—Brown claystone, mudstone, and silistone

Lower member—Sandstone, fossiliferous limestone, and mudstone (Reid,

™ | 1978

Sespe Formation of Dibblee (1950) (Oligocene}—Nonmarine yellow-brown
to red-brown crossbedded sandstone and conglomerate, red and green

siltstone interbeds

FIGURE 13.—New World-Old World megafaunal stage correlations. Compiled from Allison (1978), Steininger (1977), and Gignoux (1950) on the
time scale of Berggren and others (1985). A, Megafaunal stage correlations based on species of “Macrochlamis”’ and Macrochlamis.
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EAST-WEST CORRELATIONS BETWEEN CALIFORNIA AND
THE SOUTHEASTERN ATLANTIC COASTAL PLAIN

In 1854 Conrad identified a California macrochlamid,
Pecten magnolia, as Pecten jeffersonius Say, 1824 from
the Chesapeake area, leading early paleontologists to cor-
relate Miocene marine beds from California with those
of the coastal plain of Maryland and Virginia. The western
forms are here referred to “Macrochlamis’” magnolia,
s. 1., the east coast complex to Chesapecten, the subject
of a biostratigraphic study by Ward and Blackwelder
(1975); both have been identified in the literature as
Lyropecten. The “Macrochlamis’ magnolia and Chesa-
pecten jeffersonius bioseries, although unrelated to each
other, are excellent provincial biostratigraphic markers:
“Macrochlamis” for the Oligocene and early Miocene of
California, Chesapecten for the middle Miocene to Pliocene
of the Atlantic Coastal Plain.

Tertiary Caribbean Nodipectens are rare in the south-
ern Atlantic Coastal Plain except in some south Florida
Neogene formations. They are of limited use for provin-
cial correlation because of the lack of precise biostrati-
graphic data for spoil-bank material and the difficulties
of identifying formations in an area of thin, discontinuous
units. Oaks and DuBar (1974) summarize the regional
stratigraphic setting within which the Nodipecten species
are considered here. California megafaunal stages are cor-
related with Atlantic Coastal Plain formations and stages
in figure 14; occurrences of Nodipecten and ““Lyropecten”
are also shown. Neither Nodipecten nor Lyropecten is
present in the Chesapeake Group (Choptank, Calvert, and
Yorktown Formations) as noted by Tucker-Rowland
(1938a) and Gardner (1943).

In many cases formations in the Atlantic and Gulf
Coastal Plains are considerably younger than reported in
the early molluscan literature. Revised ages have impor-
tant implications for correlations between units in Florida
and those of the Dominican Republic, Venezuela, Panama,
and Baja California Sur, Mexico. Megafossiliferous clastic
deposits are commonly coarse grained and devoid of
microfossils; planktonic foraminiferal zones are included
in figure 14 where available from the literature. The units
from which many museum specimens were collected,
generally without detailed stratigraphic data, are litho-
logically similar. Sediments were deposited in rapidly
changing nearshore environments represented by facies
that have been considered by authors or specimen
labellers as formations, members, or informal beds. The
Tamiami Formation, in which Nodipecten is abundant, and
the Hawthorn Formation have undergone repeated revi-
sions in stratigraphic nomenclature, as detailed by Peck
and others (1979).

FOSSIL NODIPECTENS FROM THE SOUTHEASTERN
ATLANTIC COASTAL PLAIN

Four Nodipecten taxa are recognized in the southern
Atlantic Coastal Plain between Lake Waccamaw, N.C.
and the Florida Keys. From oldest to youngest, they are
N. collierensis, N. peedeensis, N. pernodosus, and the
common Holocene form, N. fragosus. Transgressive-
regressive marine cycles preclude tracing a complete
phylogenetic series, as the marine record is broken by a
number of emergent periods (Oaks and DuBar, 1974; Peck
and others, 1979). All but N. pernodosus lived in open-
marine nearshore environments; all but N. collierensis are
restricted to the southeastern Atlantic and Gulf Coastal
Plains.

Nodipecten collierensis is a Tertiary Caribbean Province
species found in upper Miocene and lowermost Pliocene
beds in Florida and Venezuela, its direct descendant, N.
nodosus, is represented in the Boleo Formation in eastern
Baja California Sur, Mexico. Abundant in the Pinecrest
Sand Member of Puri and Vanstrum (1969) of the Tami-
ami Formation and the Buckingham Marl of former usage,
the taxon is also present in beds at Lake Waccamaw,
North Carolina, that are believed to be as young as late
Pliocene in age (Lucy McCartan, written commun., 1981),
although other occurrences of the species are older (late
Miocene to early Pliocene). In the upper part of the
Tamiami Formation of Florida and in the Paraguana For-
mation of Falcon, Venezuela, N. collierensis co-occurs
with Chlamys tamiamiensis (Mansfield), an index fossil
of a late Pliocene molluscan zone recognized by Hunter
(1978).

Nodipecten peedeensts is the Atlantic Coastal Plain
cognate of N. veatchii, an eastern Pacific late Miocene
index fossil restricted to the Vizcaino Peninsula, western
Baja California Sur, Mexico. Nodipecten peedeensis is very
rare, known only from a few specimens from North and
South Carolina; it may represent a relict of a wider rang-
ing Tertiary Caribbean fauna, but it is too poorly known
for use in correlation. )

Nodipecten pernodosus (Heilprin) is endemic to the area
around the type locality of the Caloosahatchee Formation
in south Florida. It is closest to N. collierensis, from which
it probably evolved in the late Pliocene; it has unique mor-
phologic characters (a proportionally short hinge, nodes
on all ribs of both valves, numerous constrictions or shell
ledges) that may reflect an isolated lagoonal habitat that
rapidly increased in salinity and dried up.

Nodipecten fragosus evolved in the late Miocene or early
Pliocene after the Hispaniola Arc formed a barrier be-
tween the Cartbbean and the Gulf of Mexico. It lives today
from the Yucatan platform to Florida and North and
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South Carolina, but it is too uncommon to be a useful Ter-
tiary index fossil.

In contrast to Caribbean and west Mexican Nodipec-
tens, those that lived in Florida occupied a relatively stable
coastal plain that has undergone no major Neogene plate
tectonic rearrangement. Distribution patterns probably
reflect current patterns during periods of transgression
and regression and extinctions owing to periods of
emergence resulting from glacio-eustatic drops in sea level
or lithospheric flexures that warped the coastal plain in
the late Neogene (Cronin, 1981).

Megafaunal stages, widely used chronostratigraphic
units in the Tertiary of California and the Pacific north-
west, are not so useful for southeastern Atlantic Coastal
Plain geology, where megafossiliferous marine formations
tend to be thin and discontinuous. Provincial Pliocene
stages were proposed by Blackwelder (1981) for type
areas in the middle Atlantic Coastal Plain. The Miocene
stages recognized by Puri and Vernon (1964) have for-
mation or group names based on sections from northwest
Florida; these stages have not been applied to formations
in south Florida.

SYSTEMATIC PALEONTOLOGY

The classification scheme given here, modified from
Waller (1978), is based on shell ultrastructure, ligament,
mantle edges, and soft parts.

Phylum MOLLUSCA
Class PELECYPODA Goldfuss, 1820
Superorder PTERIOMORPHIA Beurlen, 1944
Order OSTREOIDA Férussac, 1822
Suborder PECTININA Waller, 1978
Superfamily PECTINACEA Rafinesque, 1815
Family PECTINIDAE, Rafinesque, 1815

Genera Lyropecten Conrad, 1856
Macrochlamis Sacco, 1897a
Vertipecten Grant and Gale, 1931
Nodipecten Dall, 1898

In the Treatise of Invertebrate Paleontology, 1969, Part
N, vol. 1, Hertlein arranged taxa below the family level
in groups rather than in subfamilies that would imply
established relations and distinctions. He listed Lyropec-
ten, Macrochlamis, Vertipecten, and Nodipecten, and
thirty other subgenera under Chlamys, on the basis of
valve convexity, byssal notch, and radial sculpture. Of the
four genera considered here, Vertipecten probably de-
scended from Chlamys but the origins of the others are
uncertain. Though some morphologic details suggest
Nodipecten evolved from Lyropecten, the fossil record

may eventually indicate separate origins. Extensive,
unstudied Tertiary marine sequences in west Mexico, the
Bolivar Trough, and the Yucatan Peninsula probably con-
tain critical data for phylogenetic relations between
Lyropecten and Nodipecten. The classification scheme that
most accurately reflects present knowledge treats the
four as genera of unspecified affinity to Chlamys or to
each other.

COMMENTS ON TAXONOMIC ARRANGEMENT
AND RANKING

Taxa are listed in alphabetical order by species, the
lowest taxonomic unit for most Lyropectens and Verti-
pectens. The California macrochlamids are classified as
subspecies of sequential geologic age and some geographic
overlap. Ranking for Nodipectens reflects convenience
and brevity, and for those taxa represented by few
specimens, classification is typological. There are nine
closely related Tertiary Caribbean Nodipectens with 2-3
m.y. geologic ranges within the period of late Miocene to
Holocene time. Many have been referred to subspecies
of one another; this practice has been confusing because
a given taxon could have two valid names, one as a
subspecies of a Holocene taxon, the other of a fossil
species. In some instances systematic relations are more
precisely known than the nomenclature suggests, but such
degrees of closeness cannot be shown by names. A
cladistic analysis was beyond the scope of this work but
might offer a way of depicting relations for which the time
of branching is not precisely known, although at the
specific level there may be few recognizable branches or
cladistic characters with which to work.

Morphologic terms used in this paper are defined in
figure 15. Species descriptions include, in this order: valve
profile and outline, height of beaks, auricle size and shape,
byssal notch depth, hinge length, umbonal angle (varies
with shell convexity), ribbing, macrosculpture (costae,
lirae, not shell microsculpture); key rib and node patterns,
color where present; size of the largest individual
measured.

Lyropecten (Conrad, 1862)

Type species.—Pallium estrellanus Conrad, 1856 (subse-
quent designation, Dall, 1898).

Conrad (1867) reintroduced his new genus Lyropecten
and listed one species, L. crassicardo, not recalling that
in 1862 he had already described the genus and listed two
species, P. estrellanus and P. crassicardo.

Diagnosis.—Valves circular in outline, equally convex in
profile; moderately flat to gibbous, some species tending
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F Rib notation

Left valves
1 generation of nodes
. Posterior Anterior Posterior
Anterior
Anterior
r incipient
R riblet (o)
. R— Posterior lateral
N Anterior lateral —R key rib

key rib

r .
N.-Central nodose key rib MMV rib
Rib profile: Mm —Rib profile

-rrRrrRCrr Rrrr .
Full rib scheme: r N r N.r N R r or « 2 R2r R_2r R 3r Full rib scheme
Diagnostic scheme: N r N, r N Diagnostic scheme: R 2r R. 2r R
Rib count: 8 Rib count: ¢ 12

Right valves

Posterior Anterior Posterior Anterior

Posterior incipient

riblets (ee) Incipient anterior
riblets (s )
/Central space /Central space
Rib profile: ~~A—/ /o NV~~~ Rib profile
Rib scheme (complete): oo r r rr r r r r 2r 2r 3r « « Rib scheme
{complete)
Diagnostic rib pattern: Ribs evenly spaced Diagnostic  Ribs paired or grouped on either
rib pattern: side of wide central space
Rib count: ¢+ 8 Rib count: 7

Diagnostic rib or node schemes are determined with respect to the central space or central key rib; in left valves, the significant pattern
shows up in the number of regular costae (r) between the central key rib (NC or R..) and the anterior and posterior lateral keys (N or R).

Key rib--any wider. raised or more prominent rib, commonly on left valves of Nodipectens and some Lyropectens. Taxa that have them

usually have a central key rib (R.) and one or more lateral ribs (R). Where nodes are developed, the central key rib is designated N. ,
laterals as N.

Representative node or rib schemes for left valves of certain pectinids:

Vertipecten bowersi R 2r R. 2r R
Lyropecten crassicardo, L. magnificus.
L. modulatus, L. colinensis, s.I. R 2r R, 2r R
L. catalinae, L. gallegosi, L. cerrosensis R 3r R. 3r R
Nodipecten arthriticus N 2r Nor N or R 2r Ro v R
N. subnodosus NrN. rN
N. nodosus, N. fragosus, N. arnoldi NrN.rNor RrR.rR

FiGure 15.—Continued.
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to have rounded or angular ledges. Radiating ribs or-
namented by radial costae in most taxa (but not the type
species); interspaces with one or more radial riblets cross-
ed by concentric lirae or growth lines. Auricles subequal,
costate, and lirate, hinge line less than half shell length.
Byssal notch moderately deep, ctenolium present in
juveniles, preserved in some adults. Three pairs of hinge
teeth in right valves, two pairs in left valves. Some species
with regularly spaced ribs, others with prominent key ribs
arranged in patterns characteristic of different phylo-
genetic lineages within the genus. Some of the species
with key ribs also have nodes.

Similar to Nodipecten in valve outline and profile, hinge
characters, ctenolium, and fine sculpture; unlike Nodi-
pecten in having nearly equal auricles, a shallow byssal
notch, and regularly spaced ribs rather than left valve ribs
and right valve interspaces of alternating widths. Most
species lack nodes, but in the group including L. crassi-
cardo and L. magnificus, hollow nodes evolved over time
from elongate thickenings along key ribs. Nodipecten
nodes are commonly larger and bulbous. Lyropecten
differs in growth form and proportions from “Macro-
chlamrs,” which is represented in California by taxa hav-
ing large auricles, hinge lines greater than half the shell
length, a shallow byssal notch, and no tendency to develop
ledges, key ribs or nodes. Vertipecten has many characters
that distinguish it from Lyropecten: a convex left valve
and flat right valve, the number and character of im-
bricated ribs, shagreen microsculpture, deep byssal notch,
and a smooth hinge area lacking crura.

Lyropecten catalinae (Arnold, 1906)
Plate 27, figures 2, 3, 7; plate 28, figures 1, 6

1906. Pecten (Lyropecten) estrellanus Conrad var. catalinae Arnold, U.S.
Geological Survey Professional Paper 47, p. 76-77, pl. 20, figs.
3, 3a, 4.

1907. Pecten Estrellanus Trask, Southern California Academy of Sci-
ences Bulletin, v. 3, no. 8, p. 140.

1931. Pecten (Lyropecten) estrellanus Conrad (in part). Grant and Gale,
San Diego Society of Natural History Memoir, v. 1, p. 185, pl.
8, fig. 4.

1976. Lyropecten estrellanus catalinae (Arnold). Vedder and Howell,
American Association Petroleum Geologists Miscellaneous
Publication 24, p. 90.

1979. Lyropecten catalinae (Arnold). Vedder, Howell, and Forman,
Society of Economic Paleontologists and Mineralogists, Pacific
Section, Pacific Coast Paleogene Symposium no. 3, p. 249, 250,
table 5.

Holotype.—LSJU 30, a right valve of a young adult 7.6
cm high, 7.4 e¢m long.

Type locality.—Santa Catalina Island, Calif. Arnold
reported the type specimen “from a limy matrix near the
Isthmus,” but later work (Vedder and Howell, 1976, Ved-
der and others, 1979) suggests it came from the center
of the island on the north side of the saddle between
Mount Banning and Mount Orizaba (USGS loc. M6868).

Matrix material in the holotype is a hard, white,
medium- to coarse-grained marly tuff. Megafossils
associated with the species on Mount Banning (USGS loc.
M6868) are represented mainly by external molds; Ved-
der and Howell (1976) also report rare specimens of Hin-
nites sp. cf. H. giganteus (Gray).

Age.—Late middle Miocene.

Paratype.—LSJU 561, internal shell of right valve.

Significant hypotypes.—UCMP 37385, a right-valve
hinge fragment; UCMP 37386, a left valve; UCMP 16098.

Taxonomic comments.—Lyropecten catalinae is neither
a subspecies nor a direct ancestor of L. estrellanus. It
belongs to a more southern stock that includes L. gallegosi
and L. cerrosensis and may be conspecific with the former.

Description.—Valve profiles flat to slightly convex, not
ledged; height equals length. Beaks project slightly
beyond hinge line. Auricles nearly equal, with costae
crossed by concentric growth lines. Byssal notch deep,
hinge line about half shell length. Umbonal angle wide,
105° in right valve, 110° in left valve. Adult right-valve
ribs 17-19, flat topped, rectangular, separated by inter-
spaces containing one midriblet. Left valves rare, poorly
preserved, with 16-18 coarsely costate ribs, one midriblet
per interspace. Diagnostic but barely developed key ribs
in central and the fourth anterior and posterior lateral
positions, a central rib scheme denoted R 3r R, 3r R.
Anterior and posterior dorsal shell margins radially
costate. The species is known from about two dozen
specimens, many fragmental and only one articulated
(hypotype UCMP 16098). The largest individual measured
11.7 em high, 12.5 cm long (incomplete and deformed,
hypotype UCMP 37401).

Comparative notes.—Lyropecten catalinae has been con-
fused with L. estrellanus, which has a similar rib count
and interspace sculpture but differs in having convex
valves and rounded ledges, and which is found in younger
(late Miocene) rocks in northern and central California.

Phylogenetic affinities.—Lyropecten catalinae, L.
gallegosi, and L. cerrosensis form a phylogenetic sequence
based on morphologic characters and stratigraphic posi-
tion. Rib counts are 16-18 in L. catalinae and L. cerrosen-
sts, 20-21 in L. gallegosi, not a progressive increase in
number from stratigraphically older to younger, although
left-valve key ribs do increase in prominence in younger
taxa.

The species is a warm-water form, and the lineage is
best represented in upper Miocene and Pliocene rocks of
the Vizeaino Peninsula, Baja California Sur, Mexico.

Geographic distribution and stratigraphic occur-
rence.—Santa Catalina Island and eastern Ventura Basin,
California.

Santa Catalina Island (Vedder and others, 1979). North
side of saddle between Mount Banning and Mount Orizaba
(USGS M6868), in lenticular calcarenite and conglomer-
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atic sandstone, where it is found with Hinnites giganteus
(Gray). Cottonwood Canyon area (USGS M6873), in
volcaniclastic sandstone and conglomerate containing bar-
nacles, bryozoans, echinoid spines, and lower Mohnian
Stage foraminifers (J.G. Vedder, oral commun., 1981).

Eastern Ventura Basin (Oakeshott, 1958), Modelo For-
mation (UCMP D-8261; UCMP A-4328). Towsley Forma-
tion (Kern, 1973), from Elsmere Canyon (SDSNH loc. 209;
Grant and Gale, 1931, pl. 8, fig. 4; UCLA loc. 5800).
Castaic Formation, basal transgressive facies in Ridge and
Soledad basins (L. estrellanus of Stanton, 1967).

Geologic age.—Late middle Miocene to late Miocene.

Biostratigraphy.—‘Margaritan” Stage. Lyropecten
crassicardo, another ‘“‘Margaritan’ index fossil has been
reported from Cactus Peak, Santa Catalina Island
(M6869), but precise stratigraphic relations between rocks
containing the two species have not been determined (J.G.
Vedder, oral commun., 1976).

Lyrepecten ‘cerrosensis (Gabb, 1866)
Plate 27, figures 5, 6; plate 28, figures 2, 3, 4

Pecten cerrosensis Gabb, Paleontology of California, v. 2, p.
32; 1869, pl. 9, figs. 55, 55a.

Pecten (Lyropecten) ashleyi Arnold, U.S. Geological Survey
Professional Paper 47, p. 122-123, pl. 47, figs. 1, 1a; pl. 48,
fig. 1.

Pecten (Plagioctenium) cerrosensis Gabb. Arnold, U.S.
Geological Survey Professional Paper 47, p. 123-124, pl.
44, fig. 5; pl. 49, figs. 1, 1a, 1b [=Argopecten].

Pecten (Plagioctenium) cerrosensis Gabb. Hertlein, Califor-
nia Academy of Sciences Proceedings, v. 14, no. 1, p. 15,
pl. 6, fig. 1.

Pecten (Lyropecten) cerrosensis Gabb. Jordan and Hertlein,
California Academy of Sciences Proceedings, v. 15, no. 14,
p. 432-433, pl. 32, fig. 4.

Pecten (Lyropecten) estrellanus (Conrad) var. cerrosensts
Gabb. Grant and Gale, San Diego Society of Natural History
Memoir, v. 1, p. 187, pl. 8, figs. 1a, 1b, 2a, 2b; pl. 9, fig. 2.

Lyropecten cerrosensis (Gabb). Woodring, U.S. Geological
Survey Professional Paper 190, p. 21, 32-35, pl. 7.

Lyropecten cerrosensis (Gabb). Durham and Addicott, U.S.
Geological Survey Professional Paper 524-A, p. A13, pl.
3, fig. 8.

Chlamys (Lyropecten) cerrosensis (Gabb, 1869). Hertlein and
Grant, San Diego Society of Natural History Memoir 2B,
pt. 2, p. 209, pl. 34, figs. 1-4; pl. 36, fig. 7.
Holotype.—UCMP 32669, a large two-valved individual

from Cedros (“‘Cerros’ of early authors) Island, off the

west coast of Baja California Sur, Mexico. Height 21 ¢m,
length 22.6 cm. After Gabb described L. cerrosensts, the
holotype was misplaced for about 50 years. Presuming
the type lost, authors used Arnold’s name, Pecten ashleys,
until the Gabb type was recognized in the collections at

UCMP (Joseph Peck, oral commun., 1973).

Type locality.—Cedros Island, Baja California Sur, Mex-
ico. Subsequent mapping and collecting by Frank Kilmer
restrict the type area to the southeast coast of the island,
in cliffs below the town of Cedros. The sandstone, which

1866.

1906.

not 1906.

1925Db.

1926.

1931.

1938.

1965.

1972.

has not been formally named, was considered ‘‘probably
Miocene” by Gabb; field checking for this paper suggests
it is Pliocene in age and possibly reworked.

Significant hypotypes.—UCMP 12082 (= holotype of
Pecten ashleyi Arnold); UCMP 36469 (Durham and Addi-
cott, 1965, pl. 8, fig. 8).

Taxonomic comments.—Arnold’s referral of Gabb’s
species to the subgenus Plagioctentum [ = Argopecten] led
many later workers and curators to confuse argopectinid
species with Pecten cerrosensis. Taxa misidentified as L.
cerrosensis include Pecten hakei Hertlein, P. subdolus
Hertlein, P. callidus Hertlein and P. circularis Sowerby
(Jordan and Hertlein, 1926, p. 433).

Description.—Valves equally convex, not ledged; length
slightly greater than height. Beaks project slightly beyond
hinge line. Auricles subequal, small in proportion to adult
shell size, with fine to obsolete costae. Byssal notch
shallow to moderately deep. Hinge line about half shell
length. Right valves with 16-18 unstriated, rectangular
ribs; rib profiles high and narrow in juveniles, lower and
flatter in adults. Juvenile interspaces with one midriblet,
adult spaces with several fine threads. Left-valve ribs
16-18, anterior-most and posterior-most ribs commonly
obsolete. Left valves with three or more slightly developed
key ribs in a pattern described as R 3r R, 2r r. Some in-
dividuals have a fourth incipient raised rib two positions
in front of the anterior key rib, a scheme described, from
anterior to posterior, as 2r R 2r R 3r R 3r R 4r (hypotype
LACMIP 4505 from locality LACMIP 305-C). Key ribs
are better developed in juvenile to young adult forms as
much as 12-13 em high (pl. 28, fig. 2); they are neither
thickened, as in evolutionarily advanced forms of L.
crassicardo, nor nodose, as in Nodipecten species. The
largest individual is 20.5 ¢m high (incomplete), and 22.8
em long (locality UCMP A-1360, Cedros Island).

Variability.—The largest specimens come from Cedros
Island, where they are common; they become progressive-
ly smaller and rarer to the north. Rib number between
juveniles and adults varies by one. Shells of mature speci-
mens may have posterior elongation of no phylogenetic
significance. Rib profiles are high and narrow in juveniles,
lower and rounded near ventral edges of adult shells.

Comparative morphology.—Lyropecten cerrosensis dif-
fers from L. catalinae and L. gallegost in having fewer
ribs (16-17 rather than 17-19), rounder, less rectangular
rib profiles and numerous fine striae in the interspaces.
Single right valves of the three species are hard to
distinguish.

Phylogenetic affinity.—Lyropecten cerrosensis is the
youngest member of the phylogenetic series L. catalinae-
L. gallegosi-L. cerrosensis and attains the largest adult
size. The most distinctive morphologic clue to this series
is the development of left-valve key ribs in the pattern
R3rR,3rR.
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Geographic distribution and stratigraphic occur-
rence.—Neogene basins of Cedros Island and the Vizeaino
Peninsula, Baja California Sur, Mexico to southern and
central California: San Diego, Los Angeles, Ventura,
Santa Maria, and the southern Salinas Valley. San Joa-
quin Valley, Panorama Hills 7%-minute quadrangle.

Representative localities.—Baja California Sur, Mexico:
unnamed Pliocene strata, Cedros Island: CAS 946, 928;
UCMP D-8795; UCMP A-1360; upper part of the Alme-
jas Formation, Turtle Bay (LSJU loc. 807). Baja Califor-
nia, Mexico: La Cresta Formation, El Rosario Arriba
(UCMP B-3269); San Diego Formation, Rosarito Beach,
(U.C. Davis 248), from conglomerate 20 ft above base of
formation (Rowland, 1972).

California Neogene basins: San Diego Formation
(SDSNH 2287; LACMIP 305-C; SDSU 45; UCR 7583).
Niguel Formation (M2098, M2099, and Vedder, 1960).
Capistrano Formation, upper part (M2106), in a mixed
assemblage of deep-water and displaced shallow-water
organisms deposited by turbidity currents in 1,050-1,200
m (Kern and Wicander, 1974). Pico Formation (LLSJU ac-
cession nos. 1639, 2938) and southeast of Pico Canyon
(SDSNH 228). Santa Monica Mountains (Woodring, in
Hoots, 1931, p. 116, 119). Careaga Formation, Santa
Maria basin (Woodring and Bramlette, 1950) LSJU aec-
cession nos. 22360, 47622). Repetto Formation of former
usage (LACMIP 291, USGS 3426; Oakeshott, 1958, as L.
estrellanus). Fernando Formation, type section at north
end of Los Angeles Aqueduct, San Fernando Valley
(LSJU accession no. 53242) and Puente Hills (Durham and
Yerkes, 1964); eastern Ventura Basin, Pico Formation,
Camulos quadrangle (Winterer and Durham, 1962 and
LSJU accession nos. 22373 and 22375) and Simi Valley
(Woodring, 1930); Saugus Formation (UCLA 2535; UCR
7581; UCR 7585). Pancho Rico Formation (UCMP A-911,
A-2939; USGS 3542; M952; M1341); rare, disarticulated
specimens from these southern Salinas Valley localities
are smaller than more southerly counterparts, as expected
for a subtropical form at its northernmost range. Lyro-
pecten terminus and Forreria belcheri (Hinds) are also
found in the Pancho Rico Formation at these localities.

Geologic age.—Late Miocene to late Pliocene.

Brostratigraphy.—The species is found in rocks equiv-
alent to the upper “Etchegoin” and “San Joaquin”
Stages, although these may not be appropriate names for
chronostratigraphic units in west Mexico. Lyropecten
cerrosensts is not found in the San Joaquin Valley type
sections of these stages. At Cedros Island the species is
common in beach sections south of town, where it forms
Pecten-coralline algae beds (locality UCMP D-8795).

Paleobiogeography.—The presence of L. cerrosensis in
the western Cholame Hills is further evidence of the
seaway connecting the Salinas Basin and the Santa Maria
Basin (Addicott and Galehouse, 1973). It has not been
found with L. terminus in the San Joaquin Valley near

Coalinga, but a single right valve from unnamed marine
sedimentary rocks in the Panorama Hills 7Y%2-minute
quadrangle (M7898) is tentatively referred to L. cerrosen-
sts. Additional material including diagnostic left valves
could have important biogeographic significance.

Lyropecten colinensis colinensis
(F. and H. Hodson, 1927)

Plate 16, figures 5-7; plate 19, figures 1, 3, 5

1927. Pecten aff. (Nodipecten) colinensis F. and H. Hodson, n Hodson,
Hodson, and Harris, Bulletins of American Paleontology, v. 13,
no. 49, p. 33-34, pl. 18, figs. 3, 6; pl. 19, fig. 4.

1964. Lyropecten (Nodipecten) sp. “b”. Weisbord, Bulletins of American
Paleontology, v. 45, no. 204, p. 162, pl. 17, figs. 4, 5 [fragment;
probably the posterior part of a left valve].

1968. Chlamys (Nodipecten) colinensts (Hodson and Harris). Mongin,
Bulletins of American Paleontology, v. 54, no. 245, p. 487, pl.
438, fig. 1.

1971. Lyropecten (Nodipecten) ef. colinensts (F. and H. Hodson). Jung,
Bulletins of American Paleontology, v. 61, no. 269, p. 165, pl.
1, fig. 3.

1982. Nodipicten clydonus Woodring, U.S. Geological Survey Profes-
sional Paper 306-F, p. F599, pl. 101, figs. 5, 6.

Holotype.—PRI 21691, a two-valved individual, 8.3 cm
high, 9.7 cm long.

Type locality.—Falcon, Venezuela, Colina District;
Buena Vista structure at La Vela. From section running
east-west beginning east of Taratara (Hodson field loc.
115). Outcrop of sandy yellow limestones 10 in. to 2 ft
thick; hard, massive beds containing pectinids, large
oysters, and very large echinoids.

Age.—Middle Miocene (Hodson); probably Caujarao For-
mation, Mataruca Limestone Member that is late middle
Miocene in age (J. Gibson-Smith and W. Gibson-Smith,
1979).

Paratype.—PRI 21954 (Hodson field locality 125).

Description.—Valve profiles moderately convex, some
with evenly spaced nodose ledges. Length slightly greater
than height. Beaks project slightly beyond hinge line.
Auricles subequal, lirate, the anterior auricle with 5-6
costae. Byssal notch moderately deep. Hinge line about
half shell length. Umbonal angle 90°-92°. Right valve with
11-12, rounded-rectangular, evenly spaced ribs. Left-valve
ribs 12-13; ledges and nodes prominent in juveniles as
much as 2 em in height, also common in adults. Hollow
nodes on every third rib in a pattern described as N 2r
N, 2r N; additional anterior and posterior ribs may also
have nodes. Anterior and posterior dorsal shell margins
commonly striate, with numerous scaly ridges rather than
fully developed riblets. Well-preserved material with
prominent scales or frills where concentric growth lines
cross radial riblets. Adults are as much as 10 cm high and
10.4 em long (NMB G16551, locality 13117).

Comparative morphology.—Young right valves of L.
colinensis, s.s. and Nodipecten arnolds are similar, but left
valves are easily separated by rib scheme and rib count
(N r N. v N, 9 ribs in N. arnoldr).
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Phylogenetic affinities.—The left-valve node scheme (N
2r N, 2r N) places L. colinensis, s.l. with the eastern
Pacific L. ¢rassicardo-L. magnificus stock of Miocene to
Holocene age. Lyropecten colinensts, s.l. shares with the
Caribbean Nodipectens the tendency toward coarse scaly
macrosculpture and flanged nodes at former shell mar-
gins. The possibility that L. colinensis is a convergent
Nodzpecten that happened to develop a Lyropectinid node
scheme is suggested by specimens from Guadeloupe, West
Indies (Mongin, 1968). Present morphologic evidence and
the Panamic fossil record favor grouping L. colinensts,
s.s. with the Pacific Lyropectens rather than with the
western Atlantic Nodipectens.

Lyropecten colinensis vokesae, n. subsp. is probably a
direct descendant of L. colinensis, s.s.

Geographic distribution and stratigraphic occur-
rence.—Caribbean region: Panama, Venezuela, Trinidad,
Guadeloupe.

Paraguana Peninsula, Falcon, Venezuela, Cantaure
Formation (UCMP S-144), in soft yellow marl. Early
Miocene foraminifers referable to the Globigerinatella in-
sueta zone of Bolli (1957) were found at the type locality
of the Cantaure Formation molluscan horizon, which is
overlain by a middle or upper Miocene limestone (Hunter,
1978). The precise stratigraphic level of UCMP S-144 is
unknown.

La Vela area. Caujarao Formation, Mataruca Lime-
stone Member, a massive limestone (USGS 6296; UCMP
S-305; NMB 13117). J. Gibson-Smith collected another
specimen from the Cementerio de Carrizal outcrop near
Mataruca, believed to be Hodson’s locality 185 and con-
sidered late middle Miocene in age (J. Gibson-Smith and
W. Gibson-Smith, 1979). San Gregorio Formation of L.W.
Henry, specimen labels (UCMP S-284, S-287).

Trinidad. Tamana Formation, Guaracara Limestone
Member (NMB 10636), lower or middle Miocene (Barr and
Saunders, 1968).

Carriacou. Carriacou Formation, late early Miocene to
early middle Miocene. Specimens from Trechmann (1935)
were re-examined by Jung (1971), including a lot numbered
BM(NH) Department of Paleontology, LL24528, top of
Bretache Point, southeast part of the island.

Grand Terre, La Guadeloupe (Mongin, 1968, pl. 43).

Panama, Madden Basin. Alhajuela Formation, lower
member (USGS 5906A, type locality of Nodipecten
clydonus Woodring, 1982).

Geologic age.—Early Miocene to late middle Miocene.

Lyropecten colinensis vokesae,
new subspecies

Plate 16, figures 1-3; plate 17, figure 3; plate 18, figures 2-4;
plate 19, figures 2, 4
Holotype.—USNM 334988, a double-valved individual
6.5 cm. high, 7.2 em long.
Type locality.—Dominican Republic, 2.9 km west of Los

Quemados in roadcut on the Los Quemados-Sabaneta
road; 0.8 km west of bridge over Rio Gurabo (TU 1338).
Gurabo Formation, late Miocene or early Pliocene.

Description.—Valve outlines circular to slightly longer
than high. Right valve slightly more convex than left
valve. Beaks project slightly beyond hinge line. Auricles
subequal, costate, and lirate, anterior auricle having about
three coarse radials. Byssal notch moderately deep. Hinge
line slightly shorter than half shell length. Right valves
with 10-11 ribs sculptured by moderately coarse to coarse
costae crossed by lirae; wide central space flanked by
uniformly arranged to slightly grouped ribs and 1-3 coarse
riblets in interspaces. Left valves flatter than right valves,
with 9 ribs arranged in the scheme N 2r N, 2r N; in-
dividuals over 1 em high have hollow, flanged nodes on
the three key ribs, 1-2 radials in interspaces. Nodes cor-
respond to slight ledges or constrictions in the shells.
Anterior and posterior shell margins have incipient radial
ridges that confuse rib counts. The largest individual seen
measured 9 cm high, 8.5 cm long (incomplete) (TU loc.
1209). Whole specimens tend to be longer than high.

Variability.—Juvenile parts of shells have one or two
more ribs than adults, the earlier riblets becoming ob-
solete marginal ridges in later growth stages. Radial
costae vary from coarse (four radials per rib) to very
coarse (three radials per rib).

Comparative morphology.—Lyropecten colinensis voke-
sae differs from L. colinensis, s.s. in having one or two
fewer ribs. Its rib count overlaps that of L. modulatus,
from which it differs in having coarser fine sculpture and
the flanged nodes characteristic of Caribbean Nodipectens
and L. colinensis, s.s. The left-valve node scheme N 2r
N, 2r N separates L. colinensis vokesae from Nodipecten
collierensis and N. pittiert (N r N r N), which are pres-
ent in the Miocene and Pliocene of the Greater Antilles.

Phylogenetic affinities.—Juvenile rib counts and sculp-
tural similarity indicate that L. colinensis vokesae evolved
from L. colinensts, s.s. It is a Tertiary Caribbean taxon
represented in Panama; its relation to Lyropecten tibur-
onensis, n. sp. from the northern Gulf of California and
to L. modulatus of the Vizcaino Peninsula, Baja Califor-
nia Sur is uncertain.

Geographic distribution and stratigraphic occur-
rences.—Isolated occurrences within the Tertiary Carib-
bean Province in the Dominican Republic and Panama.

Dominican Republic, west of Los Quemados, near the
Rio Gurabo. Gurabo Formation and in float from the
Gurabo and Cercado Formations (TU 1209, 1210, 1231,
1338). W.H. Akers (oral commun., 1981) has identified
early Pliocene N19 zone foraminifers from TU 1209, 1210;
the Gurabo Formation is shown as late Miocene to early
Pliocene by Saunders and others (1982).

Panama. Colon Province, Madden Basin. Alhajuela
Formation(?) of collector T. Thompson (LSJU loc. 2659,
about 1 mi below the Madden Dam on north bank of
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Chagres River). Caimito Formation, upper part, and Alha-
juela Sandstone of Woodring (1957, pl. 1).
Geologic age.—Late Miocene to early Pliocene.

Lyropecten crassicardo (Conrad, 1856)
Plate 23, figures 1-4, 6; plate 24, figures 1, 3-9;
plate 25, figures 1-7

1856. Pallium crassicardo Conrad, Academy of Natural Sciences of
Philadelphia, Proceedings, v. 8, p. 313.

Lyropecten crassicardo Conrad, American Journal of Conchol-
ogy, new ser., v. 3, pt. 1, p. 6-7.

Pecten (Lyropecten) crassicardo Conrad. Arnold, U.S. Geological
Survey Professional Paper 47, p. 71-73, pl. 16, figs. 1, 1a; pl.
17, figs. 1, 1a, 1b; pl. 18, pls. 1, 2, 2a.

Pecten (Lyropecten) crassicardo var. hamalton: Arnold, U.S.
Geological Survey Professional Paper 47, p. 73-74, pl. XI, figs.
5, 6.

Pecten (Pallivm) holwayi Clark, University of California Bulletin
of the Department of Geology, v. 8, no. 22, p. 454, pl. 47, fig. 5.

Pecten crassicardo biformatis Nomland, University of Califor-
nia Bulletin of the Department of Geology, v. 10, no. 18, p.
307, pl. 18, figs. 1, 1a,b; pl. 19, fig. 4.

Pecten (Lyropecten) ricer Trask, University of California Bulletin
of the Department of Geological Sciences, v. 13, no. 5, p. 148,
pl. 2, figs. 1, 2.

Pecten (Lyropecten) vickeryt Trask, University of California
Bulletin of the Department of Geological Sciences, v. 13, no.
5, p. 148, pl. 4, fig. 1.

Pecten (Lyropecten) magnificus Sowerby, var. crassicardo (Con-
rad). Grant and Gale, San Diego Society of Natural History
Memoir, v. 1, p. 183-184, pl. 9, figs. 4, 5.

Pecten crassicardo nomlandi Hertlein, Journal of Paleontology,
v. 5, no. 4, p. 369 [was P. ¢. biformatis Nomland, 1917b, a
preoccupied name).

Lyropecten crassicardo (Conrad) nomlandt (Hertlein). Adegoke,
University of California Publications in Geological Sciences,
v. 80, p. 100, pl. 2, fig. 8.

Swiftopecten adekunbiana Adegoke, University of California
Publications in Geological Sciences, v. 80, p. 104, pl. 6, figs.
3, 5 (= Swiftopecten sp. Adegoke, 1967, Veliger, v. 9, no. 3,
p- 337-339, pl. 47). (1t is a fragment of a much larger left valve
of L. crassicardo].

Holotype.— Missing. Conrad described a double-valved
specimen 5 in. high with 15-16 ribs that was collected by
A.S. Taylor. Lectotype ANSP 30745a (pl. 23, fig. 4)
designated by Moore (1984b) is a right valve, 13.8 cm high,
13.5 c¢m long.

Type locality.—Monterey County, Calif., from the
northern La Panza Range. Subsequent work suggests the
type area was near La Panza, a small settlement south
of California Highway 58 between Creston and Simmler.
Santa Margarita Formation, early late Miocene in age.
Paratypes ANSP 30745 (given to Gabb and labelled by
him as “Conrad paratypes,” E.J. Moore, oral commun.,
1974).

Taxonomic comments.—Lyropecten crassicardo varies
in convexity and growth form, and juveniles and poorly
preserved individuals are hard to identify. Lyropecten
crassicardo has been described under at least nine differ-
ent names; many of the holotypes of these synonymized
species are figured herein and some are discussed in the

1867.

1906.

1906.

1915.

1917b.

1922.

1922,

1931.

1931.

1969.

1969.

sections on ledging and node formation.

Description.—Valves flat to moderately convex, left-
valve profiles smooth or with one or more angular ledges
producing a steplike profile in shells as much as 5 cm high
(fig. 9). Beaks project equally, slightly, beyond hinge line.
Auricles large, subequal, costate, lirate. Anterior auricle
with five prominent radials crossed by fine imbricating
lirae. Byssal notch moderately deep. Hinge line more than
half shell length. Umbonal angle varies with convexity,
90°-110°. Right valves with 14-15 rectangular ribs. Left
valves with 14 ribs; some specimens with prominent key
ribs in the central and fourth lateral positions, as indicated
by the scheme N 2r N, 2r N. Ribs narrower, interspaces
broader in left valves than in right valves. Nodes or
thickenings common at ledge margins of juvenile parts
of some shells (pl. 24, figs. 1, 3). Some specimens have
no discernible key ribs; others three, four, or five, all
separated by two normal ribs. Whether these additional
key ribs appear anteriorly or posteriorly may have bio-
stratigraphic significance, but precise stratigraphic data
were lacking for much of the material available.

Fine costae and lirae on ribs and interspaces produce
even, reticulate fine macrosculpture. Truly “giant pec-
tinids,” one specimen of L. crassicardo is 19.5 cm high
and 20.0 em long (CAS 503, Kimballs Wells, Coalinga).

Variability.—Lyropecten crassicardo varies consider-
ably in valve convexity, presence and number of angular
ledges, and prominence of key ribs on left valves. The
node scheme (N 2r N, 2r N) and lirate, striate fine
macrosculpture are consistent features. Valves may be
flat and thin, as in specimens from San Clemente Island
(UCR 7597, LACMIP 1194), or moderately convex. Left
valves may have 0-5 angular ledges. Incipient nodes or
elongate thickenings (pl. 24, fig. 3) are common on
geologically younger individuals. Some large adult shells
are elongated posteriorly, a growth habit with no phylo-
genetic significance. There is some tendency to fewer ribs
on the left valve (13-14) in material from southern Califor-
nia compared with 14-15 ribs in Transverse Range
specimens.

Comparative notes.—Lyropecten crassicardo is found
with L. estrellanus in many outcrops of the Santa Mar-
garita Formation. Lyropecten crassicardo has fewer ribs,
angular ledges, flat juvenile valves, radially striate, lirate
fine macrosculpture, and incipient to prominent key ribs
of the scheme N 2r N, 2r N. Lyropecten estrellanus is
rounded to gibbous in profile, especially in juveniles; it
has 16-17 ribs, rounded ledges, no key ribs, and a single
midriblet in each interspace.

Phylogenetic affinities.—Lyropecten crassicardo and the
Holocene L. magnificus belong to a phylogenetic series
that includes specimens from Baja California Sur referred
here to Lyropecten sp. cf. L. magnificus. They are classi-
fied as a bioseries on the basis of rib counts, macrosculp-
ture and left valves showing a progression of incipient key
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ribs evolving to ribs bearing hollow nodes in the scheme
N 2r N; 2r N. The highest stratigraphic occurrences of
L. crassicardo tend to be specimens having 3-5 ribs with
elongate thickenings (pl. 24, figs. 1, 5) in the same posi-
tions occupied by hollow nodes in Lyropectens living in
the Galapagos today (pl. 24, fig. 2). Right valves lack any
obvious clues to phylogeny. Lyropecten sp. cf. L. magni-
ficus from Baja California Sur is probably ancestral to L.
crassicardo, and Lyropecten pretiosus (= L. submiguelen-
sis of authors) is either a co-occurring species or a variant
of the ancestral taxon.

Geographic distribution and stratigraphic occur-
rences.—California Coast Ranges, from the San Francisco
Bay area to Orange County; the Channel Islands and
Transverse Ranges; east of the San Andreas fault near
Coalinga, Bakersfield, Tejon Hills, and Temblor Range;
Caliente Range. Widespread in upper Miocene shallow-
marine deposits. Reported from Baja California Sur, but
much of the material is referable to Lyropecten sp. cf. L.
magnificus or L. pretiosus. Not from the middle Miocene
Rosarito Beach Formation near La Mision, Baja Califor-
nia as listed in Deméré and others (1984).

Representative localities.—Briones Sandstone, Mount
Hamilton Range (UCMP B-4734; UCMP 3535; LSJU
holotype 26, L. vickerys from McGuire Peaks, Livermore
15-minute quadrangle; Stanford Geological Survey loc.
128, in Scutella breweriana beds); San Pablo Formation
(UCMP B-4738; UCMP 1632, Pecten beds, upper part of
San Pablo Group of Clark, 1915). Cholame area, UCMP
A-3426. Specimens with 3-5 key ribs, slightly advanced
to advanced evolutionary stage. Santa Margarita Forma-
tion, Carnaza Creek, northern La Panza Range (LSJU loc.
1080 N/SJR, slightly advanced evolutionary forms, but
very worn shells. LSJU accession no. 22365). Type area
between Huerhuero Creek on the west and Cammatta
Creek on the east (Addicott and others, 1978). Santa
Margarita Formation, upper part (USGS locs. M2895,
M2896, M3569) in Lyropecten crassicardo-Ostrea titan
biostrome at the base of a massive, coarse-grained sand-
stone on the western hillside of Shell Canyon. Specimens
worn; most are slightly advanced, some highly advanced
evolutionary forms, similar to material from USGS locs.
M2879, M5028, M5033; found with abundant L. estrel-
lanus at USGS locs. M2830, M5030; USGS 4930, 4944,
4945, 4950, 13098, 16853; L.SJU Pz [Pozo] 51; LACMIP
484,

Obispo Formation, Nipomo Valley (Hall, 1973b); UCMP
D-2426, external mold in rhyolitic beds on the east side
of the valley, about 4.5 mi (7.2 km) northwest of Nipomo.
Probably an early evolutionary form. UCLA 5068, evolu-
tionary stage not determined. UCLA 5067, near middle
part of the Obispo Formation. Found with late Saucesian
foraminifers in rhyolitic tuff dated at 16.5+1.2 Ma
(Turner and others, 1970). These authors considered the
top of the Obispo Formation to be near or at the bound-

ary of the Saucesian and Relizian microfaunal stages; if
this is so, then the specimens of L. crassicardo from the
middle part of the Obispo Formation are some of its oldest
records.

Coalinga area, western San Joaquin Valley. Santa
Margarita Formation. Abundant in Pecten-Ostrea bio-
stromes (CAS 2363); LLSJU accession no. 46712; UCMP
D-8791. Found with L. estrellanus at CAS 503, 504. Nor-
mal ribbing or slightly developed left-valve key ribs at
many localities, such as UCMP D-1087. Some specimens
of slightly advanced evolutionary stages; others less
developed, as at UCMP B-7084, the sand dollar locality
in the basal part of the Santa Margarita Formation just
above the Big Blue Formation. Primitive form with no
ledges or key ribs, LSJU accession no. 30702; advanced
evolutionary form with four prominent key ribs at UCMP
D-1088 (pl. 24, fig. 3), holotype of Swiftopecten adekun-
biana Adegoke (1969). Monterey Formation, McLure
Shale Member (Adegoke, 1969), UCMP D-1207, Reef
Ridge quadrangle. Only right valves collected, of material
similar to Comanche Point forms (M1619). Upper part of
the Temblor Formation, Garza Peak quadrangle, USGS
14403, uniform ribbing on left valves, an early evolu-
tionary form of the species.

Eastern San Joaquin Valley, Kern County. Santa
Margarita Formation, Tejon Hills, Comanche Point
(M1619); worn, disarticulated specimens, evolutionary
stage indeterminate, from Pecten-Ostrea conglomerate.
Some specimens have aberrant rib counts, none have key
ribs; CAS 1677 and UCMP 3029, type locality of Pecten
crassicardo biformatis Nomland. USGS 6071, one speci-
men of slightly advanced evolutionary stage but with some
aberrant ribs. UCMP A9417, A9419, left valves with
uniform ribbing to very slightly developed key ribs. Olcese
Sand, Oil Center 7%-minute quadrangle, UCLA 8271, a
single juvenile left valve with uniform ribbing.

Temblor Range, Santa Margarita Formation, M3784,
M3786, M3787, some left valves with no or very slightly
developed key ribs; abundant juveniles and adults at these
localities. Buttonbed Sandstone Member, upper part of
the Temblor Formation. M3988, basal part of the Button-
bed Sandstone Member, here 5 feet thick; LSJU loc. 2846
(Heikkila and MacLeod, 1951), specimens with very slight-
ly developed key ribs on left valves, interpreted as early
forms of the species. Temblor Formation, M3580, 10 ft
above unconformity between Temblor Formation and
Cretaceous rocks; early forms of L. crassicardo with
uniform ribbing on left valves.

Northern Channel Islands, San Onofre Breccia (McLean
and others, 1976), Southwest Santa Cruz Island. UCSB
loc. JW Byer 65-5, upper Canada, Posa, “Kinton Point C
Member” of specimens labels; disarticulated specimens,
evolutionary stage indeterminate, UCMP A-8698, in
Pecten bed 1-2 ft thick. San Miguel Island, Beechers Bay
Member, upper part, of Monterey Formation or a local
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calcareous reef in the overlying shale member (Weaver
and others, 1969): M3016, advanced evolutionary stage,
with five prominent key ribs. Southwest Santa Lucia
Range, Morro Bay area (Prior, 1974; Hall 1973a); Pismo
Formation, lower member: UCLA 6199, with Ostrea titan
and Balanus gregarius, forming a shell breccia in basal
conglomerate. Lyropecten crassicardo occurs in the lower
third of the lower member and the base of the upper
member. Foraminifers are ‘“possibly lower Upper Mohn-
ian”’ (Prior, 1974).

Transverse Ranges, Wheeler Springs 7Y2-minute quad-
rangle, Santa Margarita Formation: LSJU/SGS loc. 64-8,
gypsiferous member, upper part of the Santa Margarita
Formation, just below gypsum beds. Specimens of ad-
vanced evolutionary stage, in very coarse grained lithic
sandstone with shell fragments. Monterey Formation,
sandy middle member: LSJU 2170; left valves have
uniform ribbing and may be referable to Lyropecten sp.
cf. L. magnificus; silty interbeds contain Relizian Foram-
inifera (Dickinson, 1969; Vedder and others, 1973). Warm
Springs Mountain 7%-minute quadrangle, Los Angeles
County, Castaic Formation: UCR 7569, abundant speci-
mens of advanced evolutionary stage in basal conglom-
erate on east side of Castaic Canyon and in basal pebbly
sandstone east of Cordova Ranch (Stanton, 1967).

San Joaquin Hills area, Orange County. Monterey
Shale (Vedder and others, 1957): M3188, M3225, sandy
facies of basal part of the Monterey Shale; L. erassicardo
is a slightly advanced evolutionary form with three key
ribs and an incipient anterior key rib found with Luisian
foraminifers (J.G. Vedder, oral commun., 1973). Corona
7Y2-minute quadrangle, UCMP 1910; UCLA 45108,
labeled “Temblor Formation” from field loc. 411, up
ravine east-northeast of Bee Canyon (= Topanga Forma-
tion localities of Schoellhamer and others, 1981). UCMP
1912, and UCLA 635 (hypotype UCLA 45105, pl. 25, fig.
5), advanced evolutionary forms with well-developed key
ribs. San Onofre Breccia (Vedder and others, 1957):
M3179, San Juan Capistrano quadrangle, from sandstone
lens within breccia; left-valve ribs uniform, suggesting an
early form of L. crassicardo. Topanga Formation, near
top, just below contact with the Monterey Shale: M3222,
mostly right valves of L. crassicardo (evolutionary stage
indeterminate), found with oysters. Monterey Formation,
sandstone member (J.G. Vedder, oral commun., 1983),
mostly unconsolidated: LACMIP 1189, Moulton Parkway
roadcut near Rossmore Leisure World. Abundant articu-
lated L. erassicardo with oysters, barnacles, sharkteeth,
and porpoise vertebrae (E.C. Wilson, oral commun.,
1973). Lyropecten crassicardo represented by juveniles
to adults, all of which are abnormally flat valved and most-
ly unledged. Ribs are uniform and low in profile (pl. 25,
fig. 1); no discernible key ribs in many, but 3-4 ribs are
slightly raised in some juveniles.

Similar thin, flat-valved specimens (pl. 25, fig. 7) are

found at some San Clemente Island localities (LACMIP
1198, 1194) and at USGS 4132, Aliso Creek, southeast
of El Toro, in leached, diatomaceous marly sandstones.
Specimens with flat right valves having 13 ribs and left-
valve key ribs indicate a slightly advanced evolutionary
stage.

Southern Channel Islands. Santa Catalina Island (Ved-
der and others, 1979): M6869, about 1.5 km northwest
of Cactus Peak, in calcareous sandstone with bryozoans,
calcareous algae, echinoid spines, and barnacles. Foram-
inifers from near the base of section (Mf3323) are lower
or middle Mohnian from shallow water. Evolutionary
stage of L. crassicardo not determined.

San Clemente Island (Vedder and Moore, 1976). Lemon
Tank Reservoir, in sandy lenses in poorly consolidated to
concretionary sand and silt beds exposed in quarry faces
in east-central part of the island. Specimens are of a slight-
ly advanced evolutionary stage, with incipient to marked
key ribs. Lyropecten crassicardo is thin and flat valved
with a low rib count (12-13) at some horizons (UCLA 5899,
UCR 7957, LACMIP 1193, 1194), and of normal thickness
and convexity at others (for example, M3734a, the Jowest
fossil zone exposed here, according to Vedder and Moore,
1976). Because L. crassicardo is represented in collections
by right valves only, evolutionary stage is indeterminate.
Specimens were collected by different people at different
times and cannot be related stratigraphically, although
available material suggests the reservoir sections contain
more detailed information than is presently known.

The fact that specimens from LACMIP 1193, 1194,
UCLA 5899, and UCR 7957 match material from Moulton
Parkway (LACMIP 1189) and Aliso Creek (USGS 4132)
suggests that similar environmental conditions affected
these late Miocene populations.

The China Canyon area (USGS M6505) has Monterey-
like sedimentary rocks, fine- to coarse-grained calcarenite
facies overlying andesites dated about 15 Ma. Associated
microfossils from USGS loc. Mf2974, which is adjacent
to loc. USGS M6505, are shallow water (less than 100 m),
Saucesian to Relizian foraminifers (Vedder and Moore,
1976). Lyropecten crassicardo is represented by frag-
ments of indeterminate evolutionary stage. They are
found with fragments of Amussiopecten sp. cf. A.
vanvlecks, a provincial middle Miocene index species also
represented at Moulton Parkway (LACMIP 1189).

Cuyama Valley area (Vedder, 1968). Branch Canyon
Formation of Hill and others (1958), upper member.
Lyropecten crassicardo is abundant in the upper part of
this coarse, sandy, well-indurated unit, found with oysters,
barnacles, and echinoids (USGS locs. M2361, M2417,
M2321, M2337). Abundant material, all with left valves
having slightly developed key ribs indicating a slightly ad-
vanced evolutionary form. Some material has four key ribs
and incipient nodes, even more advanced morphologic
characters.
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Upper Sespe Creek area, upper part of the Branch Can-
yon Sandstone (UCLA 5683, CSUN 62). Lyropecten
crassicardo of advanced evolutionary stage (left valves
with five well-developed key ribs, elongate thickenings at
ledge edges) occurs with Astrodapsis whitneyt (Remond)
(A.E. Fritsche, oral commun. 1978). Specimens from
CSUN 92 correspond to the Moulton Parkway assemblage
(LACMIP 1189). Worn, disarticulated, and deformed
specimens of a slightly advanced to advanced evolutionary
stage are found in the Salisbury Potrero 7%-minute
quadrangle (UCLA 5611, 5648, 5649).

Santa Ana Mountains. LSJU specimen from LSJU/SGS
1949, loc. 131-3A (insufficent stratigraphic and locality
data, but the species is found there, represented by a two-
valved specimen with no well-developed key ribs). Miocene
Topanga Formation near the head of Round Canyon and
Bee Canyon, El Toro quadrangle (loc. F172 of Schoell-
hamer and others, 1981).

Antelope Valley, western Mojave Desert. Specimens
from the Quail Lake Formation (Dibblee, 1967) [ = Santa
Margarita Formation of Crowell (1952) and other authors]
not seen for this study.

Geologic age.—Middle Miocene to late Miocene.

Biostratigraphy.—Middle “Temblor” to upper ‘“Marga-
ritan” Stages. Advanced forms of L. crassicardo and L.
estrellanus are important “Margaritan” Stage index fos-
sils. The stratigraphically youngest specimens of L. cras-
sicardo have left valves with key ribs defined by elongate
solid thickenings, ancestral expressions of the hollow
nodes of Pliocene to Holocene specimens of L. magnificus.

Within the L. erassicardo lineage, several evolutionary
forms are defined by left-valve ribbing. The oldest speci-
mens have uniform ribbing; slightly advanced forms have
more prominent key ribs (..R 2r R. 2r R..), and ad-
vanced forms have three to five conspicuous key ribs,
usually with elongate thickenings or incipient nodes (fig.
15). No single geographic area has a complete strati-
graphic section with specimens showing all the evolu-
tionary stages in biostratigraphic order.

Paleoecology.—Lyropecten crassicardo, especially the
advanced evolutionary stage, is a prominent member of
the Ostrea-Pecten community represented by biostromes
in the upper part of the Santa Margarita Formation
in Shell Canyon, northern La Panza Range, and the
Coalinga area (USGS loc. M2896; UCMP D-1088).

Lyropecten denaius
(Woodring, 1982)
Plate 18, figure 1; plate 23, figure 5
1961. Lyropecten? (Nodipecten?) sp. cf. L. (N.) nodosus (Linne). Wood-
ring and Malavassi, Journal of Paleontology, v. 35, no. 3, p. 495.

1982. Nodipecten denaius Woodring, U.S. Geological Survey Profes-
sional Paper 306-F, p. F598-599, pl. 92, fig. 11; pl. 98, figs. 8, 9.

Holotype.—USNM 647126, a double-valved specimen,
but the shells are rotated 40° with respect to one another;
4.9 cm high, 4.75 em long.

Type locality.—Panama Canal, Gaillard Cut area, west
side of Las Cascadas Reach, canal station 1767 plus 15
m (USGS 23654 = field loc. 101g). La Boca Formation,
upper limestone in upper part of formation. Miocene.

Deseription.—Type specimen incomplete, valves moder-
ately flat. Beaks project equally, slightly, beyond hinge
line. Auricles incomplete, costate. Byssal notch deep.
Right valve with about 14 evenly spaced, narrow rec-
tangular ribs; juvenile interspaces with strong concentric
fine sculpture, adult spaces with 1-3 fine costae. Left valve
incomplete, only 11 ribs preserved; node scheme described
as ..N 2r N 3r N... Nodes are small, more like early
L. crassicardo thickenings than large nodes of Nodipecten
nodosus. Node scheme may be aberrant, differing from
the typical Lyropecten crassicardo-L. magnificus pattern
in having one extra rib between central and posterior key
ribs. Anterior shell margin with fine radials rather than
ribs. Few specimens known from the Panama area, all
relatively small (3-5 cm high).

Phylogenetic affinities.—The taxon is probably related
to L. pretiosus and the L. crassicardo-L. magnificus
stock, on the basis of the fine macrosculpture and node
scheme. It is older than L. colinensts, s.l., a coarsely
sculptured Caribbean lyropectinid, and is possibly ances-
tral to it.

Geographic distribution and stratigraphic occur-
rence.—Panama; probably from Costa Rica; possibly from
Baja California Sur, Mexico. It is probably a Tertiary
Caribbean species but few specimens have been collected.

Panama Canal area, La Boca Formation, upper lime-
stone of upper part of the formation (USGS 23654).
Possibly from Emperador Limestone Member of La Boca
Formation in the Madden basin.

Costa Rica, Valle Central, San Antonio de Desam-
parados (USGS 7291). Left-valve fragment having the
Iyropectinid rib scheme defined by small nodes or thicken-
ing on the nine remaining ribs. Another poorly preserved
internal mold (USGS 6469) has 10-11 ribs and remnants
of fine striae and lirae.

Geologic age.—Early Miocene.

Lyropecten estrellanus
(Conrad, 1856)

Plate 1, figures 4, 5; plate 22, figures 1, 4, 7

1855a. Pallium heermanni Conrad, Academy of Natural Sciences

of Philadelphia, Proceedings, v. 7, p. 267 [a nomen nudum,
insufficient diagnosis, no illustration].

1856. Pallium estrellanum Conrad, Academy of Natural Sciences
of Philadelphia, Proceedings, v. 8, p. 313.

1857. Pallium estrellanum Conrad, “Report on the Paleontology
of the Survey,” p. 191, pl. 8, figs. 3, 4 in Parke, John G.,
Report of Explorations for Railroad Routes***, v. 7, pt. 2.

1862. Lyropecten volaeformis Conrad, Academy of Natural Sci-
ences of Philadelphia, Proceedings, v. 14, p. 291 [nomen
nudum).

1898. Pecten (Lyropecten) heermanni Conrad. Dall, Wagner Free
Institute of Sciences of Philadelphia, Transactions, v. 3,
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pt. 4, p. 701.
1906. Pecten (Lyropecten) estrellanus Conrad. Arnold, U.S. Geo-
logical Survey Professional Paper 47, p. 74-76, pl. 20, figs.
1, 2, 2a; v. 21, figs. 1, 1a, 1b. Not pl. 19, figs. 1, la[= L.
terminus]. Not pl. 21, figs. 2a, 2b, 2¢; Arnold (1906, p. 76)
called it “flat form grading into var. catalinae***” [=
Argopecten).
Not 1931. Pecten (Lyropecten) estrellanus. Grant and Gale, San Diego
Society of Natural History Memoir, v. 1, p. 185-186, pl.
8, fig. 4 [= L. catalinael.

Holotype.—Missing. Conrad (1856) refers to a double-
valved specimen and to a single-valved individual (Con-
rad, 1857). Lectotype, USNM 18317, designated by
Woodring (1938), is an incomplete right valve about 9 cm
high, with 16 ribs.

Type locality.—San Luis Obispo County, Calif. The type
area was originally given as “Estrella Valley.” Although
Angel (1883, p. 241) included the species in a list of Con-
rad’s fossils from ‘“the Estrella River at Panza,” subse-
quent work suggests it came from the San Juan River
Valley from the Santa Margarita Formation. The poor
preservation and hard calcareous matrix of the L. estrel-
lanus lectotype is matched in specimens washing out of
Carnaza Creek (I.SJU 1080), eastern tributary to the San
Juan River. Late Miocene.

Description.—Juvenile valves flat, adults convex. Left
valves usually more inflated than right valves, common-
ly with rounded ledges. Beaks project equally beyond
hinge line. Auricles equal to subequal, the anterior one
with 4-5 radial riblets and a deep byssal notch. Hinge
length greater than half of shell length. Right-valve ribs
16-17, interspaces with a single radial riblet crossed by
fine, distantly spaced lirae. Growth lines more prominent
and interspace furrows more numerous in gerontic speci-
mens. Left-valve ribs 16, with 0-5 irregularly spaced round
ledges produced by periodic growth. Growth series well
represented in collections from Kimballs Wells (CAS 503).
Adults commonly 10 cm in height; the largest individual
is 14.8 high and 14.5 cm long; it has five ledges (CAS loe.
503, near Coalinga, Calif.).

Variability.—Valve profiles vary in convexity from
juveniles (flatter) to adults and in number of constrictions
or ledges. Rib counts vary from 15-18, but only a few in-
dividuals have as few as 15.

Comparative notes.—Lyropecten estrellanus is more
restricted in geologic and geographic range than L.
crassicardo, but they commonly oceur together in the up-
per Miocene sandstones of the Santa Margarita Forma-
tion of central California. Lyropecten estrellanus is
distinguished by more convex valves, rounded rather than
angular ledges, and 16-17 ribs compared to 14-15 in L.
crassicardo. Lyropecten estrellanus has one midriblet in
each interspace, no raised or ‘“key’’ ribs on the left valve.

At the few localities where L. estrellanus is found with
L. terminus, the former is probably reworked. At these

localities L. terminus is distinguished by low rib counts
(12-14) and multiple striae in left-valve interspaces. Single
valves or fragments of L. cerrosensis and L. catalinae
have been confused with L. estrellanus but both have
higher rib counts, incipient key ribs on left valves (R 3r
R 3r R), and no tendency to form ledges.

Transitional morphologic forms between L. miguelensis
and L. estrellanus from the Cuyama area (USGS M2418)
are difficult to separate, although older forms of L. migu-
elensis, s.s. have a more convex right valve and narrower
umbonal angle, the beak projecting higher above the hinge
line. Both taxa have a radial riblet in each interspace, but
the riblet almost fills the space in L. miguelensis. After
an inflated juvenile stage, L. miguelensts valves are flat-
ter in comparison to the profile of L. estrellanus, which
may have as many as 3-4 rounded ledges. Rib counts dif-
fer, 14-15 in L. miguelensts, 16-17 in L. estrellanus.

Arnold’s “flat form grading into catalinae” (pl. 22, figs.
5, 6) is a flat, short-hinged scallop from the Vineyard
Canyon-Indian Valley area of the Stockdale Mountain
7-minute quadrangle (localities USGS M3995, USGS
12922 = 16833, CAS 28473). It is a convergent Argo-
pecten sp. related to but different from undescribed forms
from eastern Baja California Sur (CAS localities 56493,
56499); in the Cholame Hills it is restricted to a hard sandy
facies of the Monterey Formation (T.W. Dibblee, Jr., oral
commun. 1973, and field map of the San Miguel 15-minute
quadrangle).

This form is an Argopecten that has been identified as
both L. estrellanus and L. catalinae. It differs from both
of them in hinge crura and a proportionally shorter hinge
line that is not perfectly straight. Beaks meet at the hinge
line, auricles are not rectangular, and valves are flat and
unledged. Looped lamellar growth lines are distantly
spaced. Despite all of these Argopecten features, the
species is easily confused with L. estrellanus; it also has
17-18 ribs and a single midriblet in each interspace.

Phylogenetic affinities.—Lyropecten estrellanus belongs
in the bioseries L. miguelensis-L. estrellanus-L. terminus;
this classification is based on overall morphologic similar-
ity, fine macrosculpture, and growth forms that have
rounded ledges and beaks standing above the hinge line.
The bioseries constitutes a biostratigraphic succession in
middle and upper Miocene shallow-marine units and
becomes progressively more restricted in geographic
distribution toward the end of the Miocene.

Geographic distribution and stratigraphic occur-
rences.—Central California, southern Coast Ranges, La
Panza and Temblor Ranges; western foothills of the San
Joaquin Valley near Coalinga, and east of the Caliente
Range, and in Cuyama Valley (J.G. Vedder, oral commun.,
1983). Not from Elsmere Canyon (Kern, 1973) in the San
Fernando quadrangle [= L. catalinae]. Arnold (1906) gave
its range as “‘nearly every county from Napa to Orange,”
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specimens, such as hypotype UCMP 16107, with fine
costae and scaly, distantly spaced lirae. Anterior and
posterior shell margins costate, without fully developed
ribs. Adults exceed 16 cm high but are not so gigantic as
L. cerrosensis.

Variability.—The rib count ranges to 23 in some left
valves, because of extra posterior riblets. Although most
left valves have the key rib pattern . .R 3r R. 3r R. .,
some have four riblets between the central and anterior
key ribs. Ranges in variation in rib counts and profiles
overlap for L. gallegosi and L. cerrosensis, and right
valves are hard to distinguish.

Comparative notes.—Lyropecten gallegosi, which grades
morphologically into L. cerrosensis, is distinguished from
it by subtle differences in rib profiles, auricle shape and
proportions, fine sculpture, and the tendency toward flat-
ter valves. Key ribs are more prominent in left valves of
L. cerrosensis; all ribs are more rectangular in L. galle-
gost, more rounded in L. cerrosensis. The tendency to
have one ledge or a change in shell angle is common in
L. gallegost, unknown in L. cerrosensis.

The two species are found with Lyropecten modulatus
and Nodipecten veatchii on Cedros Island in reworked
marine sandstone and conglomerate. Lyropecten modula-
tus has fewer ribs and a left-valve scheme of N 2r N 2r
N, whereas N. veatchii has 6-7 very broad ribs alternating
on left valves in the pattern N r N, r N.

Phylogenetic affinities.—Lyropecten gallegosi overlaps
L. catalinae in morphologic characters, but it has not been
identified north of the Vizcaino Peninsula. It may be con-
specific with L. catalinae, a middle to late Miocene form,
or it may be a direct descendant of it. Lyropecten gallegosi
gave rise to L. cerrosensis by the early Pliocene. The three
taxa L. catalinae-L. gallegosi-L. cerrosensis are recog-
nized as a phylogenetic series on the basis of left-valve
key rib pattern, gradational morphology, and strati-
graphic position.

Geographic distribution and stratigraphic occur-
rences.—Baja California Sur, Mexico: Cedros Island and
the Vizcaino Peninsula near Turtle Bay. Beds containing
L. gallegosi have been assigned to the Salada Formation
(E.C. Allison and earlier collectors, field notes) but are
now referred to the Almejas Formation and considered
late Miocene in age (Smith, 1984).

Representative localities.—Cedros Island: common in
canyon south of Arroyo Choyal, about 9 mi north of town
of Cedros (CAS 946), where it is found with Nodipecten
veatchii and Lyropecten modulatus. In Almejas Forma-
tion at Turtle Bay, from San Bartolome Point, north side
of the bay (CAS 37626); east end of bay, in canyon, in a
matrix of fine-grained diatomaceous sandstone (LSJU
807); near a prominent monadnock about 5 mi southeast
of Turtle Bay (CAS 945; M9185). Lyropecten gallegosi is
found with L. modulatus in the Almejas Formation at

LACMIP 926, LSJU 49, and UCMP B-3049, where it was
collected by E.C. Allison in 1956 with an associated
“lower Merriamaster israelskyi fauna.”’ One right valve
from Pacific Beach, La Jolla quadrangle (CAS 1413),
is possibly transitional between L. gallegosi and L.
cerrosensts.

Geologic age.—Late Miocene, possibly reworked in
Pliocene deposits on Cedros Island.

Biostratigraphy.—Upper Miocene, endemic to the west-
ern Vizcaino Peninsula.

Lyropecten magnificus
(Sowerby, 1835)
Plate 21, figures 1, 2, 4, 5; plate 24, figure 2

1835. Pecten magnificus Sowerby, Zoological Society of London
Proceedings, v. 3, p. 109 (partem) [variety A from the
Galapagos, not variety B from ‘“‘eastern Colombia,” [ =Isla
La Plata, Ecuador, off western Colombia] which was prob-
ably Nodipecten arthriticus (Reeve)].

Pecten magnificus. Sowerby, Thesaurus Conchyliorum, v. 1,
Monograph of Genus Pecten, p. 65.

Pecten magnificus. Reeve, Conchologica Iconica, Pecten, pl.
2, fig. 9.

Pecten magnificus Gabb, American Philosophical Society
Transactions, new ser. v. 15, p. 256.

Pecten (Lyropecten) magnificus Sowerby. Grant and Gale,
San Diego Society of Natural History Memoir, v. 1, p.
182-183, pl. 9, fig. 1; pl. 10, fig. 6.

Pecten (Lyropecten) magnificus Sowerby. Hertlein and
Strong, California Academy Sciences Proceedings, ser. 4,
v. 23, p. 369.

Nodipecten magnificus (Sowerby). Grau, Allan Hancock
Pacific Expeditions, v. 23, p. 132-133, pl. 44.

Lyropecten. (Nodipecten) magnificus (Sowerby). Olsson,
Mollusks of the tropical eastern Pacific, p. 161-162, pl. 22,
fig. 1 [copied from Reeve, 1852].

Lyropecten (Nodipecten) magnificus (Sowerby). Keen, 1971,
Sea shells of tropical west America, 2d ed., p. 93, fig. 201.

Chlamys (Nodipecten) magnifice Sowerby. Hertlein, Califor-
nia Academy of Sciences, Proceedings, ser. 4, v. 39, no.
3, p. 81, figs. 5, 15, 25.

Lectotype, here designated.—British Museum (Natural
History) 1950.11.14.43-44 (Sowerby’s variety A), a two-
valved specimen 13.8 c¢m high, 14.3 cm long. Holocene,
the Galapagos Islands.

Description.—Valves moderately flat, circular. Beaks
project equally, slightly, beyond hinge line. Auricles un-
equal, rectangular in shape. Anterior auricle one third
longer than posterior auricle, both with scaly costae.
Byssal notch deep, ctenolium prominent. Hinge length
more than half shell length. Right-valve ribs 12-13,
costate, lirate, lacking nodes. Left-valve ribs 12-14, of
which 3-5 are raised key ribs with hollow nodes. Rib
scheme is N 2r N, 2r N. . ., matching that of the Califor-
nia Miocene L. crassicardo (Conrad). Some individuals
(such as CAS hypotype 13676 of Hertlein, 1972) have
hollow nodes of the scheme N r N 2r N, 2r N r N, but
several had an additional riblet between the posteriormost

1847.

1852.

Not 1873.

1931.

1939.

1959.

1961.

1971.

1972.
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key ribs. The three central key ribs are phylogenetically
most significant, and additional lateral riblets are less con-
sistent. None of the 18 or so specimens seen had the
strong angular ledges of L. crassicardo. The largest in-
dividuals measured 16.5 ¢cm high, 17.8 cm long (hypotype
LSJU 440, a Holocene right valve) and UCMP hypotype
16106, 16.8 cm high (incomplete), 18.6 cm long (UCMP
B-3612, a fossil). Holocene specimens red or purple on ex-
terior, white with red-purple edge on interior.

Comparative notes.—Lyropecten magnificus is almost
indistinguishable from the middle to late Miocene Califor-
nia index species L. crassicardo. Characters in common
are rib counts, node scheme, fine sculpture, overall size
and proportions. Differences include a more rectangular
anterior auricle in L. magnificus and hollow nodes in posi-
tions occupied by elongate thickenings on left-valve ribs
of L. crasstcardo. Nodipecten arthriticus (Reeve), the
common Nodipecten from coastal Peru to the Tres Marias
Islands, Mexico, has fewer ribs (9-10) and a different left-
valve node scheme, N 2r N r N. Two Holocene disar-
ticulated valves from Isla San Jose, Panama (USNM
603323) and Acapulco, Mexico (J.T. Smith, private col-
lection) share the node scheme of L. magnificus, but they
differ from it in ledged growth form, fewer ribs (9 or 10),
and coarser radial sculpture on the auricles, whose shape
is more like that of N. arthriticus (Reeve) than the rec-
tangular outline of L. magnificus. Until more material
becomes available, these specimens are regarded as aber-
rant N. arthriticus or a relict L. modulatus.

Phylogenetic affinities.—Lyropecten magnificus is the
only living Lyropecten, a direct descendant of L. crassi-
cardo and early Miocene specimens identified herein as
L. sp. cf. magnificus (pl. 21, fig. 3). Other species in the
L. erassicardo-L. magnificus stock include those sharing
the left-valve node scheme N 2r N 2r N: L. modulatus,
L. pretiosus, L. colinensis, s.l., L. vaughani, L. denaius,
and L. tiburonensis, n. sp. Lyropecten sp. cf. magnificus
and L. pretiosus are found together in the lower Miocene
Isidro Formation near La Purisima, Baja California Sur,
Mexico, but available specimens are insufficient to deter-
mine whether they could be variants of a single species.

Geographic distribution and stratigraphic occur-
rences.—Galapagos Islands; Port Utria, Colombia (one
juvenile). Baja California Sur, Mexico? Possibly in the
Wheeler Springs quadrangle of California.

Holocene, Santa Cruz Island, Academy Bay. Fernan-
dina, at Punta Espinosa (AMNH 164521, AMNH 169826,
taken live from 35-100 ft [10-30 m] in protected bays).
Beach drift from the islands of Santa Cruz, Fernandina,
Baltra, San Salvador (Sullivan Bay, James Bay TU R-145),
Isabela (Tagus Cove), Rabida, and Santa Fe (Barrington).
Port Utria, Colombia (USNM 765017).

Thomas R. Waller recently recognized the first positive-

ly identified occurrence of L. magnificus from mainland
South America, from Port Utria, Departamento Choco,
Colombia. One juvenile from the Grau Collection (now
USNM 765017) was taken live from 20 fathoms January
25, 1935.

Pleistocene and Holocene terraces at San Salvador
Island (CAS 27255, James Bay), from raised beach 5-10
m above sea level. Baltra Island (CAS 27249, considered
Pliocene by Hertlein, 1972); west side of island, south side
of bay in white and yellowish tuffaceous strata inter-
bedded with lava.

Local uplifts of Holocene beaches are common in the
Galapagos, as in 1954 when a seven-mile limestone reef
at Urvina Bay, Isabela Island was raised 15 ft (Bowman,
1966, p. 68). Such occurrences require reconsideration
of terraces dated by early workers as Pliocene and
Pleistocene.

Pliocene, Santa Cruz Island (UCMP B-3608, UCMP
B-3612) in Cerro Colorado area northeast of Academy
Bay. The matrix is very hard limestone. Younger lavas
unconformably overlying the limestone were radiometri-
cally dated at 1.03 +0.78 Ma (sample H70-130, Cox, 1983).
Durham (1979) considered this locality late Miocene in
age; he based his conclusion on the similarity of the fossil
L. magnificus (pl. 20, fig. 2) to L. crassicardo and on the
unconformable relation of the dated pillow basalt to the
fossiliferous limestone. The more diagnostic left valve of
L. magnificus could not be extricated entirely from the
matrix, but the specimens seem to be the same as the
living species, distinguishable but barely, from L. crassi-
cardo. More recent radiometric and paleomagnetic data
from voleanic rocks associated with the marine deposits
suggest an age of 2 Ma (Hickman and Lipps, 1985).

Miocene specimens of Lyropecten sp. cf. L. magnificus
(pl. 21, fig. 8) from several localities in Baja California
Sur, Mexico approach L. magnificus in rib counts, pro-
file, and fine sculpture. Localities include CAS 38792,
LSJU 57, and USGS 9157, from the lower part (lower
Miocene) of the Isidro Formation, Arroyo La Purisima
(M9180) and Arroyo San Gregorio (Smith, 1984) and from
white sandstone overlain unconformably by basalt dated
at 8.1+0.4 Ma (McLean and others, 1985, 1987) in Ar-
royo Patrocinio (M9183). Specimens from the Wheeler
Springs quadrangle, California (LSJU loc. 2170) may also
be this taxon.

Ecology: Sowerby listed L. magnificus from a depth of
6 fathoms in coral sand. Subsequent live specimens came
from 10-30 m in protected bays.

Geologic age.—Latest Miocene or early Pliocene to
Holocene. Lyropecten sp. cf. L. magnificus is early
Miocene to middle Miocene.

Biostratigraphy.—Fossil record insufficient to deter-
mine.
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Lyrepecten miguelensis
(Arnold, 1906)

Plate 34, figures 1-6; plate 35, figures 1, 5, 6

1903. Liropecten estrellanus Conrad. Yates, Southern California
Academy of Sciences Bulletin, v. 2, no. 7, p. 89, pl. 8, fig.
23; footnote to pl. 6.

Pecten (Lyropecten) miguelensis Arnold, U.S. Geological
Survey, Professional Paper 47, p. 79-80, pl. 22, figs. 1, 1a,
1b; pl. 23, fig. 1.

Pecten (Lyropecten) miguelensis Arnold. Hertlein, Journal
of Paleontology, v. 2, no. 2, p. 151; pl. 24, fig. 1.

Pecten (Lyropecten) miguelensis Arnold. Loel and Corey,
University of California Publications, Department of
Geological Sciences Bulletin, v. 22, no. 3, p. 199-200, pl.
29, figs. 2, 3 [typical form)], pl. 30, fig. 2 [*‘super-variant”
form, ‘“***the most highly developed variant,” fide Loel
and Corey, p. 340].

Pecten miguelensis (supervariant) Arnold. Weaver, American
Association of Petroleum Geologists and Society of
Economic Paleontologists and Mineralogists, Pacific Sec-
tion, Special Publication, pl. 32, figs. 8a, 8b).

Pecten miguelensis Arnold. Weaver, ibid., pl. 34, fig. 9 [=
L. submiguelensis = L. pretiosus].

1906.

1928b.

1932.

1969.

Not 1969.

Holotype.—UCMP 12079, a double-valved, slightly
deformed specimen, height 11.0 em, length 11.0 em. Right
valve deformed, looking more convex, the umbonal area
seeming narrower than it actually is.

Type locality.—San Miguel Island, one of the northern
Channel Islands, Santa Barbara County, Calif. Vaqueros
Formation ‘“***confined to the Miocene (probably lower)
horizon’” (Arnold, 1906). The present study determined
that it is early Miocene in age, from the upper ‘‘Vaqueros”
Stage.

Signaficant hypotype.—CAS 4143, an undeformed speci-
men (pl. 34, fig. 5, from CAS loc. 1156, Santa Rosa Island)
with better preserved fine macrosculpture than the
holotype.

Description.—Valves strongly inflated, especially in
juveniles; right valves more convex than left. Right-valve
beak projects farther beyond hinge line than left beak.
Auricles equal, costate, lirate. Byssal notch moderately
deep. Right-valve ribs 15, evenly spaced and broadly rec-
tangular. Each interspace nearly filled by a single riblet,
which in large, worn adult shells may be furrowed,
resembling the radial costae in mature specimens of L.
estrellanus. Left-valve ribs 15, costate, lirate, and even-
ly spaced. In his original description, Arnold listed 17 or
18 rounded ribs, but my determinations for many of the
same specimens are 15. Ribs and spaces with prominent
growth lines (pl. 34, fig. 3). Large individuals measure
13.8 ¢m high, 14.6 cm long (CAS hypotype 4143).

Varibility.—Preservation accounts for some variation
in fine sculpture. No trace of radial striae remains on very
worn individuals. Convexity varies with growth stage, as
seen in the posterior profile view (pl. 35, fig. 1).

Lyropecten miguelensis,
supervariant form

Loel and Corey (1932) referred to large, broad-ribbed
specimens as ‘“‘supervariant forms” (pl. 34, fig. 4). They
are L. miguelensis specimens with extremely broad, flat-
topped ribs with scaly concentric growth lines. They are
found at many localities and throughout the stratigraphic
range of L. miguelensis, s.s., although Loel and Corey
regarded them as ‘“***probably Temblor Transitional or
upper Vaqueros,” younger than the “type form.”

The present study found no geographie, ecologic, facies,
or chronostratigraphic basis for separating the forms.
Many good specimens come from southwestern Santa
Cruz Island, between Kinton Point and Morse Point.

Comparative notes.—Lyropecten miguelensis differs
from L. estrellanus in valve profile and growth form, the
former having strongly inflated valves, the right more
convex than the left. In L. miguelensis the right beak pro-
jects farther beyond the hinge line. Lyropecten estrellanus
has equally convex valves, beaks projecting equally
beyond the hinge line, and a tendency to develop rounded
ledges in left valves. The single interspace midriblet is
coarser in L. miguelensis than in L. estrellanus, and the
former has costae on the ribs. Juveniles of the two species
are hard to differentiate, especially specimens from mid-
dle Miocene strata in the Cuyama Valley (loc. M2418).
Lyropecten miguelensis is commonly found with another
large pectinid, Vertipecten bowersi; V. bowerst differs in
having a flat right-valve, convex left-valve, and large,
well-defined byssal area. The internal hinge lacks crura;
ribbing and fine sculpture distinguish fragments of the
two taxa.

On southwestern Santa Cruz Island, L. miguelensis is
found in rocks that interfinger with a conglomeratic facies
bearing L. pretiosus (= L. submiguelensis auctt.). Lyro-
pecten pretiosus belongs to the L. erassicardo stock, with
a left-valve rib scheme of N 2r N, 2r N; it has 13-14 ribs
that are low in profile and more subdued microsculpture.
Specimens of L. miguelensis are distinguished from L.
estrellanus by macrosculptural details and growth forms.

Phylogenetic affinity.—Lyropecten miguelensis has
growth habits and interspace macrosculpture similar to
those of L. estrellanus, which is stratigraphically younger.
Neither taxon has left-valve key ribs that would group
them with one of the other Lyropecten stocks. They are
regarded as a bioseries although a complete phylogenetic
succession has not been collected.

Loel and Corey recognized a potentially useful evolu-
tionary series within the species, one end member a thin-
shelled, low-ribbed form, the other a heavy, rugose, more
convex ‘‘superform.” They considered the holotype and
Hertlein’s hypotype (pl. 34, fig. 5) intermediate members
of the series. The present work did not substantiate their
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zonal scheme. They also saw a complete gradation be-
tween L. miguelensis and L. m. submiguelensts, but this
continuum is not borne out by this research. Lyropecten
miguelensts is probably ancestral to L. estrellanus.

Geographic distribution and stratigraphic occur-
rences.—Santa Lucia Mountains, La Panza Range to
Orange County; the northern Channel Islands, Transverse
Ranges, Temblor and Sierra Madre Ranges; Cuyama
Valley.

Representative localities.—Santa Lucia Mountains
(UCMP A-581); La Panza Range (M2826, CAS 53, UCMP
A-494), in the Painted Rock Sandstone Member, Vaqueros
Formation; UCMP A-499, in an oyster reef; UCMP A-505;
M3396 has some specimens that look transitional to L.
estrellanus. Temblor Range, Carneros Sandstone Member
of the Temblor Formation (USGS 4941, with Vertipecten
bowers1).

Northern Channel Islands-San Miguel Island. Vaqueros
Formation (UCSB 4454, 4455); from about 1 mi northeast
of Crook Point (Bremner, 1933) with Spondylus perrins,
also about 0.9 mi southwest of Bay Point (Bremner loc.
16). The latter may represent an area of interfingering
facies comparable to southwestern Santa Cruz Island, as
Bremner reports both L. miguelensis and “L. crassicar-
do” [= L. pretiosus] from this locality.

Santa Rosa Island. “Lower Vaqueros Formation” of
labels, and Rincon Formation, lower member, of Weaver
(1969). (UCSB SR-67-28 = UCSB 4675; UCSB 1801,
1844; LSJU acc. no. 45068, CAS 1155, CAS 1156; CAS
2843; CAS 12333). Most specimens from a hard, gray fine
sandy matrix, the Vaqueros Formation, sandstone
member (McLean and others, 1976) or “Middle Kinton
Point Formation” of labels.

Santa Cruz Island. Rincon Formation of Weaver (1969)
(UCSB 4372 = E-8). Vaqueros Formation, upper sand-
stone member (UCSB E-5, 1844, 1846; UCSB 1847,
Pecten-Balanus reef; UCR 5227). On southwest Santa
Cruz Island, L. miguelensis is abundant in the upper sand-
stone member of the Vaqueros Formation at USGS
M8013. Its lowest occurrence is at the top of the inter-
fingering, underlying breccia; its highest occurrence is in
the Rincon Formation (UCSB 4372, 4397).

Western San Joaquin Valley, Reef Ridge area, Garza
Peak 7z-minute quadrangle. Temblor Formation, “near
top of lower part” (USGS 14393, Pecten zone in well in-
durated pebble conglomerate; USGS 14403).

Cuyama Valley, Caliente Range, and central Sierra
Madre Range, Saltos Shale Member of the Monterey
Formation (Vedder, 1970). Abundant juveniles showing
variations in fine macrosculpture, growth forms, and
preservation (M3403, M3409); from basal part of the
Saltos Shale Member, with Vertipecten bowersi (M3448,
M3371); M2418, very coarse sandstone, including some
tectonically deformed specimens transitional to Lyropec-

ten estrellanus; M3382, “supervariant” form from just
below the Branch Canyon Sandstone M3344; M3341;
lower part of the Saltos Shale Member near contact with
underlying Painted Rock Sandstone Member (M3358);
Temblor Formation of early labels (UCR 1273 and UCR
1257, 235 feet above UCR 1273); Branch Canyon Sand-
stone, Fox Mountain quadrangle, (M2424, lower member).
Painted Rock Sandstone Member, Vaqueros Formation
(Vedder, 1970; Fritsche, 1969); M2446; M3365, juveniles
occurring with Saucesian foraminifers in a fine-grained
sandstone; UCLA 5543, 5558, 5559. Lyropecten miguelen-
sts, disarticulated and tectonically deformed, occurs at
UCLA 5542, 5548, 5549; at M3904 and CSUN 91 with
V. bowersi. Below Saltos Shale Member with abundant
Spondylus (M2446).

Vaqueros Formation, Santa Ynez Range (UCSB 3766);
Topanga Formation, Santa Monica Mountains [may be
Vaqueros Formation, San Nicholas Member of Yerkes and
Campbell, 1980a,b] (UCLA 2735; LSJU acc. no. 45093
from Tuna Creek; UCLA 3448).

Vaqueros Formation, San Joaquin Hills, Orange Coun-
ty (Vedder and others, 1957). Abundant at M3166, M3161,
UCMP A-527 and UCMP A-6729; poorly preserved at
M3168; at UCLA 6959, Crystal Cove Canyon, San
Joaquin Hills, “***from top of the transition between
Vaqueros and Temblor Formation;” LSJU acc. no. 45071.

Geologic age.—Early to middle Miocene.

Biostratigraphy.—Upper ‘‘Vaqueros’ Stage index spe-
cies, commonly with Vertipecten bowersi; lower “Tem-
blor”’ Stage in the Cuyama Valley?

Its earliest records overlap the youngest occurrences
of Lyropecten pretiosus (= L. submiguelensis of authors)
on southwest Santa Cruz Island. Studies there by McLean
and others (1976) show that the two Lyropectens come
from interfingering facies of the Vaqueros Formation: L.
pretiosus in the lower, diorite breccia and L. miguelensis
in the finer sandstone member.

Further work may show that L. miguelensis ranges high
into the lower “Temblor” Stage (as reported in Addicott,
1972), although data are incomplete for its youngest oc-
currences. The species is common in the Cuyama area
where it may have evolved to L. estrellanus.

Lyropecten modulatus
(Hertlein, 1925)

Plate 16, figure 4; plate 17, figures 1, 2, 4; plate 18, figures 6, 7

1925b. Pecten (Lyropecten) modulatus Hertlein, California Academy
of Sciences Proceedings, ser. 4, v. 14, no. 1, p. 11-12, pl.
3, fig. 6.

1932a. Pecten subnodosus Sowerby. Mansfield, U.S. Geological
Survey Professional Paper 170-D, pl. 16, fig. 1.

Not 1950. Lyropecten modulatus (Hertlein). Durham, Geological Society

of America Memoir 43, p. 65, pl. 11, fig. 7 [= Nodipecten
arthriticus (Reeve)).
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Holotype.—LSJU 39, a worn right valve, late juvenile
or early adult stage. 5.8 em high, 6.0 cm long.

Type locality.— Vizcaino Peninsula, Baja California Sur,
Mexico. From the mesa west of Mesa de las Auras [=
Cerro Elefante, northwest of Asuncion]; collected by
Marland Oil Company geologist B.F. Hake, who regarded
the outcrop as Salada Formation and Pliocene in age.
Subsequent collecting in the area suggests that it is late
Miocene, from the Almejas Formation, and probably from
“Arroyo Elefante”, northwest of Cerro Elefante.

Significant hypotypes.—LACM 5879, UCMP 37396; left
valves show diagnostic rib pattern.

Description.—Valves flat to moderately convex; a slight
angular ledge common in left valves. Height less than
length. Beaks project equally, slightly, beyond hinge line.
Auricles unequal, rectangular, costate, lirate. Anterior
auricle two to three times longer than posterior auricle.
Byssal notch deep. Hinge line longer than half shell
length. Right-valve ribs 10-11, rounded-rectangular in pro-
file, grouped in a distinctive pattern of three ribs on either
side of a wide central space: 2 ribs-3 ribs-central space-3
ribs-2 ribs. Interspaces wider between groups than within
them; incipient costae affect rib counts in different growth
stages, 10-11 in juveniles, 9-10 in adults. Interspace fine
sculpture varies, 1-2 costae in flat juvenile spaces, 4-6 in
adult interspaces. Left-valve ribs 10-11, higher and nar-
rower in profile than in right valves, including three wider
or raised key ribs with 3 or 4 generations of incipient
nodes in young growth stages as much as 5-6 em high.
Key ribs correspond to wider spaces on right valves; the
left valve rib scheme is . .N 2r N, 2r N. Slight angular
ledging may accompany each generation of nodes. The
largest individual seen (loc. UCMP D-8801, from Cedros
Island) measured 12.3 cm high (incomplete), 13.8 cm long,
6.9 cm in hinge length.

Variability.—Lyropecten modulatus varies in convex-
ity and number of slightly angular ledges. Juvenile valves
are commonly flat; nodes and ledges form after the indi-
vidual is 8 cm high. Preservation affects fine macrosculp-
ture; the sculpture ranges from few to many radial striae
in juvenile and adult interspaces, respectively.

Comparative morphology.—Right valves of Lyropecten
modulatus and Nodipecten arthriticus (Reeve) [= Nodi-
pecten subnodosus, s.s. auctt.] differ only in the number
and arrangement of ribs; the ribs are grouped sym-
metrically about the central space in the former, unequally
on either side of the central space in the latter. The taxa
occur together in the upper Miocene Almejas Formation
at Turtle Bay on the Vizcaino Peninsula, Baja California
Sur (Smith, 1984). Lyropecten modulatus differs from
specimens of L. gallegosti, which are commonly found with
it, in having a lower rib count, fine sculpture, and left-
valve key ribs of a distinctive pattern. It is distinguished
from Nodipecten veatchii by rib count and profile, and left-

valve node scheme (N. weatchii has N r N. r N, L.
modulatus has N 2r N, 2r N). Right-valve ribs are
grouped in two’s and three’s about the central space; ribs
are not grouped in L. gallegosi. Lyropecten modulotus dif-
fers from L. magnificus in rib count, a tendency toward
ledged growth form, and fewer nodes per generation (only
3 in L. modulatus, 3-5 in L. magnificus). Like L. magni-
Sficus, L. modulatus has fine radial costae on the auricles,
and the auricles are more rectangular than those of
Nodipecten arthriticus.

Two Holocene specimens, disarticulated left valves from
Isla San Jose, Gulf of Panama (USNM 603323) and
Acapuleo (J.T. Smith, private collection) have similar
growth form, fine sculpture, rib count, and node scheme
to those of L. modulatus. Morphologically, they could be
aberrant specimens of Nodipecten arthriticus because of
an extra rib between the central and anterior lateral
nodose ribs. They may also represent rare relicts of L.
modulatus, although this interpretation cannot be docu-
mented by only two specimens.

Phylogenetic affinities.—The left-valve rib scheme
places L. modulatus with the L. crassicardo-L. magnificus
stock; it is also close morphologically to the Tertiary Carib-
bean taxon L. colinensis vokesae n. subsp. from the
Dominican Republic and Panama. It has the finer fine
sculpture and node formation characteristic of eastern
Pacific Lyropectens.

Geographic distribution and stratigraphic occur-
rences.— Vizcaino Peninsula, western Baja California Sur;
Cedros Island to San Juanico.

Cedros Island, near Arroyo Choyal. About 3 mi north
of Gran Canion (CAS 946) in coarse pebble conglomerate
exposed along the shore, where it is found with L. galle-
gost and Nodipecten veatchii. Late Miocene to early Plio-
cene in age, probably a turbidite. South of the town of
Cedros (UCMP D-8800), float from main ridge parallel to
the shoreline, in a coarse pebble conglomerate matrix up
section from a diatomite (Frank Kilmer, oral commun.,
1973).

Vizeaino Peninsula, Baja California Sur, Mexico: Turtle
Bay area, bluffs of Almejas Formation, fossiliferous sand-
stone to the southeast, east and north of Turtle Bay.
Potentially an important area for biostratigraphically con-
trolled sections, but Lyropectens in museum collections
lack detailed stratigraphic data. (LSJU ace. 53269, LSJU
loc. 807; CAS 37626; CAS 945, with L. gallegosi; LACMIP
962). Fine-grained, well-indurated sandstone at these
localities assigned to the Salada Formation by early
workers are now considered part of the Almejas Forma-
tion (Smith, 1984).

Cerro Elefante area, west of Mesa de las Auras, north
of Asuncion. Almejas Formation (Troughton, 1974). Asun-
cion, along the beach, in yellowish-brown sand, where it
is found with Turritelle ocoyana. Twenty kilometers
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south of San Juanico (UNAM collection, occurring with
Miocene sharks, S.P. Applegate, oral commun., 1980).
Though poorly preserved specimens from the Carrizo
Formation and Imperial Formation were referred to this
species in the past (Smith, 1977), they are now included
in L. tiburonensts, n. sp.
Geologic age.—Late Miocene.

Lyropecten pretiosus
(Hertlein, 1925)

[= L. submiguelensis
(Loel and Corey, 1932) auctt.]

Plate 26, figures 1-9, 12-14; plate 37, figure 3

71906. Pecten (Lyropecten) vaughani Arnold, U.S. Geological Survey
Professional Paper 47, p. 81-82, pl. 23, figs. 3a-3c (see tax-
onomic comments under L. vaughani).

Pecten (Lyropecten) pretiosus Hertlein, Proceedings Califor-
nia Academy of Sciences, ser. 4, v. 14, no. 1, p. 12, pl. 2,
fig. 6; pl. 3, fig. 4.

Pecten (Lyropecten) miguelensis (Arnold) submiguelensis Loel
and Corey, University of California Publications, Depart-
ment of Geological Sciences Bulletin, v. 22, no. 3, p.
200-201, pl. 29, fig. 1; pl. 31, figs. 1a-lc.

Pecten crassicardo Conrad. Bremner, Santa Barbara
Museum of Natural History Occasional Papers no. 2, p.
16, pl. 3, fig. 2.

Pecten cf. P. crassicardo Conrad. Beal, Geological Society
of America Memoir 31, p. 55. [Listed as Pecten crassicardo
and as P. condylomatus].

Pecten miguelensis Arnold. Weaver, American Association
of Petroleum Geologists and Society of Economic Paleon-
tologists and Mineralogists, Pacific Sections, Special
Publication 200, pl. 34, fig. 9.

Pecten miguelensis submiguelensis Loel and Corey. Weaver,
ibid., pl. 32, fig. 7 [= Vertipecten bowersi (Arnold)].

1969. Pecten crassicardo Conrad. Weaver, ibid., pl. 32, fig. 9.

1925b.

1932.

1933.
1948.

1969.

Not 1969.

Holotype.—LSJU 38, juvenile right valve 2.6 cm high,
2.9 cm long.

Paratype.—CAS 1770, juvenile right valve.

Type locality.—Baja California Sur, Mexico, on trail
from Arroyo Mesquital to La Purisima, in a turritellid bed
[= Turritella witticht Hertlein and Jordan, 1927] above
San Gregorio Lagoon (LSJU loc. 59). Collected by E. Call
Brown from the Isidro Formation, early to early middle
Miocene.

Paratypes and significant hypotypes.—‘‘Paratypes”
LSJU 89, CAS 1771, juvenile left valves from LSJU loc.
57, “La Purisima cliffs along the San Ramon River.”
UCMP 31737, holotype of Pecten (Lyropecten) miguelen-
sis submiguelensis Loel and Corey, 1932 (UCMP loc.
A-311, Santa Rosa Island off Santa Barbara, Calif.), 6.9
cm high, 7.2 em long. UCMP 37393, from UCMP B-50186,
a two-valved young adult specimen, 4.7 ¢m high, 4.7 em
long.

Taxonomic comments.— A suite of specimens from the
La Purisima area of Baja California Sur (UCMP B-5016),

collected in 1957 by F.H. Kilmer and E.C. Allison, pro-
vided the first evidence of adult form and variability in
L. pretiosus. Rib counts, ledging, growth form, and fine
sculpture matched those of rare individuals formerly iden-
tified as L. submiguelensis from the northern Channel
Islands. Morphologic similarity suggests conspecificity,
not convergence. The closest morphologic correspondence
is between specimens from loc. UCMP B-5016 and
hypotypes of L. submiguelensis from Santa Rosa Island
(UCMP 10136; UCSB hypotype M15, UCSB 4698 from
SR 67-53). Some specimens from the La Purisima area
that are identified in the literature as L. crassicardo (Beal,
1948) are L. pretiosus, others are L. sp. cf. L. magnificus.

Description.—Valves equally convex with 0-3 rounded
ledges. Beaks stand slightly above the hinge line. Auricles
relatively small, radially costate. Byssal notch moderate-
ly deep. Hinge line about half shell length. Umbonal angle
87°, varying with shell convexity. Right valves with 14-15
ribs (not 17-18 as originally described), weaker in anterior
and posterior parts of the shell. Left valves with 14-15
ribs of which three are incipient key ribs separated by two
ribs of normal strength. Rib scheme is that of the L.
crassicardo-L. magnificus stock, R 2r R, 2r R. Several
individuals have slight thickenings, almost incipient nodes,
where the shell forms a slight ledge. Fine macrosculpture
delicate; few well-preserved left valves have been col-
lected. The largest specimens from San Isidro (UCMP
B-5012) measured 7 cm high, the largest from the Chan-
nel Islands of California 11.8 em high (UCSB 5197 =
hypotype M-18).

Variability.—(Pl. 26, figs. 1-9, 12-14) Valves are moder-
ately flat to convex with 0-3 rounded ledges. Juvenile
interspaces with one fine riblet, adults with multiple
striae. Some have 12-13 narrow, rectangular ribs, and a
square right-valve anterior auricle similar to that of L.
magnificus (pl. 21, figs. 1, 2). These may be variants of
L. pretiosus or younger descendants of the forms com-
mon at San Isidro (UCMP B-5051, B-5016). Individuals
with higher rib profiles have been collected from USGS
9157, CAS 38792, and LSJU 57; some are similar to “L.”
dumblei (pl. 20, fig. 9), others to L. pretiosus and L.
magnificus. Precise locality and stratigraphic data are
needed to evaluate their relationships. USGS 9157, col-
lected by W.S.W. Kew in 1920, is in Arroyo San Gregorio,
from outcrops along an old trail; it is probably down-
stream from where it was reported (‘“between Paso
Hondo and Purisima Vieja,” about 15 mi northwest of San
Isidro). Specimens from CAS 38792 and LSJU 57 are
found with forms like those from UCMP B-5016.

Comparative notes.—Lyropecten pretiosus never attains
the large size of L. miguelensis or L. crassicardo. It has
finer macrosculpture and lower rib profiles than the
others and tends to form slightly angular ledges in left
valves. Lyropecten miguelensis has one coarse midriblet
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in each interspace, highly convex juvenile shells, and the
right-valve umbone projecting above the hinge line.
Lyropecten pretiosus has a higher rib count, 17-18, than
L. miguelensis, which has 15.

Phylogenetic affinities.—The left-valve rib scheme, R
2r R, 2r R, tendency toward angular ledging and fine
macrosculpture place L. pretiosus in the L. crassicardo-
L. magnificus bioseries. Growth form, valve profiles, and
fine sculpture differentiate L. pretiosus from L. miguelen-
sts and L. estrellanus.

Geographic distribution and stratigraphic occur-
rences.—Baja California Sur, Mexico, vicinity of La
Purisima and arroyos to north; northern Channel Islands
off Santa Barbara, Calif. Poorly preserved specimens
from the northern La Panza Range may be this species.
Reported occurrences in the Temblor Formation are
unverified.

La Purisima and San Isidro, from the lower part of the
Isidro Formation, early Miocene. Specimens collected
from “cliffs along the San Ramon River” (L.SJU 59;
M8648; M9165). The best material is from a low, white
knoll about 100 yd east of the center of the town of San
Isidro (UCMP B-5015, UCMP B-5016). Outcrops of flat-
lying, hard, gray, limy sandstone have abundant Ostrea
and Lyropecten pretiosus in low cliffs along the river
between San Isidro and La Purisima (Smith, 1984). Some
exposures had many turritellids, mostly internal molds;
others had concentrations of echinoids and Spondylus
scottt Brown and Pilsbry or of Rapana tmperialis Hertlein
and Jordan. Loel and Corey (1932) mentioned two Pectens
from Purisima Nueva Cliffs (UCMP A-600, east of the
river at Purisima, probably = LSJU 57) that are very
similar to L. submiguelensis from San Miguel Island.

Arroyo Patrocinio, Baja California Sur, from white
sandy coquina overlain unconformably by a basalt dated
at 8.1+0.4 Ma (McLean and others, 1985, 1987).

Northern Channel Islands, Calif. Santa Rosa Island,
type locality of Lyropecten submiguelensis (Loel and
Corey); at UCMP A-311 “***the taxon occurs with Ostrea
vespertina loeli, Spondylus perrini, Turritella inezana,
and Rapana vaquerosensis imperialis in massive yellow-
ish shaley sandstone in the canyon east of the pass be-
tween the two high peaks on the crest of the island”
(W.S.W. Kew, collector, 1926; detailed locality data from
Joseph H. Peck). Santa Rosa Island localities include
UCSB SR64-11, in the Vaqueros Formation, lower coarse-
grained sandstone and conglomerate member; UCSB
SR67-57 “with Rapana,” UCSB SR67-53; CAS 1154,
from San Augustine Canyon, matrix a hard, gray mud-
stone. CAS 1150, with many Rapanas, poorly preserved.

Southwest Santa Cruz Island. Vaqueros Formation,
diorite breccia member (“Lower Kinton Point” unit of
UCSB labels). (M8022, UCSB 1668; UCSB 1651). The
diorite breccia member interfingers with an overlying

sandstone member; McLean and others (1976) consider
these fossiliferous units correlative with upper Zemorrian
or lower Saucesian microfaunal stages.

San Miguel Island, Bremner (1933) localities: specimen
SBMNH 32.7 = CAS plastotype 6125, labeled P. crassi-
cardo, came from about 0.9 mi southwest of Bay Point
(Bremner’s loc. 16), where it is found with L. miguelen-
s1s in a unit he mapped as upper part of the Temblor For-
mation. These species were also listed from beach
localities about a mile east of Crook Point and from a mile
to the north (Bremner loc. 14). Weaver and Doerner (in
Weaver, 1969) correlate Bremner’s Temblor Formation
with their lower member of the Rincon Formation,
characterized by Rapana vaquerosensis, L. miguelensis,
and L. submiguelensis [= L. pretiosus], the same
assemblages as on southwestern Santa Cruz Island. They
note distinctive beds of chert-pebble conglomerate in the
lower part of this lower member, which also includes fine-
to coarse-grained mollusk-bearing sandstone. Lyropecten
pretiosus occurs in interfingering members of the
Vaqueros Formation on southwest Santa Cruz Island
(McLean and others, 1976), where the fossils may be facies
controlled. Unfortunately a fire at the Santa Barbara
Museum of Natural History in 1962 destroyed the collec-
tions; the fossils, together with Bremner’s locality map,
would have yielded further important biostratigraphic
data.

Uncertain occurrence, northern La Panza Range, Hay
Canyon section: Painted Rock Sandstone Member
(M2831, M4737), in very coarse pebbly sandstone bed.
Most specimens very poorly preserved; some were large
for the species, 8 cm high, 8 cm long. They are found there
with “Macrochlamis” magnolia, s.s. and fragments of
Vertipecten perrini, lower ‘“Vaqueros” Stage index
species. Loel and Corey’s hypotype UCMP 31738 from
this general area (UCMP A-494) is also associated with
“M.” magnolia, s.s. Some of their other specimens from
the Santa Monica Mountains, the San Joaquin Hills in
Orange County, and the Santa Ynez Range are redeter-
mined here as L. miguelensis.

Central Sierra Madre Range, Fox Mountain 7Y2-minute
quadrangle, Vaqueros Formation, Painted Rock Sand-
stone Member (Fritsche, 1969). Worn, tectonically de-
formed specimens, many fragmental but similar to the
holotype of L. submiguelensis and material from Baja
California Sur, Mexico (UCMP B-5016; M9165). Localities
include UCLA 5542 and 5560.

Geologic age.—Late Oligocene(?) to early Miocene.

Biostratigraphy.—Upper lower “Vaqueros” and mid-
dle “Vaqueros” Stages in California; the equivalent of up-
per “Vaqueros” Stage in La Purisima and Arroyo San
Gregorio, Baja California Sur, is based on radiometrical-
ly dated volcanic rocks stratigraphically below and above
the marine Isidro Formation (Smith, 1984andin press).
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Lyropecten terminus (Arnold, 1906)
Plate 2, figure 1; plate 22, figures 2, 3

1906. Pecten (Lyropecten) estrellanus Conrad var. terminus Arnold,
U.S. Geological Survey Professional Paper 47, p. 77, pl. 23,
figs. 2, 2a.

1906. Pecten (Lyropecten) estrellanus Conrad. Arnold, ibid., pl. 19, figs,
1, 1a.

1915. Pecten estrellanus Conrad. Waring, California State Mining
Bureau map folio accompanying Bulletin 69, fig. 38 [hypotype
SU 5186].

1917a. Pecten terminus. Nomland, University of California Department
of Geology Bulletin, v. 10, no. 14, p. 219 (list), pl. 6, fig. 4.

1965. Lyropecten terminus (Arnold). Durham and Addicott, U.S.
Geological Survey Professional Paper 524-A, p. A13, A15, pl.
1, figs. 1, 10,; pl. 2, figs. 1, 10.

Holotype.—UCMP 11622, a single right valve of a young
adult 7.0 cm high, 7.5 cm long.

Type locality.—Monterey County, Calif. Subsequent
work by Durham and Addicott (1965) restricts the type
area to terraces along the east side of the Salinas Valley
or in tributary canyons between King City and San Ardo.
Pancho Rico Formation. Originally described as ‘“Upper
Miocene or San Pablo Horizon,” L. terminus is late
Miocene to early Pliocene in age, “Jacalitos” Stage.

Stgnificant hypotypes.—UCMP 36249, thin section
described by Oberling (1964) showing overlapping folia-
tions producing an interlocking shell microstructure.
UCMP 37391, an individual with articulated valves.

Description.—Valves equal, flat to moderately convex.
Beaks project slightly, equally, beyond hinge line. Auricles
unequal, costate, and lirate. Byssal notch deep. Hinge
length about half shell length. Right-valve rectangular ribs
14-15, one riblet in juvenile interspaces, four or more
costae in adults. Left-valve ribs 13-14 (a few 12), rec-
tangular in profile, of equal prominence and spacing. Left-
valve interspaces wide, with four to five or more costae,
asin L. crassicardo; L. terminus has no key or raised ribs,
no nodes. Large specimens commonly measure 12-14 cm
high; one individual from the Salinas Valley is 16 ¢m high,
17.6 cm long. '

Variability.—Fine sculpture varies between juveniles
and adults, right and left valves; rib counts vary by one,
rarely two ribs. Juvenile right valves have one prominent
riblet per interspace (as in L. estrellanus), adults have four
or more radial striae. Rib widths and moderately convex
valve profiles are consistent characters.

Comparative notes.—Articulated specimens are rare;
single, worn specimens are hard to distinguish from L.
estrellanus except by their lower rib count and left-valve
fine sculpture.

Phylogenetic affinities.—Lyropecten terminus is mor-
phologically closest to L. estrellanus and probably its
direct descendant. Disarticulated valves of both species
are found in beach deposits that may be reworked. Lyro-
pecten terminus is relatively rare and restricted geo-

graphically to the southern Salinas Valley and San
Joaquin Valley near Coalinga. It may be an abnormally
low-ribbed variant of L. estrellanus that lived later than
L. estrellanus s.s. in progressively shallower basins in cen-
tral California.

Geographic distributions and stratigraphic occur-
rence.—Southern Salinas Valley and eastern tributary
canyons; San Benito-Waltham Trough (Flynn, 1963) and
the Jacalitos Hills and canyons south of Coalinga, western
San Joaquin Valley.

Pancho Rico Formation in Wildhorse, Sweetwater,
Pancho Rico, and Hamilton Canyons, Lynch Creek, and
Long Valley (CAS 467, LSJU accession nos. 2757, 30142;
LSJU loc. 1159). Canyons are shown in Durham and Addi-
cott (1965). The best material came from the San Ardo
15-minute quadrangle: M2283; M1341; USGS 7898,
M2280; M2295; M2275; M913; M920; USGS 3542; M912;
LSJU acc. no. 1883; UCMP D-4612. A few localities
yielded mixed assemblages including L. terminus, L.
estrellanus, and L. cerrosensis. These represent float col-
lections from the north side of Wildhorse Canyon (M2279)
and river terraces along the eastern Salinas Valley
(M912); L. terminus and L. cerrosensis are found at
UCMP A-2939. Lyropecten terminus is also from west
of the Salinas River (M1935, M1676). Priest Valley
15-minute quadrangle localities: UCMP A-3046, A-3295,
A-3324, D-4612.

Coalinga area, western San Joaquin Valley. Jacalitos
Formation (lower part of the Etchegoin Formation of
some authors), Jacalitos and Zapato Chino Canyons
(UCMP 2520; 2523, 2526; at 2533 with Patinopecten lohri,
UCMP 2646), labelled “in Chione elsmerensis zone”.
Etchegoin Formation (Adegoke, 1969 localities in Reef
Ridge area, south of Coalinga (UCMP B-6528, B-6529,
B6535; D-1147, D-1148; UCMP A-628, from Kreyenhagen
Hills 7¥%-minute quadrangle).

Geologic age.—Late Miocene to early Pliocene. Although
the Pancho Rico Formation was originally considered
early Pliocene in age by Durham and Addicott (1965), its
revised age is late Miocene on the basis of recalibration
of Pacific Coast marine chronology with European stand-
ards (Addicott, 1978).

Biostratigraphy.—‘‘Jacalitos” Stage index fossil. Stan-
ton and Dodd (1976) found its highest occurrences overlap-
ping the lowest ones of Patinopecten lohri, guide fossil
of the upper “Jacalitos”-lower “San Joaquin’ Stages (for
example, UCMP 2533, in Waltham Creek). They point out
that L. terminus is the pectinid of the “Pecten estrellanus
zone”’ of Arnold and Anderson (1910), more or less
equivalent to the Chione elsmerensis zone of Nomland
(1917a).

Paleoecology.—The Pancho Rico Formation includes
coarse-textured sedimentary rocks and worn shell frag-
ments of robust, shallow-water organisms such as bar-
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Economic Paleontologists and Mineralogists, Pacific Section,
Miocene Biostratigraphic Symposium, Proceedings, p. 7, 10,
pl. 2, fig. 6.

Holotype.—LSJU 9, a worn, double-valved late juvenile
specimen, 3.7 cm high, 4.0 cm long.

Type locality.—Ojai Valley, Ventura County, Calif.
Exact locality not known. Collected by Stephen Bowers.
“Miocene, probably lower.” Subsequent collecting has
recovered no additional material from the type area,
although master’s thesis work by John Byrd, University
of California, Santa Barbara, turned up fragmentary
specimens from south of Solvang and the Santa Ynez
River, near the well downstream from the Alisal Bridge.

The taxon cannot be evaluated yet because it is repre-
sented by only two specimens, a juvenile holotype lack-
ing stratigraphic data and an internal mold from the
Temblor Formation, Carneros Sandstone Member (USGS
loc. 4941).

Description—The type specimen has equally convex
valves, a single constriction or incipient ledge, and beaks
that project equally, slightly, above the hinge line.
Auricles unequal, costate, lirate. Byssal notch deep. Hinge
length greater than half the shell length. Right valve has
11 ribs, left valve 11 ribs with incipient nodes on every
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third rib. Rib scheme is N 2r N, 2r N. Fine macrosculp-
ture not preserved.

Phylogenetic affinities.—The holotype belongs with the
L. crassicardo-L. magnificus stock on the basis of left-
valve key-rib scheme. It is possibly the same as L.
pretiosus (= L. submiguelensts authors), which it resem-
bles in growth form and ribbing.

“Lyropecten”

Several species from the Paleogene of the Caribbean
region are referred to “Lyropecten’ on the basis of mor-
phologic similarity to eastern Pacific taxa. No Caribbean
specimens attain the large size of the California species
and none are known from intermediate, contemporaneous
formations in Panama.

Diagnosis.—Valves equally convex, some with angular
ledges. Radial ribs and interspaces costate and lirate;
some left valves with nodes in varying positions. Auricles
small, subequal to unequal. Byssal notch moderately deep.
Hinge area has two pairs of crura on each valve.

Similar to Lyropecten, except smaller in size, species
referred to “Lyropecten’’ need further study and com-
parison with European taxa to verify the generic assign-
ment.
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‘““Lyropecten’’ articulosus
(Cooke, 1919)

Plate 20, figures 1, 2
1919. Pecten (Nodipecten) articulosus Cooke, Geology and Paleontology

of the West Indies, Carnegie Institution of Washington Publica-
tion 291, p. 136, pl. 7, figs. 7, 8.

Holotype.— AMNH 25025, a right valve, white in color,
5.5 cm high, 6.2 cm long, 2.2 em in hinge length. Collected
by Barnum Brown.

Type locality.—Guajay, Cuba, 15 mi southwest of
Havana. Oligocene, “Disintegrated limestone in a quarry
near asylum***.”

Taxonomic comment.—The species is grouped with
“Lyropecten” because of general growth form, hinge,
shape of auricles, and similarity to L. estrellanus, type
of the genus. Nodipecten is here restricted to those species
having hollow, bulbous nodes on alternating ribs of left
valves, as typified by N. nodosus (scheme NrN.rN. . .).
“Lyropecten’’ articulosus belongs with “L.”” dumblei and
“L.” condylomatus, two other species which develop
variable numbers of nodes in varying positions.

Description.—(Based only on the type specimens and
original description.) Valves convex, the right more
rounded and the left more angular in profile, with 14
ledges. Beaks project equally, slightly, beyond hinge line.
Auricles small, subequal; byssal notch moderately deep.
Right-valve ribs seven, high and narrow in juvenile part
of the shell, lower and flatter in adult. Nodes lacking, fine
sculpture except for growth lines not preserved. Left-
valve ribs 6-7, evenly spaced; at 2 em high, late juvenile
shell has a prominent node on the central rib and an in-
cipient node on the anterior lateral in a scheme described
asr R r N, 3r. Originally described as having 8-11 ribs,
but the types have only 7 (juvenile) or 8 (adult).

Comparative notes.—“‘Lyropecten” articulosus shares
hinge characters, growth form, and size and shape of
auricles with two other Caribbean ‘“‘early Lyropectens.”
Adult shells are 5-6 cm high with a marked ledge in
juveniles 2 em high. “Lyropecten” articulosus has the
fewest and widest ribs: 7-8. “Lyropecten’’ condylomatus,
represented abundantly in collections at USNM and
Tulane University, has greater variation in valve profile
and 10-11 ribs. “Lyropecten” dumblei has thinner ribs and
some nodes on left valves. Cooke (1919, p. 136) notes P.
articulosus is “***more nearly equivalve, has larger and
fewer ribs, and lacks the secondary sculpture [of P. con-
dylomatus Dall].”

Phylogenetic affinity.—*‘Lyropecten” articulosus is
grouped with “L.” dumblet and “L.” condylomatus on the
basis of morphology, adult size, and geographic distribu-
tion. It may have a European ancestor.

Geographic distribution and stratigraphic occur-
rence.—Guajay, Cuba; 15 mi southwest of Havana, in
quarry.

Geologic age.—Oligocene. Cooke (1919) correlated the
faunule with that of the Tampa Limestone.

““Lyropecten’ condylomatus
(Dall, 1898)

Plate 20, figures 6, 7

1898. Pecten (Nodipecten) condylomatus Dall, Wagner Free Institute
of Sciences of Philadelphia Transactions, v. 3, pt. 4, p. 729-730,
pl. 34, figs. 14, 15.

1926. Chlamys (Nodipecten) condylomatus (Dall). Gardner, U.S. Geo-
logical Survey Professional Paper 142-A, p. 46-47, pl. 12, figs.
3, 4.

1959. Chlamys condylomata (Dall): Mongin, Bulletins of American
Paleontology, v. 39, no. 180, p. 305-306, pl. 25, figs. 3a-3d.

Holotype.—USNM 114776, a juvenile left valve 2.4 cm
high, 2.4 cm long, with two prominent angular ledges.

Type locality.—Ten Mile Creek, 1 mi west of Bailey’s
Ferry, Calhoun County, Florida (USGS 2212). Lower
Miocene (Oligocene of early workers), Chipola Formation.

Paratype.—USNM 334994, a right valve 3.2 em high,
3.3 cm long.

Taxonomic comment.—The original type lot, USNM
114776, included more than one taxon, even allowing for
the high degree of variability in “L.” condylomatus. A
right valve that may be another species of pectinid from
the same lot is shown on plate 20, figure 3.

Description.—Valve profiles variable, commonly with
1-3 ledges, rounded in right valves, angular in left. Beaks
project equally, slightly, beyond hinge line. Auricles small
and subequal, costate, lirate. Byssal notch moderately
deep. Hinge length about half of shell length. Right-valve
ribs 10-12 or 13, costate, lirate; anterior and posterior ribs
tend to become obsolete. Left-valve ribs 12-13. Ledge
margins usually have elongate nodes, the noded ribs in
varying positions in shells from the same lot. Commonest
pattern is nodes on the central rib and on laterals
separated from it by 1 or 2 regular ribs. Large individuals
(4 em high) may be elongated posteriorly. Different modes
of preservation produce stronger, distantly spaced con-
centric fine sculpture. Shells have not been found articu-
lated. The largest specimen measured 5 cm high, 5.7 cm
long (TU 951). Abundant specimens in the USNM and
Tulane collections are available for detailed biometric
studies.

Comparative notes.—Fewer ribs (10-13) than in “L.”
dumblei (13-15), smaller in maximum size. Left valves
have one or more angular ledges, not the single break in
slope of most “L.” dumblei left valves; three elongate
thickenings or incipient nodes commonly develop on the
central and two lateral ribs, although the spacing of noded
ribs varies. The two species share similar growth habits,
shell outlines, and the tendency toward posterior elonga-
tion. “Lyropecten” condylomatus is geographically more
restricted, and there are only a few localities in Florida
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where the taxa occur together. Juvenile valves are distin-
guished with difficulty.

Phylogenetic affinities.—Of the New World pectinids,
“L.” condylomatus is closest in size and growth form to
“L.” dumble.

Geographic distribution and stratigraphic occur-
rences.—Florida panhandle, from the Alum Bluff Group,
and Tuxpan, Veracruz, Mexico.

Northwest Florida, Chipola Formation, lower Miocene:
TU 1098, 1050; 998; 951; 831; 830; 825; 810; 655; 546;
457; USGS 2212, 2213, 2564, 3419, 9994. Shoal River For-
mation, Oak Grove Sand Member, middle Miocene: USGS
9961 [with Chesapecten sayanus (Dall)] and Shoal River
Formation, USGS 9957 (fide Gardner, 1926).

Sarasota County, Fla., Hawthorn Formation, middle
Miocene: USGS 23598 (with “L.” dumbler).

The original description listed the taxon from the “lower
bed at Hawkinsville, Georgia,” but the specimen was
misidentified (Gardner, 1926). That specimen is from the
Guajalote Formation, northeastern Mexico, as given in
early lists of San Fernando and Tuxpan faunas [= “L.”
dumbler). Emily H. Vokes found a single specimen of “L.”
condylomatus at Tuxpan, Veracruz, in the top of the type
section of the Tuxpan Formation, planktonic foraminiferal
zone N 7-8 (E.H. Vokes, written commun., 1975).

Geologic age.—Early to middle Miocene. Microfossils
from the Chipola Formation are N zones 7 and 8 (Akers,
1972).

“Lyropecten’’ dumblei
(Gardner, 1945)

Plate 1, figures 6, 7; plate 20, figures 4a, 4b, 5, 8

Pecten condylomatus Dall? of the checklists of Dumble and others (fide
Gardner, 1945, p. 69). (Not 1898 Pecten (Nodipecten) con-
dylomatus Dall, Wagner Free Institute of Sciences of
Philadelphia Transactions, v. 3, pt. 4, p. 729, pl. 34, figs. 14, 15.)

1945. Chlamys (Nodipecten) dumblei Gardner, Geological Society of
America Memoir 11, p. 69, pl. 11, figs. 4 [paratype 49456], 6
[paratype 494955, = 7712-A]

Syntypes.—USNM 494994 a right valve, 4.5 cm high,
5.0 cm long. USNM 494995, a left valve with one promi-
nent ledge or change in shell profile at 1.8 ¢cm high, em-
phasized by three hollow nodes or thickenings. 5.1 ¢cm
high, 5.9 cm long.

Type locality.—Tamaulipas, Mexico, east bank of Rio
Conchos, near town of San Fernando (USGS 13455,
USGS 13585). Lower Miocene, Guajalote Formation.

Paratypes.—USNM 494955, a left valve measuring 4.5
cm high, 4.9 cm long (USGS loc. 13455). USNM 494956,
an atypical left valve with three rounded ledges and
broken anterior auricles, 3.5 ecm high, 3.7 cm long (USGS
loc. 13587).

Significant hypotype.—UCMP 37395, a double-valved
specimen from the type area (UCMP D-8799).

Description.—Adult valves equally convex, juvenile left

valves flatter than right valves. Profile variable; right
valve rounded, left valve commonly with a single angular
ledge at about 2 ¢cm high (but some specimens have two
or three ledges). Valves circular in juvenile stages, longer
than high in adults. Posterior elongation is common in
larger individuals. Beaks project equally, slightly, beyond
hinge line. Auricles small, unequal, costate, and lirate.
Byssal notch moderately deep. Hinge length less than half
shell length. Right-valve ribs 14-15 or 16, ribs and spaces
costate and lirate. Rib profiles narrow, rectangular, and
moderately high. Left-valve ribs 14-15, with two or more
elongate nodes on the central and fourth posterior ribs.
The central rib and one or two others usually bear
elongate hollow swellings or incipient nodes before the
break in shell slope. The node scheme can be described
as 3r N 2r N 3r N 2r.

The largest individuals measured 8 cm high (TU 1071).
The fact that many specimens had repaired shells suggests
that the single prominent ledge may be related to injury.
However, uninjured specimens from other localities are
also ledged and shell growth seems to be continuous. The
ledge is a normal character. Only one individual has been
found with two articulated valves (hypotype UCMP
37395).

Variability.—Variation among specimens from the type
area is low. Specimens from Baja California Sur here
referred to “Lyropecten’” sp. aff. “L.” dumblei, differ
in lacking the pronounced left-valve ledge and well-
developed elongate thickenings. Individuals from
northwestern Florida are scarce and poorly preserved,
occurring at a few localities with “L.” condylomatus; the
Chipola Formation specimens have one or two fewer ribs
than those from eastern Mexico. Gardner (1945) noted the
early confusion between L. dumblet and L. condylomatus
and the misidentification of the Mexican species as “L.”
condylomatus. “Lyropecten’ condylomatus varies in rib
count and node scheme; some specimens overlap “L.”
dumblet in rib count, but none have its single angular
ledge and node scheme.

Comparative notes.—“Lyropecten” dumblei is distin-
guished from “L.” condylomatus in having evenly spaced
ribs and a consistent left-valve node scheme, 7r N, 3r N
3r. It has 13-15 ribs; “L.” condylomatus has 10-11, a few
individuals as many as 13. Disarticulated juvenile right
valves of the two species are hard to distinguish.

Phylogencetic affinities.—‘‘Lyropecten’ dumblei seems
to be ancestral to “L.” condylomatus, although records
for the taxa are meager outside their respective type
areas, and foraminifers from the two areas suggest that
the species could be penecontemporaneous.

Lyropecten sp. aff. “L.” dumblei (pl. 20, figs. 9-11)
occurs in the lower Miocene Isidro Formation near La
Purisima, Baja California Sur, Mexico (locations USGS
9157, 9160; CAS 36409; M9165). It resembles “L.”
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dumbles in internal hinge, size, and growth form but lacks
the characteristic left-valve ledge and elongate nodes. It
may also be ancestral to L. pretiosus, the oldest Pacific
Lyropecten.

Geographic distribution and stratigraphic occur-
rences.—Coastal plain of northeastern Mexico, states of
Tamaulipas and Veracruz; Sinu Basin, northwestern
Colombia. Florida panhandle along the Chipola River, co-
occurring with “L.” condylomatus.

Northeastern Mexico, Guajalote Formation [San Fer-
nando and San Rafael Formation of early workers), near
San Fernando, Tamaulipas: USGS 13455, 13585, 13587,
13588; 3419; CAS 40508, 40274; 41034, 41053; UCMP
S-8293 (oceurs with a Chesapecten); TU 430.

Veracruz, Mexico. Tuxpan Formation, Papantla region
(CAS 41039, 41040; TU 1071). Planktonic foraminifers
from TU 1071, which are from zones N 10 or N 11, are
interpreted as indicating 30 m in depth (W.H. Akers, oral
commun., 1981). Rio Las Playas (UCMP S-8219).

Northern Colombia, Departamento Cordoba, Sinu River
basin. Hatachica, above Maria Magdalena [= La Risa]
(UCMP S-7331). Rio San Juan area, Quebrada Pajuil
(USGS 1625, 1626).

Uncertain occurrence, Baja California Sur, Mexico
(Smith, 1984). La Purisima area (USGS 9157, 9160; CAS
36409; M9165).

Northwestern Florida. Oak Grove Formation, Sand
Member, Shoal River Formation (USGS 659 = 11659,
very worn material). Chipola Formation (USGS 3419;
2564).

Sarasota County, Fla., with “L.” condylomatus at
USGS 23596, 23598, South Point Drive, Hawthorn
Formation.

Geologic age.—Late Oligocene or early Miocene to mid-
dle Miocene.

Macrochlamis Sacco, 1897a

Type spectes (original designation).— Ostrea latissima
Brocchi, 1814. The holotype was illustrated in Ronchetti,
1952, p. 26-29, figs. 8a, 8b.

Diagnosis.—Valves equally convex, auricles equal,
large, and smooth. Byssal notch present, hinge teeth
variable, 0-3 weak pairs, hinge greater than half shell
length. Beaks project slightly. equally beyond hinge.
Radial ribs tend to be few, low in profile, and wider in
the central part of the shell. Fine macrosculpture mainly
concentric growth lines in California taxa.

The correct spelling of the generic name is Macrochla-
mzs, as published by Sacco (1897a) in a synopsis preceding
his major monograph of the same title (1897b). In the
second publication, which contained complete descriptions
of his new taxa, he spelled the genus Macrochlamys, a
name preoccupied by a gastropod (Benson, 1832). This led
later workers to reject the name as a primary homonym
and to propose new names such as Gigantopecten

Rovereto, 1899 and Grandipecten Cossmann, 1914, The
difference of one letter and designation of a type species
in Sacco’s first publication distinguishes it from the
gastropod Macrochlamys and qualifies it as a valid name
rather than a junior homonym.

“Macrochlamis” is used here for an important Califor-
nia index species, because thorough revisions of European
genera are beyond the scope of this paper. A European
cognate species here referred to Macrochlamas terebra-
tulaeformrs (de Serres) is included for comparison.

“Macrochlamis’ magnolia magnolia
(Conrad, 1857)
Plate 29, figures 3, 4; plate 31, figures 1, 5; plate 37, figures 2, 4

1857. Pecten magnolia Conrad, Report of Explorations for Railroad
Routes. .., v. 7, pt. 2, p. 191, pl. 1, fig. 2.

1906. Pecten (Lyropecten) magnolia Conrad. Arnold, U.S. Geo-
logical Survey Professional Paper 47, p. 77-78, pl. 24, fig.
1 {fig. 21is “M.” magnolia ojaiensts, n. subsp.}; not pl. 25,
fig. 1[= fragment of Lyropecten crassicardo; probably not
from the Vaqueros Formation].

1931. Pecten (Lyropecten) jeffersonius Say. Grant and Gale, San
Diego Society of Natural History Memoir, v. 1, p. 176-177
(in part).

1932. Pecten (Lyropecten) magnolic Conrad. Loel and Corey,
University of California Publications, Department of Geo-
logical Sciences, v. 22, no. 3, p. 198-199 (in part), pl. 25,
figs. 1, 2, 4; pl. 27, fig. 2.

Not 1942. Pecten (Lyropecten) magnolic Conrad. Haas, Journal of

Paleontology, v. 16, no. 3, p. 309, 313 [a poorly preserved
internal mold of a pectinid having 8 or 9 ribs].

Taxonomic comments.—Pecten magnolia Conrad has
long been classified as a Lyropecten because of its interior
hinge crura, large size, and morphologic similarity to a
large number of species referred to that genus. Addicott
(1972) noted that the shell proportions and giant size of
auricles resemble those of European pectinids of the
Macrochlamis latissimus-M. holgeri group; he considered
P. magnolia the first representative of that stock in
western North America. The genus is unknown in the
Eastern United States, but it ranged widely during
Miocene and Pliocene time in the eastern and western
Tethys of Europe.

Two subspecies are recognized here: the 9-10 ribbed
“M.” magnolia, s.s. and a fewer ribbed form, “M.” mag-
nolia ojarensis, n. subsp. They are separable biostrati-
graphically, the former occurring in the lower lower
“Vaqueros” Stage, the latter in the upper lower “Vaque-
ros’’ to lower middle ‘“‘Vaqueros” Stage. Ranges of “M.”
magnolia, s.s. and “M.” magnolia ojaiensis overlap those
of Vertipecten perrini and V. kernensis, respectively.
Gradational specimens occur in upper Oligocene rocks of
the Santa Cruz Mountains, the Santa Ynez Range, the
Nipomo-Huasna basin, and the western Santa Susana
Mountains (fig. 11).

Neotype.—UCMP 31729, here selected, illustrated by
Loel and Corey (1932, pl. 27, fig. 2).



SYSTEMATIC PALEONTOLOGY—“MACROCHLAMIS” 73

Conrad designated no holotype, although the original
description mentioned 11 ribs and very large size. His il-
lustration does not match his description; it seems to be
a valve of Pecten meekii Conrad. Arnold (1906) referred
to type specimens at the U.S. National Museum (USNM
13311 and 13325), but they are fragments of L. crassicar-
do and not Conrad types.

Type locality.—Santa Ynez (‘‘Inez”’) Mountains, Santa
Barbara County, Calif. Subsequent field work suggests
it is on the north side of the range and in the Santa Ynez
Valley, probably in the vicinity of the San Julian Ranch
(Lompoc 15-minute quadrangle), in T. 5 N., R. 30 W.
(Keen and Bentson, 1944). Neotype locality: about 0.5 mi
north of Jalama Creek, near Escondido Creek, Santa Ynez
Mountains (loc. UCMP A-315). Oligocene, Vaqueros For-
mation, basal part (Loel and Corey, 1932, p. 91).

Significant hypotype.—UCMP 37387 (loc. UCMP
D-8794).

Description.—Valves massive, subcircular; juvenile
right valves more convex, left valves flat. Right-valve
beak projects farther beyond hinge line than left beak (pl.
31, fig. 1). Auricles very large, sculptured by fine growth
lines, a few faint radials near the hinge. Posterior auricle
higher than anterior. Byssal notch weak. Hinge has three
pairs of strong cardinal crura; hinge length about half shell
length. Right-valve ribs 9-10, wider than interspaces. Fine
macrosculpture obsolete, mainly concentric growth lines.
Left-valve ribs 9-10, narrower than interspaces. The fine
sculpture, rarely preserved, consists of several fine radial
striae crossed by concentric growth lines (hypotype
UCMP 37387, pl. 31, fig. 5). Many large specimens from
Cuyama Valley (for example, locality M3519) are extreme-
ly swollen. One giant measured 25 cm high, 28-30 cm long,
14.5 em in hinge length (J.G. Vedder, oral commun.,
1973).

Variability.—Juveniles have 10 high, narrow ribs,
adults 8-9 lower rectangular ribs, lateral riblets becom-
ing incipient in some cases. Loel and Corey (1932) noted
rib counts of 10-12 in many specimens, as low as 6 in
others. Stratigraphic and geographic data support the
subdivision into two subspecies differentiated by rib count.
Within each subspecies, ribs vary by one or two.

Comparative notes.—Subspecific differences are as
follows:

“M.” magnolia ojaiensis
“few-ribbed form”

Rib count 6-7

Right-valve beak projects
higher above hinge line

“M.” magnolia s.s.,
“many ribbed form”

Rib count 9-10

Right-valve beak projects
slightly above straight
hinge line

Flat-concave profile until
1.5-2 em high; may have
one slight ledge

Left-valve juvenile normal
convexity

Maximum adult size 14-15 em
high

Maximum adult size 25 ¢m
high; most 20 cm

Phylogenetic affinities.—Biostratigraphic data indicate
that the many ribbed “M.” magnolia s.s. is the older
subspecies and direct ancestor of “M."” magnolia ojaien-
sis. There is no other representative of “Macrochlamis”
in North America; a comprehensive systematic revision
of European pectinid genera may indicate that “M.”
magnolia, s.l. and the close European cognate identified
here as M. terebratulaeformis belong in another genus.
Arnold (1906) considered Pecten magnolia ancestral to L.
crassicardo, but that lineage is not borne out by the mor-
phologic progression and fossil record of Lyropecten sp.
cf. L. magnificus and L. pretiosus (including L. sub-
miguelensis auctt.)-L. crassicardo-L. magnificus. The
phylogenetic relation, if any, between “Macrochlamis’”
and Lyropecten is unknown.

Geographic distribution and stratigraphic occur-
rences.—In figure 11 the distributions of “M.” magnolia
subspecies are compared.

Western Transverse Ranges, southern Santa Lucia and
northern La Panza Ranges; Cuyama Valley and Caliente
Range; Santa Ana Mountains. Not from the type locality
of the Vaqueros Formation, as listed by Thorup (1943).
Not from Central America as reported in the literature.
Reports by reconnaissance geology mappers of occur-
rences on the northern Channel Islands could not be
verified from museum collections.

Representative localities.—Vaqueros Formation, south-
ern Coast Ranges: LSJU accession no. 53268, Bradley
15-minute quadrangle, near Tierra Redonda Mountain
north of Nacimiento Reservoir. Lompoc 15-minute quad-
rangle; San Julian Ranch, Ytias Canyon, and Jalama
Creek (LSJU accession Nos. 1710, 1821; UCMP D-8794,
A-315, A-319). Also from south of the Santa Ynez River,
on the Alisal Ranch.

Cayucos 15-minute quadrangle, near Morro and Toro
Creeks (UCLA 6205, with V. perrini; LSJU acc. no.
20058, 22362); Cypress Mountain quadrangle (UCLA
6068, 6069; 6073); Nipomo quadrangle (UCLA 4586,
4584); Pismo Beach quadrangle (UCLA 5840, fragments).

La Panza Range, Hay Canyon (USGS M2831) Vaqueros
Formation, Painted Rock Sandstone Member. Large in-
dividuals are found with internal molds of Amusium and
Lyropecten pretiosus (= L. submiguelensis auctt.).

Caliente Range and central Sierra Madre Range. Abun-
dant large specimens as well as juveniles occur at USGS
M3519, M3520; UCLA 5564 (Fritsche, 1969); UCMP
B-4064, in the Fox Mountain quadrangle. Vaqueros For-
mation, basal part, Cuyama Valley (abundant at M2445).
Fieldwork was not undertaken to investigate the relation
of lower “Vaqueros” Stage megafossils and Saucesian
microfossils reported from some localities (J.G. Vedder,
oral commun., 1973).

Forms having rib counts intermediate between “M.”
magnolia, s.s. and “M.” magnolia ojaiensis include a worn
individual from the San Emigdio Mountains (UCR 4021)
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and specimens from the Huasna Basin (UCLA 4586) and
Big Mountain, western Santa Susana Mountains (Pacific
Section Society of Economic Paleontologists and Mineral-
ogists field trip, Oct. 8, 1983).

Vaqueros Formation, western Santa Ana Mountains,
Irvine Ranch area (LSJU summer geology collections,
1949 and 1950, including SGS 1949 131-3A, pl. 37, fig.
4). This specimen, hypotype CAS 61039, is closest to
material from the Santa Ynez Mountains (locs. UCMP
A-543, D-8794).

Geologic age.—Middle Oligocene. Specimens from the
Salisbury Canyon 15-minute quadrangle (USGS loc.
M3520) are regarded as early Miocene by J.G. Vedder
(oral commun., 1973).

Briostratigraphic data.—Lower ‘‘Vaqueros” Stage.
“One of the most characteristic of the lower Miocene, or
Vaqueros Formation fossils,” according to Arnold (1906),
who was referring to the formation in the Morro-Toro
Creek area, Cayucos 15-minute quadrangle, rather than
at its type locality farther north. It commonly occurs with
Vertipecten perrini.

Paleoecology.—“M.”” magnolia, s.l. is known only from
shallow-water deposits, especially well indurated coarse-
grained pebbly sandstones and sandy conglomerates. The
majority of specimens collected have two valves intact but
most of the outer shell layer is gone; this kind of preser-
vation implies a turbulent beach environment.

‘“Macrochlamis’’ magnolia cjaiensis
n. subsp.

Plate 29, figures 1, 2; plate 30, figure 3; plate 31, figures 2, 3, 6

1906. Pecten (Lyropecten) magnolia Conrad. Arnold, U.S. Geological

Survey Professional Paper 47, p. 77-78, pl. 24, fig. 2.

?1923. Pecten (Lyropecten) vaughani emigdioensis Wagner and Schill-
ing, University of California Publications, Department of
Geological Sciences, v. 14, no. 6, p. 253, pl. 45, fig. 2 [a juvenile
left valve].

1932. Pecten (Lyropecten) magnolia Conrad. Loel and Corey, Univer-
sity of California Publications, Department of Geological
Sciences Bulletin, v. 22, no. 3, p. 198-199 (in part), pl. 25, fig.
3; pl. 26, figs. 1a, 1b; pl. 27, fig. 1; pl. 28, fig. 1.

1972. Macrochlamis magnolia (Conrad). Addicott, Society of Economic
Paleontologists and Mineralogists, Pacific Section, Proceed-
ings, p. 8.

1974. Macrochlamis magnolia (Conrad). Addicott, Journal of Paleon-
tology, v. 48, no. 1, pl. 2, fig. 3.

Holotype.—USNM 335004, formerly LSJU accession
no. 22366, a double-valved adult 13.2 cm high, 14.5 em
long, is designated as type. It is named for the Ojai Valley,
a Chumash Indian name pronounced o’ high, meaning
“moon.”

Paratype.—~UCMP 37383.

Type locality.—Ventura County, Calif., Ojai 7%2-minute
quadrangle ‘“East end of Ojai Valley near the abandoned
oil well” according to notes from Stanford Summer
Geology, 1931 (field loc. 20-Z, = UCMP D-8792). Vaque-

ros Formation, upper Oligocene (lower Miocene of many
authors).

Taxonomic comment.—The “few-ribbed Ojai form’ can
be separated morphologically and stratigraphically from
“M.” magnolia, s.s. Pecten emigdioensts Wagner and
Schilling, based on a juvenile left valve from the San
Emigdio Range, is possibly a juvenile of this taxon,
although the name is rejected because it is not certain that
the single immature specimen is the same species as the
abundant adult “machrochlamids” in the Ojai Valley.

Description.—Valves longer than high, convex in adults.
Juvenile right valves convex; left valves flat to concave,
many with a slight ledge at 1.5 ecm height. Right-valve
beak projects farther above hinge line than left valve.
Auricles large, equal, the posterior auricle higher than the
anterior one; auricles smooth except for growth lines and
2-3 obsolete radials near hinge line. Byssal notch shallow.
Hinge length greater than three-fourths shell length. Um-
bonal angle about 90°. Right valves with 6-7 rectangular
ribs that are highest and widest in center of shell; lateral
ribs progressively narrower and commonly obsolete in
adults. Left valves 6-7 ribs, which are narrower than inter-
spaces. Fine macrosculpture of radial costae and concen-
tric growth lines; coarse radial costae rarely preserved
in interspaces of a few individuals (loc. USGS 13330). The
largest individual studied was incomplete at 14.7 cm high
(LLSJU accession no. 22367).

Variability.—Ribs usually 6-7, 8 in some specimens
(UCR loc. 7586). Juveniles may have one rib more than
adults. Left-valve umbonal area slightly concave, flat, or
normal.

Comparative notes.—‘‘Macrochlamis” magnolia ojaien-
s1s has fewer ribs than “M.” magnolia, s.s.; the right-valve
beak projects farther above the hinge line. Middle to late
Oligocene forms have rib counts intermediate between the
two subspecies.

In a broader framework, “M.” magnolia, s.l. from
California may be related to M. tournalii, s.l., M. tere-
bratulaeformis (pl. 30, figs. 1, 2; pl. 31, fig. 4), and Euro-
pean taxa referred to M. subholgeri (Fontannes, 1878) and
M. restitutensis (Fontannes, 1881). Shared morphologic
characters include shape and size of auricles, juvenile
growth forms, and comparable rib counts, profiles, and
fine sculpture. Of the two California subspecies, “M.”
magnolia ojaiensis is closer to European specimens
referred here to M. terebratulaeformis (de Serres, 1829).
California localities yielding cognate material most like
the European specimens include UCR 1154 and UCLA
1311.

Geographic distribution and stratigraphic occur-
rences.—Transverse Ranges, from the Sespe Creek area
to the Santa Susana Mountains; present but not common
as far north as San Mateo County, south to the San
Emigdio Mountains. Very rare in the Santa Monica Moun-
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tains, Point Dume quadrangle, south of the Malibu Bowl
fault. Also from Pyramid Hill, Kern County, and the
eastern Temblor Range.

Not from the type locality of the Vaqueros Formation,
member E or F as indicated in faunal lists (Thorup, 1942).
Specimens that are intermediate in rib count between
“M.” magnolia s.s. and “M.” magnolia ojaiensis come
from the Huasna Basin, the western Santa Susana Moun-
tains, and south of the Santa Ynez River in the Los Olivos
15-minute quadrangle.

Distributions are plotted for comparison with occur-
rences of “M.” magnolia, s.s. on figure 11. The map
demonstrates the problem of interpreting paleogeography
from species distributions: localities of “M.” magnolia,
s.l. alone suggest simple basins, but zoogeographic data
from larger faunal assemblages demonstrate 150-200 mi
of lateral offset along the San Andreas fault since the
Oligocene (Addicott, 1968). This amount of displacement
is also supported by data from studies of sedimentary
basins, Tertiary volcanic rocks, structural relationships,
and geomorphology.

Representative localities for “M.” magnolia ojaiensis:

Ojai Valley and east along Oak Ridge, Vaqueros For-
mation: USGS M8012 = UCMP D-8792; LSJU aceession
no. 22367, 143, 33535; UCLA 1311; UCMP A-326, A-330).
Ridgetops on the Alisal Ranch, south of Solvang and the
Santa Ynez River, Santa Ynez 7%-minute quadrangle.
Santa Susana Mountains (UCR 7586). Topatopa Moun-
tains, Lion Canyon 7Y%-minute quadrangle, with Verti-
pecten kernensis (CSUN 263). South of Huasna Peak,
Nipomo 15-minute quadrangle (UCLA 4586) and in
isolated outcrops in the northwestern part of Vaquero
Flat (UCLA 4584, 4583 of Hall and Corbato, 1967).

Temblor Range, from the lower part of the Temblor
Formation, Santos Shale Member, Agua Sandstone Bed
in the Packwood Creek 7V2-minute quadrangle: LSJU loe.
2862; USGS M2631; at UCR 1269 specimens are inter-
mediate in rib count between “M.” magnolia, s.s. and
“M.” ojaiensis. “Macrochlamis” magnolia ojatensis forms
a biostrome in the basal conglomerate of the Agua Sand-
stone Bed, where it is found with Vertipecten fragments
of a form transitional between V. perrini and V.
kernensts.

San Emigdio Mountains (UCR 4021; USGS 13330); in
the Temblor Formation near Pleito Creek (Nilsen and
others, 1973). Material from USGS 13330 (east side of
Pleitito Creek) has a hard pebble and sand matrix;
specimens match material from Ojai Valley.

Santa Monica Mountains, north of the Malibu Coast
fault, south of the Malibu Bowl fault, near the junction
of Newton Canyon with Zuma Canyon; Vaqueros Forma-
tion, undifferentiated, of Yerkes and Campbell (1980a)
(field check for this paper).

Pyramid Hill, Kern County (UCR 1152, 1154, 1185;

UCMP B-6205; USGS M1700), from the Jewett Sand,
basal grit. Pescadero Beach, San Mateo County, in the
Vaqueros Formation exposed at low tide (CAS 38386;
LSJU accession no. 47625).

Geologic age.—Late Oligocene.

Biostratigraphic data.—Upper lower ‘“Vaqueros” to
lower middle ‘“Vaqueros” Stage. Its highest occurrences
are with Vertipecten kernensis (= V. nevadanus auctt.)
in the basal grit zone of the Jewett Sand near Pyramid
Hill (USGS M-1700) and in the Vaqueros Formation in the
Lion Canyon 7%-minute quadrangle (CSUN 263).

Paleoecology.—Heavy, articulated shells are found with
neritic organisms in coarse conglomerates. In the eastern
Temblor Range near Cedar Canyon (USGS M2631), con-
centrations of “M.” magnolia ojaiensts form a biostrome
in basal conglomerates of the Agua Sandstone Bed,
Santos Shale Member, Temblor Formation.

Macrochlamis terebratulaeformis
(de Serres, 1829)

Plate 30, figures 1, 2; plate 31, figure 4

1829. Pecten terebratulaeformis de Serres, Géognosie des terrains ter-
tiares du Midi de la France, p. 132, corrections p. 273; pl. IV,
fig. 1.

1939. Chlgmys tournalt de Serres. Roger, Société géologique de France,
nouvelle serie, Mémoire 40, p. 21 (in part); pl. IX, figs. 1, 1la
[specimen in collection at the Université de Lyon].

Taxonomic comment.—Described from the Midi,
France, this species is referred by most European workers
to M. tournalii (de Serres, 1829, p. 263-4, pl. IV, fig. 1),
an early Miocene Burdigalian index fossil in the western
Mediterranean region (Roger, 1939; Demarq and Bar-
billat, 1971). De Serres’ original illustrations show M.
tournalit as a 14-ribbed specimen with a plano-concave
juvenile left valve, and M. terebratulaeformis with only
8 ribs. Although M. terebratulaeformis was described first
in de Serres’ paper, later authors synonymized it with M.
tournalii (Roger, 1939).

Type information.—The holotype illustrated in the
original reference is a double-valved individual with a
distinctive hole broken through the shell where the beaks
meet. Left valve with 8 ribs. About 14-15 em high.

Type locality.—Ile Sainte-Lucie, France, ‘‘Calcaire
moellon, marnes argileuses bleues Italie.” Burdigalian
Stage (Roger, 1939).

Hypotypes.—MCZ 18104, 18105, 18106 from the Auber-
son Valley about 2 km northwest of Sainte-Croix,
Switzerland. Collected by Dr. Gustave Campiche, an
amateur whose collections went to the Musée Géologique
at the Université de Lausanne and to Harvard College
in the 1860’s. Modern maps show the area within the
perialpine trough connecting the Rhone Valley and Vienna
Basin. The rocks are referred to the Swiss Molasse, and
by the early 1900’s, the fossiliferous beds collected by Dr.
Campiche had been exhausted (Rittener, 1902).
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Description.—The Macrochlamis terebratulaeformis il-
lustrated by Roger (1939) has 7-8 (the original descrip-
tion said 9-10) ribs and a slightly concave juvenile left
valve that becomes gibbose in adult specimens. Right
valve convex, projecting above the hinge line. Height
about 11 em. Auricles equal, large and smooth. Specimens
here identified as M. terebratulaeformis from the Auber-
son Valley of southwestern Switzerland (MCZ 18104,
18105, 18106) have rectangular, flat-topped ribs that
become lower and wider in adults. Lateral ribs very
reduced in width and prominence. Fine macrosculpture
is limited to concentric growth lines.

Comparison between two European macrochlamids:

M. tournaliz
Ribs 11-14

Right-valve beak projects
slightly above hinge line

M. terebratulaeformis
Ribs 7-8
Right-valve beak projects
high above hinge line

Variability.—The apical depression in the left valve of
M. terebratulaeformis varies from slight to marked.

Roger (1939), who regarded the two taxa as extremes
of one variable species, based his interpretation on over-
lapping morphological characters in material from three
geographic areas and on the occurrence of both forms in
the type area of Sainte-Lucie. He noted that specimens
from Montpellier are closer to M. tournalii s.s., those from
Béziers are M. terebratulaeformis, and those from Nar-
bonne intermediate in rib count and convexity. Although
detailed biostratigraphic data are not available, he implied
that they were contemporaneous.

Phylogenetic affinities.—Macrochlamis terebratulaefor-
mas and M. touwrnalis approach “M.”” magnolia, s.l. in size,
shape, and valve profiles as well as in number and ar-
rangement of ribs and fine sculpture.

If the relation between European and California macro-
chlamids is as close as suggested by the limited material
from this study, there are two important implications for
future biostratigraphic work. The first is a means of cor-
relating megafaunal stages directly on the basis of macro-
chlamid cognates. The second is the potential subdivision
of European stages using detailed stratigraphic data and
the phylogenetic series referred here to M. tournalii, s.1.

Geographic and biostratigraphic distribution.—Macro-
chlamis terebratulaeformis, s.s: Béziers, Sainte Lucie;
Béziers (Hérault, about 61 km southwest of Montpellier;
Mus (Gard); northwest of Sainte-Croix, Switzerland (MCZ
hypotypes 18104-18106).—Macrochlamis tournalit s.l.,
including M. terebratulaeformis, (from the literature):
Burdigalian in the western Mediterranean: Nimes,
Bouche-du-Rhéne (plan d’Aren), Vence (Alpes-Maritimes);
rare in the Rhone Valley (Roger, 1939; Demarcq and Bar-
billat, 1971); Vindobonian, middle Miocene, in the eastern
Mediterranean and eastern Italian embayment (Roger,
1939); upper Miocene in the Vienna Basin and Poland

(Roger, 1939).

Geologic age.—Late Oligocene to early Miocene.

Stratigraphic comment.—Roger (1939) noted that forms
referred to M. tournalii, s.s. are commonly found in a fine
sandy molassic facies, while very convex, bulging forms
identified as M. terebratulaeformis occur in coarser, limier
molasse. For many specimens cited in the literature,
matrix material is unspecified.

Biostratigraphic data.—Aquitanian to lower Burdiga-
lian Stage.

The pectinids here identified as M. terebratulaeformis
came from an area including the Auberson and Noirvaux
valleys deseribed in papers and on maps by Pictet, Cam-
piche, and de Tribolet (Pictet and Campiche, 1858) and
also shown in Renz and Jung (1978). They were not listed*
or illustrated with other Falunien Stage mollusks, al-
though each specimen bears a printed label ‘“‘Falunien de
Sainte-Croix.” The term “Falunien” was probably intro-
duced by d’Orbigny prior to volume III of his Prodrome
(1852), in which he considered it a substage younger than
Tongrian and older than Subapennine. D’Orbigny did not
list Pecten tournalii or P. terebratulaeformis among the
Falunien Stage fossils, although he mentioned some of the
pectinids (Pecten jeffersonius, P. clintonius, P. madison-
1us, P. decemnarius) referred by Ward and Blackwelder
(1975) to Chesapecten.

Vertipecten Grant and Gale, 1931

Type species (original designation): Pecten nevadanus
Conrad (+ Pecten bowersi Arnold) [= Pecten bowersi Ar-
nold, 1906; see taxonomic comments under Vertipecten
bowerst].

Diagnosis.—Valves equal in height and length in most
species, but height exceeds length in the youngest taxon.
Profiles variable, from equally convex to planoconvex
right valves and strongly convex left valves. Ribs or costae
and interspaces numerous, of varying widths, with im-
bricated or scaly fine sculpture in most taxa. Shagreen
or screenlike microsculpture preserved in some species.
Rib profiles vary with time (see table 5). Auricles equal,
with sealy radial riblets. Byssal notch deep; hinge area
smooth, lacking crura.

Vertipecten differs from Lyropecten and “Macrochla-
mis’’ in valve profiles, scaliness of ribs and auricles, hinge,
and byssal area; ribs and costae are irregularly spaced.
Vertipecten has the deep byssal notch of Chlamys but dif-
fers from it in having more equal auricles, no hinge crura,
coarser imbricated sculpture, and unequal valve profiles,
a planar left valve and convex right valve.

Pictet and Campiche (1858) noted that Falunien mollusks were rare and, except for Pecten
scabrellus, poorly preserved.
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Vertipecten alexclarki
Addicott, 1973

Plate 38, figures 14

1905. Pecten sp. Anderson, California Academy Sciences Proceedings,
3d ser, v. 2, no. 2, p. 170.

1906. Pecten (Chlamys) branneri Arnold, U.S. Geological Survey Pro-
fessional Paper 47, p. 55-56 (in part), not pl. 3, figs. 9-11
[specimen from upper Oligocene Vaqueros Sandstone at Twobar
Creek, near Boulder Creek, Santa Cruz County, collected by
Newsom and Arnold is V. alexclarki, LSJU accession no. 4902].

1972. Vertipecten n. sp. Addicott, Society of Economic Paleontologists
and Mineralogists, Pacific Section, Biostratigraphic symposium,
Bakersfield, Calif., 1972, Proceedings, pl. 1, figs. 16, 18.

1973. Vertipecten alexclarki Addicott, U.S. Geological Survey Profes-
sional Paper 791, p. 26-27, pl. 1, figs. 9, 10, 13; pl. 2, figs. 1,
3,5,8,9; pl. 8, figs. 1, 4.

Lectotype.—USNM 646531, a right valve, height 6.9 cm,
length 6.6 cm (subsequent designation, Moore (1984b).

Type locality.—Central Temblor Range, Kern County,
Calif. Las Yeguas Ranch 7%-minute quadrangle, on south
side of hill 2259 just below summit; 2,200 feet north, 1,000
ft west of southeast corner sec. 22, T. 28 S., R. 19 E.
(USGS M3281). Temblor Formation, base of the Wygal
Sandstone Member (Addicott, 1973) [= Phacoides sand
of local usage; see Stinemeyer and others, 1959] late early
or middle Oligocene in age.

Paratypes.—USNM 646538, 646539.

Hypotypes.—USNM 646528, 646529, 646530, 646532
CAS 60862.

Description.—Right valve flat, left valve convex, near-
ly equal; height exceeds length. Beaks do not project
above hinge line. Right auricle square, with 4-5 radials;
no complete left auricles seen. Byssal notch deep. Um-
bonal angle narrow, about 70°. Ribs 24-34, hard to count
because they are narrow, sometimes split, and barely
distinguishable from interriblets; left-valve ribs of several
sizes, as in V. perrint and V. kernensis (= V. nevadanus
auctt.), but with no single key rib. Fine sculpture consists
of many fine radial ribs and interspace riblets with very
fine imbrications. Adults small compared to other Ver-
tipectens, the largest measuring 11.5 cm.

Morphologic variability seems low, although there are
no complete individuals known and only a dozen or two
fragmental specimens have been collected.

Comparative notes.— Vertipecten alexclark: is typical of
the oldest Vertipectens in having small, nearly equally
convex valves and numerous scaly ribs of several
strengths. It has the narrowest umbonal angle of any Ver-
tipecten. Vertipecten yneziana is more circular in outline,
with flatter valves and coarser ribs. Vertipecten perrinsg
has many coarser ribs, a convex left valve and wide um-
bonal angle.

Addicott (1973) compared V. alexclarki to Chlamys
branneri (Arnold, 1906); he found the latter equivalved
with auricles having 6 to 10 radials. Fine macrosculpture
is similar. Vertipecten alexclarks is early to early middle

Oligocene in age; C. branners is middle Miocene.

Phylogenetic affinities.—Vertipecten alexclarki is iso-
lated geographically from the phylogenetic series V.
yneziana-V. perrini, although its chronostratigraphic
range falls within the transition zone between them.
Its relationship to contemporaneous Vertipectens is
uncertain.

Geographic distribution and stratigraphic occur-
rences.—Central Temblor Range, between Media Agua
Creek, Las Yeguas Ranch 7%-minute quadrangle and out-
crops between Zemorra Creek and Temblor Creek,
Carneros Rocks TY¥2-minute quadrangle, (T. 28-29 S., R.
19-20 E.). Wygal Sandstone Member, Temblor Formation
(USGS M3280, M3281, M3579, M3636, M3772, M3984,
M3985, M4466, M4468, M4470, M4472; CAS 27625).
Santa Cruz Mountains: Twobar Creek, Big Basin
TY2-minute quadrangle, Vaqueros Sandstone at the type
locality of Pecten sanctaecruzensis (Ralph Arnold field loc.
111, LSJU accession no. 4902). The distribution in the cen-
tral Temblor Range and the La Honda block of the Santa
Cruz Mountains (fig. 11) supports the figure of about 300
km of post-Eocene right-slip motion along the San
Andreas fault in central California (Graham and others,
1986).

Reported from Junipero Serra Peak, Santa Cruz Moun-
tains, but specimens were not seen.

Geologic age.—Early to early middle Oligocene.

Biostratigraphy.—Vertipecten alexclarkr is restricted
to the unnamed molluscan stage between the lower
“Vaqueros” and upper “Refugian’ Stages (Addicott,
1973). The unnamed stage is equivalent to the lower (but
not lowest) part of the Zemorrian Stage at its type sec-
tion in the Zemorra Creek-Chico Martinez Creek area.

Paleoecology.—The Wygal Sandstone Member contains
mollusks indicating shallow water to 20 fathoms, inner
sublittoral conditions. The genera suggest warm temper-
ate to subtropical temperatures; Addicott (1973) noted the
occurrence of the unique eastern Pacific hermatypie coral
Favosites at the type locality of V. alexclarki (M3280).

Vertipecten bowersi
(Arnold, 1906)

Plate 32, figures 4, 5; plate 35, figures 2-4

71855. Pecten nevadanus Conrad, Report of Explorations in California
for Railroad Routes***, v. 5, p. 329, pl. 8, fig. 77 [not Pecten
nevadanus auctt.].

1906. Pecten (Lyropecten) bowersi Arnold, U.S. Geological Survey Pro-
fessional Paper 47, p. 70-71, pl. 12, figs. 1, 2; pl. 13, figs. 1, 1a.

1931. Pecten (Vertipecten) nevadanus Conrad. Grant and Gale, San
Diego Society of Natural History Memoir, v. 1, p. 189-190 (in
part); pl. 7, figs. 2a, 2b, 2¢ [Neotype LSJU 431].

1932. Pecten (Lyropecten) bowersi Arnold. Loel and Corey, University
of California Publications, Department of Geological Sciences
Bulletin, v. 22, p. 198, pl. 22, fig. 1.

1941. Pecten (Vertipecten) bowersi Arnold. Hanna and Hertlein, Califor-
nia Division of Mines Bulletin 118, p. 176, fig. 64-20.
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1969. Pecten miguelensis submiguelensis Loel and Corey. Weaver,
American Association of Petroleum Geologists and Society of
Economic Paleontologists and Mineralogists, Pacific Sections,
Special Publication 200, pl. 32, fig. 7.

1972. Vertipecten nevadanus (Conrad). Addicott, Society of Economic
Paleontologists and Mineralogists, Pacific Sections, Pacific
Coast Miocene Biostratigraphic Symposium, p. 9, 10, pl. 2,
fig. 9.

Holotype.—UCMP 12075, a large, double-valved, worn
adult specimen 15.0 cm high, 14.7 cm long; hinge line
(restored) 9.0 cm.

Paratype.—LSJU 432.

Type locality.—Santa Inez [= Ynez] Canyon, Santa Bar-
bara County, Calif., western Transverse Ranges, north
flanks of Santa Ynez Mountains. Arnold (1906) considered
it “***lower to possibly the middle Miocene;”’ subsequent
work restricts the range to late early Miocene to early
middle Miocene, upper ‘“Vaqueros”’ Stage.

Itis not, as originally cited (Conrad, 1855b), associated
with an older index fossil, Pecten magnolia.

Taxonomic comment.—Two early Miocene Vertipecten
species are confused by many workers because of mor-
phologic similarity and misinformation about the type
material. Vertipecten bowersi (Arnold) and V. nevadanus
(Conrad) of authors form a phylogenetic series docu-
mented by gradational shell characters and stratigraphic
succession.

Specimens referred by authors to V. nevadanus are
older than the incompletely diagnosed, poorly sketched
external mold described as Pecten nevadanus by Conrad,
who designated no holotype. Subsequent field work in
Conrad’s type area near Ocoya (now Poso) Creek has
yielded a few poorly preserved fragments (USGS M1698)
of the younger Miocene taxon widely known as V. bower-
st (Arnold). None of this very poor material could serve
as lectotype for Pecten nevadanus Conrad. In any case,
it is preferable not to reinstate the name after its use for
almost 75 years for another, older species of Vertipecten,
referred to herein as V. kernensis (Hertlein). Vertipecten
bowersi is based on a reasonably well preserved holotype
from the western Transverse Ranges of southern
California.

Arnold (1906) noted that Conrad’s brief description and
drawing of a right valve closely matched his own Pecten
bowersi with respect to shell size, byssal area, and rib-
bing, although he hesitated to synonymize his taxon on
the basis of few specific characters. Later workers
thought Conrad’s Pecten nevadanus was the same as the
abundant, well-preserved pectinid [V. kernensis (Hertlein)
of this report] from Pyramid Hill, about 4 mi southeast
of the type Ocoya Creek area (M1698). Regional mapping
and biostratigraphic studies by Addicott (1970) and
Bartow and Doukas (1976) established significant chrono-
stratigraphic differences between the Freeman Silt-

Jewett Sand sequence at Pyramid Hill and the younger
Olcese Sand that crops out to the southeast, west, and
northwest. Disarticulated right valves or poorly preserved
material of the two Vertipecten species from these units
are hard to separate.

Grant and Gale synonymized Pecten bowersi and P.
nevadanus, designating the type of Vertipecten as “Pecten
nevadanus Conrad (+ Pecten bowersi Arnold).” The pres-
ent study differentiates two species based on rib count,
fine macrosculpture, and left-valve rib patterns. In the
currently accepted geochronologic scheme, V. bowersi is
a late early Miocene index species of the upper “Vaque-
ros” Stage; V. kernensis (= V. nevadanus auctt.) is latest
Oligocene to early Miocene, indicative of the middle
“Vaqueros” Stage. The stratigraphic ranges of Verti-
pectens from California and the Pacific Northwest are
shown in figure 12.

Description.—Right valves flat, left valves highly con-
vex; height equal to or slightly greater than length. Beaks
meet at hinge line. Auricles equal, radially ribbed; byssal
notch deep; umbonal angle about 95°. Adult right valves
with 15-16 rounded-rectangular ribs (15-17 in juveniles);
left valves with 14-15 rounded, narrow rectangular ribs,
higher than those on right valves. Several prominent key
ribs on left valves, including the central rib and anterior
and posterior laterals separated from it by t