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A TURONIAN CLAVAGELLID (BIVALVIA) FROM THE
LADD FORMATION OF SOUTHERN CALIFORNIA
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ABSTRACT— Stirpulina saulae n. sp. is the first reported clavagellid from the Pacific Province of North America. Specimens of this
clavagellid are from the Ladd Formation of the Santa Ana Mountains, Orange County, southern California. The age of these
specimens is Late Turonian based upon the presence of the ammonite Subprionocyclus spp. both above and below the clavagellids
in the section. These are, therefore, the oldest reported clavagellids from the western hemisphere, and they give positive support to
the European Turonian reports of the genus Stirpulina. The deposits indicate an open-shelf habitat of shallow to moderate depth,
and the associated fauna suggests a warm temperate to subtropical marine climate. This is consistent with the previously reported

Cretaceous distribution for the group.

INTRODUCTION

LAVAGELLIDS ARE a group of burrowing and boring bivalves
that are free in youth and form an elongated tube in adult-
hood to which one or both valves are attached. The general
temporal and geographic distribution of the clavagellids was
described by Smith (1962b), and the detailed Cretaceous dis-
tribution was given by Pojeta and Sohl (1987). These authors
give a reported age range for the clavagellids of Cenomanian to
Holocene, with Cenomanian and Turonian occurrences restrict-
ed to Europe.

Previously described North American clavagellids are Ascau-
locardium armatum (Morton, 1833) from upper Santonian to
Maastrichtian rocks of the eastern Gulf Coast Plains (Pojeta and
Sohl, 1987), “Clavagella™ sp. A from the Santonian rocks of
Mississippi (Pojeta and Sohl, 1987), and Clavagella sp. and
possibly Stirpulina sp. from the Eocene rocks of Florida (Nicol,
1968; Jones and Nicol, 1989). The occurrence of Stirpulina
saulae n. sp. from rocks of Turonian age in California extends
the temporal range as well as the geographic range of clavagellids
in North America.

The older reported clavagellid occurrences of Cenomanian
and Turonian age from Europe are uncertain as to generic place-
ment (Pojeta and Sohl, 1987). Clavagella cenomanensis d’Or-

bigny, 1850, from the Cenomanian of France was not illustrated,
nor was Clavagella sp. indet., an internal mold, reported from
Italy by Parona (1909). D’Orbigny and Parona described both
their Cenomanian specimens as being similar to Clavagella cre-
tacea d’Orbigny, 1845, which is placed in subgenus C. (Clava-
gella) Lamarck, 1818, by Smith (1962a). As Pojeta and Sohl
(1987) pointed out, this species is unquestionably a clavagellid
but its generic placement is uncertain. The two reports of clav-
agellids from the Turonian of Europe are also generically un-
certain. Clavagella ligerensis d’Orbigny, 1850, was not illus-
trated and was described as similar to C. cretacea. Andert (1934,
p. 345) reported Clavagella elegans Miiller, 1859, from the Tu-
ronian of Saxony, which, if correctly identified, is the oldest
reported Stirpulina. Clavagella elegans was described from the
early Campanian Greensand of Vaals, west of Aachen, Germany
(Pojeta and Sohl, 1987). Miiller’s species, assigned to Clavagella
(Stirpulina) by Stoliczka (1870, p. 30), is a Stirpulina (Pojeta
and Sohl, 1987).

STRATIGRAPHY AND LOCATION

The specimens described here are from the Ladd Formation
(Popenoe, 1937, 1942) in the Santa Ana Mountains, Orange
County, California (Figure 1). This formation crops out in the
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Formation/Member Stage

Pleasants Mbr. (Kwp)
0-1300 meters
Brown sandstone.

Schulz Mbr. (Kws)

0-900 meters

Interbeded brown conglomerate
and sandstone.
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Holz Mbr. (Klh)

0-500 meters

Brown to gray siltstone
and shale with lens of
limestone, conglomerate
and sandstone.
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Baker Canyon
conglomerate

Mbr. (Kib)

0-650 meters

Green to brown
conglomerate with interbeded
lenses of sandstone.
Fossiliferous sandstone at top.
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Trubuco Fr. (Kt)
0-1300 meters  Red conglomerate
with sandstone lenses.

Santiago Peak Volcanics (Kjsp)

(Upper Jurassic)

FiGure I —Upper Cretaceous stratigraphic column of Santa Ana Moun-
tains with approximate position of fossil localities: 1, NHF-45; 2,
CIT 1290; 3, CIT 301; 4, CIT 302; 5, UCLA 2952; 6, CIT 79; 7, CIT
1164; and 8, CIT 1062.

northern and western slopes of the Santa Ana Mountains, and
in the foothills to the west. It is divided into a lower Baker
Canyon Conglomerate Member and an upper Holz Shale Mem-
ber. The Baker Canyon Conglomerate Member as defined by
Popenoe consists of interbedded conglomerate and sandstone
and includes fossiliferous sandstone at the top. The overlying
Holz Shale Member consists of shales and silty shales with
conglomerate and limestone lenses, and, near the top, sandstone
beds that are highly fossiliferous.

The boundary between the two members is gradational, lat-
erally variable, and time transgressive. The fossiliferous sand-
stone at the boundary was referred to by Popenoe (1942, p. 178,
fig. 4) as the Holz-Baker Transition, and as the Baker Canyon
Sandstone by Cooper et al. (1982). These boundary definitions
are subject to interpretation, and Sundberg (1980, p. 843, fig.
2, p. 855, fig. 22) considered that the lithologic changes reflected

FIGURE 2—Map of fossil localities (numbered as in Figure 1). Sites 1
and 2 are localities yielding clavagellids. Sites 1 and 3-8 contain
Subprionocyclus. (Map modified from Schoellhamer et al., 1981, sec-
tions 7-8, T5S, R7W, El Toro and Black Star Canyon quadrangles.)

fan delta and lagoonal deposits whose outcrops span the time
from late Turonian to possibly Santonian.

The presence of the ammonite Subprionocyclus spp. at or near
the collecting sites (Figure 2) provides a Turonian age for all
but one of the specimens. The Natural History Foundation of
Orange County clavagellid specimen NHFOC cat. no. 1964 (Fig-
ure 3.1, 3.2) has little provenance other than it is from the Holz
Shale. The Holz Shale crops out in the Santa Ana Mountains
and western foothills. Matrix of specimen NHFOC 1964 and
its preservation are similar to that of specimens from the other
two sites. NHFOC site NHF-45 yielded seven nearly complete
specimens and some fragments. NHF-45 is 18 m up the first
draw south of the Silverado Narrows, SW%, sec. 8, T5S, R7W,
El Toro quadrangle, Orange County, California. This collection
has not been completely identified and catalogued but does
contain Subprionocyclus spp. indicative of late Turonian age.
California Institute of Technology (CIT) loc. 1290 (=Natural
History Museum of Los Angeles County, Invertebrate Paleon-
tology Section (LACMIP) loc. 10135), near the top of the Baker
Canyon sandstone on south side of hill west of Mustang Springs,
NW, sec. 8, T5S, R7W, Black Star Canyon quadrangle, yielded
a specimen of Stirpulina saulae. The locality, approximately
320 m north of the Holz Ranch house, is probably equivalent
to CIT loc. 79 from which Matsumoto (1960, p. 65) listed Sub-
prionocyclus sp. Other nearby localities (Matsumoto, 1960; Saul,
1982a, 1982b) reporting Subprionocyclus are also shown in Fig-
ures 1 and 2. An additional paratype is from University of
California, Berkeley, Museum of Paleontology UCMPloc. 2137,
1% mi. (2.2 km) N 75°E from B.M. 1271; at the contact between
the red (Trabuco) and gray (Baker Canyon) basal conglomerates,
between Harding and Williams Canyons, NWY4, sec.21, TSS,
R7W, Santiago Peak quadrangle, Orange County. It is as com-
plete as the holotype (Figure 3.1, 3.2).

MORPHOLOGY AND CLASSIFICATION

The classification used is that of Pojeta and Sohl (1987) in
which Stirpulina Stoliczka, 1870, is treated as a separate genus
rather than as a subgenus of Clavagella Lamarck, 1818. These
are clavagellids with left valves fused to the crypt, free right
valves internal to the adventitious crypt, and anterior branching
tubes on a corona.
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The morphological terminology used follows Savazzi (1982a,
1982b). The term crypt is used to include all hard parts, and
the adventitious crypt is the hard parts added to the valves after
the free stage. Siphonal sheath refers to the part of the adven-
titious crypt that covers the siphons. Shell or valve refers to the
juvenile valves, and shell sheath that portion of the adventitious
crypt and fused valves in area of valves. The corona refers to
fringe at anterior end from which tubes protrude. The corona
may have a short or elongated stalk attaching it to the shell
sheath.

ENVIRONMENT AND EVOLUTION

The environment of deposition for the Cretaceous of the Santa
Ana Mountains has been covered extensively in Bottjer et al.
(1982) and Sundberg (1980). Sundberg’s locality 12 (1980, p.
850, fig. 9) is approximately equivalent to NHF-45. Sundberg
placed the fauna from this locality in the Glycymeris-Astarte
Association of the Inoperna-Glycymeris Paleocommunity in-
habiting normal marine waters at shallow depth. The collection
from NHF-45 has a similar makeup to that reported by Sund-
berg at locality 12, including Subprionocyclus spp., Inoperna
bellarugosa Popenoe, 1937, Glycymeris pacificus (Anderson,
1902), and Alleinacin sulcata (Packard, 1922) [Astarte]. Saul
(1982a) indicated a moderate depth, shelf fauna in the area
around CIT loc. 79, and possibly somewhat shallower around
NHF-45. This shallow to moderate depth, warm water, shelf
environment agrees with reported distributions of clavagellids
for the Cretaceous (Pojeta and Sohl, 1987).

Pojeta and Sohl (1987, p. 72) suggested the derivation of
Ascaulocardium from Stirpulina. The similar shell sheaths and
siphonal sheaths of S. saulae and A. armatum (Morton, 1833)
add credence to this inference. The similarities are an oval si-
phonal sheath that connects to the shell sheath with a marked
inflection, siphonal sheaths that have a tendency to have lateral
grooves, juvenile valves that are rounded at the ends, and right
free valves having finer growth striations (Figure 3.5) than the
left valves. The posterior adductor muscle scars are high along
the hinge line, but the anterior adductor muscle scars and pallial
lines of S. saulae are not known. The relative positions of the
anterior and posterior adductor muscles in A. armatum com-
pared to those of the pholadomyids indicate a phylogenetic
relationship (Pojeta and Sohl, 1987).

SYSTEMATIC PALEONTOLOGY

Phylum MoLrLuscA Cuvier, 1797
Class BivALVIA Linnaeus, 1758
Subclass ANOMALODESMATA Dall, 1889
Order PHOLADOMYOIDA Newell, 1965
Superfamily CLAVAGELLACEA d’Orbigny, 1844

Definition. — Juvenile shell nacreous, free when young, one or
both valves cemented wholly or partially to adventitious elon-
gated crypt in adult; anterior end of adventitious crypt sealed
by perforated plate, tubules, or tubes; adult with two subequal
adductor muscles, or adductor muscles absent; pedal retractor
muscles reduced, nonfunctional; pallial and siphonal muscles

—

FIGURE 3 —Stirpulina saulae n. sp. 1, 2, holotype, NHF 1964, left side,
x2.8. 3-5, paratype, NHF 2016. 3, left side, x 3.8; 4, right side, arrow
indicates area of figure 3.5, x3.8; 5, anterior end at angle, arrow 1
indicates broken edge of adventitious crypt, arrow 2 indicates exposed
portion of right juvenile valve, x6.8. 6, paratype, NHF 2017, pos-
terior at angle, arrow indicates mold of posterior adductor muscle
scar, X6.8. 7, paratype, NHF 2020, x2.2. All specimens whitened
except 2 which is wet to show tubes.
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well developed; siphons long, fused; ligament external, or in-
ternal and supported by chrondrophores; hinge teeth absent.

Family CLAVAGELLIDAE d’Orbigny, 1844
Genus STIRPULINA Stoliczka, 1870

Definition. —Siphonal end simple or periodically expanded
into fringe; left valve fused to adventitious crypt, other free;
anterior end with tubes on corona or pedestal.

Type species. — Stirpulina coronata (Deshayes, 1824).

STIRPULINA SAULAE n. Sp.
Figure 3

Diagnosis. — Stirpulina with elongated inflated juvenile valves;
siphonal sheath elliptical in cross section and noticeably smaller
than shell sheath, sheaths joining with a marked inflection; an-
terior corona close to anterior end of juvenile valves with a
small number of branching tubes.

Description. —Siphonal sheath elliptical in cross section with
simple growth lines and occasional lateral grooves; siphonal
sheath smaller than shell sheath both laterally and vertically,
siphonal and shell sheaths joining with marked inflection; ju-
venile valves elongated, well inflated, and well rounded at both
ends; average length of juvenile valve 12.0 mm + 0.5 mm. Left
fixed valve with moderately heavy growth lines, and right valve
free, internal to adventitious crypt, with finer growth lines; an-
terior corona having a short stalk and four to six branching
tubes.

Remarks. —Because of the small number of specimens and
their preservation no attempt was made to expose internal fea-
tures. However, some features have been exposed during col-
lecting or cleaning. Figure 3.5 shows a portion of the right free
valve which had fine unserrated growth lines and the exposed
internal mold of which indicates a rounded end. Figure 3.6
shows the posterior end of the right valve mold. In the lower
right corner of this mold is a mark of part of the posterior
adductor muscle scar (indicated by arrow). The muscle scar is
small and well incised. No pallial lines have been detected.

The anterior tubes are missing from all but the holotype (Fig-
ure 3.1, 3.2). The number of primary tubes is estimated by the
swellings on the edge of the corona (Figure 3.3). The siphonal
sheaths are all broken at the posterior end. The longest is shown
in Figure 3.7. The presence or absence of fringes on the siphonal
sheath is unknown as this specimen has its external sheath
abraded. The right shell crypts (Figure 3.4) are slightly crushed
but appear to be smooth and have no indication of adventitious
tubes, triple junctions, or crown of tubes.

This species can be differentiated from other reported Stir-
pulina spp. by the shape of the juvenile shell, the relative size
of the siphonal sheath to the shell sheath, the short coronal
stalk, and the number of primary tubes. The siphonal sheath of
most previously described Stirpulina join the shell sheath with
a smooth continuous taper (see Appendix for list of Stirpulina
spp.). The exception is Stirpulina caillata (Deshayes, 1866),
which tends to have a smaller siphonal sheath that is not as
strongly demarked as that of .S. saulae. Whereas S. saulae has
elongated, inflated juvenile valves, Stirpulina oblita (Michelotti,
1861), Stirpulina vicentina (Savazzi, 1982a), Stirpulina bacillum
(Brocchi, 1814), and Stirpulina bacillum bacillaris (Deshayes,
1830) have juvenile valves that are posteriorly truncated.

Ascaulocardium armatum lacks a corona, and the corona stalk
is very short on Stirpulina saulae. Stirpulina saulae lacks ad-
ventitious tubes or a crown of tubes and has no indication of a
triple junction. The triple junctions are, however, not always
evident on A. armatum.

Etymology.—The species is named after L. R. Saul in rec-
ognition of her work on Cretaceous mollusks.

Types and repositories. —The material from the Natural His-
tory Foundation of Orange County is being moved to the In-
terpretive Center at Ralph B. Clark Regional Park, Orange
County, California. This includes the holotype, NHF cat. no.
1964, from the Ladd Formation of the Santa Ana Mountains
(Figure 3.1, 3.2), and paratypes NHF cat. nos. 2011-2015 (un-
figured), 2016 (Figure 3.3-3.5), 2017 (Figure 3.6), 2118-2019
(unfigured) from NHFOC locality NHF-45. Paratype LACMIP
cat. no. 12276 (unfigured) from LACMIP loc. 10135 is at the
Natural History Museum of Los Angeles County. Paratype
UCMP 39836 (unfigured) from UCMP loc. 2137 is at the Uni-
versity of California, Berkeley, Museum of Paleontology.

ACKNOWLEDGMENTS

I thank the many people who aided me in this paper, especially
F. Rotz of Johns Hopkins and others who aided in literature
searches. Thanks also go to the persons who collected and do-
nated the specimens including R. Drachuck, B. Teigan, and M.
Grouard. Thanks to L. R. Saul for searching the Los Angeles
County Museum Collection and commenting on manuscript.
For general encouragement, a special thanks to C. Wallis of the
NHFOC. The manuscript has been critically read by J. Pojeta
and D. J. Jones; their comments are much appreciated.

REFERENCES

ANDERSON, F. M. 1902. Cretaceous deposits of the Pacific Coast.
California Academy of Sciences, Proceedings, Series 3, 2:1-154.

ANDERT, H. 1934. Die Kreidablagerungen zwischen Elbe und Jesch-
ken. Teil 3. Die Fauna der obersten Kreide in Sachsen, Bchmen und
Schlesien. Preussiche Geologischen Landssanstalt, Abhandlungen,
Neue Folge, 159, 477 p.

BivoNA-BERNARDI, A. 1832. Caratteri di un nuovo genere di conchiglie
fossili (Tubolana). Effemeridi scientifiche ¢ letterarie per la Sicilia,
1:55-57.

BOTTIER, D. J., I. P. CoLBURN, AND J. D. CooPER. 1982. Late Cre-
taceous depositional environments and paleogeography, Santa Ana
Mountains, Southern California. Society of Economic Paleontologists
and Mineralogists, Pacific Section, 1982 Annual Convention Volume
and Guidebook, 121 p.

Brocchi, G. 1814. Conchiologia fossile Subapennina con osservazioni
geologiche sugli Apennini e sul Suolo Adiacente. Dalla Stamperia
Reale, Milano, 712 p. (2 volumes).

BroNN, H. G. 1828. Uber die fossilen Reste aus der Muschel-Familie,
welche de Lamarck Tubikoleen genannt hat. Neues Jahrbuch fiir Mi-
neralogie, Zeitschrift fiir Mineralogie [C. C. Leonhard, &c, ed.], 22:
1-6.

COOPER, J. D., 1. P. CoLBURN, AND F. A. SUNDBERG. 1982. Upper
Cretaceous environmental stratigraphy and field stops, Silverado Can-
yon area, p. 11-23. In D. J. Bottjer, 1. P. Colburn, and J. D. Cooper
(eds.), Late Cretaceous depositional environments and paleogeogra-
phy, Santa Ana Mountains, Southern California. Society of Economic
Paleontologists and Mineralogists, Pacific Section, 1982 Annual Con-
vention Volume and Guidebook.

Cuvier, G. 1797. Tableau élémentaire de ’histoire naturelle des ani-
maux. Bauborin, Paris, 710 p.

DALL, W. H. 1889. On the hinge of pelecypods and its development,
with an attempt toward a better subdivision of the group. American
Journal of Science, Series 3, 38:445—462.

DEesHAYES, G. P. 1824-1837. Description des coquilles fossiles des
environs de Paris. 2 volumes. Chez Pauteur et d’autres. Paris. 814 p.
Published in sections: 1-178, 1824; 179-306, 1833; 307434, 1834,
435-562, 1835; 563-690, 1836; 691-814, 1837, Atlas (plates), 1837.

1830-1832. Histoire naturelle des Vers. Volume 2 (Part 1).

Encyclopédie Méthodique. Liége, Paris, 256 p.

1866. Description des animaux sans vertébres découverts dans

le bassin de Paris pour servir de supplement a la description des

coquilles fossiles des environs de Paris comprenant une revue generale
de toutes les especes actuellement connues. J. B. Bailliere and Fils,

Paris, v. 1,912 p.; v. 2, 968 p.; v. 3, 668 p. Printed over years 1856-

1865.




88 JOURNAL OF PALEONTOLOGY, V. 69, NO. 1, 1995

DuUNKER, G. [WM.]. 1882. Index Molluscorum Maris Japonici. Cas-
sellis Cattorum, 301 p.

Jongs, D. S., anp D. Nicor. 1989. Eocene clavagellids (Mollusca:
Pelecypoda) from Florida: the first documented occurrence in the
Cenozoic of the Western Hemisphere. Journal of Paleontology, 63:
320-323.

LAMARCK, J. B. A. P. M. pe. 1818. Histoire naturelle des animaux
sans vertébres. Volume 5, Paris, 612 p.

LiNNAEUS, C. 1758. Systema naturae per tria regna naturae, edit 10,
Volume 1. Laurenttii Salvii, Stockholm, 824 p.

MaTtsumoto, T. 1960. Upper Cretaceous ammonites of California,
Pt. III (Stratigraphy). Kyushu University, Faculty of Science Mem-
oirs, Series D, Geology, Special Volume 2, 204 p.

MicHeroTTi, G. 1861. Etudes sur le Miocéne Inférieur de I'Italie sep-
tentrionale. Hollandsche Maatschapij der Wetenschappen, Haarlem,
Natuurkundige Verhandelingen, Series 2, 15, 184 p.

MorToN, S. G. 1833. Supplement to the “Synopsis of the organic
remains of the Ferruginous Sand Formation of the United States.”
American Journal of Science, 24:128-132.

MULLER, J. 1859. Monographie der Petrefacten der Aachener Krei-
deformation. Supplementheft. J. A. Mayer, Aachen, 32 p.

NEeweLL, N. D. 1965. Classification of the Bivalvia. American Museum
of Natural History, Novitates 2206, 25 p.

Nicor, D. 1968. A new Meiocardia (Pelecypoda, Glossidae) from the
Eocene of Florida. The Nautilus, 81:89-93.

ORBIGNY, A. D. »’. 1843-1847. Terrains Crétacés. Volume 8. La-
mellibranches. Victor Masson, Paris, 807 p.

——. 1850. Prodome de paléontologie stratigraphique universelle des
animaux mollusques et rayonnes, faisant suit au cours élémentaire
de paléontologie et de géologie stratigraphique. Victor Masson, Paris,
Volume 2, 427 p.

PACKARD, E. L. 1922. New species from the Cretaceous of the Santa
Ana Mountains, California. University of California Publications,
Department of Geological Sciences, Bulletin, 13:413-462.

PArRONA, C. F. 1909. La Fauna Coralligena de Cretacio dei Monti
d’Ocre Nell’Abruzzo Aquilano. Memorie per servire alla descrizione
della carta geologica d’Italia, publicate a cura del comitato geologico
del regno, Roma, 242 p.

PHiLipPL, R. A, 1836. Enumeratio molluscorum Siciliae cum Viven-
tium tum in tellure tertiaria fossilium, quae in itinere suo observavit
auctor. Schroppii et Sociorum, Berolini, Berlin, Volume 1, 267 p.

——. 1846. Verzeichniss der in der Gegend von Magdeburg aufge-
fundenen Tertidrversteinerungen. Palaeontographica, Volume 1, 42—
49.

POJETA, J., JR., AND N. F. SoHL. 1987. Ascaulocardium armatum
(Morton, 1833), new genus (Late Cretaceous): the ultimate variation
on the bivalve paradigm. Journal of Paleontology, Memoir 24, 77 p.

PopPeNOE, W. P. 1937. Upper Cretaceous Mollusca from southern
California. Journal of Paleontology, 11:370—402.

——. 1942. Upper Cretaceous formations and fauna of southern Cal-
ifornia. American Association of Petroleum Geologists, Bulletin, 26:
162-187.

ROEMER, F. A. 1841. Die Versteinerungen des Norddeutschen Krei-
degibirges. Hannover, 14, 145 p.

SauL, L. R. 1982a. Water depth indications from Late Cretaceous
mollusks, Santa Ana Mountains, California, p. 69-76. In D. J. Bottjer,
I. P. Colburn, and J. D. Cooper, (eds.), Late Cretaceous depositional
environments and paleogeography, Santa Ana Mountains, Southern
California. Society of Economic Paleontologists and Mineralogists,
Pacific Section, 1982 Annual Convention Volume and Guidebook.

——. 1982b. Late Cretaceous megafossil locality map, northern Santa
Ana Mountains, California, p. 77-79. In D. J. Bottjer, 1. P. Colburn,
and J. D. Cooper (eds.), Late Cretaceous depositional environments

and paleogeography, Santa Ana Mountains, Southern California. So-
ciety of Economic Paleontologists and Mineralogists, Pacific Section,
1982 Annual Convention Volume and Guidebook.

Savazzi, E. 1982a. Clavagellacea (Bivalvia) from the Tertiary of the
Venetian region, N. E. Italy. Acta Geologica Polonica, Warszawa, 32:
83-94.

——. 1982b. Adaptations to tube dwelling in the Bivalvia. Lethaia,
15:275-297.

ScHAFHAUTL, K. F. E. voN. 1863. Sub-Bayerns Lethaea (Geognostica).
Der Kressenberg und die siislich von ihm gelegenen Hochalpen. L.
Voss, Leipzig, 487 p.

SCHOELLHAMER, J. E., J. G. VEDDER, R. F. YERKES, AND D. M. KINNEY.
1981. Geology of the northern Santa Ana Mountains, California.
U.S. Geological Survey, Professional Paper 420-d, 107 p.

SMITH, L. A. 1962a. Revision of Clavagellacea. The Veliger, 4:167—
174.

——. 1962b. Historical zoogeographic study of the Clavagellacea. The
Veliger, 5:15-19.

StorLiczkA, F. 1870-1871. The Cretaceous fauna of southern India
III. The Pelecypoda with a review of all known genera of this class,
fossil and Recent. India Geological Survey, Memoirs (Paleontologia
Indica), 3, 538 p.

SUNDBERG, F. A. 1980. Late Cretaceous paleoecology of the Holz
Shale, Orange County, California. Journal of Paleontology, 54:840—
857.

ACCEPTED 29 DECEMBER 1993

APPENDIX

The following modifies and extends the list in Smith (1962a, p. 170)
of previously described species of the genus Stirpulina.

Stirpulina aspergillum (Bronn, 1828) [Clavagella), p. 5 =Stirpulina ba-
cillum (Brocchi, 1814).

Stirpulina bacillum (Brocchi, 1814) [Teredo], p. 273, PL. 15 [not Pl. 14
as given in text]. Miocene, Austria.

Stirpulina bacillum bacillaris (Deshayes, 1830) [Clavagella), p. 239.
Pliocene, France.

Stirpulina caillati (Deshayes, 1866) [Clavagella], p. 88, PL. 1, Eocene,
France.

Stirpulina clavata (Roemer, 1841) [Teredinal, p. 76. ?Cretaceous, Ger-
many.

Stirpulina cornigera (Schafhdutl, 1863) [Clavagella], p. 179, Pl. 65a.
Late Cretaceous, Bavaria.

Stirpulina coronata (Deshayes, 1824) [Clavagella], p. 8, 1837 [plates],
PL. 5. Late Eocene, France.

Stirpulina digitata (Bivona-Bernardi, 1832) [Tubelanal, p. 56, Pl 1
= S. bacillum bacillaris (Deshayes, 1830). ?Pliocene, Italy.

Stirpulina elegans (Miiller, 1859) [Clavagella], p. 17, Pl. 8. Late Cre-
taceous, Germany.

Stirpulina goldfussi (Philippi, 1846) [Clavagella), p. 44. Early Oligocene,
Germany.

Stirpulina maniculata (Philippi, 1836) [Aspergillum], p. 1, PL. 1 ?=S.
bacillum bacillaris (Deshayes, 1830).

Stirpulina oblita (Michelotti, 1861) [Clavagelld], p. 53, Pl. 5. Late Oli-
gocene (Tongrian) Hungary-Egypt.

Stirpulina ramosa (Dunker, 1882) [Clavagella], p. 172, Pl. 16. Recent,
Japan.

Stirpulina veronensis (Savazzi, 1982a) [Clavagella], p. 87, Pl. 1. Middle
Eocene, Italy.

Stirpulina vicentina (Savazzi, 1982a) [Clavagella), p. 88, Pl. 2. Lower
Oligocene, Italy.
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