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Abstract. Cypraeacean mollusks are rare in Cretaceous deposits of North America. Only 15 species 
are recognized, of which four are new and are described herein. Six species of Palaeocypraea s.s. have 
been previously described, and Palaeocypraea (P.) fontana (Anderson, 1958) from the Lower Cretaceous 
(uppermost Lower Albian), Budden Canyon Formation, Shasta County, California, is the earliest known 
cypraeacean from the Western Hemisphere. Bernaya s.s. is represented by two species and Bernaya 
(.Protocypraea) comprises five species. Eocypraea s.s. is represented by two species. 

New species described herein are as follows: Bernaya (B.) crawfordcatei from the Upper Cretaceous 
(Campanian/Maastr ichtian), Point Loma Formation, San Diego County, California; Bernaya (Proto-
cypraea) mississippiensis from the Upper Cretaceous (Campanian), Coffee Formation, Lee County, 
Mississippi; B. (P.) rineyi from the Upper Cretaceous (Campanian/Maastrichtian), Point Loma For-
mation, San Diego County, California; and Eocypraea (E.) louellae from the Upper Cretaceous (Tu-
ronian), Yolo Formation, Yolo County, California. Eocypraea (E.) louellae is the earliest known ovulid 
from the Western Hemisphere. 

I N T R O D U C T I O N 

Four new species of cypraeacean gastropods, rare in Cre-
taceous deposits of North America, are described from 
localities in San Diego and Yolo counties, California, and 
Lee County, Mississippi (Figure 1). Two of the new species 
are from the Upper Cretaceous (Campanian/Maastr ich-
tian), Point Loma Formation (Rosario Group), near 
Carlsbad, northern San Diego County, southern Califor-
nia; the third is from the Upper Cretaceous (Turonian), 
Yolo Formation of the Great Valley Series, Yolo County, 
northern California. A fourth new species is from the 
Upper Cretaceous (Campanian), Coffee Formation (Sel-
ma Group), Lee County, northeastern Mississippi. This 
paper describes and illustrates these new species as well 
as illustrating and providing a brief synopsis of the pre-
viously described North American cypraeacean species. 

Historical Review 

The first cypraeacean species described from the Cre-
taceous of North America was Cypraea mortoni Gabb, 1860. 
Cypraea squyeri Campbell, 1893, from Montana and a 
similar species, Cypraea suciensis Whiteaves, 1895, from 
Sucia Island, Washington, were subsequently described. 
SCHILDER (1932) separated species from Alabama and 
New Jersey, both previously considered to be Cypraea 
mortoni, and proposed Palaeocypraea burlingtonensis for the 
New Jersey species. In a survey of the Navarro Group of 
Texas, STEPHENSON (1941) described two new species: 
Cypraea nuciformis and Cypraea gracilis (Cypraea gracilis 
Stephenson, preoccupied, was subsequently renamed Cy-
praea corsicanana Stephenson, 1948). INGRAM (1942, 1947a, 
b) included Cretaceous species in his reviews of North 
American fossil and living cypraeaceans. ANDERSON (1958) 
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described Cypraea gualalaensis, Cypraea berryessae, and Cy-
praea fontana f rom northern California. Anderson also in-
troduced the name Cypraea argonautica for a specimen from 
Oregon he had previously identified as Erato veraghoorensis 
Stoliczka, 1867. Most recently, Cypraea grooti Richards & 
Shapiro, 1963, was described from northern Delaware. 

Cypraeacean Biogeography 

Recent cypraeaceans have their greatest diversity and 
abundance in warm tropical oceans; warm temperate seas 
seldom support more than a single species. Cretaceous 
species ranged as far north as San J u a n County, Wash-
ington (49°45'N) in Nor th America and Valkenburg, T h e 
Netherlands (50°52'N) in Europe. T h e Cretaceous distri-
bution of cypraeaceans supports the concept of both broad 
tropical and subtropical to warm-temperate climatic belts 
(SOHL, 1971). 

Mesozoic C y p r a e a c e a n Paleontology 

T h e earliest known cypraeaceans, Palaeocypraea (P.) 
tithonica (Stefano, 1882) and Bernaya (B.) gemmellaroi 
(Stefano, 1882), are from Upper Jurassic (Tithonian) strata 
near Termini Imerese, Sicily, Italy. Cretaceous cyprae-
aceans have been found in Europe, India, South Africa, 
I ran, Nor th America, and Brazil (SCHILDER & SCHILDER, 
1971). SCHILDER & SCHILDER (1971) recognize 69 species 
of Cretaceous cypraeaceans, 43 of which are from upper-
most Cretaceous (Campanian through Maastr icht ian) 

strata, the cypraeacean Mesozoic peak in terms of both 
numbers of species and geographic distribution. 

Genera and subgenera found in Nor th America are 
Palaeocypraea s.s., Bernaya s.s., Bernaya (Protocypraea), and 
Eocypraea s.s. (Figure 2). Palaeocypraea is known from 
U p p e r Jurass ic (Tithonian) through Upper Paleocene 
(Thanet ian) strata in Europe, South Africa, North Amer-
ica, a n d Brazi l (SCHILDER & SCHILDER, 1971). In the 
North American Cretaceous it is represented by six species. 
Bernaya s.s. is known from Uppe r Jurassic (Tithonian) 
through Lower Oligocene (Lattorfian) strata in Europe, 
India, I ran, Nor th America, and Brazil (SCHILDER & 
SCHILDER, 1971). T w o species, one of them new, are found 
in the Nor th American Cretaceous. Bernaya (Protocypraea) 
is known from Lower Cretaceous (Barremian) to Recent 
and is found in Europe, India, Iran, and western North 
America. Protocypraea is represented by a single living 
species, Bernaya (Protocypraea) teulerei Cazenavette, 1846 
(=Cypraea leucostoma Gaskoin, 1843, non Gmelin, 1791; 
=B. (P.) hidalgoi (Shaw, 1909)) from the Gulf of Oman. 
Bernaya (P.) is represented by five species in the Cretaceous 
of Nor th America, two of which are new. Eocypraea s.s. 
is known from Uppe r Cretaceous (Cenomanian) through 
Lower Oligocene (Lattorfian) strata in Europe, India, Iran, 
N e w Zealand, South Africa, Indonesia, North America, 
a n d South Amer i ca (SCHILDER & SCHILDER, 1971). T w o 
species of Eocypraea s.s., one of them new, are from the 
Cretaceous of Nor th America. 

Abbreviations used for institutional catalogue and lo-



Page 274 The Veliger, Vol. 33, No. 3 

P E R I O D E P O C H A Q E P I C K S 
( M a ) 

P A C I F I C C O A S T W E S T E R N I N T E R I O R 
AND G U L F C O A S T A T L A N T I C C O A S T 

CO 
D 

M A A S T R I C H T I A N 

6 6 4 

IB. (S.J crawfordcatel 
j B. (P.) gualalaensls 

J B. (P.) rlneyl 

IE. mortoni 
/P. corslcanana 

/ P. nuclformis 
J P. squyerl P. grootl 

O 
IU 
O 

L A T E C A M P A N I A N P. suclensls B. (P.) mlsslsslpplensls B. (B.) burllngtonensls O 
IU 
O 

S ANTON IAN 

O 
IU 
O C O N I A C I A N < 
H 
LU 

T U R O N I A N 
E. louellae 
B. (P.) argonautlca 
B. (P.) berryessae 

DC CENOMANIAN 

O 
E A R L Y 

A L B I A N 
113 .0 

P. fontana 
E A R L Y A P T I A N 

N E O C O M I A N -144 .0 

Figure 2 

Relative chronologic and geographic distribution of North American Cretaceous cypraeids. Picks (Ma) = Radiometric 
dates (not to scale) from Geological Society of America, Decade of North American Geology [ D N A G ] time scale. 

cality numbers are as follows: ANSP, Academy of Natura l 
Sciences of Philadelphia; CAS, California Academy of Sci-
ences, San Francisco; C I T , California Institute of Tech-
nology (collection now at L A C M I P ) ; GSC, Geological 
Survey of Canada, Ottawa; L A C M I P , Los Angeles Coun-
ty Museum of Natural History; M G S , Mississippi Geo-
logical Survey, Jackson; S D S N H , San Diego Society of 
Natural History; USGS, United States Geological Survey, 
Washington; and U S N M , National Museum of Natura l 
History, Smithsonian Institution, Washington. 

Measurement parameters are defined as follows: length 
= greatest distance between anterior and posterior ends; 
width = greatest distance between lateral margins; and 
height = greatest distance between base and dorsum. 

S T R A T I G R A P H Y 

Point L o m a Format ion 

The type section for the Point Loma Formation 
( K E N N E D Y & M O O R E , 1 9 7 1 : 7 1 1 - 7 1 3 ) is at Point Loma, 
San Diego County, California. Its stratigraphic position 
is near the Campanian/Maast r icht ian boundary based 
upon benthic foraminifera (SLITER, 1968) and mollusks 
( B A N N O N et al., 1 9 8 9 ) . A magnetic reversal in the Point 
Loma Formation at La Jolla, California, suggests that the 
formation is mainly early Maastrichtian in age (BANNON 
et al., 1 9 8 9 ) . Strata at Carlsbad, California, have been 
correlated with the Point Loma and La Jol la sections 
(SLITER, 1 9 6 8 ) . The mollusks at Carlsbad suggest a more 
near-shore environment for the Carlsbad strata than for 
much of the Point Loma and La Jolla strata. Diagnostic 
molluscan species common to all three areas—e.g., Bacu-
lites lomaensis Anderson, 1958, Pachydiscus (Neodesmocer-
as) catarinae (Anderson & Hanna , 1 9 3 5 ) , and Perissitys 
colocara Popenoe & Saul, 1987—suggest that these sections 
are of equivalent age. Calcareous nannofossils, benthic 
foraminifera, and palynomorphs from Carlsbad also sug-

gest a Campanian to Maastrichtian age (M. V. FILEWICZ 

etal., 1989, personal communication). A 17-m thick section 
of the Point Loma Formation near Carlsbad consists of 
shale and interbedded sandstones that contain a diverse 
and locally rich molluscan fauna (LOCH, 1989). Fossils in 
the deposit represent a distinct inner shelf assemblage in 
water less than 140 m deep (SLITER, 1968). 

Yolo Format ion 

T h e Upper Cretaceous (Turonian) , Yolo Formation of 
KLRBY (1943:285-287) was named for extensive exposures 
along the west side of the Sacramento Valley in Yolo 
County, northern California. Petrologic evidence suggests 
that the randomly interbedded mudstones, shales, and 
sandstones of the Yolo Formation were deposited as basin-
plain turbidite deposits within the Great Valley forearc 
basin sequence ( INGERSOL et al., 1977). 

Coffee Format ion 

T h e Coffee Formation of the Selma Group was named 
by S A F F O R D (1864:361-363) for exposures at Coffee Land-
ing, Hard in County, Tennessee. Sandstone units in the 
Tupelo Tongue of the Coffee Formation demonstrate a 
cyclical sedimentation pattern related to four periods of 
del ta p rogada t ion and a b a n d o n m e n t (DOCKERY & 
JENNINGS, 1988). Excavations within the last 15 yr in 
northeastern Lee County, Mississippi, have exposed very 
fossiliferous sections of the Upper Cretaceous (Campan-
ian), Coffee Formation (DOCKERY, 1988). 

M A T E R I A L S AND M E T H O D S 

Thirty-one cypraeacean specimens from the San Diego 
Society of Natura l History, Invertebrate Paleontology col-
lection were borrowed for this project. T w o undescribed 
and one previously described species were determined. A 
subsequent search of the Los Angeles County Museum of 
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Natural History, Invertebrate Paleontology collection 
yielded an additional undescribed species, two specimens 
of Bernaya (Protocypraea) argonautica, and two cyprae-
acean fragments of undetermined generic affinity. A fourth 
undescribed species was borrowed from the Mississippi 
Geologic Survey. Undescribed specimens were compared 
to the holotypes of all previously described North American 
species, which are figured herein for comparison. Com-
parisons were also made with published illustrations of 
species from regions other than North America. Matr ix 
from the apertures of several specimens was carefully re-
moved with permission of the lending institutions. 

S Y S T E M A T I C S 

The classification herein follows that of SCHILDER & 
SCHILDER (1971) with the exception of the Recent south-
western Australian species Bernaya catei Schilder, 1963. 
BURGESS ( 1 9 7 0 , 1 9 8 5 ) and WALLS ( 1 9 7 9 ) correctly placed 
B. catei in synonymy with Zoila (Zoila) venusta (Sowerby, 
1846) based upon similar anatomical and radular char-
acteristics. The genus Zoila of JOUSSEAUME ( 1 8 8 4 ) , which 
ranges from the Lower Miocene to the Recent of Australia, 
India, Indonesia, and Tasmania, may be a descendant of 
Bernaya ( W E N Z , 1 9 4 1 ) . 

S Y S T E M A T I C P A L E O N T O L O G Y 

S u p e r f a m i l y CYPRAEACEA R a f i n e s q u e , 1 8 1 5 

F a m i l y CYPRAEIDAE R a f i n e s q u e , 1 8 1 5 

S u b f a m i l y BERNAYINAE S c h i l d e r , 1 9 2 7 

Genus Palaeocypraea Schilder, 1928 

Type species: Cypraeacites spiratus Schlotheim, 1820, by 
original designation. Lower Paleocene (Danian), Faxe, 
Denmark. 

Diagnosis: Shell small to medium in size, elongated, spire 
broad and partially covered, aperture wide with deep ter-
minal canals and fine dentition, fossula broad, concave, 
and smooth. 

Subgenus Palaeocypraea s.s. 

Palaeocypraea (Palaeocypraea) corsicanana 
(Stephenson, 1948) 

Figures 3, 4) 

Cypraea gracilis STEPHENSON, 1941:314-315 , pi. 59, figs. 1 2 -
13. Not Cypraea gracilis Gaskoin, 1848. 

Cypraea corsicanana STEPHENSON, 1948:642 [new name for 
Cypraea gracilis Stephenson, 1941], 

Palaeocypraea (Palaeocypraea) squyeri corsicanana (Stephen-
son, 1948: SCHILDER & SCHILDER, 1971:25 , 107. 

Type material: Holotype, U S N M 20894. The holotype 
measures 14.2 mm in length, 10 mm in width, and 7.8 
mm in height. 

Type locality: USGS loc. 518, near Postoak Creek, north 
edge of Corsicana, Navarro County, Texas. Upper Cre-
taceous (Maastrichtian), Nacatoch Sand, Navarro Group. 

Remarks: Palaeocypraea squyeri (Campbell, 1893) has 
deeper terminal canals and is more elongate than Palaeo-
cypraea corsicanana, and should be considered a separate 
species. 

Palaeocypraea {Palaeocypraea) fontana 
(Anderson, 1958) 

(Figures 5, 6) 

Cypraea fontana ANDERSON, 1958:177, pi. 21, figs. 15, 16. 
Palaeocypraea (Palaeocypraea) korycanensis fontana (Ander-

son, 1958): SCHILDER & SCHILDER, 1971:25, 116. 

Type material: Holotype, CAS 1345.04. The holotype 
measures 27.8 mm in length, 16.8 mm in width, and 11.1 
mm in height. 

Type locality: CAS loc. 1345, Texas Springs, 3.2 km east 
of Horsetown, on road leading to Centerville, Shasta Coun-
ty, California. Lower Cretaceous (uppermost lower Al-
bian) (L. R. Saul, 1989, personal communication), Budden 
Canyon Formation. 

Remarks: Palaeocypraea korycanensis (Weinzettl, 1910) 
from Korycany, Czechoslovakia, is more elongate and less 
globose than Palaeocypraea fontana (Anderson, 1958) and 
is considered a separate species. Palaeocypraea fontana is 
the earliest cypraeacean found in the Western Hemisphere. 

Palaeocypraea (.Palaeocypraea) grooti 
(Richards & Shapiro, 1963) 

(Figures 7, 8) 

Cypraea grooti RICHARDS & SHAPIRO, 1963:12, pi. 4, fig. 3 a -
c; RICHARDS, 1968:140; OWENS et al, 1970:45. 

Palaeocypraea (Palaeocypraea) squyeri grooti (Richards & 
Shapiro , 1963): SCHILDER & SCHILDER, 1971:25, 120. 

Type material: Holotype, ANSP 30838. The holotype 
measures 17.5 mm in length, 10.1 mm in width, and 7.9 
mm in height. 

Type locality: Station 6 of GROOT et al. (1954), Biggs 
Farm, south bank Chesapeake and Delaware Canal, 2.41 
km east of crossing of U.S. Highway 13 and the canal at 
St. Georges, New Castle County, Delaware. Upper Cre-
taceous (lower Maastrichtian), Mt. Laurel-Navesink For-
mation. 

Remarks: Represented by a single poorly preserved in-
ternal mold that does not resemble Palaeocypraea squyeri 
(Campbell, 1893). Palaeocypraea grooti is more globose and 
less elongate than P. squyeri and, although treated as a 
subspecies of the latter by SCHILDER & SCHILDER ( 1 9 7 1 : 
25), they are considered separate species. 


