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POLYPLACOPHORA (MOLLUSCA) FROM THE SAN DIEGO FORMATION:

A REMARKABLE ASSEMBLAGE OF Fossit, CHITONS
FROM THE PLIOCENE OF SOUTHERN CALIFORNIA'

MICHAEL J. VENDRASCO,> DoucGLas J. EErnNisse,> CHARLES L. PoweLr I1,?
AND CHRISTINE Z. FERNANDEZ®

ABSTRACT. A rich chiton assemblage consisting of more than 15,000 valves (shell plates) was collected by George P. Kanakoff (1897—
1973) from Pliocene exposures of the San Diego Formation just north of the U.S./Mexican border. The assemblage includes 16 extant
species, three extinct species (Callistochiton sphaerae n. sp., Lepidozona kanakoffi n. sp., and Amicula solivaga n. sp.), and three
indeterminate species. The cellection is dominated by the genus Callistochiton and also includes the genera Leptochiton, Oldroydia,
Lepidozona, Stenoplax, Amicula, Mopalia, Placiphorella, Tonicella, Dendrochiton, and Nuttallina.

This assemblage expands the known stratigraphic and paleogeographic ranges of many chiton genera and species and provides
information about an apparent late Cenozoic diversification of chitons along the Pacific Coast of North America. Chitons appear to have
diversified in the northeastern Pacific from the middie Miocene to Pleistocene, driven in part by regional increases in productivity and
environmental heterogeneity during that time.

The chitons are interpreted to have been deposited at inner-neritic depths (~25 m) in the mouth of a bay or in a continental shelf
environment, and the annual temperature range and seasonality are inferred to have been similar to those that occur off the nearby San
Diego coast today. However, the fossil assemblages also include a mixture of taxa that today range only to the north or to the south.

The large sample sizes of chiton valves allow rigorous analysis of the ratio of valve types, revealing a divergence from the expected
pattern. This divergence is even greater on average than what occurs in assemblages of chiton valves in Holocene sediments, revealing that
taphonomic factors bias valve ratios long after valves are disarticulated.

New foraminiferan and molluscan data indicate a middle or late Pliocene age of deposition for these beds, between 3.3 to 2.5 million

years ago (Ma), and possibly about 3.0 Ma.

INTRODUCTION

George P. Kanakoff and assistants in the 1950s and 1960s
collected more than 15,000 chiton valves from outcrops of the
San Diego Formation near the international border between
California and Mexico (Figure 1, Appendix 1). At the time,
Kanakoff was the curator of invertebrate paleontology at the
Natural History Museum of Los Angeles County Invertebrate
Paleontology Department (LACMIP), a position he held from
1948 to 1966 (Marincovich, 1974). Kanakoff led groups of
volunteers, many of whom were high school students, to collect
and subsequently sort vast amounts of fossil material from the
Border localities (E.C. Wilson and P.I. LaFollette, personal
communication to M.J.V., 2006). Kanakoff instructed his
students to “save everything” during field and laboratory work
(Marincovich, 1974:64), and so these collections probably
provide an accurate representation of the fossil assemblages at
the localities collected and are not as highly skewed towards well-
preserved or complete valves as is normal for chiton fossil
collections. As a result of his thorough methodology and because
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of the incredible richness of this fauna, Kanakoff and colleagues
managed to recover the largest and most diverse assemblage of
fossil chitons known in the world.

Most of the fossil chitons from LACMIP historic locality 305
were originally examined by Spencer R. Thorpe, Jr., then at the
California Academy of Sciences (E.C. Wilson, personal commu-
nication to M.J.V., 2006). Thorpe provided some identifications
and advised Leo G. Hertlein on geographic ranges of modern
chitons for the summary of the chiton fauna that was to appear in
their intended paper on the gastropods and chitons of the San
Diego Formation, although the description of the chiton fauna in
their draft is only two pages long.

Few chitons have been described, or even listed, from fossil
localities in California, and most of these are from Pleistocene
deposits. Chitons have been described from Cenozoic sedimen-
tary rocks in California by Pilsbry (1892), Chace (1916a, b),
Chace and Chace (1919), Berry (1922, 1926), Kennedy (1978),
Roth (1979), Squires and Goedert (1995), and Dell’Angelo et al.
(2011). Chitons, as minor faunal elements, have also been
mentioned by Orcute (1889), Ashley (1895), Oldroyd (1914),
Moody (1916), Clark (1918), Valentine (1961), Valentine and
Meade (1961), Chace (1966), Marincovich (1976), Kennedy
et al. (1981, 1992 [1993]), Davis (1998), Powell (1998), and
Powell et al. (2002). Perhaps as testament to their typical rarity in
California fossil assemblages, chitons were entirely omitted from
the Check list of California Tertiary Marine Mollusca (Keen and
Bentson, 1944), as well as from compilations by Grant and Gale
(1931) and Weaver (1942 [1943]). The collection described
herein therefore provides significant additional information on
the diversification of late Cenozoic chitons along the Pacific
Coast of North America. The rich San Diego Formation chiton
fauna from the Pliocene stands in striking cotrast to the paucity
of reported chitons from the older and warmer Miocene deposits
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Figure 1

Locality and stratigraphy. 1, map showing location of the three main historic localities described here; 2, stratigraphy of the exposed portion

of the San Diego Formation at the Border locality near or at LACMIP [ocality 305 (A=SDNHM locality 6241; B=SDNHM locality 6242; C=SDNHM

locality 6243).

along the Pacific Coast of North America, even though the latter
have extensive molluscan fossils and these are generally well
studied. Dell’Angelo et al. (2011) have recently described multiple
new chiton species, represented by 140 total valves, from even
older Paleogene deposits from Washington State. These appear to
have little in common with the Pliocene fauna described here,
instead having affinities to more southern or Old World chiton
faunas, but their discovery could indicate that Miocene chitons
will eventually be found if they are searched for specifically.

Herein we describe the chiton fauna from the San Diego
Formation and discuss the following: (1) how this assemblage
provides evidence for a major, recent chiton diversification event
on the Pacific Coast; (2) migration of chitons during the
Cenozoic; (3) new evidence on the age of the localities of the
San Diego Formation from which these fossils were collected; (4)
aspects of the paleoenvironment of these fossils; and (5) the
taphonomy of chiton valves. These analyses were based primarily
on fossil specimens from LACMIP as well as modern specimens
from the Natural History Museum of Los Angeles County,
Malacology Department (LACM).

STRATIGRAPHY OF THE SAN DIEGO FORMATION

The San Diego Formation consists of up to 84 m of terrestrial and
continental-shelf marine sediments exposed over a nearly 60-km-
long arc extending from Pacific Beach, San Diego, to northern
Baja California (Rowland, 1972; Deméré, 1982, 1983). The
informal lower member is characterized by up to 75 m of
massive, fine-grained, friable, marine sandstone with occasional
thin conglomerate layers, and the informal upper member
consists of up to 9 m of nonmarine, massive, fine-grained, friable
sandstone with occasional thin conglomerate layers (Deméré,
1983). In addition, Wagner et al. (2001) described the presence of
nonmarine beds below the lower member described by Deméré
(1983) exposed in the eastern part of the San Diego depositional
basin.

The fossils of the San Diego Formation were first listed by Dall
(1874, 1898), who assigned the name “San Diego beds” to
fossiliferous rocks extracted in the process of digging a well in
Cabrillo Canyon near San Diego, California (now Balboa Park).
Arnold (1903) later referred to the sediments as the “San Diego

Formation” and described the fauna from a different stratigraph-
ic section at Pacific Beach, San Diego. Hertlein and Grant (1944)
argued that the old San Diego well in Balboa Park should be
considered the type locality. However, the well has since been
filled and the Pacific Beach section is the best remaining exposure
of the San Diego Formation. Arnold (1903:57-58) recognized
two biostratigraphic divisions of the San Diego Formation at the
Pacific Beach section: a “lower horizon” characterized by the
bivalves Flabellipecten stearnsii (Dall, 1874) [=Euvola stearnsii|
and Patinopecten bealeyi (Arnold, 1906), and the gastropod
Opalia anomala Stearns, 1875 and its synonym Opalia varicos-
tata Stearns, 1875; and an ““upper horizon” characterized by the
bivalve Pecten bellus (Conrad, 1856b) replacing E. stearnsii, rare
Patinopecten healeyi, the gastropod Crepidula princeps Conrad,
1855, and the echinoid Dendraster ashleyi (Arnold in Arnold and
Anderson, 1907). Deméré (1982) followed Arnold’s (1903) lead
in recognizing a lower biostratigraphic unit at Pacific Beach
characterized by Euvola (as Flabellipecten) stearnsii, Patinopec-
ten healeyi, and O. varicostata, and an upper unit with Pecten
bellus, D. ashleyi, and the gastropod Nucella lamellosa (Gmelin,
1791).

The specimens described here are from localities of the San
Diego Formation near the international border between the
United States and Mexico. The following discussions of
stratigraphic correlation, age, taphonomy, and paleoenvironment
focus specifically on three primary localities from which Kanak-
off collected chitons, LACMIP localities 305, 16817 (ex 305A),
and 16862 (ex 305C) (“Border beds” or “Border localities™
herein).

CORRELATION OF THE BORDER BEDS OF THE SAN
DIEGO FORMATION

The LACMIP Border locality collections reveal abundant
specimens of Opalia varicostata, Envola stearnsii, and Patino-
pecten healeyi, characteristic of the lower unit of the San Diego
Formation at the Pacific Beach section semnsit Deméré (1982), but
also abundant Pecten bellus, characteristic of Deméré’s upper
unit. Paleoenvironmental data also provide equivocal evidence
for correlation. Ingle (1967, 1980) observed foraminifers from
Pacific Beach and inferred a warm-water, outer-shelf assemblage
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Figure 2

Fossils of biostratigraphic and paleoenvironmental significance from LACMIP locality 305. 1, Patinopecten healeyr (Arnold, 1906) (scale

bar=1 cm); 2, Lucinoma anmlation (Reeve, 1850) (scale bar=1 cm); 3, Strictispira (Crassispira) zizyphus (Berry, 1940) (scale bar=0.5 cm); 4, Envola
stearnsii (Dall, 1874) (scale bar=1 cm); 5, Opalia varicostata Stearns, 1875 (scale bar=0.5 cm); 6-7, Architectonica nobilis Roding, 1798 (scale
bar=1 cm); 8, Neogloboguadrina asanoi (Maiya, Saito, and Sato, 1976) (scale bar=250 pm); 9, Globigerinoides ruber (d’Orbigny, 1839) (scale
bar=250 um); 10, Globorotalia tunida (Brady, 1877) (scale bar=100 um); 11, Globigerina bulloides (d’Orbigny, 1826} (scale bar=250 pm); 12,
Hanzawaia nitidula (Bandy, 1953) (scale bar=250 pm); 13, Quinqueloculing lamarckiana d’Orbigny, 1839 (scale bar=250 pm).

in the lower part of the section and a cool-water, shallower
assemblage in the upper part of his section. Wicander (1970)
examined planktonic Foraminifera from Pacific Beach and other
localities of the San Diego Formation, and inferred cooler water
throughout the formation. Later, Mandel (1973) examined
planktonic foraminifers from exposures near the border (includ-
ing localities he listed as LACMIP 305A and C) and recognized a
decidedly warm-water, outer-shelf assemblage. Deméré (1982)
regarded Mandel’s (1973) warm-water fauna to be correlative
with the warm-water facies of the lower unit at Pacific Beach.
Most of the fossils from the Border localities occur off of San
Diego today, with a few extralimital southern and northern
species (species whose ranges are entirely south or north of the
fossil locality). Nearly all of the species in these assemblages
today occur in the Californian biogeographic province (also
“warm-temperate” sensi Valentine, 1966, or “San Diegan”
sensu Briggs, 1974). The Border localities show a mixture of
warm and cold, moderately deep-water fauna (see “Discussion”),
which matches neither the warm, shallow-water characteristic of
the lower part of the section at Pacific Beach, nor the cooler,
deep-water characteristic of the upper part in the same section

(Deméré, 1982, 1983). However, the fauna from the Border
localities is overall more similar to that in the lower part of the
Pacific Beach section, and so we conclude that the Border beds
probably correlate with the lower part or with a hypothetical
transitional zone between the lower and upper parts.

A detailed record of the stratigraphy of the fossiliferous section
from which Kanakoff collected is unknown. Kanakoff listed the
height (in feet) above the dirt road at each of his fossil localities
(Appendix 1), which indicates each sample was collected from
within a narrow stratigraphic range. LACMIP localities 305,
16862 (305A), and 16817 (305C) occur within 1 km of each
other and all contain very similar faunas, indicating they came
from the same, or closely spaced, stratigraphic horizons.

Most of the chitons studied are from LACMIP localities 305
and 16817 (305C). With assistance from Scott Rugh (San Diego
Natural History Museum [SDNHM]), we (C.Z.F. and M.].V.)
were able to locate exposures near or at Kanakoff’s original
collecting localities. The locality we discovered near LACMIP
locality 305 had the most easily accessible fossiliferous expo-
sures, with three shell beds within a 2-m section (Figure 1,
SDNHM localities 6241-6243) exposed along a road-cut. The
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Figure 3  Known stratigraphic ranges of chitons on the Pacific Coast of
North America. Gray bars show previously reported range; black bars
show range extension based on specimens described herein. The first
appearance datum of Eocene/Oligocene for Lepidozona is based on one
valve, and that for Stenoplax is based on just a few valves (Dell’Angelo et
al., 2011); otherwise the San Diego Formation assemblage provides the
oldest records of these genera on the Pacific Coast of North America.

shell beds were separated by units of structureless fine-grained
sand that lacked obvious fossils. The lowest fossil bed averaged
about 5 ¢m in thickness and consisted of shell hash dominated by
sea urchin spines in a medium-grained sand matrix. The middle
bed averaged about 20 ¢m in thickness and contained a more
diverse fossil assemblage dominated by moliusks. This shell bed
had a matrix of fine-grained sand but with common massive
concretions that in places encompassed the entire fossil bed. The
uppermost shell bed averaged about 20 c¢m in thickness and
contained abundant fossils dominated by mollusks in a fine-
grained sand matrix. The upper two shell beds contain abundant
fossils in diverse orientations, a good incidence of complete
shells, and many examples of articulated bivalves.

AGE OF THE BORDER BEDS

The precise age range of the San Diego Formation at the Border
localities remains unclear. Estimates of the age of the San Diego
Formation have ranged, in general, between early Pliocene and
earliest Pleistocene. Whereas some have considered it exclusively

Vendrasco et al.: Chitons of the San Diego Formation

Pliocene (Hertlein and Grant, 1944, 1972; Corey, 1954; Milow
and Ennis, 1961; Oakeshott, 1964; Ingle, 1967; Rowland, 1969;
Wicander, 1970), others have argued that it extends into the
earliest Pleistocene (Arnold, 1903; Allison, 1964; Deméré, 1983,
Wagner et al., 2001). Deméré (1982, 1983) tentatively suggested
that known planktonic foraminiferans from the formation
indicated an age range from no older than from 3.0 million
years ago (Ma) to at least as young as 1.5 Ma, although he did
not state which species allowed such inferences. Barnes
(1976:332-334) assigned fossil vertebrates, mainly marine
mammals, from the formation to the Blancan North American
Land Mammal Age (4.8-1.8 Ma). Recently, combined land
mammal biostratigraphic and magnetostratigraphic dating has
been applied to nonmarine facies within the lower part of the San
Diego Formation in Chula Vista where an age of 3.6 to 3.5 Ma
was assigned (Wagner et al., 2001). Planktonic foraminifera and
calcareous nannoplankton from the San Diego Formation on the
south side of Mount Soledad (LACMIP locality 17228) indicate a
probable early Pliocene age of between 3.8 and 4.2 Ma
(Boettcher, 2001; Kling, 2001) and correlated with Calcareous
Nannoplankton Zone CN11b. The combined data currently
available thus indicate an age range from as old as 4.2 Ma to
possibly as young as 1.5 Ma for the San Diego Formation.
Schatzinger (1972) concluded that beds at localities he
considered LACMIP 305 and 16862 (305A) were deposited
during the Pliocene, citing the occurrence of many fossils inferred
to have gone extinct during that epoch. Mandel (1973) used
ranges of foraminifers to conclude that the sediments at what he
considered to be LACMIP 16862 (305A) and 16817 (305C) were
deposited during the latest Pliocene, but possibly ranging into the
earliest Pleistocene. Extinct mollusks from the Border localities
include the bivalves Anadara trilineata (Conrad, 1856b), Arca
sisquocensis Reinhart, 1937, Barbatia illota (Sowerby, 1833),
Basterotia hertleini Durham, 1950, Chlamys bhastata ellsi
Hertlein and Grant, 1972, C. jordani (Arnold, 1903), Euvola
stearnsii, Limaria orcutti (Hertlein and Grant, 1972), Lyropecten
cerrosensis (Gabb, 1866), Myrakeena veatchii (Gabb, 1866),
Patinopecten healeyi, Pecten bellus, Protothaca tenerrima alta
(Waterfall, 1929), Rhamphidonta frankiana (Hertlein and Grant,
1972), Securella kanakoffi (Hertlein and Grant, 1972), Swifto-
pecten parmeleei (Dall, 1898), Thracia trapezoides Conrad,
1849, and the gastropods Calliostoma coalingense catoteron
Woodring and Bramlette, 1950, Calyptraea filosa Gabb, 1866, C.
inornata (Gabb, 1866), Cancellaria fergusoni Carson, 1926,
Crepidula princeps, Nassarius sp. cf. N. grammatus (Dall, 1917),
Opalia varicostata, and Tegula hemphilli Oldroyd, 1921.
Rbamphidonta frankiana and Limaria orcutti are restricted to
the San Diego Formation and so are of little use in refining the
age of this part of the San Diego Formation. In addition, detailed
stratigraphic ranges of most mollusks are poorly known in
California because of the lack of appropriate dating techniques
and thus have not been correlated with a numerical time scale.
Nevertheless, the molluscan assemblage indicates a middle to late
Pliocene, and not Pleistocene, age for the Border localities.
Observations in support of this claim include the occurrence in
the Border beds of the following: (1) common Patinopecten
healeyi and Opalia varicostata (Figures 2.1, 2.5), two index
fossils for the Pliocene (Shimer and Shrock, 1944; Groves and
Squires, 1988; Groves, 1991); (2) Turcica brevis Stewart in
Woodring, Stewart, and Richards 1940 [1941], a fossil restricted
to the Pliocene (Powell et al., 2004); (3) Pecten bellus and
Crassispira zizyphus, which may indicate middle/late Pliocene to
early Pleistocene age (Powell and Stevens, 2000); and (4) the
terminal Pliocene fossils Lyropecten cerrosensis and Terebra
martini English, 1914 (Groves, 1991). More recently, Powell
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Table 1
Formation.

Summary of taxonomy of chitons from the San Diego

Class Polyplacophora Gray, 1821
Order Lepidopleurida Thiele, 1910
Suborder Lepidopleurina Thiele, 1910
Family Leptochitonidae Dall, 1889
Leptochiton Gray, 1847b
Leptochiton rugatus (Pilsbry, 1892)
Leptochiton nexus Carpenter, 1864
Oldroydia Dall, 1894a
Oldroydia percrassa (Dall, 1894a)
Order Chitonida Thiele, 1910
Suborder Chitonina Thiele, 1910
Family Ischnochitonidae Dall, 1889
Callistochiton Dall, 1879
Callistochiton palmulatus Dall, 1879
Callistochiton sphaerae n. sp.
Lepidozona Pilsbry, 1892
Lepidozona mertensii (von Middendorff, 1847)
Lepidozona pectinulata (Carpenter in Pilsbry, 1893)
Lepidozona sp. cf. L. rothi Ferreira, 1983
Lepidozona sp. cf. L. radians (Carpenter in Pilsbry, 1892)
Lepidozona kanakoffi n. sp.
Stenoplax Dall, 1879
Stenoplax circumsenta Berry, 1956
Stenoplax fallax (Carpenter in Pilsbry, 1892)
Stenoplax sp. cf. S. heathiana Berry, 1946
Suborder Acanthochitonina Bergenhayn, 1930
Family Mopaliidae Dall, 1889
Anticula Gray, 1847a
Amicula solivaga n. sp.
Dendrochiton Berry, 1911
Dendrochiton sp. indeterminate
Mopalia Gray, 1847a
Mopalia sinuata Carpenter, 1864
Mopalia sp. cf. M. swanii Carpenter, 1864
Mopalia sp. indeterminate
Placiphorella Dall, 1879
Placiphorelia velata Dall, 1879
Placiphorella sp. cf. P. mirabilis Clark, 1994
Tonicella Carpenter, 1873
Tonicella sp. cf. T. venusta Clark, 1999
Family Lepidochitonidae Iredale, 1914
Nuttallina Dall, 1871
Nuttallina sp. indeterminate

et al. (2008a, b, 2009) used the presence of the extralimital
southern gastropod Architectonica (Figures 2.6-2.7) and other
warm-water mollusks to correlate several sites in Southern
California, including the Border localities, with the mid-Pliocene
warm event that occurred between about 3.3 and 3.0 Ma
(Dowsett and Robinsen, 2009). If Architectonica is a valid
indicator of this warm event (but see “Discussion”), it would
indicate a possible age of 3.3 to 3.0 Ma for these deposits.

The collections from LACMIP locality 16817 (305C) contain
the planktonic foraminifer Neogloboguadrina asanoi (Maiya,
Saito, and Sato, 1976; Figure 2.8), identified by J.P. Kennett
(personal communication to M.J.V., 2007), and lack any
foraminifers exclusively younger than middle Pliocene, indicating
deposition during the California margin planktonic foraminiferal
zone 6 of Kennett et al. (2000) and a likely age between 3.25 and
2.5 Ma (see fig. 2 in Kucera and Kennett, 2000). Kennett’s age
determination matches up well with that estimated by Powell
et al. (2008a, b, 2009) for the San Diego Formation Border
localities; the overlap of the two age ranges is 3.25 to 3.0 Ma.
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SYSTEMATICS

This massive chiton assemblage consisting of more than 15,000
valves from about 22 species, including three new species, is the
largest and most diverse fossil chiton assemblage known. The
chitons comprise three suborders, four families, and 11 genera.
The assemblage extends the known fossil record for nine chiton
genera along the Pacific Coast (Figure 3). A summary of the
taxonomy of these chitons is provided in Table 1.

The taxonomy of chitons in the temperate northeastern Pacific
is far from settled, and key distinguishing characters among
similar chiton species are often not preserved in fossils. For
example, species of Mopalia are often characterized by the nature
of girdle setae (Eernisse et al., 2007). This makes taxonomic
assignments of fossil chiton valves difficult, and in some cases
here we favor an open nomenclature, including indications of
uncertainty such as ‘“cf.” or “indeterminate.” Many valve
fragments in this assemblage could not be reliably assigned to
genus, and we have left them unnamed. Nevertheless, the
exquisite preservation of the tegmental sculpture in thousands
of valves and the abundance of each type of valve (head,
intermediate, tail) in many species has allowed detailed taxo-
nomic analyses in those cases. Measurements here were made on
digital photographs using Image] software (Rasband 1997-
2009). Chiton shell terminology is depicted in Figure 4; readers
are referred to Schwabe (2010) for a more detailed description of
chiton terminology.

Unfigured specimens of the three new species from their type
localities should be considered to be paratypes. By necessity here
instead we refer to them as part of “unfigured topotype lots.”
However, these specimens did inform us in our descriptions of
the new species and we have no reason to doubt their
classification as such.

Hertlein and Grant’s original unpublished manuscript con-
tained a list of 15 chiton species from LACMIP locality 305 that
were identified by Spencer Thorpe. This list differs from ours in a
number of ways, but the overall classification is similar. We could
find no indication of which sets of specimens at LACMIP were
examined and/or identified by either Thorpe or Hertlein, and so
we have reidentified all of the specimens ourselves.

Institutional abbreviations used herein include the following:
ANSP, Academy of Natural Sciences of Philadelphia; LACM,
Natural History Museum of Los Angeles County, Malacology
Department; LACMIP, Natural History Museum of Los Angeles
County, Invertebrate Paleontology Department; PRM, Peter
Redpath Museum, McGill University, Montreal, Canada;
SBMNH, Santa Barbara Museum of Natural History, and
USNM, United States National Museum of Natural History.

Class Polyplacophora Gray, 1821
Order Lepidopleurida Thiele, 1910
Genus Leptochiton Gray, 1847b

DISTRIBUTION. This genus occurs worldwide (see Kaas and
Van Belle, 1985a). Five described species of Leptochiton are
known from the eastern Pacific (Ferreira, 1979a), although this is
likely an underestimate. For example, specimens collected from
greater than 15-m depth in Southern California previously
identified as the wide-ranging Leptochiton rugatus (Pilsbry,
1892) belong to a second, undescribed deeper-water species,
based primarily on DNA evidence (D.]. Eernisse and R. Kelly,
unpublished data; see also Stebbins and Eernisse, 2009).

Fossils classified as Leptochiton have been found worldwide,
and may date back to the Mesozoic (Van Belle, 1981). However,
Sirenko (2006) recorded a range of only Eocene to Recent for
Leptochiton, and according to his list the Eocene occurrence is
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Terminology for chiton valves. Note there is some overlap and gradation in tegmental sculpture terminology. For example, “lattice” by

definition contains “longitudinal ridges.”” Also, the small, closely spaced bumps labeled “granules” grade into the larger, more widely spaced bumps
labeled ““tubercles.” See Schwabe (2010) for more details on chiton terminology.

the oldest record of an extant chiton species. Sigwart et al. (2007)
subsequently described Leprochiton faksensis from the Paleocene
of Denmark. In any case, there is a sparse fossil record of this
genus in the temperate eastern Pacific, although the modern
species Leptochiton alveolus (Lovén, 1846) is reported from the
latest Eocene and earliest Oligocene of Washington (Squires
and Goedert, 1995), one valve assigned to Leptochiton sp. was
described from the latest Eocene or earliest Oligocene of
Washington (Dell’Angelo et al,, 2011), and one valve of
Leptochiton nexus Carpenter, 1864, was reported from a
Pleistocene marine terrace at Upper Newport Bay, California
(Kanakoff and Emerson, 1959).

Leptochiton rugatus (Pilsbry, 1892) species complex
Figure S (1-17)

Leptochiton internexus rugatus: Dall, 1879:319 (nomen nudim).

Lepidopleuris rugatus Pilsbry, 1892:11, pl. 3, figs. 67-70.

Leptochiton rugatus Thiele, 1909:12-13, pl. 1, figs. 41-50;
Ferreira 1979a:146, figs. 1-2, 7, 33-34 (contains more
complete synonymies).

Lepidopleurus internexus Dall, 1879:319 (nomen nudum).

Leptochiton internexus: Smith 1947a:4; 1947b:17.

Leptochiton cancellatus: Dall, 1879:315 (not Chiton cancellatus
Sowerby, 1839).































































































































































