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T E X T - F I G . 10. Opis (Hesperopis) triangulata (Cooper, 1894). All x l . Specimens coated with ammonium chloride. A-B, hypotype, 
SDSNH 67148, SDSNH loc. 3403. A, lunule view. B, dorsal view. C-D, lectotype, CASG 624 from west base of Pt. Loma, San Diego, 
California, right valve. C, lunule view. D, escutcheon/corcelet view. E-F, hypotype, LACMIP 13544, LACMIP loc. 22661, right valve. 
E, lunule view. F, escutcheon/corcelet view. 

Stephenson (1954) stated that this bivalve is a varietal 
form of O.? elevata. 

Cretaceous undifferentiated 

Meek (1864, p. 11) listed ?.Opis bicarinata Conrad and 
t.Opis bella from the south-eastern United States. Stoliczka 
(1871) also listed Opis bicarinata and O. bella from Upper 
Cretaceous strata of Mississippi. Opis bicarinata Conrad 
(1858, p. 327, unfig.) and Opis bella Conrad (1858, p. 
327, unfig.), both from Upper Cretaceous strata of Missis-
sippi, were too briefly described by Conrad (1858) and 
not, as promised, subsequently figured. Their hinges are 
unknown. These two species are best considered to be 
nomina dubia. 

Gabb (1861, p. 151) reported ?.Opis haleana d'Orbigny 
from undifferentiated Cretaceous strata in Alabama, and 
Meek (1864, p. 11), included this name in his checklist of 
Cretaceous bivalves from the south-eastern United States. 
This record is poorly known, and Stanton (1895, p. 59) 
remarked that this species is a doubtful representative of 
Opis in America. 

known only from the holotype, which is a small steinkern 
(16 mm in height). The specimen is trigoniform and 
appears to have a carinate-umbonal ridge. Observation of 
the holotype, however, revealed that the specimen has 
been crushed, which accentuated its trigonal shape and 
produced the apparent carinate-umbonal ridge. The beak 
area is missing, and the hinge is covered by rock matrix. 
The shell does not appear to have an escutcheon nor a 
corcelet ridge, and the lunule is not well delineated. This 
species is very likely not an Opis. If it were, it would be 
the youngest Opis and the only Cenozoic Opis. 

Early Eocene 

Isocardia conradi Gabb (1860, p. 392, pi. 68, figs 21-21a; 
Whitfield 1886, pp. 200-201, pi. 26, figs 3-4), is a venerid 
from the lower Eocene Vincentown Formation, New Jer-
sey. Although this bivalve was mistakenly identified as an 
Opis by Gabb (1876, p. 311), Stanton (1895, p. 49, 59) 
stated that this species is not an Opis, and Palmer and 
Brann (1965, p. 150) concurred. 

Palaeocene 

Opis virginalis Waring (1917, p. 78, pi. 14, fig. 4), from 
the upper Palaeocene Santa Susana Formation, Ventura 
County, California (Keen and Bentson 1944, p. 74) is 

DISCUSSION 

Life habits of Hesperopis 

Hesperopis occurs in shallow-marine deposits, except for a 
few incomplete specimens that have obviously undergone 
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post-mortem transport and are in bouldery submarine-
fan turbidites. Specimens otherwise are found in siltstone 
or, less commonly, in fine sandstone. Some are doubled 
valved, thereby indicating they lived in non-turbulent 
waters (below effective-wave base) in moderate depths 
where shallow-marine silts and fine sands accumulated, 
most likely, in offshore shelfal areas. 

The bulky shape of Hesperopis is strongly suggestive that 
this opine was a recliner that lived on, or partially settled 
into, the soft substrate. Its wide and flattish lunule side 
would have provided much stability for a juvenile or an 
adult specimen situated with its commissure perpendicular 
to the ocean floor. Having a vertical commissure would 
mean that both valves would have experienced the envi-
ronment the same and, hence, would be equivalved, like 
what is observed for Hesperopis. In this position, the trigo-
nal shape of the valves would have caused the wide, trun-
cate posterior end of the corcelet side of the shell to 
project upward at an appreciable angle with respect to the 
horizontal. In the case of O. (H.) popenoei, for example, 
the posterior end of the shell would have projected upward 
at an angle of c. 55 degrees. The posterior umbonal ridge, 
corcelet ridge and corcelet furrow probably served as stabi-
lizers, preventing any currents from disorienting the shells. 
Having an elevated posterior end of the shell would have 
also placed the incurrent-excurrent siphons well up into 
the water column. Modern astartids are all very shallow-
infaunal filter feeders whose branchial and anal orifices are 
not produced into elongate siphons; instead they extend 
only about 2 mm beyond the shell (Boss 1982, p. 1137). It 
would have been critical for the siphons of Hesperopis not 
to have been covered by sediment. 

The thick-walled, heavyweight shells, as well as the dis-
proportionally large-sized hinges bearing sturdy and later-
ally serrated teeth, are also suggestive of an epifaunal, 
edgewise (i.e. vertical commissure) recliner life habit. The 
stout and serrated teeth would have provided resistance 
to shear forces produced by any currents or waves. Unlike 
the looser fit of most heterodont hinge teeth, which per-
mit rocking movements that aid burrowing, the large 
teeth with interlocking lateral serrations that Hesperopis 
possesses would have prevented rocking of the valves. 

It is pertinent to mention that the 'word' recliner is 
used in the sense of how Stanley (1970, p. 8) used the 
term. It means that a bivalve lived on or partially buried 
in the soft substrate, and that it lacked the capacity for 
attachment. Hesperopis was most likely a secondary soft-
bottom dweller. Seilacher (1984, pp. 213-214) discussed 
that these types of bivalves, which are sessile, inherit the 
loss of the foot. They do not actively burrow but use the 
shell itself as an anchor in the sediment. 

Through time, the shells of Hesperopis became larger, 
and the internal ligament became wider and longer. 
Within the 'holzana' lineage, the shells also became 

broader, and the teeth became stouter. Within the 'anae' 
lineage, the shells also became more elongate, and the 
teeth became longer. The larger shells, whether broader or 
more elongate, would have provided more stability for a 
recliner. The larger shells would have also placed the pos-
terior end higher above the substrate. The larger shell size 
would have put more stress on the adductor muscles; 
hence, enlargement of the internal ligament would have 
aided the adductor muscles in opening the valves. The 
stouter and longer teeth would have provided better resis-
tance to any shear forces. 

Species within the 'holzana' lineage have very subdued 
corcelet features, probably indicating that this lineage 
adapted to slightly deeper that is slightly quieter waters 
where the stabilizing effects of the corcelet features were 
not necessary. 

One would expect to find encrusting epibionts (e.g. 
algae, bryozoans, serpulids) on the epifaunal valves of 
Hesperopis. There is, however, no evidence of epibiont 
activity made, while the specimens were alive. Modern as-
tartids have a strong periostracum (Boss 1982), and it is 
conceivable that Hesperopis also had a thick or otherwise 
effective periostracum that prevented epibiont activity. 
Post-mortem epibiont drill-holes, presumably made by 
boring sponges or algae, however, are moderately com-
mon on the exteriors and interiors (including socket areas 
and cardinal teeth) of some adult left and right, single-
valve specimens of Hesperopis. One of these specimens is 
shown on Plate 2, figures 6 and 10. 

The thick shells, disproportionally large-sized hinge 
areas, and stout, serrated hinge teeth of Hesperopis would 
have provided defence against durophagous predators. The 
thick shells of Hesperopis, possibly covered by a strong peri-
ostracum, would have also offered resistance to predatory 
gastropods, whose drill-holes are rarely found on Hespero-
pis. Only two specimens with these kind of drill-holes were 
detected, and one of these is illustrated in Text-figure 5A. 
The rarity of predatory gastropod drill-holes on specimens 
of Hesperopis is similar to the rarity of predatory gastropod 
drill-holes that Squires and Saul (2004b) observed in Creta-
ceous shallow-burrowing corbulid bivalves from the study 
area. It might have been that gastropods capable of making 
drill-holes did not prefer the fine sediments inhabited by 
bivalves such as Hesperopis and corbulids. 

Although Hesperopis is locally abundant, it is otherwise 
sparsely represented in the rock record. Specimens are 
also not commonly found associated with taxonomically 
diverse assemblages of burrowing bivalves. The localized 
occurrences of Hesperopis in low-diversity assemblages 
suggest that they thrived under specific circumstances. 
The presence of environmentally controlled, strong 
growth checks on some specimens of O. (H.) triangulata 
from the west side of the San Joaquin basin might be the 
result of these specimens having lived in a shallow 
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embayment where temperature and salinity could have 
fluctuated. 

Life habits of other opines 

The life habits of most other opines are generally poorly 
known. During the Jurassic, most of them lived in muddy 
to silty environments, or in some cases, in fine sands (Liu 
1995, appendix 2). Fiirsich et al. (2000) reported, how-
ever, that some Middle Jurassic (Bathonian) opines 
belonging to Coelopsis (Coelopsis) and Opis (Pachyopis) 
from western India occur in carbonates with intercala-
tions of coral meadows. The life habits of Opisoma are 
better known. Hallam (1977, p. 65) reported that in the 
European province during the Jurassic, Opisoma lived in 
coral-reef environments along with rudists and other hip-
puritoid bivalves. Lee (1983) reported that in Morocco, 
the shells of Early Jurassic Opisoma menchikoffi Dubar, 
1948 formed in situ reef-like banks or mounds close to a 
shoreline characterized by tidal flats and channels. As 
mentioned earlier, however, Opisoma has a distinctive ala-
toform shape. Its entire shell is remarkably flattened in an 
antero-posterior direction, very much like the greatly 
compressed shell of the Recent cardiid genus Corculum 
Roding, 1798. The Indo-West Pacific Corculum cardissa 
(Linnaeus, 1758) is found living in strong sunshine in 
depths of approximately 0.5 m on sandy reef flats. This 
bivalve's very thin shell reclines in a roughly horizontal 
position with the commissure vertical. The shell is usually 
not attached, but there can be several short byssal threads. 
Its short siphons project very slightly into the water 
above. The upper valve has transparency, thereby allowing 
sunlight to reach endosymbiotic dinoflagellates (Kawaguti 
1950; Farmer et al. 2001). Seilacher (1984, p. 224) noted 
that Corculum is an edgewise recliner, and Accorsi Benini 
(1981) reported a similar life habit for Opisoma. Yancey 
and Wilson (2006) reported that Opisoma was an edge-
wise recliner and that alatoform-bivalve radiations usually 
occurred during times of warm climates and reef develop-
ment. 

Review of palaeoclimate of study area during the Cretaceous 

Saul (1986, fig. 1) depicted the relative ocean tempera-
tures and the global cycles of sea level changes for the 
north-eastern Pacific area during the Cretaceous. A 
warming trend and a sea level rise during the Hauteri-
vian/Barremian coincided with the first occurrence of 
opines in the study area in southern Oregon (Area 4) 
and northern California (Area 6). Aptian to Cenomanian 
opines are unknown in the study area, but a warming 
trend and a sea-level rise during the Turonian coincided 

with the first Hesperopis in the study area. During the 
Coniacian and Santonian, oceans were cooler and associ-
ated with lower sea levels, thus possibly accounting for 
the paucity of opines in the study area during this inter-
val. The Campanian and Maastrichtian were associated 
with a general warming trend and overall rising sea 
levels, thus providing excellent conditions for Hesperopis 
to diversify. 

Localities with Hesperopis in Areas 4-7, 9 and 11 are 
especially useful for palaeoclimatical reasons, because they 
have not been tectonically displaced by the San Andreas 
Fault (Text-fig. 1). A comparison of the northernmost 
occurrences (Text-fig. 1) of the Turonian O. (H.) pope-
noei, the late early Campanian O. (H.) anae and the late 
Campanian to early late Maastrichtian O. (H.) triangulata 
shows that, over time, the marginally tropical waters 
shifted southward from 43°N to approximately 39°N. 
This pattern is similar to that reported by Saul and 
Squires (2008, fig. 3) for Turonian to late Maastrichtian 
volutodermine-gastropod specimens that also were not 
tectonically transported. These volutodermine data, which 
are more refined because of better distribution of speci-
mens both numerically and spatially, show that the 
approximate position of the Late Cretaceous latitude of 
subtropical/warm temperate boundary shifted from 43 °N 
in the Turonian to 36°N in the Campanian and Maas-
trichtian, with a slight northward expansion of warm 
waters during the middle Campanian. 

Rocks west of the San Andreas Fault have been tec-
tonically transported northward. Although the distance 
of offset is controversial (see Kodama and Ward 2001), 
most geologists believe that it was between 300 and 
500 km since the end of the Cretaceous (Wentworth 
et al. 1998). In spite of this tectonic factor, palaeocli-
matical implications of these rocks can be deciphered. 
At a few localities west of the San Andreas Fault, Hesp-
eropis has been found in some of the same beds that 
contain rudist bivalves. Rudists have palaeoclimatical 
significance, because they have been found at numerous 
low-latitude occurrences and are indicators, at the very 
least, of marginal tropicality (e.g. Sohl 1987). Kodama 
and Ward (2001) reported that Late Cretaceous rudist 
bivalves in the study area were restricted to paleolati-
tudes between 40°N and 34°N. Localities that contain 
both Hesperopis and the rudist Coralliochama orcutti 
White, 1885 are the following: at least two localities in 
the Gualala Formation (Area 8) (see Elder et al. 1998); 
UCMP loc. A-3435 in the El Piojo Formation? (Area 
12); LACMIP loc. 27199 in the Schulz Member of the 
Williams Formation (Area 15); and SDSNH loc. 3402 in 
the Point Loma Formation (Area 17). At LACMIP loc. 
27199, Hesperopis has also been found with other genera 
of rudists (Filkorn 2007). At another locality, one in the 
Punta Baja Formation (Area 20), Hesperopis has been 
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found in the same beds with rudists that are not 
Coralliochama, according to Kilmer (1963) and LACMIP 
collectors. 

In summary, Hesperopis lived in warm-temperate 
waters, unlike its Old World tropical-water Jurassic pre-
decessors. Elder and Saul (1993, p. 177) reported an Opis, 
herein identified as O. (H.) rosarioensis, to have been a 
warm-water, but not a 'Tethyan' (i.e. tropical) bivalve, 
and we concur. 

Overview of palaeobiogeography of opines 

Introduction. To determine the global palaeogeographical 
distributions of opine genera/subgenera, a comprehensive 
but not exhaustive review of the literature was attempted. 
Precise distribution is not possible at present because of 
taxonomic inconsistencies and identification problems 
that exist in the literature, but the general trends are dis-
cussed and summarized in Text-figures 11-12. 
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T E X T - F I G . 1 1 . Global palaeogeographical distribution of opine genera/subgenera (i.e. Coelopis (Coelopis) - C; Coelopis 
(Cryptocoelopis) - Cr; Heteropis - Ht; Opisoma = Om; Opis (Opis) = O; Opis (Pachyopis) = P; Opis (Hesperopis) - H), listed in the 
order of first-appearance da tum (FAD). Thick vertical lines indicate opine occurrence. Numbers at top of columns refer to source(s) 
of data: 1, Marliere (1939), Chavan (1969), Hallam (1976, 1981, 1983), Liu (1995). 2, Hallam (1977, 1983), Accorsi Benini (1981). 3, 
Accorsi Benini (1981). 4, Accorsi Benini (1981). 5, Accorsi Benini (1981). 6, Accorsi Benini (1981). 7, Alencaster (1963). 8, Stoliczka 
(1871), Fursich et al. (2000). 9, Imlay (1941). 10, Riccardi (1988). 11, This study. 12, Hayami (1975); Tashiro (1992). 13, Collignon 
(1949). 14, Mouta and Borges (1926); Darteville and Freneix (1957). 
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T E X T - F I G . 1 2 . Global palaeogeography of opines as a group, based on information (thick vertical lines) shown in Text-figure 11. 
Maps, modified f rom Smith et al. (1994), show land masses. Solid star = earliest known opine record; solid circles = opine 
occurrences; solid rectangles = possible opine occurrences. 

\ . «-- Early Cret. 
(Berriasian to Barremian) 

Triassic and Jurassic opines. The earliest known opines 
are Coelopis (Coelopis) and the morphologically very 
similar C. (Cryptocoelopis) of late Middle Triassic age 
(Ladinian), and they have only been found in the wes-
tern Tethys Sea (i.e. western Europe to Morocco) region 
(Chavan 1969; Hallam 1981). During the Jurassic, Coelo-
pis (Coelopis) and Opisoma were the dominant opines 
in the world. As can be seen in Text-figure 11, Coelopis 
(Coelopsis) had a nearly continuous Jurassic record in 
western Europe. According to Liu (1995), the Early 
Jurassic was marked by Opisoma, whose distribution 
was basically confined to the Tethys Sea. Hallam (1977, 
p. 65) reported that Opisoma was stenothermal and 
restricted to a belt of warm waters 'within 30 degree of 
the Jurassic equator.' Opisoma reached its greatest spe-
cific diversity and largest size during the Early Jurassic, 
when there were some relatively short-lived dispersals of 
Opisoma into the eastern regions of the Tethys Sea and 
into Chile (Accorsi Benini 1981; Liu 1995). The pres-
ence of Early Jurassic Opisoma in Chile poses a special 
problem regarding its route of migration. Pangaea was 
nearly completely intact during this time, and it would 
seem that the most plausible route for Opisoma was 
around the eastern edge of Pangaea to reach Chile 

(Text-fig. 12). Hallam (1983, fig. 1) showed all possible 
marine migration routes between the continents during 
the Jurassic, including this easterly route. An alternative 
route of dispersal, however, might have been via the 
controversial 'Hispanic Corridor,' which was a postu-
lated rift zone between eastern North America and 
north-western Gondwanaland. Its existence prior to the 
Late Jurassic is controversial, but Liu (1995, fig. 30) 
showed the 'Hispanic Corridor' as being open during 
the middle Early Jurassic (Pliensbachian). Sha (2002) 
reported that it first opened at the end of the Triassic 
or at the beginning of the Jurassic. 

During the Middle Jurassic, there was also dispersal of 
western Tethys Coelopis (Coelopis) and Opis (Pachyopis) 
into western India (Fiirsich et al. 2000). The 'Hispanic 
Corridor' route mentioned earlier conveniently explains a 
possible occurrence of a Middle Jurassic opine in Mexico. 
Alencaster (1963) and Perrilliat (2002) reported a western 
European species, Opis cf. leckenbyi Lycett, 1863, from the 
Middle Jurassic (upper Bajocian) Taberna Formation, 
Oaxaca, Mexico. Cox and Arkell (1948-1950, p. 29) 
placed Lycett's species in Opis (Coleopsis). Assignment of 
this Mexican specimen to Opis (Coleopis) is questionable 
because it is poorly preserved. 
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During the Late Jurassic, opines migrated to North 
America via the North Atlantic seaway, which was well 
established by that time (Smith et al. 1994). Imlay 
(1941) reported Opis (Coelopis) americana Imlay, 1941 
of Late Jurassic age (Oxfordian) from the subsurface of 
Arkansas. 

Overview of Early Cretaceous opines. During the Early 
Cretaceous (Neocomian), oceans cooled and Old World 
opines became more restricted in their distribution. 
According to Kauffman (1973, p. 359), Opis (Opis) 
became adapted to temperate conditions during the Cre-
taceous. During the early Berriasian, Opis occurred in 
southern Argentina (Riccardi 1988, table 6). This Argent-
inan occurrence coincides with the opening up of the 
South Atlantic as a new seaway by latest Jurassic or earli-
est Cretaceous time (Kauffman 1973, p. 372). Opis califor-
nica occurs in Hauterivian or Barremian strata in 
southern Oregon and northern California. No opines 
have been reported from the interval spanning the Middle 
Jurassic through the Valanginian on the Pacific slope of 
North America. 

During the late Early Cretaceous (Aptian and Albian), 
opines are only known with certainty from southern India 
and Japan. 'Opisoma' geinitziana is known from upper Al-
bian strata in southern India (Stoliczka 1871), and Opis 
(Opis) is known from Aptian strata in Japan (Hayami 
1975; Tashiro 1992). There are no Aptian nor Albian 
records of opines on the Pacific slope of North America, 
but bivalve faunas from these rocks are very incompletely 
studied. 

During the late Early Cretaceous, there are several pos-
sible opines known from the Old World. Collignon 
(1949, p. 23, pi. 3, fig. 6) reported an Opis from the Am-
barimaninga fauna strata in north-western Madagascar, 
but only a lunule view of a double-valved specimen is 
illustrated; thus, this report is very questionable. Kiel 
(2006) reported that the Ambarimaninga fauna is of early 
Albian age. A late Albian occurrence of 'Opisoma' cf. gei-
nitziana in Angola was noted by Mouta and Borges 
(1926), and mention of this occurrence was repeated by 
Darteville and Freneix (1957). 

A few reports of late Early Cretaceous 'opines' from the 
Old World seem to be invalid. Whitfield (1891) reported 
Opis megambona Whitfield (1891, p. 398, pi. 5, figs 11-
12) from the Abeih sandstone in Lebanon. According to 
Walley (1983), this sandstone is of early Aptian age. 
Based on the very narrow beaks and pronounced, widely 
spaced commarginal sculpture of this species, it seems like 
it belongs to Trigonopis. Stoliczka (1871) reported Opis 
repleta Stoliczka (1871, pi. 10, fig. 11) from possibly 
upper Albian rocks in southern India, but, based on the 
very narrow beaks of this species, its seems more like a 
Trigonopis. 

Overview of Late Cretaceous opines. During the Late Cre-
taceous, opines are mainly known only from the North-
ern Hemisphere (Text-fig. 12). As far as it can be 
determined from the available literature, except for a 
Cenomanian occurrence of Opis (Opis) in Belgium (Bigot 
1895; Marliere 1939), opines were expatriated from the 
western Tethys Sea area. Opis (Opis) was present in Japan 
from the Coniacian to possibly the early Maastrichtian 
(Hayami 1975; Tashiro 1992). 

The only known Late Cretaceous record of opines in 
the study area is of Hesperopis. It most likely evolved 
from the middle Turonian O. (H.) popenoei rather than 
from the Hauterivian or Barremian Opis californica (see 
'Remarks' for genus Hesperopis). Hesperopis appears to 
have been endemic to the Pacific slope of North America. 
It became most widespread in this area during the Camp-
anian. Its early late Maastrichtian record is the youngest 
of any opine. 

The present latitudinal range of 49°30'N-49°33,N (i.e. 
Nanaimo Group, Vancouver Island, British Columbia) for 
deposits yielding O. (H.) holzana and O. (H.) vancouver-
ensis (Text-fig. 1) is suggested to differ from the original 
latitudinal range because of the effects of terrane trans-
port. Works on Cretaceous acilid bivalves and volutid 
gastropods by Squires and Saul (2006) and Saul and 
Squires (2008), respectively, support the paleomagnetism 
and rudist-bivalve analyses by Kodama and Ward (2001) 
that the Nanaimo Group was (1) originally deposited no 
farther south than 40°N (i.e. northern California) and (2) 
tectonically displaced during post-Cretaceous time to its 
current position in the Vancouver Island area. 

CONCLUSIONS 

Opines first evolved during the late Middle Triassic (Ladi-
nian) in the western Tethys Sea region. They were most 
widespread during the Middle and Late Jurassic, and 
Coelopis (Coelopis) and Opisoma were most dominant. 
Opisoma has a current-adapted shape and hinge and lived 
as an edgewise recliner in very shallow waters within 
coral-reef environments. The first undoubted appearance 
of opines (i.e. Coelopis) in the New World was during the 
Late Jurassic in Arkansas. Opis (Opis) was the most wide-
spread opine during the Cretaceous, and arrival of opines 
onto the Pacific slope of North America is signalled by 
southern Oregon and northern California occurrences of 
the Early Cretaceous (Hauterivian or Barremian) Opis 
californica Stanton. 

From Early Jurassic to Albian, Opis were small to med-
ium size. Beginning in the Albian, the overall size of Opis 
increased by two to threefold. Whether or not opines 
inhabited the Pacific slope of North America during the 
Aptian through Cenomanian is unknown, because these 
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faunas are very incompletely described, and the fossils can 
be poorly preserved. 

From the Middle Turonian through early Late Maas-
trichtian, the record of opines in the study area is repre-
sented by six species of Hesperopis subgen. nov., which is, 
so far as known, endemic to the study area. It is 
unknown whether Opis californica was the ancestor of 
Hesperopis. Hesperopis is most similar to Opis (Opis), but 
the hinge of Hesperopis is unique. Hesperopis is the first 
astartid to have a partially internal ligament. Hesperopis is 
comprised of two morphological lineages that are inferred 
to have evolved from O. (H.) popenoei sp. nov. The 'holz-
ana' lineage, which is mainly characterized by broad 
shells, includes O. (H.) holzana sp. nov. and O. (H.) rosa-
rioensis Anderson and Hanna. The 'anae' lineage, which is 
mainly characterized by narrow shells, includes O. (H.) 
anae sp. nov., O. (H.) vancouverensis Whiteaves, and O. 
(H.) triangulata (Cooper). 

Hesperopis reached its highest diversity during the 
Campanian, with nontectonically transported occur-
rences located as far north as northern California. Most 
of the species of Hesperopis had a relatively short 
chronologic range. Referring to Text-figure 2, O. (H.) 
popenoei has a range of at least 2 my; O. (H.) holzana 
of 3 my; O. (H.) rosarioensis of 10 my; O. (H.) anae of 
1.5 my; O. (H.) vancouverensis of 3 my and O. (H.) 
triangulata of 3 my. With future collecting, more locali-
ties of these species are likely to be discovered, and 
thereby increasing the potential for the use of these 
species in biostratigraphical correlations. Opis (H.) 
triangulata, living as far north as central California dur-
ing the early late Maastrichtian, represents the youngest 
known Opis in the world. Tectonic transport resulted 
in Opis (H.) holzana sp. nov. and Opis (H.) vancouver-
ensis Whiteaves being found as far north as Vancouver 
Island. 

Unlike its tropical water Jurassic predecessors, Hesp-
eropis lived in warm temperate waters. It lived in 
non-turbulent waters where silty muds and fine sands 
accumulated, most likely, in moderate depths associated 
with offshore shelfal areas. Hesperopis had a vertical com-
missure and was most likely a sessile, edgewise recliner 
whose bulky and heavyweight shells lived on, or partially 
settled, into the soft substrate. The thick-walled shells 
and strong hinge teeth provided protection from preda-
tors, the lateral serrations on the teeth provided resis-
tance to shear forces produced by any currents or waves, 
and the small internal ligament helped open the heavy 
valves. The posterior umbonal ridge and corcelet proba-
bly served as stabilizers, preventing any currents from 
disorienting the shells. Through time, Hesperopis became 
more adapted for a recliner life habit by evolving larger 
shells, broader or more elongate shells and stouter or 
longer teeth. 

The study area 'Opis' shastalis Anderson, 1938 of 
Aptian age is not an opine. The study area 'Opisoma' sp. 
Ludvigsen and Beard (1994, 1997) of Early Jurassic age 
and 'Opis' virginalis Waring, 1917 of late Palaeocene age 
are highly questionably identified as opines. Cretaceous 
and early Eocene 'opines' reported by various workers 
from south-eastern and eastern United States are either 
very poorly known, nomina dubia, or erroneously identi-
fied as opines. 

A junior secondary homonym of Opis trigonalis (Sow-
erby) was detected in the literature and is renamed here 
as Opis tamurai nom. nov. 
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APPENDIX 
Localities Cited 

All quadrangle maps are United States Geological Survey maps. 
Locality 1. 'White House Site,' intertidal bench 400 m north of 

Buckley Bay/Denman Island ferry terminal, west central shore-
line of Denman Island, off east coast of Vancouver Island, 
British Columbia. Collectors: R. Graham and G. Beard, c. 
2001. Cedar District Formation, upper part. Age: Late middle 
- early Late Campanian. 

A-426 UCMP. Punta Baja [= Punta Abajo], north-western Baja 
California, Mexico. Collectors: T. Barrera and M. Santillan, 
1928. Punta Baja Fm. Age: Middle Upper Campanian. 

3384 SDSNH. Elevation 75 m, silty shell-hash mudstone discov-
ered during mass grading (locality has since been graded 
away) of the Carlsbad Research Center and College Boulevard 
extension, San Luis Rey Quadrangle, 7.5 min, 1968 (photore-
vised 1975), Carlsbad, San Diego County, California. Collec-
tor: B. O. Riney, 16 lanuary 1987. Point Loma Formation. 
Age: Latest Campanian - possibly early Maastrichtian. 

3402 SDSNH. Elevation 49 m, at Carlsbad Research Center, in 
unweathered blue-gray siltstone in temporary exposure (local-
ity has since been graded away), made during grading for the 

College Boulevard extension. San Luis Rey Quadrangle, 1968 
(photorevised 1975), northern San Diego County, California. 
Collector: B. O. Riney, 23 April 1987. Point Loma Formation. 
Age: Latest Campanian - possibly early Maastrichtian. 

3403 SDSNH. Carlsbad Research Center, San Diego County, 
Carlsbad, California. Collector: B. O. Riney, 26 April 1987. 
Point Loma Formation. Age: Latest Campanian - possibly 
early Maastrichtian. 

A-3435 UCMP. Negro Fork of Nacimiento River near the north-
ern boundary of the map, near the line between Sections 23 
and 24, T22S, R5E, approximately 14 km north-east of Cape 
San Martin, Cape Martin Quadrangle (15-min, photo-
inspected 1972), Santa Lucia Range, central Coast Ranges, 
Santa Lucia Range, Monterey County, California. Collectors: 
H. G. Schenck, N. L. Taliaferro and B. L. Clark, June 13, 1940. 
El Piojo Formation? Age: Latest Campanian or earliest Maas-
trichtian. 

4818 LACMIP. Steeply dipping massive light-brown sandstone 
with interbeds of shale and conglomerate, east side of road 
2 km north on Palisades Drive from its junction with Sunset 
Blvd., lower Santa Ynez Canyon, Topanga Quadrangle, 
7.5 min, 1952 (photorevised 1981), Santa Monica Mountains, 
Los Angeles County, California. Tuna Canyon Formation, 
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upper part. Collector: E. Wilson, 1977. Age: Approximately 
middle Campanian. 

6026 LACMIP. Upper Black Star Canyon, section 8.9 km 
upstream from junction of Santiago and Silverado Canyon 
roads, west side of canyon, 4 km south of Hidden Ranch; sec-
tion comprises 175 m of slope from road down to stream 
bed, SE 1/4, SW 1/4, Sec. 19, T4S, R7W, Black Star Canyon 
Quadrangle, 7.5 min, 1949, Santa Ana Mountains, Orange 
County, California. Collectors: M. Webster and D. Williams, 
lanuary-May 1965. Ladd Formation, Baker Canyon Sandstone 
Member. Age: Late Turonian. 

8173 LACMIP. Elevation 557 m, upper Aliso Creek and at 
divide. Trabuco Oaks, Santa Ana Mountains, Orange County, 
California. Collector: C. R. Stauffer, 1 January 1945. Ladd 
Formation, uppermost Holz Shale Member. Age: Late Early 
Campanian. 

10084 LACMIP [= CIT 1170]. North side Silverado Canyon, 
western edge of Holz Ranch, in shale about 15 m below basal 
Williams Fm., Schulz Member, 785 m south, 594 m west of 
north-east corner of Sec. 7, T5S, R7W, Black Star Canyon 
Quadrangle, 7.5 min, 1949, Santa Ana Mountains, Orange 
County, California. Collector: W. P. Popenoe, 17 May 1935. 
Ladd Formation, uppermost Holz Shale Member. Age: Late 
Early Campanian. 

10098 LACMIP [= CIT 302]. North of Holz Ranch house, near 
spring on north side of Silverado Canyon, Black Star Canyon 
Quadrangle, 7.5 min, 1949, Santa Ana Mountains, Orange 
County, California. Ladd Formation, upper Baker Canyon 
Member. Age: Late Turonian. 

10135 LACMIP [= LACMIP 24235 and CIT1290], South side of 
prominent hill west of spring, about 457 m north of Holz 
Ranch house, Silverado Canyon, 792 m south, 61 m west of 
north-east corner of Sec. 7, T5S, R7W, Black Star Canyon 
Quadrangle, 7.5 min, 1949, Santa Ana Mountains, Orange 
County, California. Collectors: W. P. Popenoe, Henshal, 
Wells, Church and Fiedler, 6 April and 6 June 1937. Ladd 
Formation, Baker Canyon Member, near top. Age: Late Turo-
nian. 

10685 LACMIP [= CIT 1573]. Banos Creek, 975 m north, 
549 m west of south-east corner of Sec. 12, T11S, R9E, Orti-
galita Peak Quadrangle, 7.5 min, 1969 (photorevised 1984), 
Merced County, California. Collectors: Adams and W. P. 
Popenoe, 1942. [Locality now along edge of Los Banos Reser-
voir], Moreno Formation, informal Quinto B member. Age: 
Late Early - early Late Maastrichtian. 

10718 LACMIP [= CIT 1063], North of Silverado Canyon, 
about 15 m below Schulz Member in Holz, about 701 m 
south and 594 m west of north-east corner of Sec. 7, T5S, 
R7W, Black Star Canyon Quadrangle, 7.5 min, 1949, Santa 
Ana Mountains, Orange County, California. Collector: W. P. 
Popenoe, 20 May 1934. Ladd Formation, uppermost Holz 
Shale Member. Age: Late Early Campanian. 

10724 LACMIP [= CIT 1055]. Shale beds above conglomerate 
lens, crest of spur 1097 m north 25° east of juncture of Tra-

buco Canyon and El Toro-Santiago Creek roads, 2742 m 
south 18° east of dam in Harding Canyon, north-west corner 
of SE 1/4 of Sec. 33, T5S, R7W, Santiago Peak Quadrangle, 
7.5 min, 1973, Santa Ana Mountains, Orange County, Califor-
nia. Collector: W. P. Popenoe, 10 October 1934. Ladd Forma-
tion, uppermost Holz Shale Member. Age: Late Early 
Campania 

12245.*"Smgle clast in conglomerate, on west bank of Nacimiento 
River, midway between Pebblestone Shut-In and Grizzly Bend 
at an elevation of about 229 m, 762 m south and 114 m east 
of north-west corner of Sec. 19, T25S, R9E, Pebblestone Shut-
in Quadrangle, 7.5-min, 1959, western Lake Nacimiento, 
Santa Lucia Range, central Coast Ranges, San Luis Obispo 
County, California. Collector: V. M. Seiders, 1985. El Piojo 
Formation? Age: Probably early Maastrichtian. 

17871 LACMIP. From spoil piles of Treelake Village subdivision, 
Granite Bay, approximately 1.02 km north of Placer-Sacra-
mento County line, near 280-feet contour, SE 1/4, NE 1/4 of 
Sec. 16, T10N, R7E, Folsom Quadrangle, 1954, Placer County, 
California. Collector: Richard Hilton, 1996-1997. Chico For-
mation. Age: Early Campanian. i A C / K i p 

20215/Rivas Canyon, Santa Monica Mountains, Los Angeles 
County, southern California. Collector: unknown. Upper 
Tuna Canyon Formation. Collector?: C. H. Crickmay. Age: 
Early? Late Campanian (Metaplacenticeras pacificum Zone). 

22323 LACMIP. South end of low hill north of gully, about 
792 m north of Holz Ranch house, 640 m south, 119 m west 
of north-east corner of Sec. 7, T5S, R7W, Black Star Canyon 
Quadrangle, Santa Ana Mountains, Orange County, Califor-
nia. Collector: W. P. Popenoe, 1946. Ladd (formation, sand-
stone at top of Baker Canyon Member. Age: Turonian. 

22329 LACMIP. Outcrop on north side of small gully near head, 
at a point approximately 914 m north 40° west of the Holz 
Ranch House, NE 1/4 of Sec. 7, T5S, R7W, Black Star Can-
yon Quadrangle, 7.5 min, 1967. Collector: W. P. Popenoe, 5 
May 1946. Ladd Formation, uppermost Holz Shale Member. 
Age: Late Early Campanian. 

22661 LACMIP [= CIT 1573], Conglomerate reef outcropping 
on north-west slope of Los Banos Creek, about 975 m north, 
549 m west of south-east corner of Sec. 12, T11S, R9E, Orti-
galita Peak Quadrangle, Merced County, California. Collector: 
Popenoe, Lian, McLain, Susuki, 28 April 1950. Moreno For-
mation, informal 'Quinto B' member. Age: Late Early - early 
Late Maastrichtian. 

24190 LACMIP [= CIT 1162]. Crest of small north-south-trend-
ing spur north of Harding Canyon, about 762 m north 26° 
west of mouth of Harding Canyon, 1128 m east of south-west 
corner of Sec. 20, T5S, R7W, El Toro Quadrangle, Santa Ana 
Mountains, Orange County, California. Collector: W. P. 
Popenoe, 7 lune 1934. Ladd Formation, lower upper Holz 
Shale Member. Age: Early Campanian. 

24654 LACMIP. Bank of small southward-flowing tributary to 
Dry Creek, south of highway U.S. 299 and approximately 
0.8 km nearly due west of Bella Vista, 620 m west and 396 m 
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north of south-east corner of Sec. 8, T32N, R3W, Millville 
Quadrangle, 1953, Shasta County, California. Collector: W. P. 
Popenoe, 31 May 1961. Redding Formation, top of Frazier 
Silstone Member. Age: Middle Turonian. 

26342 LACMIP. West side of San Joaquin Valley, conglomerate 
'reef bed cropping out on north-west slope of Los Banos 
Creek, about 975 m north, 549 m west of south-east corner 
of Sec. 12, T11S, R9E, Ortigalita Peak Quadrangle, Merced 
County, California. Collectors: R. B. Stewart and W. P. Pope-
noe, 1944. Moreno Formation, informal Quinto B member. 
Age: Late Early-early Late Maastrichtian. 

26500/*Ridge midway between Garzas Creek and Mustang Creek, 
297 m south and 305 m east of north-west corner of Sec. 29, 
T8S, R8E, Howard Ranch Quadrangle, 7.5 min, 1953 (photo-
revised 1971), Merced County, California. Collector: F. A. 
Schilling, before 7 February 1959. Panoche Group, Television 
Sandstone. Age: Early Late Campanian. 

27199 LACMIP. Between Fremont Canyon and Oak Flat along a 
south fork of Fremont Canyon at about 567 m elevation, 
107 m north and 317 m east of south-west corner of Sec. 7, 
T4S, R7W, Black Star Canyon Quadrangle, northern Santa 

Ana Mountains, Orange County, California. Collectors: W. P. 
Popenoe and J. E. Schoelhamer, 28 November 1951. Williams 
Formation, Schulz Member. Age: Early Middle Campanian. 

27200 LACMIP. Between Fremont Canyon and Oak Flat along a 
south fork of Fremont Canyon at about 542 m elevation, 
183 m north, 305 m east of south-west corner of Sec. 7, T4S, 
R7W, Black Star Canyon Quadrangle, northern Santa Ana 
Mountains, Orange County, California. Collectors: W. P. 
Popenoe and J. E. Schoelhamer, 28 November 1951. Williams 
Formation, Schulz Member. Age: Early Middle Campanian. 

29118 CASG. Probably equivalent to locality 26500. 
29120 CASG. On a knoll 91 m east and 549 m south of north-

west corner of Sec. 19, T10S, R9E, Volta Quadrangle, 7.5 min, 
1960 (photorevised 1971), Merced County, California. Collec-
tor: Unknown. Uhalde Formation, upper part. Age: Latest 
Campanian or earliest Maastrichtian. 

103851 CGS. Moto 'X' track at Lower shale Quarry site on Dou-
mont Road just west of Nanaimo, Vancouver Island, British 
Columbia (approximate coordinates 49°H'45"N, 
124°06'00"W). Haslam Formation, upper part. Age: Latest 
Santonian. Collector: R. Graham, c. 1999. 


