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Explanation of Figures 4 to 17

Specimens coated with ammonium chloride. 7

Figures 4 to 17. Boggsia tenuis (Gabb, 1864). Figures 4-5. Hypotype LACMIP 7898, LACMIP loc. 243&0, height
22.7 mm, X2.4. Figure 4. Apertural view. Figure 5. Abapertural view. Figure 6. Hypotype LAVCMIP 7899, LACMIP
loc. 24081, abapertural view, height 19.7 mm, X2.7. Figures 7-9. Hypotype LACMIP 7900, LACMIP loc. 24340,
shell material partially decorticated, height 15.2 mm, X3.5. Figure 7. Apertural view. Figure 8. Left-lateral view.
Figure 9. Abapertural view. Figure 10. Hypotype LACMIP 7901 LACMIP loc. 24081, apertural view, height 13.5
mm, X3.7. Figure 11. Hypotype LACMIP 7902‘,/LACMIP loc. 24340, apertural view, height 18.7 mm, X2.9. Figure
12. Hypotype LACMIP 7903:/LACMIP loc. 22406, abapertural view, height 13.4 mm, X3.9. Figure 13. Hypotype
LACMIP 7904YLACMIP loc. 23637, apertural view, height 16.6 mm, X3.2. Figure 14. Hypotype LACMIP 7905,
LACMIP loc. 23637, right-lateral view, height 8.3 mm, X6. Figure 15. Hypotype LACMIP 7906, LACMIP loc.
24081, left-lateral view, height 7.4 mm, X4.7. Figures 16-17. Hypotype LACMIP 7907,‘1ACMIP loc. 10832. Figure
16. Abapertural view, height 13.5 mm, X3.9. Figure 17. Abapertural view of protoconch and uppermost spire,
height 2.5 mm, X17.
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Geologic age: Early Campanian in California, middle
Campanian in Washington, and middle to late Campanian
in British Columbia.

Discussion: A total of 683 specimens were studied. Pres-
ervation is poor to excellent, and there is no obvious ev-
idence of abrasion. Specimens that have retained their
protoconchs, however, are very rare. Nearly all the spec-
imens are juveniles (less than about 15 mm high).

Specimens of B. tenuis in northern California are
known from 17 localities: 10 from the Chico Creek area,
one from the Butte Creek area, and six from the Pentz
area (Figure 1). Specimens from Chico Creek range from
the lowermost part of the Ten Mile Member of the Chico
Formation to near the top, but are more common in the
lowermost part. Their range extends throughout Chron
33R and into Chron 33N (= early Campanian). A single
specimen from Butte Creek was collected from the low-
ermost part of the Ten Mile Member and is also early
Campanian in age, utilizing the detailed molluscan bio-
stratigraphic work by Saul (1959). Russell et al. (1986)
and Baum et al. (1987) inferred that this member at Chico
Creek consists of inner shelf sediments deposited by
storm-surge events and that the fossils accumulated in
lensoidal shell lags. Russell et al. (1986) inferred that the
basal part of the Ten Mile Member at Butte Creek rep-
resents a shoreface environment.

Specimens from the Pentz area were collected from the
lower Chico Formation in the informal Pentz Road mem-
ber of Russell et al. (1986), who reported the member to
be early Campanian in age, based on the ammonites Sub-
mortoniceras chicoense (Trask) and Baculites chicoensis
(Trask). The presence of the gastropod Anchura callosa
Whiteaves, 1903, in these rocks suggests, utilizing the
work of Elder & Saul (1996), that the Pentz Road mem-
ber is similar in age to the lower Ten Mile Member of
Chico Creek. The depositional environment of these par-
ticular rocks will be discussed below.

Specimens are present in great numbers in the Pentz
area at LACMIP locs. 10832 and 24340, where 370 and
118 specimens were found, respectively. Fifty specimens
were found at LACMIP loc. 24081. The few adult speé-
imens that have been found are from LACMIP locs.
24081 and 24340. The best preserved and largest speci-
mens are from LACMIP loc. 24340. Specimens of B. ten-
uis that have retained their anterior canal are rare and are
also from this locality. One of these specimens (hypotype
LACMIP 7900) that best shows the anterior canal is il-
lustrated in Figures 7 to 9. The smooth-looking shell of
this specimen is only an apparent feature because much
of the shell material has been removed by weathering.
The second best locality for preservation is LACMIP loc.
24081.

Whiteaves (1879) reported two specimens of ‘““‘Potam-
ides” tenuis from Upper Cretaceous strata on the north-
west side of Denman Island, British Columbia, and other

specimens from Upper Cretaceous strata on Sucia Island,
Washington. In 1903, he corrected himself and reported
that the Denman Island specimens were actually from the
northwest side of nearby Hornby Island and that the Sucia
Island specimens are not “P.”’ tenuis. We obtained Whi-
teaves’ (1879:pl. 15, fig. 8a—c) hypotype GSC 5762 of
“P.” tenuis that was collected from the northwest side of
Hornby Island (latitude 49°35", longitude 124°43"), which
is just offshore of the east-central part of Vancouver Is-
land, British Columbia. The specimen belongs to B. ten-
uis. The exact locality where it was collected is indefinite
but is most likely from within the Spray Formation, to
which Elder & Saul (1996) assigned a middle to late
Campanian age. The Hornby Island occurrence is the
youngest, as well as the northernmost, record of B. tenuis.

A few specimens of B. tenuis from Sucia Island (LAC-
MIP loc. 10442) were detected in the LACMIP collec-
tion. They are from the Cedar District Formation, which
Muller & Jeletzky (1970) assigned a Campanian age. El-
der & Saul (1996) refined the age of this formation as
middle Campanian.

Whiteaves (1879) also named and described Potamides
tenuis, variety nanaimoensis Whiteaves (1879:121-122,
pl. 15, figs. 9, 9a) from the northwest side of Hornby
Island in strata that Elder & Saul (1996) tentatively as-
signed to the Spray Formation of late middle to late Cam-
panian age. Elder & Saul (1996) reported also that Whi-
teaves (1879) based his description of this “‘variety” on
juvenile specimens belonging to the apporhaiid Anchura
nanaimoensis (Whiteaves).

The specimens of Boggsia from the United States and
Canada extend the geologic range of this genus into the
Late Cretaceous (Campanian) and extend the geographic
range into western North America. Previously, the genus
was only known as two Eocene species from the extreme
northernwestern part of Peru, South America. Woods
(1922) originally assigned these two species to genus
Turritella, although he was somewhat reluctant to do so.
They are Turritella anceps Woods (1922:81, text fig. 8,
pl. 8, figs. 12, 13; pl. 9, figs. 1, 2) and Turritella annec-
tens Woods (1922:81-82, pl. 9, figs. 3, 4). The former is
from nearshore sandy deposits containing beach pebbles
in the Negritos Formation, and the latter is mainly from
the Parinas Sandstone. Marsaglia & Carozzi (1991) cor-
related these formations to the lower Eocene. Both spe-
cies are represented by plentiful specimens. Olsson
(1929:12-13, unfigured) assigned these two species to his
genus Boggsia. He noted that the genus had a marine
rather than a freshwater habit.

Russell et al. (1986:191-192, fig. 12) reported that the
Upper Cretaceous strata in the Pentz area comprise the
estuarine facies of their Pentz Road member (informal).
They described this member as containing faunal assem-
blages that represent shallow-marine to brackish condi-
tions. They referred to the faunal assemblage containing
the specimens of Potamides tenuis as the ““Potamides ten-
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uis assemblage’ and reported it to contain a mixture of
soft-bottom bivalves and transported rocky shoreline gas-
tropods that were deposited under estuarine conditions.
Our findings dispute this paleoenvironmental interpreta-
tion. Boggsia tenuis (Gabb) was not a rocky shoreline
dweller. Rather, it was a soft-bottom dweller and probably
a shallow burrower, as indicated by its short anterior ca-
nal. In the Pentz area, specimens of B. tenuis are asso-
ciated with a moderately diverse assemblage of subtidal,
shelf-dwelling mollusks, such as ammonites. We see no
indication that the specimens of B. tenuis were deposited
under estuarine conditions.

Most melanopsids have a body whorl with a robust
cylindrical shape and an aperture with an anterior notch,
but lacking an anterior canal. Some melanopsids, how-
ever, have a short but distinct anterior canal. Those that
are similar to Boggsia in that they have a turriculate
shape, as well as a distinct anterior canal, are certain fos-
sil forms of ““Faunus.” The aperture of Boggsia tenuis is
very similar to ‘“‘Faunus” cerithiformis (Watelet, 1851:
121, pl. 1, figs. 1, 2) from uppermost Paleocene (Spar-
nacian) strata in the Paris Basin, France. A well-preserved
LACMIP collection specimen of this species from Pour-
cy, France, has a curved, spoutlike anterior canal just like
Boggsia. Boggsia tenuis differs from “‘F.” cerithiformis
by being smaller, narrower, and having axial ribbing.

The spoutlike anterior canal of Boggsia tenuis is also
very similar to that of “Faunus™ dufresnei (Deshayes,
1825:120, pl. 12, figs. 3, 4; Cossmann & Pissarro, 1910—
1913:pl. 19, fig. 117-7; Farchard, 1936:pl. 23, fig. 11)
from upper Paleocene (Thanetian Stage) and lower Eo-
cene (Ypresian Stage) strata in Paris Basin, France.
Boggsia tenuis differs from “F.” dufresnei in the follow-
ing features: smaller, narrower, and angulate whorls with
axial ribs becoming obsolete on adult whorls rather than
more pronounced. Unlike Boggsia tenuis, as “F.” duf-
resnei becomes more mature, the outer lip thickens con-
siderably, the sculpture on the body whorl becomes very
prominent, and the anterior canal becomes much less ap-
parent. “‘Faunus” dufresnei is now assigned to genus
Pseudobellardia Cox, 1931. Wenz (1939:fig. 2003 a—d)
figured the growth stages of a species of Pseudobellardia,
and he placed Pseudobellardia in the melanopsids.

In 1991, Houbrick discussed Faunus sensu stricto and
put the single living species, Faunus ater (Linnaeus,
1758) in subfamily Melanopsinae of family Thiaridae. It
is important to mention, however, that on Faunus ater the
anterior canal has been replaced by a wide, deep sinus.
Faunus ater does not have an anterior canal, and in this
respect is unlike “F.” cerithiformis and “F.” dufresnei.

Tracey et al. (1993) reported the geologic range of me-
lanopsids to be Late Cretaceous (Turonian) to Recent, but
this range can be emended based on a report by Kollman
(1984) of a melanopsid species from Baja California,
Mexico. Allison (1955) used the name Microschiza
(Cloughtonia) scalaris (Conrad, 1852) for this earliest

species and assigned it to family Pseudomelaniidae. Koll-
man (1984) placed the species in the melanopsid genus
Megalonoda Kollmann, 1984. Megalonoda scalaris is the
earliest member of the family and is of Early Cretaceous
(Albian) age. It is from the Alisitos Formation, Baja Cal-
ifornia, Mexico (Allison, 1955). Kollman (1984) reported
that this genus is also known from Upper Cretaceous stra-
ta in Austria, Greece, and North Africa. Although Koll-
man (1984) reported that Megalonoda is restricted to de-
posits of brackish water, the deposits in the Alisitos For-
mation, Baja California, are tropical shallow-marine in
origin and are associated with reef corals, nerineid gas-
tropods, caprinid rudistid bivalves, and numerous other
shallow-marine invertebrates.

The Cretaceous New and Old World genus Megalon-
oda has a distinctive robust cylindrical shape that closely
resembles the late Miocene Melanopsis handmanniana
Fischer, 1996 [= Melanopsis fossilis Wenz, 1929, fide Fi-
scher, 1996] from Austria and the Recent Melanopsis
(Canthidomus) costata Férussac, 1828, from Syria and
Jordan. It could be that during the Late Cretaceous, the
marine Megalonoda migrated from Baja California, Mex-
ico, to Europe, where the genus adapted to brackish and
freshwater environments and has endured in those envi-
ronments ever since.

Melanopsids live today in a variety of freshwater to
brackish-water habitats, including saline lakes, freshwater
lakes, rivers, streams, and springs in the areas surround-
ing the Mediterranean Sea, the Black and Caspian seas,
and in New Zealand and New Caledonia (Tchernov,
1975; Geary, 1990). Transition of marine forms to fresh-
water forms might have occurred in Late Cretaceous
times, according to Bandel (1993). Bandel & Riedel
(1994) reported several smooth-shelled genera of melan-
opsids from Upper Cretaceous (upper Santonian-?lower
Campanian) freshwater deposits in the Ajka region, Bak-
ony Mountains, Hungary. From Paleocene to late Eocene
time, many Paris Basin species (Cossmann & Pissarro,
1910-1913) seem to have inhabited brackish and shal-
low-marine environments (Tracey et al.,, 1993). At least
one late Oligocene subspecies is known from Hungary
(Bdldi, 1973), and several late Miocene and Recent spe-
cies are known from central and eastern Europe (Geary,
1990; Fischer, 1996).

None of the ancient or Recent Old World melanopsids
resembles the shape of Boggsia, possibly because the
shell of Boggsia was adapted for living in a shallow-
marine environment. This habitat also allowed for a much
wider paleogeographic distribution than if Boggsia had
been restricted to brackish or freshwater habitats.

A review of the scant literature revealed that fossil me-
lanopsids are not likely to be part of an admixed mollus-
can fauna consisting of freshwater species and shallow-
marine species. For example, Bandel & Riedel (1994)
reported that although the melanopsid-bearing Upper Cre-
taceous (upper Santonian/?lower Campanian) freshwater
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deposits in the Bakony Mountains of Hungary were part
of a river-mouth coastal swamp near a sea, the molluscan
fauna consists only of typical freshwater forms containing
fully grown unionid bivalve shells. Similarly, Geary
(1990) reported that late Miocene melanopsids in scat-
tered freshwater deposits from the margins of the Pan-
nonian basin of eastern and central Europe never co-occur
with marine organisms.

Boggsia tenuis closely resembles Brotiopsis wakinoen-
sis (Kobayashi & Suzuki, 1936) from Lower Cretaceous
(Barremian) brackish-water deposits of Japan and Lower
Cretaceous freshwater deposits of South Korea. Kase
(1984:127-128, pl. 20, figs. 1-6) illustrated this species,
and the specimen in his figure 4 especially resembles B.
tenuis in terms of the slender turriculate shell with op-
isthocline and spinose axial ribs. Brotiopsis wakinoensis,
which shows considerable variability, is imperfectly
known and is represented by incomplete external molds
of juvenile to early adult? specimens. The anterior part
of the aperture and the protoconch are unknown. It is
possible that with better preserved material, Brotiopsis
wakinoensis might prove to be a melanopsid. If so, it
would be the earliest one.
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