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reviewed in Majima et al., 2005) may potentially yield fossil Re-
tiskenea or other neomphalids (Kaim, personal commun., 2006).
Nonetheless. the California Mesozoic Retiskenea? described in
this study may possibly be the oldest known members of the
genus, and are among the oldest representatives of the Neom-
phalidae.

As noted above, all living members of Neomphalidae, except
seep-related Reriskenea diploura, are endemic to hydrothermal
vents (Warén and Bouchet, 2001). Many marine invertebrate fam-
ilies with their main distribution in vents or seeps have undergone
considerable evolutionary radiation in these isolated habitats
(Warén and Bouchet, 2001; reviewed in Little and Vrijenhoek,
2003). The living vent/seep fauna also has been suggested to rep-
resent refugia for some Paleozoic—early Mesozoic taxa, including
neomphalid gastropods, and primitive members of several pedun-
culate and thoracican barnacle groups (reviewed in McArthur and
Tunnicliffe; 1998, Warén and Bouchet, 2001, and Yamaguchi et
al.. 2004). However, few if any of the living vent-endemic line-
ages implicated as relict have an extensive fossil record (Little
and Vrijenhoek, 2003). For example, the primitive barnacles typ-
ical of modern hydrothermal vents and hydrocarbon seeps have
yet to appear in the fossil record of these paleoenvironments (Lit-
tle and Vrijenhoek, 2003). As observed by Warén and Bouchet
(2001). marine gastropods in general have an excellent fossil re-
cord, so that origination ages can be estimated for many major
groups (cf. Kiel and Little, 2006). However, convergence of shell
features tends to be common among living gastropods, including
those from vent and seep settings, such that malacologists typi-
cally analyze many soft-part anatomical characters to resolve re-
lationships. As discussed above, this and the sometimes simple
shell morphology of some forms also can confound taxonomic
analyses among certain gastropod groups, especially for fossils.
Nonetheless, the Mesozoic and Cenozoic microgastropods of
northeast Pacific seep deposits display a number of characters that
may affiliate them with neomphalid Retiskenea (cf. Warén and
Bouchet, 2001; this study). If so, this vent/seep taxon appears to
have been restricted to chemosynthesis-based environments since
at least early in the Cretaceous (Hauterivian, ~133 Ma, Wilbur
Springs R.? tuberculata). A second probable neomphalid, Lith-
omphalus enderlini Kiel and Campbell, 2005 occurs in Early Cre-
taceous seep deposits elsewhere in northern California (Valangi-
nian, ~ 138 Ma, Bear and Rocky Creek sites; Kiel and Campbell,
2005). In comparison, molecular analysis of living members of
Neomphalina (sensu Warén and Bouchet, 1993) suggests a min-
imum Mesozoic origin of the group, an age estimate derived from
a study of members of representative genera Cvathermia Warén
and Bouchet, 1989; Melanodrymia Hickman, 1984; Rhvnchopelta
McLean, 1989; Peltospira McLean, 1989, and Depressigvra War-
én and Bouchet, 1989 (McArthur and Koop, 1999, table 1, p.
258). As yet, molecular analyses have not been performed on
other living taxa within Neomphalina, including Retiskenea.

In general, the known modern and fossil distributions of en-
demic vent/seep biota indicate mosaic origins, with some groups
invading these habitats recently and others perhaps evolving in
isolation as relics (McArthur and Tunnicliffe, 1998; Little and
Vrijenhoek, 2003). Relatively continuous immigration of taxa into
vent/seep settings occurred during the Phanerozoic (Little and
Vrijenhoek, 2003; Kiel and Little, 2006). Extinctions have also
taken place among some older groups established in seep settings
during the Paleozoic (e.g., modiomorphid bivalves, rhynchonellid
brachiopods; Campbell and Bottjer, 1995a, 1995b; Little, 2002).
Other well-known modern groups appear to have arrived at vents
and seeps during the Mesozoic (e.g., vesicomyid, bathymodiolin
and lucinacean bivalves; Little and Vrijenhoek, 2003). Regardless,
many modern vent/seep faunas as yet have only uncertain link-
ages into the distant geologic past (reviewed in McArthur and
Koop. 1999; Warén and Bouchet, 2001, table 2, p. 213; Little and
Vrijenhoek. 2003). Thus, it is still a “long step” (Warén and

Bouchet. 2001. p. 213) to explain endemism in vent/seep com-
munities as the product of evolutionary stasis among Paleozoic
or Mesozoic relics. Hence, the Mesozoic occurrences of two new
Retiskenea? species from several different hydrocarbon-seep sites
in California are of significance toward deciphering the origins of
gastropods in these geographically isolated extreme environments.
Some neomphalids may have originated in northeastern Pacific
hydrocarbon-seep settings (i.e., California Retiskenea?, Lithom-
phalus), and Retiskenea? subsequently may have migrated to and
further evolved in other seep habitats. This hypothesis awaits test-
ing by new fossil discoveries of these apparently endemic gastro-
pods among the rich faunas of ancient chemosynthesis-based set-
tings.
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