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A New Early Pliocene Record of the Toothless Walrus Valenictus (Carnivora, Odobenidae) 
from the Purisima Formation of Northern California

ROBERT W. BOESSENECKER1,2

1Department of Geology and Environmental Geosciences, College of Charleston, 
Charleston, SC 29424; boesseneckerrw@cofc.edu

2University of California Museum of Paleontology, University of California, Berkeley, CA 94720

The walrus (Odobenus rosmarus) is a large tusked molluskivore that inhabits the Arctic and is the sole living member 
of the family Odobenidae. In contrast to the modern walrus, extinct walruses lived in temperate and even subtropical 
climates as far south as Baja California and Japan in the Pacific, and Florida and Morocco in the Atlantic. Multispe-
cies walrus assemblages are now documented from several localities in the North Pacific, the center of origin for the 
family. The genus Valenictus is a toothless dense-boned walrus reported from several localities in southern California 
and Baja California. An isolated astragalus from lower Pliocene (5.33–4.89 Ma, Zanclean correlative) sediments of the 
Purisima Formation of northern California (Santa Cruz County, California) matches the highly derived morphology 
of Valenictus chulavistensis, and is identifiable as Valenictus sp. This specimen is the first record of Valenictus from 
the Purisima Formation and the first from northern California.

Keywords: Purisima Formation, Santa Cruz, California, Pliocene, Odobenidae, Valenictus

INTRODUCTION
The walrus (Odobenus rosmarus Linnaeus, 1758) is argu-

ably the strangest of all modern pinnipeds, bearing a pair 
of elongated canine tusks, reduced postcanine teeth, and 
numerous skeletal and soft tissue adaptations for suction 
feeding on mollusks (Fay 1982). Whereas the modern walrus 
is monotypic, with an Arctic distribution, extinct walruses 
inhabited warm temperate and subtropical environments 
and, in the North Pacific, composed multispecies walrus 
assemblages (Repenning and Tedford 1977, Deméré 1994a, 
b, Miyazaki et al. 1995, Boessenecker 2013a). The earliest 
tusked walruses (Odobenini Deméré, 1994a) appear in lower 
Pliocene marine sediments of the North Pacific and North 
Atlantic (Kellogg 1921, Mitchell 1961, Repenning and Ted-
ford 1977, Deméré 1994b, Kohno et al. 1995, 1998, Kohno 
and Ray 2008). The Odobenini represent a North Pacific 
diversification of molluskivorous predators, with Ontocetus 
Leidy, 1859 and Odobenus Linnaeus, 1758 dispersing from 
the western North Pacific through the Arctic to the North 
Atlantic during the Pliocene and Pleistocene (respectively; 
Kohno et al. 1995, 1998, Kohno and Ray 2008). Records of 
Odobenini from Pliocene deposits in California and Baja 
California correspond to a provincial eastern North Pa-
cific marine mammal assemblage (Boessenecker 2013a) and 

include the poorly known Pliopedia pacifica (Kellogg, 1921), 
various occurrences of Valenictus Mitchell, 1961 (Repenning 
and Tedford 1977, Deméré 1994a, b), and more fragmentary 
specimens awaiting formal description. Alhough formerly 
based on an isolated humerus (Valenictus imperialensis 
Mitchell, 1961), virtually complete skeletons of Valenictus 
from the Pliocene San Diego Formation of southern Cali-
fornia formed the basis of the new species V. chulavistensis 
Deméré, 1994b. Valenictus is characterized by pachyosteo-
sclerotic bones (thickened cortex and densification of inner 
bone) as well as a “toothless” skull lacking non-canine teeth; 
in these features, Valenictus is arguably more derived than 
extant Odobenus (Deméré 1994b). Valenictus is an obligate 
suction feeding molluskivore similar to modern Odobenus 
(Deméré 1994b); pachyosteosclerosis may serve as bone 
ballast and thus beneficial for mollusk foraging in the many 
shallow, warm temperate-subtropical embayments Valenictus 
has been reported from (Deméré 1994b, Barnes 2005). It is 
perhaps not coincidental that some of these occurrences 
are from hypersaline embayments (e.g., V. imperialensis, 
Proto-Gulf of California; Barnes 2005) – environments where 
bone ballast would help overcome extreme buoyancy. How-
ever, pachyosteosclerosis also characterizes V. chulavistensis, 
found in the open marine San Diego Formation (Deméré, 
1994b). This study reports a new record of Valenictus from 
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the Purisima Formation of northern California (Figs. 1, 2), 
representing the northernmost occurrence for the genus.

METHODS
Initial preparation of UCMP 269337 was done by Mr. A.W. 

Thompson and was followed up by the author at the Mace 
Brown Museum of Natural History; concretionary matrix 
was removed using a pneumatic air scribe and finished by im-
mersion in 5% acetic acid. UCMP 269337 was photographed 
with a Canon EOS Rebel XS and 85 mm zoom lens. Anatomi-
cal terminology follows Deméré (1994b). The definition of 
the Pliocene-Pleistocene boundary at 2.5 Ma, with inclusion 
of the Gelasian stage within the early Pleistocene is followed 
here (Gradstein et al. 2012), but note that earlier studies of 
Purisima vertebrates used the old definition with the Gelasian 
stage included within the Pliocene and the Plio-Pleistocene 
boundary set at 1.81 Ma (e.g., Boessenecker 2013a).

Institutional Abbreviations—LACM, Natural History 
Museum of Los Angeles County, Los Angeles, California, 
USA; SCMNH, Santa Cruz Museum of Natural History, 
Santa Cruz, California, USA; UCMP, University of California 
Museum of Paleontology, Berkeley, California, USA.

SYSTEMATIC PALEONTOLOGY

MAMMALIA Linnaeus, 1758
CARNIVORA Bowditch, 1821

ODOBENIDAE Allen, 1880
ODOBENINAE Mitchell, 1968
VALENICTUS Mitchell, 1961

Valenictus sp.
(Fig. 2A–D)

Referred Specimen—UCMP 269337, isolated right as-
tragalus, collected from the “Upper Shell Bed Facies” of Perry 
(1988) by A. W. Thompson on December 31, 2014.

Locality and Geological Setting—The upper Miocene to 
upper Pliocene Purisima Formation (Messinian-Piacenzian 
correlative) crops out in northern California (Fig. 1A) west 
of the San Andreas Fault in the vicinity of Half Moon Bay 
(San Mateo County), Point Reyes (Marin County), and 
Santa Cruz (Santa Cruz County). The unit consists of richly 
fossiliferous, pervasively bioturbated mudrocks, diatomites, 
sandstones, and occasional phosphatic pebble lags and 
shell beds reflecting upper shoreface to offshore deposition 
(Norris 1986, Powell et al. 2007, Boessenecker et al. 2014). 
A large vertebrate assemblage including 70+ vertebrate taxa 
(including bony fish, sharks, sea birds, fur seals, walruses, 
dolphins, porpoises, sperm whales, baleen whales, a sea cow, 
and terrestrial mammals) has been preliminarily reported 
from the Purisima Formation near Santa Cruz (Boessenecker 
et al. 2014: table 1, and references therein), though many 

Figure 1. The Purisima Formation and geologic context of Va-
lenictus sp. A. Map of Purisima Formation exposures in northern 
California (modified from Boessenecker, 2013a). B. Stratigraphic 
column of the middle part of the Purisima Formation (modified 
from Boessenecker et al., 2014).



         BOESSENECKER—VALENICTUS (ODOBENIDAE) FROM THE PLIOCENE OF NORTHERN CALIFORNIA	 3

occurrences await formal description.
UCMP 269337 was collected from the “Upper Shell 

Bed Facies” of Perry (1988), corresponding to a horizon 
approximately 15–20 meters above the base of Section 3 
of Boessenecker et al. (2014), approximately 120 meters 
above the base of the Santa Cruz section of the Purisima 
Formation (Fig. 1B). This section consists of bioturbated 
silty sandstone with intermittent hummocky cross-stratified 
sandstone with basal shell lags, reflecting intermittent storm-
driven concentration of mollusk skeletal material followed 
by combined flow deposition and quiescent fair weather de-
position between storm weather wave base and fair weather 
wave base in the lower shoreface (Boessenecker et al. 2014, 
and references therein). UCMP 269337 was preserved in a 
shell bed containing abundant mollusks such as the bivalves 

Anadara trilineata Conrad, 1856, Protothaca staleyi Gabb, 
1866, Spisula coosensis Howe, 1922, and the gastropods Mi-
trella gausapata Gould, 1850 and Nassarius grammatus Dall, 
1917 (identified from Perry 1988, figs. 9–12). This horizon 
corresponds to an interval overlying the Miocene-Pliocene 
boundary (Madrid et al. 1986, Dumont et al. 1986, Powell 
et al. 2007) and lies below Bonebed 6 (Fig. 1B) of Boess-
enecker et al. (2014; = pebbly marker horizon of Madrid et 
al. 1986). Paleomagnetic zonation indicates that Bonebed 6 
reflects a depositional hiatus corresponding to most of the 
Gilbert chron (specifically Chrons C2Ar through C3n.3n; 
Madrid et al. 1986). Updated paleomagnetic dates indicate 
that this hiatus is thus 4.89–3.59 Ma (Zanclean, early Plio-
cene; Gradstein et al. 2012). In summary, UCMP 269337 is 
earliest Pliocene (Zanclean) in age, and dates to 5.33–4.89 

Figure 2. Astragalus of Valenictus sp., UCMP 269377. A. Tibial view. B. Plantar view. C. Medial view. D. Lateral view.
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Ma. Detailed locality information is available on request 
from UCMP.

Description and Comparisons—UCMP 269337 is a 
relatively large astragalus (103.1 mm anteroposterior length; 
83.5 mm transverse width) composed of extremely dense, 
osteosclerotic bone where exposed in fractures (Fig. 2A–D). 
UCMP 269337 lacks a distinct neck and a distinct lateral 
tuberosity. The tibial trochlea exhibits an anteroposteriorly 
longer medial trochlear ridge that nearly contacts the na-
vicular facet anteriorly and the medial plantar tuberosity 
posteromedially. Anteriorly the medial ridge transitions to 
a flattened shelf that is separated from the lateral ridge by a 
deep intertrochlear pit (Fig. 2A). A deep pit is present on the 
medial surface between the medial trochlear ridge, the neck, 
and the medial tuberosity; a teardrop-shaped flattened fibular 
facet is developed laterally. The enlarged capitulum (Fig. 2C, 
D) is transversely wide relative to the proximal end (69.5 
mm maximum diameter, 83.2% of transverse width); the 
neck is poorly developed and nearly as wide as the capitulum 
(59.1 mm minimum transverse diameter; 85% of capitulum 
width). Dorsally, the navicular facet of the capitulum is sepa-
rated from the trochlea by a deep, posteromedially oriented 
sulcus; ventrally, the capitulum is separated by a broad, 
shallow astragalar sulcus. Ventrally, the navicular facet and 
sustentacular facet are poorly differentiated and separated 
only by a subtle, low ridge; the sustentacular facet is trans-
versely wider than anteroposteriorly long. The ectal facet is 
“J-shaped” (e.g., Deméré 1994b) with a narrow lateral por-
tion (Fig. 2B); the facet is transversely concave and laterally 
contiguous with the enlarged, hemispherical medial plantar 
tuberosity. The medial plantar tuberosity extends far ventral 
to the poorly developed lateral plantar tuberosity (Fig. 2D).

UCMP 269337 compares very well with Valenictus chulav-
istensis in sharing (to the exclusion of all other Odobenidae) 
1) an enlarged capitulum with a broad neck, 2) navicular and 
sustentacular facets that are not differentiated by a groove, 
3) poorly developed lateral tuberosity and 4) a trochlea with 
anteroposteriorly longer medial trochlear ridge. UCMP 
269337 notably differs from V. chulavistensis in having a 
deeper intertrochlear pit and a medial plantar tuberosity 
that is less distinctly separated from the ectal facet. UCMP 
269337 differs from other Odobenini (Ontocetus, Odobenus) 
in exhibiting a reduced sustentacular facet, a broad, poorly 
formed neck, and a reduced lateral tuberosity. It further dif-
fers from “imagotariines” Proneotherium repenningi Kohno et 
al., 1995, Neotherium mirum Kellogg, 1931, and Imagotaria 
downsi Mitchell, 1968 in lacking a triangular posterior spur 
and an astragalar canal. Owing to the incompleteness of 
UCMP 269337, several observed differences between it and 
specimens of V. chulavistensis, and the lack of an astragalus 

for V. imperialensis, UCMP 269337 is identified as Valenictus 
sp.

DISCUSSION AND CONCLUSIONS
UCMP 269337 represents the first record of Valenictus 

from the Purisima Formation of northern California. The 
basal Purisima Formation in Santa Cruz County (6.9–5.3 
Ma, Messinian correlative) has yielded a diverse pinniped as-
semblage including an otariid fur seal (Thalassoleon macnal-
lyae Repenning and Tedford, 1977), an imagotariine walrus 
(cf. Imagotaria Mitchell, 1968), two dusignathine walruses 
(Dusignathus santacruzensis Kellogg, 1927, Gomphotaria sp. 
Barnes and Raschke, 1991), and an indeterminate odobenine 
(Kellogg 1927, Mitchell 1962, Repenning and Tedford 1977, 
Barnes and Raschke 1991, Boessenecker 2013a, Boessenecker 
et al. 2014); most of these specimens await formal description 
or reinterpretation. The aggregate Pliocene pinniped assem-
blage from the San Gregorio and Santa Cruz sections of the 
Purisima Formation includes a fur seal (Callorhinus sp., cf. C. 
gilmorei Berta and Deméré, 1986) and two walruses (Dusig-
nathus sp., cf. D. seftoni Deméré, 1994b, Valenictus sp.) and is 
practically identical to that of the slightly younger San Diego 
Formation (3–2 Ma; Deméré, 1994b) of southern California 
(C. gilmorei, D. seftoni, V. chulavistensis, Odobenini indet.). 
Other possible specimens of Valenictus awaiting prepara-
tion and study are recorded from the Purisima Formation 
(cranium, UCMP 219091; femur, SCMNH 21366); a skull 
of a toothless odobenine from Bonebed 6 of Boessenecker 
et al. (2014) initially reported by Barnes and Perry (1989) 
may also represent Valenictus, but awaits formal description.

Pliocene occurrences of Valenictus are now reported 
from coastal deposits of northern (this study) and southern 
California (Deméré 1994b) and Baja California (Barnes 
1998, 2005), the San Joaquin embayment (Repenning and 
Tedford 1977), and the Proto-Gulf of California (Mitchell 
1961, Barnes 1998, 2005, Atterholt et al. 2007). Though many 
records are preliminary and await formal description (Barnes 
1998, 2005, Atterholt et al. 2007), these records nonetheless 
demonstrate an extensive geographic record of Valenictus 
throughout subtropical to temperate latitudes in multiple 
embayments and shorelines in the eastern North Pacific. The 
Purisima Formation was deposited near the mouth of the San 
Joaquin embayment (Powell et al. 2007), where Valenictus 
sp. has also been reported from the San Joaquin Formation, 
deposited within the San Joaquin embayment (Repenning 
and Tedford 1977, Deméré 1994a). 

Other tusked walruses (Odobenini) are in evidence from 
the Pliocene of California. These include the fragmentary 
Pliopedia pacifica, reported from the Mio-Pliocene Paso 
Robles Formation (6–5 Ma) and Etchegoin Formation (> 5 
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Ma) on the basis of associated postcrania and a partial brain-
case (Kellogg 1921, Repenning and Tedford 1977; ages from 
Boessenecker 2013a, appendix). A possible third record of 
Odobenini is represented by a set of associated postcanine 
teeth and short tusks with globular dentine (a synapomor-
phy for Odobenini) from the San Diego Formation (LACM 
28432), historically misinterpreted as a Pliocene elephant seal 
(Boessenecker 2013a, p. 904, Boessenecker and Churchill 
2016). It is possible that this taxon may be conspecific with P. 
pacifica, but confirmation awaits discovery of specimens with 
overlapping skeletal elements. Available evidence indicates 
that during the Pliocene an aggregate assemblage including 
at least four to five walrus species (Dusignathus seftoni, P. 
pacifica, Valenictus chulavistensis, V. imperialensis, Odobe-
nini indeterminate) inhabited the temperate-subtropical 
shorelines and embayments of the eastern North Pacific 
(Deméré 1994b). This pattern strongly contrasts with the 
monotypic extant walrus restricted to polar seas (Fay 1982, 
Deméré 1994b). 

Loss of walrus biodiversity coincides with marine verte-
brate faunal turnover at the Pliocene-Pleistocene transition 
in the North Pacific, involving 1) loss of a phocoenid-
dominated odontocete fauna and replacement by delphinids 
(Boessenecker 2013a); 2) replacement of archaic members 
of extant families of baleen whales by ‘neospecies’ (Boess-
enecker 2013a, Tsai and Boessenecker 2015, 2017); 3) loss of 
a number of small-bodied mysticete whales (Boessenecker 
2013a, b); 4) Pleistocene invasion of sea lions from the west-
ern North Pacific (Poust and Boessenecker 2017), phocid 
seals from the Atlantic and southern hemisphere (Barnes 
and Mitchell 1975, Boessenecker and Churchill 2016), and 
sea otters from the Arctic or North Atlantic (Boessenecker 
2016); and 5) loss of flightless mancalline auks and giant bony 
toothed pelagornithid birds (Warheit 1992, Boessenecker 
and Smith 2011). These faunal changes came about in con-
junction with uplift of the California Coast Ranges, loss of 
widespread shallow marine embayments, proliferation of 
rocky shore habitats, and rapid glacioeustatic changes in sea 
level (Jacobs et al. 2004, Boessenecker 2013a). 

Ecological factors supporting unique aspects of the Plio-
cene marine mammal fauna in the eastern North Pacific—
including multispecies walrus assemblages—remain poorly 
understood. However, the link between molluskivorous 
walruses and shallow marine foraging habitat suggests that 
the emergence and drainage of shallow marine embayments 
on the California margin as a possible driver for Pliocene 
walrus extinction in the eastern North Pacific. These nu-
trient-enriched embayments hosted mollusk assemblages 
characterized by unusually large body sizes (Vermeij 2012). 
It is perhaps not coincidental that other inferred benthic 

feeding marine mammals including bizarre porpoises and 
cetotheriid mysticetes (Boessenecker 2013b, Racicot et al. 
2014) became extinct as the shoreline transitioned from a 
series of shallow embayments to a rugged, rocky coast. 

Future study of tusked walrus evolution in the eastern 
North Pacific will benefit from formal description and 
study of new material of Valenictus from the Deguynos, 
Purisima, Salada, and San Diego formations of California 
and Baja California, paleohistologic or CT investigation 
of pachyosteosclerosis in Valenictus, and field research at 
poorly explored localities in the California Coast Ranges that 
may yield additional odobenid specimens and shed light on 
Pliocene walrus biogeography (Paso Robles Formation, San 
Joaquin Formation, Pismo Formation).

ACKNOWLEGEMENTS
First and foremost I am indebted to Wayne Thompson for 

donating the specimen described in this study. This study 
would not have been possible without overwhelming support 
from the communities of Capitola and Santa Cruz who saved 
the fossil locality by successfully blocking proposed seawall 
construction in 2004–2005 during the "Help Save Capitola" 
campaign. This study benefited from discussions on fossil 
pinnipeds with L.G. Barnes, A. Berta, M. Churchill, T.A. 
Deméré, N. Kohno, Y. Tanaka, and J. Velez-Juarbe. I thank 
C.L. Powell, II, and F.A. Perry for extensive discussions on 
stratigraphy, biostratigraphy, and vertebrate occurrences 
within the Purisima Formation. Thanks to D.J. Bohaska, 
T.A. Deméré. P. Holroyd, M. Goodwin, J.J. Ososky, N.D. 
Pyenson, and K. Randall for access to specimens under their 
care; additional thanks to P. Holroyd for curatorial assistance. 
Constructive comments from editor D.M. Erwin and reviews 
by T.A. Deméré, N. Kohno, and A. Valenzuela-Toro improved 
the quality of this manuscript.

LITERATURE CITED
Allen, J.A. 1880. History of North American pinnipeds, a monograph of 

the walruses, sea-lions, sea-bears and seals of North America. U.S. 
Geological and Geographical Survey of the Territories, Miscellaneous 
Publications 12:1-785.

Atterholt, J., G.T. Jefferson, and E. Schachner. 2007. New marine vertebrates 
from the Yuha Member of the Deguynos Formation of Anza-Borrego 
Desert state Park. Journal of Vertebrate Paleontology 27:42A.

Barnes, L.G. 1998. The sequence of fossil marine mammal assemblages 
in Mexico. Avances en Investigacion: Paleontologia de Vertebrados, 
publicacion especial 1:26–79.

Barnes, L.G. 2005. Dense-boned late Miocene and Pliocene fossil walruses 
of the Imperial Desert and Baja California: possible buoyancy-control 
mechanisms for feeding on benthic marine invertebrates in the Proto-
Gulf of California. Desert Symposium, California State University, 
Fullerton, California, p. 87.

Barnes, L.G., and E.D. Mitchell. 1975. Late Cenozoic northeast Pacific 
Phocidae. Conseil International pour l’Exploration de la Mer, Rapports 
et Procès verbaux des Réunions 169: 34-62. 

Barnes, L.G., and F.A. Perry. 1989. A toothless walrus from the Purisima 



6           PALEOBIOS, VOL. 34, JUNE 2017	

Formation in California, U.S.A. Conference on the Biology of Marine 
Mammals, Pacific Grove, California, p. 5.

Barnes, L.G., and R.E. Raschke. 1991. Gomphotaria pugnax, a new genus 
and species of late Miocene dusignathine otariid pinniped (Mammalia: 
Carnivora) from California. Natural History Museum of Los Angeles 
County Contributions in Science 426:1–27.

Berta, A., and T.A. Deméré. 1986. Callorhinus gilmorei n. sp., 
(Carnivora:Otariidae) from the San Diego Formation (Blancan) and 
its implications for otariid phylogeny. Transactions of the San Diego 
Society of Natural History 21:111–126.

Boessenecker, R.W. 2013a. A new marine vertebrate assemblage from 
the Late Neogene Purisima Formation in Central California, Part II: 
Pinnipeds and cetaceans. Geodiversitas 35:815–940.

Boessenecker, R.W. 2013b. Pleistocene survival of an archaic dwarf baleen 
whale (Mysticeti: Cetotheriidae). Naturwissenschaften 100:365-371.

Boessenecker, R.W. 2016. A middle Pleistocene sea otter from northern 
California and the antiquity of Enhydra in the Pacific Basin. Journal of 
Mammalian Evolution DOI: 10.1007/s10914-016-9373-6.

Boessenecker, R.W., and M. Churchill. 2016. The origin of elephant seals: 
implications of a fragmentary late Pliocene seal (Phocidae: Miroungini) 
from New Zealand. New Zealand Journal of Geology and Geophysics 
59:544–550.

Boessenecker, R.W., and N.A. Smith. 2011. Latest Pacific basin record of a 
bony-toothed bird (Aves, Pelagornithidae) from the Pliocene Purisima 
Formation of California, U.S.A. Journal of Vertebrate Paleontology 
31:652–657.

Boessenecker, R.W., F.A. Perry, and J. G. Schmitt. 2014. Comparative 
taphonomy, taphofacies, and bonebeds of the Mio-Pliocene Purisima 
Formation, Central California: strong physical control on marine ver-
tebrate preservation in shallow marine settings. PLoS ONE 9:e91419.

Bowditch, T. E. 1821. An Analysis of the Natural Classifications of Mam-
malia for the Use of Students and Travelers. J. Smith, Paris, 115. pp.

Conrad, T.A. 1856. Descriptions of three new genera; twenty-three new 
species middle Tertiary fossils from California, and one from Texas. 
Proceedings of the Academy of Natural Sciences of Philadelphia 8:312-
316.

Dall, W.H. 1917. Summary of the mollusks of the family Alectrionidae 
of the west coast of America. Proceedings of the United States National 
Museum 51:575-579.

Deméré, T.A. 1994a. The family Odobenidae: a phylogenetic analysis of 
fossil and living taxa. Proceedings of the San Diego Society of Natural 
History 29:99–123.

Deméré, T.A. 1994b. Two new species of fossil walruses (Pinnipedia: 
Odobenidae) from the Upper Pliocene San Diego Formation, Califor-
nia. Proceedings of the San Diego Society of Natural History 29:77–98.

Dumont, M.P., J.G. Baldauf, and J.A. Barron. 1986. Thalassiosira praeoes-
truppii-a new diatom species for recognizing the Miocene/Pliocene 
epoch boundary in coastal California. Micropaleontology 32:372–377.

Fay, F.H. 1982. Ecology and biology of the Pacific walrus, Odobenus ros-
marus divergens Illiger. North American Fauna 74:1-279.

Gabb, W. M. 1866. Tertiary invertebrate fossils. California Geological 
Survey, Paleontology 2:1-38.

Gould, A.A. 1850. Shells from the exploring expedition. Boston Society of 
Natural History Proceedings 3:214-219. 

Gradstein, F.M., J.G. Ogg, M. Schmitz, and G. Ogg. 2012. The Geologic 
Time Scale 2012. Elsevier, Oxford. 1144 pp.

Howe, H.V.W. 1922. Faunal and stratigraphic relationships of the Empire 
Formation, Coos Bay, Oregon. University of California Department of 
Geological Science Bulletin 14:85-114. 

Jacobs, D.K., T.A. Haney, and K.D. Louie. 2004. Genes, diversity, and 
geologic process on the Pacific coast. Annual Reviews of Earth and 
Planetary Science 32:601-52.

Kellogg, R. 1921. A new pinniped from the Upper Pliocene of California. 
Journal of Mammalogy 2:212–226.

Kellogg, R. 1927. Fossil pinnipeds from California. Carnegie Institution 
of Washington Publication 348:27–37.

Kellogg, R. 1931. Pelagic mammals of the Temblor Formation of the Kern 
River region, California. Proceedings of the California Academy of 
Sciences 19:217-397. 

Kohno, N., K. Narita, and K. Hakuichi. 1998. An early Pliocene odobenid 
(Mammalia: Carnivora) from the Joshita Formation, Nagano Prefec-
ture, central Japan. Research Reports of the Shinshushinmachi Fossil 
Museum 1:1–7.

Kohno, N., and C.E. Ray. 2008. Pliocene walruses from the Yorktown 
Formation of Virginia and North Carolina, and a systematic revision 
of the North Atlantic Pliocene walruses. Virginia Museum of Natural 
History Special Publication 14:39–80.

Kohno, N., Y. Tomida, Y. Hasegawa, and H. Furusawa. 1995. Pliocene 
tusked odobenids (Mammalia: Carnivora) in the Western North 
Pacific, and their paleobiogeography. Bulletin of the National Science 
Museum, Tokyo Series C (Geology & Paleontology) 21:111–131.

Leidy, J. 1859. Remarks on Dromatherium and Ontocetus emmonsi. 
Proceedings of Academy of Natural Sciences of Philadelphia 1859:162.

Linnaeus, C. 1758. Systema Naturae per Regna Tria Naturae, secundum 
Classes, Ordines, Genera, Species, cum Characteribus, Differentiis, 
Synonymis, Locis. Tomus I. Laurentii Salvii, Holmiae, Stockholm, 
824. pp.

Madrid, V.M., R.M. Stuart, and K.L. Verosub. 1986. Magnetostratigraphy of 
the late Neogene Purisima Formation, Santa Cruz County, California. 
Earth and Planetary Science Letters 79:431–440.

Mitchell, E.D. 1961. A new walrus from the imperial Pliocene of Southern 
California: with notes on odobenid and otariid humeri. Natural His-
tory Museum of Los Angeles County Contributions in Science 44:1–28.

Mitchell, E.D. 1962. A walrus and a sea lion from the Pliocene Purisima 
Formation at Santa Cruz, California: with remarks on the type locality 
and age of the sea lion Dusignathus santacruzensis Kellogg. Natural 
History Museum of Los Angeles County Contributions in Science 56:1–24.

Mitchell, E.D. 1968. The Mio-Pliocene pinniped Imagotaria. Journal of 
the Fisheries Research Board of Canada 25:1843-1900.

Miyazaki, S., H. Horikawa, N. Kohno, K. Hirota, M. Kimura, Y. Hasegawa, 
Y. Tomida, L. G. Barnes, and C. E. Ray. 1995. Summary of the fossil 
record of pinnipeds of Japan, and comparisons with that from the 
eastern North Pacific. The Island Arc 3:361–372.

Norris, R.D. 1986. Taphonomic gradients in shelf fossil assemblages: 
Pliocene Purisima Formation, California. Palaios 1:256–270.

Perry, F.A. 1988. Fossil invertebrates and geology of the marine cliffs at 
Capitola, California. Santa Cruz City Museum Association, Santa 
Cruz, California. 30 pp.

Powell, C.L., II, J.A. Barron, A.M. Sarna-Wojcicki, J. C. Clark, F. A. Perry, 
E. E. Brabb, and R. J. Fleck. 2007. Age, stratigraphy, and correlation of 
the late Neogene Purisima Formation, central California coast ranges. 
US Geological Survey Professional Paper 1740:1–32.

Poust, A.W., and R.W. Boessenecker. 2017. Mandibles of the sea 
lion Proterozetes ulysses from the middle Pleistocene Port Orford 
Formation of Oregon. Journal of Vertebrate Paleontology DOI: 
10.1080/02724634.2017.1317637

Racicot, R.A., B.L. Beatty, T.A. Deméré, and R.W. Boessenecker. 2014. 
Unique feeding morphology in a new prognathous extinct porpoise 
from the Pliocene of California. Current Biology 24:774-779.

Repenning, C.A., and R.H. Tedford. 1977. Otarioid seals of the Neogene. 
US Geological Survey Professional Paper 992:1–87.

Tsai, C.-H., and R.W. Boessenecker. 2015. An Early Pleistocene gray whale 
(Cetacea: Eschrichtiidae) from the Rio Dell Formation of northern 
California. Journal of Paleontology 89:103–109.

Tsai, C.-H., and R.W. Boessenecker. 2017. The earliest-known fin 
whale, Balaenoptera physalus, from the Early Pleistocene of north-
ern California, U.S.A. Journal of Vertebrate Paleontology DOI: 
10.1080/02724634.2017.1306536

Vermeij, G.J. 2012. The evolution of gigantism on temperate seashores. 
Biological Journal of the Linnean Society 106:776-793.

Warheit, K. 1992. A review of the fossil seabirds from the Tertiary of the 
North Pacific: plate tectonics, paleoceanography, and faunal change. 
Paleobiology 18:401-424.




