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Abstract. An anomiid bivalve, Pododesmus (Pododesmus) dunhamorum sp. nov., from lower Eocene 
shallow-marine strata in the upper part of the Crescent Formation on the west side of Dabob Bay, 
Jefferson County, eastern Olympic Peninsula, Washington, is the earliest known species of this genus 
and subgenus. The new species is one of two Eocene species of Pododesmus s.s. that inhabited hard 
substrate in nearshore waters along the Pacific coast of North America. The other species is P. (P.) 
inornatus (Gabb, 1864) from the middle Eocene of central California and southwestern Washington. 

S T R A T I G R A P H I C D I S T R I B U T I O N 
AND G E O L O G I C A G E 

Pododesmus (P.) dunhamorum sp. nov. was found at three 
localities in the upper part of the Crescent Formation along 
the west side of Dabob Bay about 50 km west of Seattle, 
Jefferson County, Washington (Figure 1). Localities 
CSUN 1511 and 1512 are very near each other, and CSUN 
loc. 1502 is approximately 6 km farther north. Thirty-
nine specimens were found, four at loc. 1502, 22 at loc. 
1511, and 13 at loc. 1512. All are single valves; four left 
valves, 12 right valves, and 23 of which the valve type 
cannot be determined. Preservation ranges from poor to 
good, and at loc. 1511, 40% of the specimens are molds. 

The lithologies at C S U N Iocs. 1511 and 1512 and their 
depositional environment and geologic age are discussed 
by SQUIRES et al (1992). At both localities, there is fos-
siliferous pebble conglomerate interbedded with basalt units 
that were extruded into very shallow-marine waters. Ero-
sion of the basalts by storm waves produced rubble that 
was transported offshore, where substrate-attaching spe-
cies, like Pododesmus (P.) dunhamorum, were able to 
inhabit it. The upper Crescent Formation in this area is 
late early Eocene in age on the basis of its contained cal-
careous nannofossils, benthic foraminifera, and macrofos-
sils. This age is equivalent to calcareous nannofossil Zones 
CP10-CP11, which straddle the boundary between the 
provincial molluscan "Capay Stage" and "Domengine 
Stage." 

Fossils from CSUN loc. 1502 were collected from boul-

I N T R O D U C T I O N 

Pododesmus sensu stricto (Bivalvia: Anomiidae) is known 
only from a few Tertiary fossil species in the Americas 
and New Zealand and two extant species in the Americas. 
The most widespread living species is Pododesmus (P.) rudis 
(Broderip, 1 8 3 4 ) , which is found byssally attached to rock, 
coral, shell, or other hard substrates in shallow waters 
along the coasts of South Carolina, Florida, Texas, Ber-
muda, West Indies, Brazil, and central Argentina (CAR-
CELLES, 1 9 4 1 ; ABBOTT, 1 9 7 4 ; Rios, 1 9 7 5 ) . According to 
ABBOTT ( 1 9 7 4 ) and RlOS ( 1 9 7 5 ) , Pododesmus leloiri Car-
celles, 1941, from the Golfo San Matias, Argentina, is 
probably a synonym of P. (P.) rudis. The only other un-
doubted living species of Pododesmus s.s. is P. (P.) joliatus 
(Broderip, 1 8 3 4 ) , which ranges from western Mexico to 
northern Peru ( K E E N , 1 9 7 1 ) . 

Described herein is a new species of Pododesmus s.s. 
from lower Eocene strata in the upper part of the Crescent 
Formation, western Washington (Figure 1). This is the 
earliest record of this genus and subgenus. Previously, the 
earliest record of Pododesmus s.s. was from middle Eocene 
strata in central California and western Washington 
(WEAVER, 1 9 4 2 [ 1 9 4 3 ] ) . 

Abbreviations used for catalog and/or locality numbers 
are: CSUN, California State University, Northridge; 
LACM and LACMIP, Natural History Museum of Los 
Angeles County, Los Angeles, Malacology Section and 
Invertebrate Paleontology Section, respectively; U C M P , 
University of California Museum of Paleontology. 
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der-sized blocks of Crescent Formation that are within a 
modern landslide. The strata at this locality are litholog-
ically, macrofaunally, and paleoenvironmentally similar to 
those at CSUN Iocs. 1511 and 1512. The rocks in the two 
areas are coeval (SQUIRES, 1 9 9 2 ) . 

S Y S T E M A T I C P A L E O N T O L O G Y 

Family A N O M I I D A E Rafinesque, 1 8 1 5 

Genus Pododesmus Philippi, 1837 

Type species: Pododesmus decipiens Philippi, 1837 [= Pla-
cunanomia rudis Broderip, 1834], by monotypy; Recent, 
South Carolina to Argentina. 

Subgenus Pododesmus s.s. 

Pododesmus (Pododesmus) dunhamorum 
Squires, sp. nov. 

(Figures 2-9) 

Anomiid {Pododesmus-like, new genus?): SQUIRES etal, 1992: 
7, table 1, pi. 1, figs. 28-29. 

Diagnosis: Medium-sized Pododesmus, ovate, sculpture of 
15 to 17 radial ribs on both valves; byssal foramen small, 
closed by a calcareous plug immediately adjacent to mod-
erately elevated crurum. 

Description: Medium-sized Pododesmus, reaching 24 mm 
in height, ovate, slightly inequivalved with left (free) valve 
more inflated, slightly inequilateral, beaks central, shell 
thin. Left valve with approximately 15 to 17 low, some-
what irregular radial ribs; interior margin of valve flat-
tened. Right valve with attachment scar covering anterior 
one-fourth of valve, remainder of valve with approximately 
15 to 17 radial ribs, spinose near ventral margin of valve. 
Radial ribs smaller and more crowded anteriorly. Right 
valve with small byssal foramen, encircled by a low rim; 
lower half of byssal foramen plugged by a calcareous de-
posit. Foramen situated beneath and immediately adjacent 
to a moderately elevated crurum (= chondrophore). Cru-
rum with a narrow slot for resilium. Interior of right-valve 
margin somewhat flattened. 

Holotype: L A C M I P 11515. 

Type locality: CSUN loc. 1511,47°44'45"N, 122°51'06"W. 

Paratypes: L A C M I P 12227-12229; all from CSUN loc. 
1511. 

Dimensions: Of holotype, height 20.9 mm, length 18.1 
mm; paratype 12227, height 16 mm, length 14.5 mm; 
paratype 12228, height 24 mm, length 20 mm; paratype 
12229, height 17 mm, length 16 mm. 

Discussion: The new species is assigned to Pododesmus s.s. 
on the basis of the combination of the following features: 
radial sculpture on both valves, small plugged byssal fo-
ramen, and the unnotched dorsal margin of the relatively 

Location map for localities of Pododesmus (Pododesmus) dun-
hamorum Squires, sp. nov. 

thick right valve. The new species is remarkably similar 
to Pododesmus (P.) decipiens, the type species of Pododesmus 
s.s., and especially to specimens (LACM 78-95, LACM 
78-96) of the type species from Golfo San Jose, Chubut 
Province, Argentina. OLSSON & P E T I T (1964:529-530, pi. 
77, fig. 1) gave a detailed description of Pododesmus (P.) 
rudis (Broderip, 1834), the junior subjective synonym of 
P. (P.) decipiens, and figured the interior of the right valve. 
CARCELLES ( 1 9 4 1 :pl. 1, figs. 1, 2) and KEEN (1969:fig. 
CI03 12a, b) also provided illustrations of P. (P.) rudis. 

The shell of Pododesmus is morphologically similar to 
that of Anomia Linne, 1758, the main distinction being 
that Pododesmus has two muscle scars in the central "white 
area" on the interior of the left valve rather than three, as 
in Anomia (BEU, 1967; KEEN, 1969). Also, in Pododesmus 
both valves are radially sculptured, opaque, and fairly 
thick, whereas in Anomia the right valve lacks radial sculp-
ture and both valves are translucent and usually thin (BEU, 
1967). Pododesmus is further distinguished by a byssal 
foramen that may be partially or entirely closed and which 
does not open as a slit at the dorsal margin, and a byssal 
plug that may be retained within the foramen (BEU, 1967; 
KEEN, 1969). Although the muscle scars on the left valve 
are not preserved in the new species, the overall mor-
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Explanation of Figures 2 to 9 

Figures 2-9. Pododesmus (Pododesmus) dunhamorum Squires, sp. nov., CSUN loc. 1511. Figures 2-3: paratype, 
LACMIP 12227, left valve, x 2.6; Figure 2, exterior; Figure 3, interior. Figures 4-7: holotype, LACMIP 11515, 
right valve, X2.5; Figure 4, exterior; Figure 5, interior; Figure 6, dorsal view of hinge line; Figure 7, anterior 
view. Figure 8: paratype, LACMIP 12228, right-valve interior, X2.2. Figure 9: paratype, LACMIP 12229, right-
valve interior, X2.4. 

phology of both valves is in keeping with features of Po-
dodesmus rather than of Anomia. 

Pododesmus is anatomically the most primitive living 
anomiid ( Y O N G E , 1 9 7 7 , 1 9 8 0 ) , and it probably evolved 
into Anomia ( Y O N G E , 1 9 7 7 ) . Using shell microstructure of 
primarily the right valve, C A R T E R ( 1 9 9 0 ) subdivided the 
anomiids into three groups. The only species of Pododesmus 
that he studied was the living Pododesmus (Monia) macro-
chisma (Deshayes, 1 8 3 9 ) , and he included it among the 
44Anomia simplex group" that is characterized by a right 
valve with an outer layer of calcitic simple prisms and 
inner layers of aragonite and a left valve that always has 
a prominent layer of foliated structure. This group rep-
resents a primitive microstructure grade that is compatible 
with the primitive soft anatomy of P. (M.) macrochisma 
( C A R T E R , 1 9 9 0 ) . 

K E E N ( 1 9 6 9 ) recognized four subgenera in Pododesmus: 
Pododesmus s.s., Monia Gray, 1850, Heteranomia Winck-

worth, 1922, and Tedinia Gray, 1853. The only two sub-
genera with a known fossil record are Pododesmus s.s. and 
Monia. K E E N ( 1 9 6 9 ) distinguished these two genera on the 
basis of the size of the byssal foramen, with Pododesmus 
having a much smaller one. H E R T L E I N & G R A N T ( 1 9 7 2 ) 

reported Pododesmus as having thicker valves and a smaller 
foramen than Monia, and that the foramen is always plugged 
in Pododesmus but is usually open in Monia. B E U ( 1 9 6 7 ) 

considered Monia to be a distinct genus and not a subgenus 
of Pododesmus. He noted that the right valve of Pododesmus 
is considerably thicker than the very thin right valve of 
Monia and that the byssal plug is small and permanently 
fused into the shell in Pododesmus, whereas in Monia the 
byssal plug is large, thin, and completely free. Further, in 
Pododesmus the crurum is approximately triangular, with 
anterior and posterior dorsal resilial surfaces, whereas in 
Monia the crurum has only a single dorsal resilial surface. 
Although the crurum of the new species is not well pre-
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served and is incomplete even on the holotype, the other 
morphologic features indicate placement in Pododesmus s.s. 
rather than in Monia. 

The new species is similar to Pododesmus paucicostatus 
BEU (1967:240, pi. 1, fig. 3; pi. 2, figs. 6, 9, 10; text-figs. 
2a, d) from the middle Miocene of New Zealand (BEU 
& MAXWELL, 1990). Beu's species has all the diagnostic 
features of Pododesmus s.s. and is judged herein to be as-
signable to Pododesmus s.s. The new species differs from 
Beu's species in the following features: smaller valve size, 
thinner valves, and smaller byssal foramen. 

The new species is also similar to Paranomia scabra 
( M O R T O N , 1 8 3 4 ; W A D E , 1 9 2 6 : 6 7 - 6 8 , pi. 2 2 , figs. 3 - 9 ) 
from Upper Cretaceous strata in the southeastern part of 
the United States. The new species, however, is smaller, 
it has coarser and more closely spaced radial ribs, and a 
byssal foramen is located much closer to the crurum and 
lacks the long linear scar between the foramen and the 
crurum. 

Only two other Eocene anomiids are known from the 
Pacific coast of North America. One is Pododesmus inor-
natus (GABB, 1864:217, pi. 32, figs. 288, 288a) from the 
middle Eocene in central California and southwestern 
W a s h i n g t o n (STEWART, 1 9 3 0 ; VOKES, 1 9 3 9 ; WEAVER, 1 9 4 2 
[1943]; KEEN & BENTSON, 1944; M O O R E , 1987). VOKES 
(1939:57-58, pi. 3, figs. 6, 7, 9, 11) assigned P. inornatus 
to Pododesmus {Monia). Only one of the figured specimens 
( U C M P hypotype 15587, see VOKES, 1939:pl. 3, fig. 6) 
shows the interior of the right valve of P. inornatus. The 
byssal foramen and crural area are very similar to that of 
the new species, and I believe that P. inornatus should be 
placed in Pododesmus s.s. and not in Monia. The only other 
figured specimen of P. inornatus that shows the byssal 
foramen area is U C M P hypotype 15589 (see VOKES, 1939: 
pi. 3, fig. 11), but only the exterior of the right valve is 
free of matrix. Vokes' illustration is misleading because it 
gives the impression that the foramen is free of matrix. 
The area around the foramen has been excavated, and the 
border of the foramen is no longer present. It is impossible 
to tell what the exact diameter of the foramen was, and 
the larger diameter may be an artifact. Nevertheless, the 
foramen is smaller than that normally present on speci-
mens of Monia. Pododesmus (P.) dunhamorum differs from 
Pododesmus (P.) inornatus (Gabb, 1864) in having a less-
inflated left valve, fewer but much stronger radial ribs on 
the left valve, an ornamented right valve, and in lacking 
commarginal riblets or lamellae on the left valve. 

The other reported Eocene anomiid from the Pacific 
coast of North America is Anomia mcgoniglensis HANNA 
( 1 9 2 7 : 2 7 8 , pi. 3 1 , figs. 1, 2 , 5, 7 ) , from middle Eocene 
("Domengine Stage") strata of the San Diego area, south-
ern California, to southwestern Oregon (KEEN & BENTSON, 
1 9 4 4 ; TURNER, 1 9 3 8 ; WEAVER, 1 9 4 2 [ 1 9 4 3 ] ; GIVENS & 
KENNEDY, 1 9 7 6 ; SQUIRES, 1 9 8 4 , 1 9 8 9 ; M O O R E , 1 9 8 7 ) . 
VOKES ( 1 9 3 9 ) questionably put A. mcgoniglensis into syn-
onymy with Pododesmus {Monia) inornatus because the 
range in coarseness of sculpturing in A. mcgoniglensis over-

laps with that observed in P. (M.) inornatus. GLVENS & 
KENNEDY (1976), however, established A. mcgoniglensis as 
a species of Anomia, on the basis of well-preserved left 
valves that show three, rather than two, muscle scars. 

The only other Pacific coast of North America Paleogene 
anomiid species that has been assigned to Pododesmus sensu 
lato is P. newcombei CLARK & ARNOLD (1923:141, pi. 21, 
figs. 3-6; WEAVER, 1942 [1943]: 100-101, pi. 23, figs. 2, 
3, 5) from the upper Oligocene Sooke Formation, on south-
ern Vancouver Island, British Columbia. The interior of 
this species is unknown, but P. {P.) dunhamorum differs 
from it by having a much flatter right valve, coarser radial 
ribs, and fewer and more widely spaced radial ribs. CLARK 
& ARNOLD (1923) noted that P. newcombei is similar to 
P. macrochisma (Deshayes, 1839) [= P. cepio (Gray, 1850)]. 
Modern workers assign Deshayes' species to the subgenus 
Monia. Pododesmus {Monia) macrochisma ranges today along 
the Pacific coast of North America and in Japan, and is 
known as a fossil from rocks as old as late Miocene (MOORE, 
1987). 

By late Eocene, Pododesmus s.l. was present in New 
Zealand, and Pododesmus s.s. lived there from Oligocene 
through middle Miocene (BEU, 1967; BEU & MAXWELL, 
1990). IHERING (1907) reported four species of Pododesmus 
from the Patagonian Formation in Patagonia, southern 
Argentina, and DAVIES (1975) considered this formation 
to be early Miocene in age. HERTLEIN & GRANT (1972), 
however, concluded that Ihering's generic assignment of 
his four species is tenuous because of their poor preser-
vation. Pododesmus {P.) rudis has been reported from Plio-
cene rocks in Venezuela (WEISBORD, 1964). Pododesmus 
s.l. was present along the Gulf Coast of North America 
by the early Pleistocene (OLSSON & PETIT, 1964; W A R D 
& BLACKWELDER, 1987) and today persists there as P. {P.) 
rudis, which also lives in the West Indies and along much 
of the western Atlantic coast of South America. GARDNER'S 
(1926) report of P. {P.) rudis from the upper lower Mio-
cene Chipola Formation in Florida and a report of this 
species from the lower Pleistocene Waccamaw Formation 
in North Carolina could not be substantiated by WEISBORD 
(1964) and W A R D & BLACKWELDER (1987), respectively. 

The geologic range of Pododesmus s.s., previously re-
ported as Miocene to Recent (KEEN, 1969; DAVIES, 1971), 
is emended herein as late early Eocene to Recent. 

Etymology: The species is named for George and Cressie 
Dunham, whose cooperation made the discovery of this 
new species possible. 

Distribution: Upper lower Eocene (near boundary be-
tween "Capay Stage" and "Domengine Stage"), upper 
Crescent Formation, west side of Dabob Bay, eastern 
Olympic Peninsula, Jefferson County, western Washing-
ton (CSUN Iocs. 1502, 1511, and 1512). 

A C K N O W L E D G M E N T S 

George and Cressie Dunham (Pulali Point, Washington) 
kindly allowed access to private property in the Pulali 
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Point area ( C S U N Iocs. 1511 and 1512) and made this 
and other studies possible. Most of the specimens of the 
new species were collected by J a m e s L. and Gail H . Goe-
dert (Gig H a r b o r , Washington) and Keith L. Kaler 
(Olympia, Washington) . Ross E. and M a r i o n Berglund 
(Bainbridge Island, Washington) provided some of the 
specimens f rom C S U N loc. 1502. 

David R. Lindberg ( U C M P ) loaned specimens of com-
parative material . LouEl la R. Saul ( L A C M I P ) allowed 
access to the collections and loaned specimens of Paranomia 
scabra. Lindsey T . Groves and C. Clifton Coney ( L A C M ) 
allowed access to modern specimens of anomiids. Lindsey 
T . Groves, George K. Kennedy ( L A C M I P ) , and Richard 
E. Petit (Nor th Myr t l e Beach, South Carol ina) provided 
some key li terature. J a m e s L. Goedert read an early ver-
sion of the manuscript . George L. Kennedy and an anon-
ymous reviewer critically read the manuscript . 

L O C A L I T I E S C I T E D 

C S U N loc. 1502. F r o m boulder-sized blocks within a mod-
ern landslide block at base of a steep hillside, 2 km S 
of Quilcene on W shore of Dabob Bay just S of lati tude 
47°47'30"N, NEW, section 36, T 2 7 N , R 2 W , U.S. Geo-
logical Survey, 7 . 5 - m i n u t e , Qu i l cene , W a s h i n g t o n 
quadrangle , 1953, eastern Olympic Peninsula, Je f fe rson 
County, Washington. U p p e r Crescent Format ion. Age: 
Late early Eocene (near boundary between " C a p a y 
Stage" and "Domengine Stage"). Collectors: J . L. Goe-
dert, R. E. and M . Berglund, 1991. ^ U C M I P l»c- f j ^ j o 

C S U N loc. 1511. Pebble conglomerate, 63 m above base 
of stratigraphically lowermost sedimentary interbed 
found along seacliff on west side of Dabob Bay at Pulal i 
Point, latitude 47°44'45"N, longitude 122°51'06"W, 
central par t of section 18, T 2 6 N , R 1 W , U.S. Geological 
Survey, 7.5-minute, Seabeck, Washington quadrangle , 
1953 (photorevised 1968), eastern Olympic Peninsula, 
Jef ferson County, western Washington. U p p e r Crescent 
Formation. Age: Late early Eocene (near boundary be-
tween " C a p a y Stage" and "Domeng ine Stage"). Col-
lectors: J . L. and G. H . Goedert and K. Kaler , 1989-
1991. (See SQUIRES et al., 1992:figs. 2, 3). loc. 

C S U N loc. 1512. Same as the C S U N loc. 1511, except 
106 m stratigraphically higher in section. -LfyChAlP ld< 
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