
OLIGOCENE ARCID PELEC-YPODS 
OF THE GENUS ANADARA (1) 

ABSTRACT 

Thi paper i the outgrowth of an attempt to determine what use might be 
made f the arcid pele ypod genus Anadara, sensu stricto, in the interregional 
carr lation of Oligocene edimen tar, deposits . Although this genus is abun
clan tly r pr en ted in Miocene and younger strata, the list of Oligocene species 
i mall. N erthele , the e few species are widely distributed, occurring in 
J orth meri a, Europe, Africa, the J apane e Empire, and po sibly in the Philip
pine I land . Th addition of Lhe Oligocene records of the closely related sub-
g nu capharca increa-e Lhi distribution . Comparisons of specimens from 
' idel paral d localiLie fail to reveal a single identical species in Oligocene 
trala on different continent , indicating that identity of species of A.nadara is 

n I apt to b of u e in interregional synchronization of Oligocene beds even 
thouo-h thi criterion i applicable locally . This seeming lack of tratigraphical 
valu ho> e er may be off el by a consideration of Anadara as a whole, that is_. 
Anadara caphar a Cunearca, and Larkinia. Recorded data indicate that the 
r pr ntative of the e ubgcnera made their fir t appearances in many parts of 
the world in formation allcd Oligocene, neYer occurring in older rocks. It 
follow a a r a onable hypothe i that in any area containing a complete marine 
T rtiary ection the earlie t geological occurrence of Anadara, sensu lato, in the 
ec tion rna'' b taken as uae-e tina an Oliaocene a~re for the formation in which ·' ~ ~· ~ ~ ~ 

it occur . 
nother purpo e of this investigation was to di cover if the representatins 

of nadara s. s. would fall into aroup of morphologicallv distinct species . , ' 0 ..._, ._ 

Furth r, if uch group could be recognized, would they aid in separating 

(') Read before the Pacific Coast Section, Paleontological Society of America, 
Stanford University meetino-, April 12, 1935; abstract published in the Proceedings of the 
Geological ociety of America for 1935, p. 412, June, 1936. 
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Miocene from Oligocene rocks ? The result of this attempt is negative, as the 
Oligocene species of A nadara differ no more from Miocene and younger specie& 
than they do from each other . 

Some of the questions concerning the Oligocene are outlined, and rea ons 
given for including in this Series strata of Tongrian to Aquitanian age. 
inclusive. 

A large part. of the paper consists of a catalogue of the de cribed Oligocene 
species of Anadara s. s. together with a definition and (liagnosi of there lrict d 
genus . Several species of related subgenera, notably Scapharca, are also 
included, as well as a few late Tertiary and Quaternary species of Anadara. The 
most important of these are described and many of them illustrated. tudy of 
the younger species led to the description of the folio' ing· a nev : A nadara 
(Anadam) bisenensis (Recent, Japan) and A. (A) . fernzginea suhspecie waloen
sis (]ate Pliocene or early Pleistocene, Philippine Islands). 

INTRODUCTION 

We had five questions uppermo t in mind at the out el of thi tudy : 
(1) What are the Oligocene species of the arcid bivalv Anadara, sensu tricto P 
(2) Are there any general morphological feature v hieh di tingui h Olig n 
from Miocene and younger species of A nadara P (3) Can one addu id n · 
of a faunal break between the Oligocene and Miocene by the tudy of I hi aenu P 

(4) What evidence is there of interregional miaration of Oligocen of 
Anadara which might justify the use of these pecie in long-eli lan e yn 
nizations of strata P (5) How does the Recent di tribution of A nadara. 
compare with its Oligocene and later Tertiary extent P 

Answers to these questions in the order li ted above are here att mpt d : 

(1) The number of specie of Anadara, sensu stricto, occurring in trata 
known or thought to be Oligocene is . mall. The species, so far a we ha e h n 
able to determine them, are listed in Table l. The Oligocene age and ubaene
ric allocation of several of these are in doubt. 
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TABLE I. - Oligocene Species of Anadara. 

SI'ECIES 

:lnada-ra (Anadara ?) daitolcudoens·is 

Anadara (Anadara) granosa 

Anadara (Anadara ?) guembeli 

Anadara (Anadara ?) inler cedens 

Anadara (Anadara) mediaim]Jressa . 

Anadara (Anadara) mediairnpressa var. 
submontereyana 

Ana.dara (Anadara ?) srJeyeri 

Anadara (Anadara ?) stTOng·i 

Anadara (Anadara) sulcicosta 

Anadara (Anadara) wayLandi 

Anadara (Anadara ?) sp. A. 

rlnadara (Anadara ?) p. B. 

,!nadara (?) sp. C .. 

AUTHOR 

Makiyama 

Linne 

Mayer 

Wolff 

Clark 

Clark 

Semper 

Loel & Corey 

Nyst 

Cox 

Schenck & Reinhart 

Schenck & Reinhart 

Schenck & Reinhart 

FORMATION 

(Stage) 

I-Ieirolmdo 

« Vigo Group " 

Stamp ian 
( = Rupelian) 

Oligocene 

San Ramon 

San Ramon 

Sternberg 

Vaqueros 

Tongrian 

P emba Series 

Pleito 

Nye 

Eugene 

LOCALITY 

Korea 

Philippine Islands 

Bavaria 

Bavaria 

California 

California 

Germany 

California 

Belgium 

Pemba Island, 
Africa 

California 

Oregon 

Oregon 

In addition, A nadara, sensu lata, i present in the Aq uilanian of France 
(aquitani a) the aquero formation of California (santarw and weddlei), the 
II ath and n1an ora formation of Peru and Ecuador (meroensis), the Gaj 
« >> of India (oldhamiana, reported from the Gaj as cc Area radiata 
Sm »), the cc Patagonian formation» of Patagonia (c anwronesia), and from 
olh r . lrata that have been taken by one author or another to be either late 
Eo n Olio-ocene, or earl Iiocene. 

(2) A lo hell hara teri. ti s which might be u ed in differentiating assern
ligo cne and Miocene or younger species of Anadara, we have been 

b erve onl. on feature - the size of adult specimens- which has any 
'alue in thi. re peel, and even Lhi must be used with great caution. The earlie t 
. pe i . of Anadara, sensu lata, are relatively small in comparison to those of 
Mio ne-R cent age. Thu , none of the Oligocene species of Anadara attain a 
larger . iz than 41 mm., a far a can be een from available specimens, with 
one x plion gra!w a, a pccimcn of which, 61 mm. long, is here illustrated 
(Pl. II fig . 9) from the Philippine Vigo cc group ». It is noteworthy that, 
although the Vigo may be Oligocene, it is generally called Miocene. In contrast 
to the arcily of large Oligocene pecimens are the many Miocene, Pliocene, 
Pleistoc nc, and Recent pe ie , particularly of Anadara, s. s . , Larkinia, and 
Scapharca ' hich, b comparison with the Oligocene specimen , are veritable 



6 H. G. SCHENCK AND P. __ \ iV . REINHART 

g iants. The Miocene osmonti commonly attains a len g th of m ore thau 50 mm. ; 
trilineata, the California Pliocene species, n ot infrequently exceed a length 
of 75 mm. , whereas its variety calcarea. is 80 mm. or m ore in leng th. Som e 
specimen s of the Hecent formosa m easure 120 mm. 

This increase in size is doubtless too indefinite Lo have "xact time value, 
but a trend from small to large species is n cverthele an h ypothc is worth 
testing . The presen ce of a giant Anadara, sixt. or m ore millimeters in l n o· th , 
in a geologic formation of undetermin ed age wonld suggc t a late Oligo en c, or 
m ore likely a Miocen e or younger age for that formation . Th opposit itu a
tion -the presen ce of only sm all specimen s of A nadara- wo uld n ol by it. elf 
m ean a pre-Miocen e age, becan se sm all specimens of the genu ar not uncom
m on in Miocen e to Recent sediment . 

(3) The question of vvh ether any faunal break bet\ ccn Oligoc n ' and lio
cene is shown b y this study of Anadara h as been an " crcd in part in Lh pre
ceding p aragraphs, in which it was stated th at n o gen eral differ n e ould b 
detected between Oligocen e an d fiocene species, c, ccpt oc a ionall, in the 
m atter of size. Differen ces between the Oligoc n c an d fio en c pc i ar in 
general no greater than those existing am ong the evcr al Oligocen e pc i 
them selves . In fac t, several cases of clo e sim ilarity be tween Oligoc nc , p i 
and those in Miocen e or youn ger trata h ave been no ted. Th . e arc shown in 
Table- II , which also in dicate in tanccs of close relati on h ip lP twccn th e Oligo
cene species them selves . In this table, 0nly pecies bel on o·in o· to Anadara ·. s. 
and to Scapharca are listed. 

TABLE II. - Analogous Species of Anadara s. s. and Scapharca. 

AGE 

Aquitanian (Oligocene) 

Vigo (Oligocene ?) to Recent . 

Stampian (Oligocene) . 

Vicl<sburg (" Oligocene ") 

Heath (" Upper Oligocene ·"). 

Tongrian (Oligocene) 

P emba Series (" Aquitanian
Burdigalian ») 

SPECIES 

aq nitanica 

rrranosa 

guembeU 

invidiosa 

meroensis 

sulcicosta 

wayland·i 

:\:-iALOGUE 

turonica, 

bisenensis 

']Jeyeri 

milckulo 

daneyi 

mediaimpressa 
osmonti 

daul:enbergi 
timor ens is 
waloensis 

ll elvetinn ( l ioceliL') 

Recent 

Chattian (Oligocene) 

Chi.pola ( 'liocene) 

Burdigalian (Miocene) 

an Ramon (" Oligocene •) 
Temblor ( 1iocene, in part ) 

Recent 
Pleistocene 
I liocen e ? 

(4) The question dealing wit h interregional migration of Oli gocene . p r ics 
may be an swered by the statement th at this study has failed to h ow a sin gle 
example of absolute specific id entity between specimens ocC Llrrin g in th Ter
tiary deposits of Europe, the Am ericas, an d A ia. This fac t su o·ge t that uffi -
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cicnt time elapsed Lo permit the species to und ergo variou s changes in migrating 
from one area to another. W e do not place undue faith in this hypothesis; a 
Jew specimen-; from an un explored area might change the conclusion comple
lcl y. All we can say is that at the present tate of our knowledge identity oJ' 
;1 nadara . pccies is n ot apt to be a reliable criterion for the correlation of Oligo
cene formation s of th e P acific Slope of orth America with those of Europe . 

However , even !hough id entity of species of Anadara does not appear likely to 
provide a m ean of wid e correlation of Oligocene deposits, the geologic distri
bliLion of A nadara, sensu lato , suggests a rough basis for correlation. It has 
been stated already th ai A nadara s. s. did not appear until early Oligocene time. 
Similarl . , a bro11 ght o u1 in Table III , other representatives of A nadara, sensu 
lato - Scapharca, Cunearca, and Larkinia - made their first appearances in 
cl cposil ;; lhough1 lo be Oligocene. The fact that Anadara, sensu lato, had a wide 
di . lrihulion durin g Lhe ea rl Tertiary, appearin g for the first time in many parts 
of lh c world in formation called Oligocene by several authors, suggests this 
pos. ibilil y In any compl ete m arin e sequence of similar facies, the oldest 
fo rrnalic n containin g Anadara is probably of Oligocene age. 

TABLE III. - Earliest occurrences of Species of Anadara, sensu lata. 

REGION 

Europe 

Ea t Africa 

India 

Ja pa nese Empire 

East Indies 

Philippine I la nds 

\\'e tern i'\ortll An1 eri ca 

South ea tern i'\OI'lh America 

~o rth em South America 

outh em South America 

West Indie 

SPECIES 

Anadara (Anadar a) sulcicosta (Nyst) 

Anadara (Anadara) waylandi Cox 

,Lnada ra ( capharca ?) oldhamiana (Noetling) 

Anadara (Anadara ?) daitokudoensis 
(Makiyama) 

Anadara (Scapharca) sedanensis (Martin) 
(Also other species) 

Anadara (Anadara ) granosa (Linne) 

O CCURRENCE 

Tongrian, Belgium 

P emba Series, P emba 
Island 

Gaj Series, Sind 

Heirokudo formation. 
Kor ea 

Rembang beds, Java 

Vigo Gr oup, Tayabas 
P rovince 

. I nartrua (Anadara ?) sp. A, Schenck & Reinhart San Emigdio for mation 
California 

Anadara ( caphaTca) inv idiosa (Casey) 

Anadam (Scapharca) l esueuri (Dall) 

,l twda ra ( capharca ?) m ero ensis (Olsson) 

.J nada ra (Cunearca) camaronesia (von Ihering) 

,Jnadara (Scaphar ca ?) wiUobiana (Cool<e) 

Vicksburg formation, 
Mississippi 

Vicksburg formation~ 
Mississippi 

Heath formation , P eru 

Lower P atagonian, 
Patagon ia 

Antigua formatio n , 
Antigu a Island 

(5) Th rclalion b tween the Tertiary and Hecent distribution of A nadara 
will be made clear by a scrutiny of the accompan ying m ap , figure 1. 
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FIG. 1. - Map showing distribution of A.nadara. 

l\Iup showing the distribution of Tel'tial'y spedes of .1naclara s. s. and the necent mollu Tan 
provinces (after Woodward) inhabited by living specie . rl.naclara does not a lways occur throughout 
an entire province. Thus, Anaclara does not live today off the outhern coast of outh Au tmlia, 
although it does Lve in the northern part of the Australian Province, which by Woodward's definition 
includes the ocean adjacent to the entire southern half of Australia. A nadara s. ~. ha a somewhat 
wider distribution in modern seas than has the typical subgenus, occurring, for example, in the 
Transatlantic molluscan province. The occurrences of fossils are greatly generalized becau e or the 

small scale of the map. 

The oldest known specie of lhe re trictcd gcn us A nadara i. sulcico ta, from 
the Tongrian of Belgium. During Oligocene time Anadara, s. s., lived a far 
north as latitude 56°, the northernmo I record for the genu . pecie. inh a · 
bited the Miocene seas of the pre ent-day Antillean reo-ion. Specie al o liYccl 
in the Miocene seas of we tern outh America, California, Oregon , and Wa. h
ington, spreading as far north as latitude 47o, and below the equal r to 5o oulh 
latitude . On the Atlantic slope of North Ameri a, :J1ioccne pccie. ranged lo 
about 39o 30' north latitude . An Oligocene (or l\Iiocenc) pccie. o cur in Ea . t 
Africa , in the Zanzibar Protectorate. Specimens arc reported from th e 1iocene 
of the Dutch East Indies and the Philippine Island , and pcrhap from the Oli 
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gocene of 
genus ha 
l umerou. 
Empire. 

the latter place. A species tentatively allocated to the typical sub
been found in the Heirokuclo formation (Oligocene !l) of Korea. 

author report Miocene species from several localities in the Japanese 

The clo ely related subgenu Scapharca occur in the Aquitanian Stage of 
western Ew·ope, probably in the Heath formation ( « upper Oligocene ») of Peru 
and Ecuador, the << Oligocene )) of Antigua Island, and in the Vicksburg beds 
of Mis is ippi, not to men Lion it many records in strata of e tablished Miocene 
age. Both A nadara, sensu stricto, and Scapharca were cosmopolitan during the 
Miocene . 

The time when Anadara, s. s . , pread to the Americas and Asia is precisely 
' hat • e hould like to determine, ince that information would have a direct 
bearing upon the age of certain formations in the New World . Data in hand 
do not warrant a categorical tatement; they permit only of the postulation of 
lhL ' orking h. pothesi : specie spread. from the assumed European center of 
eli. per al bolh eastward and wes lward along a Tethian route during the Oligo
ccn po h; during the 1iocene epoch Anadara, s.s., attained its maximum di -
p r al, later receding to its present-dny distribution in the Lusitanian, West 

fri an. Caribbean, Panamic, Au tralian, and Indo-Pacific marine molluscan 
I roYince. . The h . pathetical continental outline e) given by W. D. Matthew 
for the ~1iddle Oligocene and Iiocene are not inconsistent with our hypothesis. 

A detailed tud, of a ino·le subgenus of the marine invertebrates alon e will 
not , rve a the ba. i for the interregional synchronization of Tertiary forma
li n nor for the proof or di proof of far-reaching theories. But when many 
a n ra ar analyzed thoroughly and the biochron of each subgenus and genus 
i a. c rlain d in ach local district, then satisfactory interregional correlatiom 
ma, po ible. 
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DEFINITION OF ANADARA 

The originally designated type speeie of Anadara Gray, 1847, is the Recent 
tropical to subtropical species Area antiquata Linne, 1758, the t. pe lo alily of 
which is probably the West Indie. . The type specimen h as been figured by 
Hanley e) and by ·woodring ('l) , and the accompanying text fig ure 2, 3, 4, ami 
5 are based upon a representative of the pecies. 

The name Anadara, sensu stric to, is applied in this paper to those p ci(•s 
having the general morphologic characteri tic of the genotype. The majori t ' 
of the species are elongate and not trigonal in outline, with umbone on ly 
moderately promin ent. The shell i cquivalve and the culpture of the two 
valves is similar, not discrepant. Th e following species, cited merely a. exam
ples, are among those that can be as igned with con fid ence to Anadara, s. s. : 
«Area» sulcicosta Nyst, from the lower Tongrian of Belgium, and well fig ured 
by von Koe·nen from the Lattorfian of Germany; « Area » diluvii Lamarck. a 

(
3

) HANLEY, Ipsa Linnaei Conchylia, pl. 4, fig. 3, 1855 . 

( 4 ) WooDRING, Carnegie Inst. Wash., Publication No 366, pl. 4, figs. 1, 2, 1925 . 
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FIGS. 2-5. - Anadara antiquata (LINNE). 

A norlnra anliquntn (Lili tH~); Hecent, West Indies. Stanford University Paleo. Type Coll. Hypotype 
No. 531 (x0.7); leugth, 60.9 mm.; height, 47 mm.; convexity of one valve, 20.2 mm. Fig. 2, Anterior 
vi ew of attached valve ; fig. 3, interior of right valve; fig. 4, dorsal view of attached valves; fig. 5, 

exterior view of right valve. l\Ieasurements for height and length are made along the lines shown 

A !\I 
AJ\1 

R ................. . 

c c ················· 
01\1 ................. .. 
HL ................. .. 
r P ................ . 
L.\ ......... ........ .. 

in fig. 3. 

KEY TO SYMBOLS 

Anterior margin. 
Anterior mu cle scar. 
Crenulation on inuer margin. 
Con ·entric culpture. 
Dor al margin. 
Hinge line. 
Inter pace between ribs. 
Ligamenta! area. 

MG ...... ..... ......... Median groove (on rib). 
PL .. ... ... ... . .. . . . .. . . Pallial line. 
P I . . .. . . .. . .. . . . . . . . . Posterior margin. 
PMS ........ P osterior muscle scar. 
HH .. . . . .. .. . .. . Hadial ribs. 
T ............. .... .. . 
u .... .... .. . 

Taxodont teeth. 
Umbo. 

VM ........ .... ... ..... Ventral margin. 

common European l\Iiocene pecies; Anadara way landi Cox, from the Tertiary 
of P mba I land ; and (( Area )) osnwnti Dall , from the Tertiarv of California. 

The above clcfinilion exclud es frlJffi Anadara, sensu stricto, those species 
pos:-;csl'ing Lhe g·cneral charnclerisLics of (( Area n incongma Say, the type of 
C unearca. In the latter calegory arc placed those forms that are distinctly ine
quivalvc, , how mar1 edl eli crcpanL ornamentation on the two valves, and which 
are u ually hi o-h and short in outline. 

InlcrmediaLe between typical Cunenrca and typical Anadara are those species 
which , alLhough having the outline of Anadara, are inequivalve and with 
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sculpture of varying degrees of discrepancy . Such specie are refcned to Sca
pharca (type Area inaequivalvis Bruguiere, 1789). otewor thy is the fact that 
in Scapharca, as well as in Cunearca, the left valve is always th e larger, over
lapping the right . Similarly, in those Lwo subgenera , the discrepan cy in sc ulp
ture is due to the ribs of the left valv<-~ being more tron gly nodcd or beaded 
than those of the right. Differen ces of dichotomy of the ribs on th e two valve 
are also often present . 

A few of the many species of Scapharca are the folloWin g : << A rca n darien
sis Brown and Pilsbry , from the Miocene of the tropical America ; «Area n aqui
tanica Mayer, from the Aquitanian stage of France· « A rea n mirandana H. K. 
Hodson , from the «Oligocene-Miocene n of Venezuela; «A r ca)) jichteli De h a. cs, 
from the ·Miocene of Europe; « Diluvarca n mik.lmla Gardner, from the iioccnc 
of Florida; and « Area n sedanensis Marlin , from the Rernbang beds of Ja a. 

The sub generic allocation of A . granosa points to tb c difficulty of d ra'' ing 
sharp boundaries between Senilia, Larkinia, and A nadara, sen u stricto if 
dependence is placed npon one morphologic fea Lure alon . ~ paralion fiLL l b · 
made upon a combination of characters. Senilia (genotype Atca enilis Linn~) 

may be distinguished from Larkinia and Anadara, s. s., b. ils x lr m ly pr . o
gyrous beaks, its unusually mall number (15 or le . ) of mooLh, broad rib~ · 

becoming obsolete at the posterior and an t rior cx Lrcmitic of th hell, and b. 
its somewhat trigonal profile. Lark.inia and Anadara, s . s., on th oth r hand, 
sometimes are not so easily separated from each other. A a rule, pc im n of 
the typical subgenus of Anadara are elongate, ' ith Lhe beak an lcri r lo lh 
center of the shell. In Larkinia (t, pc Area latkinii clson), Lhc I ngth of the 
shell ordinarily is about equal to the height, and lh b ak arc ccn lrall. plac d; 
moreover, representative specimen of the aenolype . ho' x lcriorl, · a pr noun 
ced angulation separatin g the posterior slope from the ccn lral pari f lh , h ll. 
Anadara granosa, Plate II, figure 9, :mel Plate IV , figure 1, combine .. om· 
of the characters of Anadara, s . s., and Lark.inia, having th e genera l profil f 
the latter, but lacking the distinct angulation; the peci i.- r lain cl in the 
typical subgenus, although it is a border-line ca c. 

Argina constitutes a biological unit readily identified by the ligarn ntal area 
situated posterior to the umbones only; its anterior Ieeth arc few in numh r, 
whereas the posterior teeth arc m1merous. The genoLype is figured by R eY 
(Conch . leon. , vol. 2, Area, plate 4, fig. 22, 1844). 

The definition of any genus or subgenu involves consideration of two 
separate and distinct matters : (a) the evalu ation of the taxonomic ca tegory. 
considered from the biolog ical point of view; and (b) the q uc. tion of nomen
clature, considered from the legalistic point of view. As to whether one hould 
treat Argina, Cunearca, Scapharca, Seni.lia, and Larkinia a ubgenera of lh 
genus Anadara depends to a large degree upon the sys tema tist's profc sional 
judgment and point of view. Alleged genetic classificaLions of pelecypod have 
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b en propo ed that are based upon a priori a umption s of relative ranks of cer
tain morpholog·i fealur ; a , for example, that th e hinge is of generic rank 
and th ornamentation of pecific rank. 'uch cla ification . have been prai ed 
a << objective n I au of their uniformit , de pile the obviou ubjective 
lartinO" point. Oth r cla. ificalion , i11cludin0" the one given here, are ba ed 

upon the principl of Lh ummalion of character . The evaluation of morpho
) o·ic cliff r nc and irnilarities, however, is complicated by question of 
nom nclature. For cxampl , Reinhart ha pointed out CS) that Senilia and Argina 
\\er named earli r than Anadara, and that althouo-h there is no tatement in 
Lh Jnt rnalional Rule f Zoological ~omenclature to cover uch a ituation, the 
. I riel appli ation of th law of priority would force A nadara to become a sub
genu of • en ilia or A rgina (6

). Zoological con ideralion , therefore, rather than 
1 ~g-ali I i , lead to the following arrangement : 

FA:\HLY .ARCIDAE. 

UBFAMILY ANADARINAE REINHART, 1935. 

GENUS ANADARA GRAY, 1847. 

UBGENUS LARKI IA RETNHART, 1935. 

UDGENUS CU:\'EARCA DALL, 1 9 . 

UBGENU CAPHARCA GRAY, 1847. 

GE s SE ILIA GRAY, 1 42. 

GENUS ARGI A GRAY, 1 42. 

GENU NEMOAHCA CONRAD, 1869. 

The Int rnati nal ommi ion on Zooloo-ical Nomenclature ha ruled upon 
1 h qu Lion of L h Lypr g n u of a family C). The opinion late that the 
old ~ t in lud d g n ri name need not be taken a the type for the family name. 
::\ rulinO", h " Hr, i:; yel aYailable a, to the genotype of Area, although tht> 
ca wa~ ubmitted to Lh Commi ion in 1932 (8

). We accept Area noae Linne 
a · the ()" notype f .4 rca, for rea on given by Reinhart (1935) , in tead of ArciJ 
antiquata Linne which, a ording to om authoritie , should be con idered the 
gcnotyp . '' e belieYe it likely that noae will be accepted ultimately by . the 

( 5 ) R.EDIHART Bull. J!u . Roy. Nat. Hist. Belgique, t. XI, N• 13 (August 1935), p. 54. 
( 6 ) For a imilar itualion, con ult the paper by Schenck and Frizzell. (.4.m. Jour. Sci., 

vol. 31 [June 1936] , p. 464-466.) · 
(') Opinion rendered by the International Commis ion on Zoological omenclature, 

Opinion 124 to 133. ( mith onian llli cellaneou Collections, vol. 73, ro 8 [October 28, 
1936] p. 41-44.) 

( 8 ) Our late t reque t for action wa addressed to Captain Francis Hemming, Secre
tary of the Commi ion, on January 19, 1937. 
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Commission as the genotype of Area; the possibility nevertheless exists tha1 
antiquata may be accepted instead. In that case, Anadaf'a would become an 
exact synonym of A rca, and all of the species referred to A nadara in thi paper 
would have to be called A rca. 

Evaded here is the controversial subject of the evaluation of rank of the 
units treated in this paper. For example, many specialists condemn the ub
generic category on the grounds that it does not express sa tisfactory genetic 
relationships and leads to nomenclatural tangles (9

). Sen ilia wa treated b 
Reinhart (op . cit ., p. 42) as a subgenus; it is here evaluated as a genu . After 
careful deliberation, we feel that the above cheme for the evaluation of the ub
divisions of the Anadarinae is the most satisfactory arrangement possible at 1l1P. 

present time. The value of the arrangement is that commonly-employed name 
may continue to refer to the accustomed biological entities. 

The time ranges of these units are as follows : 

Anadara, sensu stricto . 
Larkinia . 
Cunearca . 
Scapharca 
Senilia. . 
Argina . . 
Nemoarca. 

Early Tongrian to Recent. 
Oligocene (Vaqueros) to Recent. 
Oligocene to Recent. 
Oligocene to Recent. 
Tertiary (?) (1 °) to Recent. 
Late Eocene to Recent. 
Cretaceous. 

DIAGNOSIS OF ANADARA, SENSU STRICTO 

Shell equivalve, commonly inflaled, heavy, elongate-a al in ou llin e; 
umbones anterior to center of shell; beaks prosoo-yrou , pointing inward ; l ngth 
of adult shells usually 20 to 75 miilimeters, rarely 120 mm.; external culplure 
of regular, strong, radial ribs, which are plain, beaded, or grooved; int r pace 
often squarely excavated; concentric sculpture usually trong r on inter pa . 
than on ribs; sculpture of two valves similar, both as to number of rib and 
degree and kind of ornamentation; mo t species po ses from about 20 to 40 
radial ribs; when attached, two valves close tightly, lacking a bys al gape; liaa
ment external, occupying practically all of the trough- haped ligamen1al ar a 
between beaks, and extending the length of dorsal margin, both anterior and 
posterior to beaks; surface of ligamenta! area usually grooved by chevron- haped 

(
9

) ScHENCK, HuBERT, G. , The Subgenus as a taxonomic category. (Geol. Soc. Am., 
Proc. for 1936 [ 1937] .) 

{
10

) DREGER, Verhand. der k. k. geol. Reichsanstalt, Jahr. 1895, No 4, p. 129-130. 
Senilia senilis (Linne), the genotype, is reported from a deposit at St. Paul de Loanda, 
Angola (West Africa), the age of which is thought by Dreger to be Miocene, Pliocene, or 
" Diluvial "· 
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or, mor rar 1 , b. traight, lon g itndinal lin e ; hinge traight or slightly 
ar h d, l ndina n arly en tire 1 no-Lh of dorsal margin; hinge teeth numerou , 
fairl tr ng and regular, laro·cr at cxlrcmitie than at center of hinge; teeth 
more or lc. p rpendicular to hinge line ncar beaks, but omewhat oblique near 
cxtr miti of hin g , o a to converge vcntrall ; two adductor mu cle scars, 
u b qual in ize, th po terior one common! larger and more quadrangular 

th an anl rior; pallial line imple, in om pecie indi tinct! developed; inner 
ntral marain renulale, th crenulation corre pending to radial ribs on ur

fn h ll pore llan ou ; p rio tracum of horny material u ually covered with 
<< hair n. Di. tribulion : o mop lil an, in warm, hallow water; marine. Time 
range : Tono-rian ( arl~- Oligocene) to Recent. Genotype : « Area n antiquato. 
Linn'. 

CRITERIA OF SPECIFIC IMPORTANCE 

All f the morpholoaical feature of lhe hell mu ' t be taken into account in 
Lh id ntifi ali n of . pecie Of Lhe e feature, the follo' ing are con idered 
th m l imp rlanl, the nomenclature employed being explained in texl 
figur 2-5 : 

(a) Form - ize hape, onvexit,, and thickne of hell. For example, 
,, n a a ual in p Li n of granosa (Pl. IV, fio-. 1), with a large, ovate, heav. 
~h 11 b arino- hio-h full umbone c ntrally placed, at once uffice to distino-ui h 
lhi~ peric ' from ulcico ta (Pl. 1, fig. 3), which i relatively elongate and 
thin-. h 11 d, and ha lo' moderal ly harp umbone located anteriorly. 

(b) culpture - number, ize hape, and ornamentation of radial rib ; 
:;hap r latiY width , and lepth of inter pace · concentric culpture. Thee 
f 'ahlr . , hown on mo~t of th accompanying plate are illu trated in detail 
f r , ral p i on Pl. Fig . 2 and 3, for example, clearly how the 
mark l diff r nee in radial and one 'nlric culpture between an tiquata and 
hanlieyana tw p it> whi h up rficiall~- re emble each other in form. Ao-ain, 
comparison f fia. 5 wilh fi()' . 4 and 6 on the ame plate bring out the 
fart that Lh radial rib. of 1 aloensis are narrower in proportion to the inter
~pac . than Lh of timoren. i or fen·uginea . The number of rib , although 
,arying om whal within a pecie , is an important pecific criterion, which 
an h u" d , n on poorly pre erved pecimen . It i u eful in dealing with 

young . h 11 a. w ll a wi1h aduH , a the number of ribs eem not to change 
with ag . Thu th table bowing the dimcn ion and number of rib of bise
nen i under the di cu ion of that pccies, . how that the number of ribs on 
a p cim n 2. mm. long i th . arne a on hell in the neighborhood of 

50 mm. lonO'. 

(c) Ligamenta/ a1·ea - relative width, . hape; type of ligamenta! grooyes 
and th ir arran()' m nl. On Pl. I are ~hown the ligamenta! area of several 
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species, in which differences in relative ·widths are strikin g, as between figs. 6 
and 7. Various different arrangemen t of the ligamcntnl grooves, or 
« chevrons >> are there illustrated. Figs . 7 and 8 ho-vv sprcies having a larg 
number of closely-spaced « chevron », wherea in fig . 3, antiqtwta i hown to 
have no true « chevrons », but only a groove bounding the outer ide of !he 
ligamenta! area, which i triatecl with fine, horizontal gro' th line l ing 
parallel with the hinge. Such horizontal growth lines arc al o commonly 
developed in species bearing « chevrons » and may be eli c rnecl in fig . 1, 2, 5 
and 7 of Pl. VI. As is pointed out in the eli cu sion of A nadara tui'Onica, th 
arrangement of the ligamenta! groove i !.he chief m ean of di tingl1i hino· thi 
species (Pl. VI, fig. 2) from aquitanica (Pl. VI, fig. 1), and i. likcwi.c impor tant 
in separating both of these specie from diluvii (Pl. VI, fig. 6) . 

(d) Hinge - degree of arching· ize hape, in clin ation, and numb r of 
taxoclont teeth (11

) . Fig. 7 of Pl. VI show the hino·e of jichteli, in which no 
arching can be observed, the hinge being n earl trai D"hl. orne of Lh oth r , 
however, ho·w a definite though liD"hl ar h , cau eel b. a thinnino· of the hin ge 
plate at the center, as in osmonti (fig. 8). Fig. 6 show. a p cimcn of diluvii, 
in which the teeth are longer, and the hinge ·wider than on speyeri (fiD" . 5). 
Similarly, the teeth of granosa (Pl. I , fi!Y. 1b) are relati 1 lon o·, in onlra t lo 
most species. Pl. VI, figs. 5 and 8 (speyeri and osmonti), how a hinge in \\hi h 
the posterior five or six teeth lie at an angle of about 45 degree to !he hino
line, while the anterior teeth lope the other> a , althouo-h l ~ trono-ly . Tht 
two series of teeth thus converge ventrally . uch convergen c i at r on 
some species than on others; for example, jichteli (fi!Y. 7) . how lilll em v r
gence. 

(e) Adductor muscle scars - ize, hape, degree of prominence. ariation 
in muscle scars is an aid in specific determination. In granosa (P l. TV fio-. 
these scars are well developed and con. picuou , although in th relat d ~ P 

bisenensis (Pl. IV, figs. 2 a-b) they are incli tinct. 

(f) Pallial line - The two la t-named pecie illu tralr th differ n in 
development of the pallial line beb een t> o related ~ pecie ; in granosa the 
pallial line is well developed, but in bisenensis it i carccl vi. ibl . 

(g) Crenulations on inner margin of shell - A compari on of hankeyana 
and granosa (Pl. III, fig. 4a and Pl. IV, fig. 1b) illu stra te !he variation of the 
crenulations . In most species, they do not extend in id e l he pallial line, although 
in bisenensis (Pl. IV, figs. 2a-b ) some extend dor ally almo t a far a the umho. 

(
11

) The number of teeth is a criterion of specific value only on adult shells, as the 
number increases with growth. 
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orne features, . uch as color, perio tracum, and oft parts, available to the 
zooloaist, cannot be ob erved by the paleontologist, and are therefore omitted 
from this li t. In no ca e i any one feature ufficient for the identification of a 
sp cie , bttt, on th contrary, a ummation of character i alwa , nece sary. 

DEFINITION OF OLIGOCENE 

The l rm liaocene i emplo ed in thi paper to include, in a cending
ordcr, th followin . tage C2

) : Tongrian, Rupelian, Chattian, and Aquitanian 
(each with it t pe localil. in we tern Europe), and their ynonym and corre
lativ . i , -v ell kno' n, th upper and lower boundarie of the Oligocene 
. ri , in Europe and el ewh re, are and will continue to be the ubject of dis· 
agr em n t am n a . tratigrapher and paleontologi t , orne affirming that the 

li o n hould b re lrictcd to include only the Rupelian and Chattian tages 
and a ig-ning the Tong-rian tage to the upper Eocene, other maintaining that 
th quilanian , lag i referable to the Miocene Serie . A fe' authoritie even 
advo at th abandonment of the term Oligocene entirel . Those who defend 
it tak th Olio·ocene erie to be a thickne : of trata depo ited during 
a giY n in l n al of time. Hence, the Serie i a time- tratigraphic unit who e 
d fin ilion d p nd equally ltpon rock and upon time C3

) . Thi mean that 
pal on t 1 ai criteria are of prime importance in the delimiting of the Oligocene 
.._ ri . 

Th problem of th Oligocene which cannot be treated fully here, rna be 
. ummariz d a fallina into two main categorie : (a) the con titution of the 
Oligo n eri at it type area in Europe, and (b) the correlation of ediment
ary d po. it in diff rent part of the world with the bed at the type area . The 
olnti n mu l re. t upon detail d tratiaraphic tudie the recognition of facie . 

the dia~ lrophi r ord, and above all in our opinion, upon comprehen ive 
paleohiol gic in e. ligation . Which kind of evidence adduced by inve tigator 
' ill meet with g n raJ ace ptance i, difficult to predict. Thu , whether 
\[atthe, '. C~ ) view that the fir t appearance of Anchitherium in the Burdigalian 
.:;honld mark th lm r limit of the Mio ene ' ill meet with general approbation 
of all p ciali t d alina with the Mollu ca, one cannot ay. Certainly, however. 

( 12 ) CHE 'CK, HUBERT G. and M LLER , SIEMO , W., Stratigraphic Terminology, an 
unpubli hed paper pre ented before the Cordilleran Section, Geological Society of 
America, Pa adena meeting, 1936, contain the suggestion that when the words Stage, 
Serie , Group etc. are used in a restricted stratigraphic sense they should be capitalized. 
GREGORY and BARRETT, General tratigraphy (i93i, p. i8) make a imilar sugge tion. 

( 13 ) CHENCK and KLEINPELL, Bull. Am . .4_ soc. Pet. Geol., vol. 20, N• 2, p. 2i5-2i7, i936. 

( 14 ) MATTHEW, Quart. Re1. Biol., vol. i, N• 2, fig. 25, p. i67, i926; con ult also Viret. 
(Ann. niv. Lyon, n. s. I, ci., Med., fasc. 47, p. 29i-299, i929.) 
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such biological studies a his place the paleontological criteria in better per
spective than do purely faunistic studie of limited formation in i alated loca
lities. The evaluation of paleontological evidence, in hort, is be t made by 
comprehensive reviews of individual taxonomic units. 

Even granting the completion of numerou ' comprehensive paleobiological 
and stratigraphical investigation , the delimitation of the Oligocene Series, a 
well as many others, will have to be arLitrary. Consider as a related problem 
the question of where to place the boundary between the Recent. and Plei to ene 
in Europe, the Sahara desert, the Philippine Island , California, and Greenland. 
The criteria relied upon will vary both with the locality and with the cienti t. 
At some locality or localities, the transition from one erie to another erie , 
if not already kno·wn, is certain to be discovered. The establishment of arbi-
trary limits, therefore, is as satisfactor a mean of defining the Oligocen rie 
as any yet employed . . 

It is propo ed here as a con equence of this araument 
cene Series in a purely arbitrary manner. The lower limit of the erie i el 
at the ba e of the Tongrian tage at it type area in Belgium, th e lower bed· 
including, among others, the lower Tongrian marine and e p d al lier
mael. Among the several rea on for including lh T ngrian la ae in th Oli
gocene Serie i that it was o allocated hy Beyri h C5

) in hi original d finilion 
of the Oligocene . The upper limit of the Oligocene , erie. i plac d at the top of 
the Aquitanian Stage C6

) at it t. pe area in the Aquilaine ba in of Franc . 
Some stratigraphers oppo e the allocation of the quitanian t.o th Oliao

cene but place it, instead, in the Miocene. The, empha ize the lo e relation
ship between the Aquitanian and Burdigalian marine mollu can a emblage in 
the Aquitaine basin and point out that the Aquitanian Aac mark· the beainning 
of a great transgression. In support of an Oligocene age for the Aquitanian, 
however, it may be pointed out that : (1) the fauna of all tage are r lal d 
to those of adjacent Stages of the arne facie and in the arne di trict; 
(2) transgressions are not satisfactor mean . for delimiting gcoloaical tim : 
(3) the type Aquitanian Stage - as a time- tratigraphic unit - doe nol ha e 
its lower limit defined satisfactorily by paleontological criteria; (4) many pe
cies of Aquitanian invertebrates are closely related to older pecie ; and (5) th · 
Aquitanian mammals are Oligocene. On consideration of the e point w ar 
of the opinion that there are more reason for than again , t taking the quila
nian Stage as a division of the Oligocene Series. 

The solution of the second class of problem 
of deposits in different parts of the wor1d with 
various Oligocene Stages - is likewise difficult. 

- that of the ynchronization 
bed at the type area of the 
The correlative of the Ton-

(
15

) BEYRICH, K. preuss. Akad. Wiss. Berlin, Monatsber., November 1854, p. 664-666. 
See translation in Wilmarth. (U . S. Geol. Survey Bull ., 769, p. 53-54, 1925.) 

(1 6
) SCHENCK, Bull. Am. Assoc. Pet. Geol., vol. 19, No 4, p. 521-536, April 1935; 

Soc. Geol. France, C. R. S. des seances, fasc. 10, p. 143-144, May 1935. 
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grian, Rupelian, Chattian, and Aquitanian are et forth in a conci e way b. 
Julia Gardner (11

) and these ynchronization are as sa ti factory as many. We 
a cept a po siblc orrclalive of the Aquitanian lage the lower Gaj « series » of 
£ndia, the Rembang beds of Java C8

), and the« Vigo Group n of the Philippine 
I. land . The Vaquero formation of California may be of Aquitanian age or 

n omewhat older. It i becau e of the un settled nature of many ynchro~ 

nizalion that thi paper contain di cu ion of pecie which later may prove to 
b chara teri ti of eri other than the Oligocene. 

dealt with are orne Miocene and younger specie that are related to 
tho omin o- from the Oligo ene and suppo ed Oligocene bed . The justifica
ti n for thi if ju tification be needed, i that such treatment hould aid in eva
luatin g lh morpholoo-ical differen e of uch pecie of Anarlara a ~ may be u ed 
in n hronizino- widel -, eparated geological formations. 

LIST OF SPECIES EXAMINED 

ha ·amincd specimens of the eighty-six pecie , ubspecie , « varie-
ti », and « mutation ,, tabulated here under their original name-combina
tion . o far a can b determined, thi li t include all of the pecie of Anadara 
d rib d from Olio-a n formation and man from Miocene beds a -v ell as 
. c' ral Pli c n and . oun r pecie tudied for comparison with th e older ones 
and for the determination of e ential fact of di tribution. The Ludy of these 
. pe im n , th r for , form the ba i for thi report. The ubgeneric allocations 
' er made for the mo t part upon the pecimen in hand. ometimes the 
id ntifica tion of the pecimen, could not be checked and dependence 
wa. placed upon th name-label accompan. ing the fo il In those ca es, 
ron . cqu ntly opin ion regarding the uhg nu ~ of the pecie i t entative. 

EXPL 

Boldface type. 

? 

TIO OF SYMBOLS AND CONVE TIO S USED. 

Anadara, sensu stricto. 
Di cussed (fi o-ured) in text. 
Di cussed (figured) in text and believed to be from the 

Oligocene, or from beds called Oligocene. 
A igned to Scapharca. 

s igned to Cunearca. 
Interroo-ation points added after any of these symbols 

in case of doubt. 

(!') GARD ER, J LIA , Table I in Vaughan. (Bull. Geol. Soc. Am., vol. 35, p. 677-742, 
i924 .) 

(' 8 ) l\IBGROVE, Fourth Pacific Sci. Congre s. Batavia-Bandoeng, Java, May-June i929, 
p. 4-7, i929. 
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! Area abdita Mal<i'Yama. 
Area americana a Gray • Wood (Genus 

Argina). 
• Area antiquata Linne. 

··!Area aquitanica Mayer. 
I Area ( capharca) biformis Martin. 
• Anadara (Anadara) bisenensis Schencl< 

and Reinhart, n . sp. 
I A7'Ca breislack-i Basterot. 

!!? Area burnesi d'Archiac and Haime. 
Area campechensis • Gmelin • (Genus 

Argina). 
I! A7'Ca cardiiformis Basterot. 

Area (Scapharca) copiosa Pilsbry and 
Johnson. 

! A r ca cornea Reeve. 
• • Area (Anadara) daitokudoensis Mal,i 

yama. 
?! Area (Anadara) daneyi Cossmann ancl 

Peyrot. 
! Area dariensis Brown and Pilsbry. 
! Area delicatula Casey (synonym of A. 

invidiosa). 
Area (Scapharca) devexa Pilsbry and 

Johnson. 
Area devincta Conrad. 
Area diluvii Lamarclc 

! Area rnuldensis var. elongata Schaffer. 
Area ferruginea Reeve. 

• Area (Anadara ) ferruginea timorensis 

Koperberg. 
• Anadara (Anadara) ferruginea subsp. 

waloensis Schenck and Reinhart, n. 
subsp. 

I Area fichteli Deshayes. 
Area formosa Sowerby. 

!! Area (Scapharca) gendinganensis Martin. 
! Area girondica Mayer. 

.. Area granosa Linne. 
Area granosa teschi Koperberg. 

.. Area guembeli Mayer. 
• Area hankeyana Reeve. 
! Area helvetica Mayer. 

!!? Area hispida Philippi. 
! Area (Scapharca) hulshofi Martin. 
! Area inaequilateralis Guppy. 
! Area inaequivalvis Bruguiere. 

!I Area incongrua Say. 
.. Area intercedens Wolff. 

Area (Scaphar ca) intumulata P ilsbry and 
Johnson. 

"!Area invidiosa Casey. 
! Ar ea (Anadara ) junghuhni Martin. 

!! Area larkhanaensis d'Archiac & Haime. 

Ar ea latesulcata NysL. 
! Scapharca (Scapha1·ca) lesueuri Dall. 

.. Area (Scapha1·ca) mediaimpressa Clarlc 
! Area (Scapharca) rnenengtengana Mar

tin. 
' I Area (Scapharca) meroensis Olsson. 
! Diluvm·ca (Diluvarca) miklcula Gardner. 
! Area (Scapharca) mirandana H. K. Hod

son. 
!! Area (Scapharca) multi{orrnis Martin. 

Area ninolJensis Otul<a (Subgenus Lar
kinia). 

! Area (Anadara) nodosa Martin. 
Area (Anadara) ogawai Mal<iyama. 

• Area osmonti Dall. 
Area peethensis d'Archiac and Haime. 

!? Barbatia (D'Uuvarca) perplura Woodring. 
Area pexata Say (Genus Argina). 

!! Area pilula Reeve. 
!! Area pomponiana Pilsbry and Johnson . 
! Area preangeunsis Martin. 

· ! • A rca radiala • Sower by. 
!! Area rlwmbea Born. 

Area rlwrnboidella Lea (Genu Pla-
giarca). 

!! Area ( capharea) sanadil(oensis II. K. 
Hodson. 

!! Area (Anadara) santaclarana Loel anrl 
Corey. 

Area (Anadara) santana Loel and Corey 
(Subgenus Larkinia ). 

Area santana weddlei Loel and Corey 
(Subgenus Larkinia). 

Area secticostata Reeve. 
! Area ( capharca) sedanensis Martin. 

.. Area speyeri Semper. 
··?Area (Barbatia) strongi Loel and Corey. 
· · Area ( eapharca) submontereyana Clark. 

! Area subrostrata Conrad . 
• · Area sulci costa Nyst. 

Area (Anadara) tambacana Martin. 
!I Area (Cunearca ) thalia Olsson. 

Area trapezia Deshayes. 
'I Area turonica Dujardin. 
• • Anadara way Iandi Cox. 
I! Area websteri Pilsbry. 
!I Area (Scapharca) weeksi H. K. Hodson. 
!I Area (Scapharca) wiedenmayeri H. K . 

Hodson. 
"I Scapharca willobiana Cool<e. 

! Barbatia (Diluvarca) worrloni Woodring. 
II Area (Sea7Jharca) zuliana Il. K. Hodson. 
II Area zuliana var. mnrarniiJensis Jl . K. 

Hodson. 



OLIGOCE E AHCID PELECYPODS OF THE GENUS ANADARA 21 

REPOSITORIES OF SPECIMENS EXAMINED 

Name 

British Iuseum 
( 'atural History). 

Bureau of cience. 

California Academy of ·iences. 

Eidgeno !;i ch Technische 
Hocl1sch ule. 

Fred Baker Collection. 

Geological Institute, 
Kyoto Imperial University. 

G ologisch Instituut, 
Uni\·ersiteit van Am terdarn. 

1\feclllenburgi ell Geologische 
Landesanstalt. 

:\lu ee royal d'Histoire naturelle 
de Belgique. 

ru eum of Paleontology 
(Invertebrates), 

Uni\'er ity of California. 

Naturhbtori ches ru eurn. 

Oldroyd Collection. 

Paleontological Research 
In titute. 

Philadelphia Academy 
of ciences. 

Rijksmu emu van Geologie 
n Iineralogie. 

Royal chool of fine 

arnrnlung fUr Palaontologie 
und Ili tori che Geologie. 

cl1encl{ Collection. 

eclgwick Iu eurn. 

. hell Oil Cornpauy 

tanford University 
Paleontological 

Type Collection. 

t ' nited tates 'ational Mu eum. 

Address Abbreviation 

London, England. Brit. Mus. 

Ianila, P. I. Phil. Bur. Sci. 

all Francisco, California. C. A. S. 

Zurich, witzerlancl. 

Point Lorna, California. 

Kyoto, Japan. Geol. Inst., Kyoto Imp. Univ. 

.\msterdarn, The Netherlancls. Geol. Inst. Univ. Amsterdam. 

Rostock, Germany. 

Brussels, Belgium. Mus. roy. Hist. nat. Belg. 

Berkeley, California. Univ. Calif. Mus. Invert. Paleo. 

Basel, Switzerland. 

:-; ·a nrord Univer ity, California. Oldroyd Coll. 

Ithaca, New York. Paleo. Res. Inst. 

Philadelphia, P ennsylvania. 

Leiden. The etherlands. IUjJ;; Geol.-1\lin. l\Ius. 

London, England. 

Munich, Germany. 

~ t anford University, Caltfornia. Schencl{ Coli. 

Cambridge, England. 

Bakersfield, California . 

Stanford University , California . Stanford Univ. Paleo. type col!. 

Washington, D. C. U. S. at. Mus. 
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OLIGOCENE SPECIES OF ANADARA, s. s. 

SPECIES FROM EUROPE 

Anadara (Anadara) sulci costa (NYsT), 1836. 

Pl. I , fig. 3; pl. II, fig. 1. 

1836. Area sulcicosta NYST, Rech . coq. foss. de Housselt et Kleyn-Spauwn. , p. 10, 
No 26, pl. 1, fig . 26 . " Housselt et Vliermael. " 

1839. Area sulcicosta. DUMONT, Bull. Acad. roy. Sci. et Belles-Lettres, Bruxelles, t. VI, 
2" partie, annee 1839, No 11, p . 473. Tongrian : Grimmertingen, Hasselt, and 
Lethen, Belgium. 

1845. Area sulcicosta NYST , Mem. cour. des Sav. Etrangers, Acad . roy. de Bruxelles, 
t . 17, p. 257-258, pl. 18, figs . 9a, b. 

1848. Area sulcicosta NYST, Mem. Acad. roy. Belg., t. 22. Tableau synoptique ... des 
Arcacees, p. 70-71. Tertiary : Vliermael, Hasselt and Lethen, province of Lim
bourg, Belgium. 

i864. A . duplicata Sow. (partim), VON KOENEN , Quart. Jour. Geol. Soc. London, Proc. 
Dec. 2, 1863, vol. 20, p. 100. NoT A.rca duplicata Sowerby, 1824, a synonym 
of A. appendiculata Sowerby, 1821. 

1886. Area appendiculata J. Sow., VINCENT, Ann . Soc . roy. Malac. Belg., t. 21, p. 13. 
NoT Area appendiculata J. Sowerby, Miner. Conch., vol. 3, p. 135, pl. 276, fig. 3, 
1821; a Barbatia from the Barton beds, Eocene, of England. 

1893. Area sulcicosta Nyst, VON KOENEN, Abh. d. geol. Landesanstalt, Bd. X, Heft 5, 
p. 1097-1100, pl. LXX, fig. 1a, 1b, 2a, 2b, 2c . Lower Oligocene : Lattorf, Atzen
dorf, Unseburg, Wolmirsleben, Osterweddingen, Lethen, Hasselt, Vliermael. 
Brockenhurst. 

1893.?, Area sulcicosta var. camerata VON KOENEN, supra cit., p. 1099-1100, pl. 70 , figs. 3-4. 

1902.?, Area appendiculata . MAURY, Bull. Amer. Palaeont., vol. 3, No 15, p. 327, 1agd -
burg sands: Germany; p. 391, Tongrian : Belgium. 

1912. A . sulcicosta NYST, CoSSMANN and PEYROT, Actes Soc. Linn. Bordeaux, t. 66, p. 282. 
Differentiated from daneyi, an Aquitanian species. 

1936. Anadara (Anadara) sulcicosta (Nyst), ScHENCK and REINHART, Geol. Soc. Am., Proc. 
for 1935 (June 1936), p. 412. 

NoT Area sulcicosta GABB, Paleontology of California, voL 2, pt. 1, p. 31, pl. 9, figs. 53. 
53a, 1866. (Renamed A. schizotoma Dall, 1898.) 

TYPE MATERIAL. - Holotype unknown. Lectotype (here selected) No 1, 
paratypes 1\' 0

" 2-5 , hypotypes No• 112, 142, Mus. roy . Hist. nat. Belg. 

fYPE LOCALITY . -- cc Sables de Vliermael n, lmver Tongrian , at Vliermael, 
Province of Limbourg, Belgium. Fig. 6 is a sketch map showing the general 
geology of this district. 
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E. van den Broeck pointed out in the description of the Bilsen sheet (1883) 
that the Tongrian is a transgressive formation, with a conglomerate (Tg1a) at 
Lhe base, followed by 2-3 meters of sands, succeeded, in turn, by fossiliferous 
argillaceous sands (Tg1c) about 12-15 meters thick. Above these sands is a 
quartzose sand, finely stratified, having a maximum thickness of 8 meters. 
These beds, totalling some 80 feeL in tltickness , comprise the lower Tongrian a1 
its type area, although nearby a total thickness of nearly 250 feet is reported . 
The lower Tongrian grade upwards into homogeneous greenish sands (Tg2a) 
of the lower part of the upper or « fluvio-marine n Tongrian . The middle part 
uJ the upper Tongrian is the « Argile de Henis n (Tg2b), composed chiefly of 
sando clay and fine sands. The uppermost part (Tg2c), classically exposed at 
Vieux-Jonc , is made up of clays with Cyrena semistriata Deshayes, etc . The 
upper, or non-marine, Tongrian locally has a maximum thickness of about 
50 feel. The Tongrian thus totals abou1 130 feet in thickness at its type area. 

· :~ :......... 61 ~'< sY 

~ ~~: . .. TONGRE~ 
I 0 I 2 3 4 5 6 7 8 9 10 KILOMETERS 

FIG. G. - Map showing type locality of A.nadara sulcicosta. 

l\lap howing the type locality of A.nadara suLcicosta (Nyst), modified from 
• La carte geologique de la Belgique, troisieme etat », 1900. 

TE = Eocene; TT = Tongrian (lower Oligocene); TR = Rupelian 
(middle Oligocene); TMP = Bolderian (upper Miocene). 

The tratigraphic relations between the Rupelian and upper Tongrian ar~ 
well hown in everal localities in thi region. The basal Rupelian is marine. 
The lower Rupelian (R1) con ists of the << Sables du Limbourg n with Glycyme
ris obovatus, and the upper (R2) is the« Argile du Rupel n . R1a is a pebble 
bed R1 b i the « • able de Berg n, quartzose sands up to about 8 meters thick. 
H.1c i andy clay, with numerous specimens of Nucula, aggregating about 
10 meter in thickness. R1d consists of 4 meters of sands . R2a is gravel about 
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1 meter thick, R2c is 2 meters of clay. The total thickness of the Rupelian in 
Belgium is about 450 feet C9

). 

The Eocene beds underlying· the Tongrian in this area are not vppermost 
Eocene (Bartonian), hence the Tongrian Stage at its type locality cannot be saiJ 
to have a stratigraphic base. However, superposition is convincing evidence 
that the type Tong·rian is lower and older than the typical Rupelian. 

MATERIAL EXAMINED. - The type specimens cited aLove; one topotype . 
Schenck Coll. No 856. Numerous specimens in the Natural History Mu eurn, 
Brussels, from the (( Sables de Vliermael » and from the lower Tongrian at 
Lethen, Broek, Hasselt, Smeermaas, and Neerrepen, Province of Limbourg, 
Belgium. 

DESCRIPTION OF LECTOTYPE AND PARATYPES. - Shell of medium size for genu , 
equivalve, inequilateral, trapezoidal in outline; anterior margin evenly rounded, 
ventral margin nearly straight and parallel to hinge, posterior maro·in sharply 
rounded below and straight above; dorsal margin interrupted by fairl promi
nent umbones located anterior to center of hell; medial sulcu extendino· from 

. tip of beaks to center of ventral margin, but pronounced onl. in vicinit or 
umbones; no byssal gape; radial ribs 23 to 30 in number, cro. sed I y inconspi
cuous growth lines; the ribs begin to dichotomize when the shell attain a height 
of about 6.5 mm. , becoming distinctly twinned at the ventral margin; width of 
such (( double n ribs is up to 1.8 mm.; right and left valves equall, culptured; 

_ligamenta] area moderately •vide, bearing 3 ± irregularly chevron- haped liga
menta! grooves; hinge straight, bearing· many small taxodont teeth perpendic
ular to the hinge line except at the extremities where they become obliql1e; 
muscle scars subequal; interior of shell vertically striated inside of pallial line; 
inner margin of shell strongly crenulate, but cren ulations les strong at inter
section of medial sulcus with ventral margin; pallia lline rather weak. 

DIMENSIONS.- The lectotype and paratypes have the following dimen ion : 

TABLE IV. --' Dimensions of types of sulcicosta. 

Type Convexity 
Number Rat-io of 

specimen Length Height of one of radial height to 
in Mnsee in mm. in=. valve ribs. length in 

Royal. in=. percent ( '). 

Lectotype No. 1 33.8 20.8 8.9 29 G2 

No. 2 37.5 21.3 - 28 57 

Paratypes . 
No. 3 25.2 14.9 5.7 27 59 
No. 4 20.0 12.9 - 28 62 
No. 5 7.3 4.8 1.8 I 23 62 

(') The ratio here expressed may vary from about 1 to 5 %, depending upon the person who 
makes the measurements . 

(
19

) F'OUI\MARIER, Ann. Soc. geol. Belg. Aimee i933-i934, p. i73, i934, gives the 
maximum thickness of the Tongrian as 80 meters, of the Rupelian i46 meters. 
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Lec totype o 1 i illustrated by figures 3 d, e, and j of Plate I. The speci
men shown on Plate I. figures· 3 a, b, and cis Hypotype No 112 from Grimmer
tingen ; il dimen ion are :length 21.6 mm. ; height, 13.4 mm. , convexity (both 
valve ), 12 mm. , mea urements by M. Glibert. The specimen fig ured on 
plate II , fig. 1, i a right valve (from Neerrepen) 1.9 mm. ]n leng th; it is Hypo
type ro 142 of the arne mu eum. 

In the ollection in the atural History Museum in Brussel are numerous 
specimen from th lower Tongrian sands of nearby localitie in the province 
of Limbouro- . The dimen ion . of these fossils are given in the accompanying 
Table V. 

TABLE V (' ). - Dimension& of Anadara sulcicosta. 

s:i p, • p,~ .; £ ..; z . 
~~ 

..., ~ ...,., ...~ Q ,.; 
"' -~ ~ .... ., ., .... 

~ 
., 

~$ .§ ll'~ ><I> ~ ... ·" LOCALITY. ~~ ., .... a3 0 ..:l iil ;; s 0 "' 
I> ol 

"' ~-S t:Q .s " I> "I> :;3 Po cn::s 
Po o.,.. 0 Z"' ce .s :::: Ill o ~ 0~ cl ... ~ 

Grimmertingen 1 5.0 3.0 28 60 1 

Grimmerti ngen 2 5.3 3.1 1.3 26 58 2 

Letben 1 12.1 7. 3.2 25 64 3 

Lethen 2 12.7 8.2 3.3 28 65 4 

Broek 1 14.6 8.4 3.6 26 58 5 

Grimmertingen 3 16.1 10.4 7.7 26 65 6 

Grimmertingen 4 16.6 10.5 3.8 26 63 7 

Grimmertingen 5 20.4 13.6 5.4 27 67 8 

Hoesselt 1 21.2 13.5 26 64 9 

Grimmertingen 6 21.7 14.4 11.6 24 I 66 10 

Smeermaas 1 2~.0 13.5 5.6 25 61 11 

Broek 2 I 22.2 14.3 27 64 12 

Hoesselt 2 Z.'>.O 141 5.2 28 69 13 

Lethen 3 25.4 15.9 6.0 27 63 14 

Lethen 4 25.7 16.5 7.4 28 64 15 

Lethen 5 25.8 16.4 7.0 2S 64 16 

Grimmertingen 7 27.6 16.6 14.4 2 60 17 

Grimmertingen 8 28.1 16.6 17.0 25 59 18 

Grimmertingen 9 28.2 17.4 7.6 26 62 

I 
19 

Let hen 6 9 .2 17.6 7.7 2!) 62 20 

Broek 3 28.6 17.7 2 62 21 

Grimmertingen 10 28.7 16.0 6.4 25 66 22 

Hoesselt 3 30.0 1 .0 7.9 30 60 23 

Grimmertingen 11 30.7 18.6 9.0 26 61 24 

meermaas 2 31.2 19.4 7.2 29 62 25 

Broek 4 31.8 1 .5 27 5 26 

Broek 5 3'>.2 17.9 2 56 27 

Lethen 7 32.2 21.2 .9 2 66 I 2 

Grimmertingen 12 32.3 19.7 8.9 25 61 29 

Lethen 8 33.3 20.0 8.3 28 60 30 

(') Measurement and count by H. G. Schenck. 
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TABLE V. - Dimensions of Anadara sulci costa (contlnuecl). 

l:i 
I 

~ . ~...:. ui B ..; 
,.d • 

~ s ...,- ..., "' ... .o s:l c; ~ Q) +>S ·~ Q) ·~ Q) 
.,.~ 

Pi Q) s " ... " ... .0 ... 

~s .~ s .,- .,_ 
~~ 

·" ·- .0 
LOCALITY. ·;:; ... " ... " .9 ~ ~ ~ ~ ~ .s 

Q) s:l ... 1'1 ... Q) 
j:q .s ..., p, 

c. o.-. 0 z ol " .s rnl'l 
rn o~ 0~ ... P'l 

Grim mertingen 13 34.1 20.5 17.8 29 60 31 

Hoesselt 4 34.6 20 8 9.6 28 60 32 

Broek 6 36.3 21.8 30 60 33 

Hoesselt 5 37.1 22.7 9.9 28 61 34 

Hoesselt 6 37.6 22.1 10.1 27 5!! 35 

Broek 7 40.0 23.3 27 !i 36 

Broek 8 40.6 23.4 2!) 5 37 

Grimmertingen 14 41.3 24.2 10./t 26 5!) 3 

DIAGNOSIS oF THE ADDITIO 'AL rATEIUAL FRO t BELGT r. - Th im n. 

listed in Table V and some from Neerrepen furni h lhe ba i for lh f llowinO' 
remark : The anterior erie of teeth (e peciall. in p im n , mall r than 
3 mm. in length) is short and omewhat irregular, with lh hing wid n d 
anteriorly, in thi respect having an Argina-like arrangemen t ; lh ligam nt, 
however, is amphidetic ·- not confined to the po terior of the b ak a ' in t ryina. 
The teeth of these small specimen are highl, inclined in the po l rior rie~, 

lying at an angle of about 45• to the hinge line, but are more n arly v rti al in 
the anterior series. On shells which are about 12 mm. in length, the hing is 
that of the adult. The ribs are entire and have a beaded app aran on helL 
4 ± mm. in length, and the medial sulcu at thi lao·e i pronounced to th 
extent that it forms an indentation of the ventral marcrin. It hough the numb r 
of ribs, regardle s of the size of the specimen, range from 23-30, on -third of 
42 shells measured have 28 ribs. The ligamenta! area i. moderat ly wide; a 
single valve 33.0 mm . long, for example, ha an area 3.0 mm. ' id , m a urcll 
directly under the beaks. 

COMPARISO 'S AND SUBGENERIC ALLOCATIO . - , ( I'CQ su[cico fa var. camerata 
von Koenen (1893, p. 1099-1100, pl. LXX, ficr . 3-4) i of doubtful alidit .. 
Considering its smaller size, as compared with sulcicosta, the di tinction cited 
by the German authority are probably of little significance. 

Several species of Anadara other than sulcicosta have an incipient or well
developed medial sulcus and have other general feature in common . mong 
these are speyeri (Semper), diluvii (Lamarck), mediaimpressa (Clarl ), invidiosa 
(Casey), daneyi (Cossmann & Peyrot), and aquitanica (Mayer). Only sulcico. ta 
and invidiosa, however, have the medial sulcus extending from th e beak. to 
the ventral margin, whereas on the other species named , thi depre. ion i con-
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fined to the umbonal region. Since invidiosa has discrepant sculpture and is 
therefore a Scapharca, it can be separated readily from sulcicosta. 

. sulcicosta need not be confused with Barbatia intumescens Slodke
wil h C0

), de cribed from the Charkov Stage of the Oligocene on the Omelnik 
River, . outhern Ru sia. Thi bivalve was described as a variety of « Barbatia 
sulcicosta t n, but it i not congeneric with ryst's species. 

Th B lgian pecie , sulcicosta, was placed by Vincent and at one time by 
von Koenen in . nonymy with f'owerby's « A rca n appendicnl.ata and duplicata, 
both from the upper Eocene of Barton , England. Von Koenen (1893) recog
nize] the mi take of hi earlier determination and separated sulcicosta from 
appendiculata, but additional di cu ion is pertinent. 

Concerning owerb.' pecie , Wood (21
) considered duplicata Sowerby to 

be a variet. of th earlier-named species appendiculata. The type of duplicata 
wa « ent from Hordwell by everal friend. n e2

) to Sower by, and the type of 
n,ppendiculata i from Barton, adjoining localities. Both are from the Barton 
bed (23

) . The holotype, in the Briti h Mu eum of _ atural History, has the 
fall ' ing dimen ion according to Co : length, 16.8 mm., height 11.8 mm., 
com xit~- (~ ingle alve) , 3.9 mm. An examination of a number of topotypes 
. h w that it i not po ible to maintain even a varietal distinction between 
duplicata and appendiculata (the latter 11 arne to be retained). 

The e fo il , moreover, are not Anadara, but Barbatia. The topotype from 
Barton haY many fin , narrow radial rib that are undivided on the mall shell 
and in th earl, lag of the larger one , but the ribs are divided on the more 
malur pe.cimen . The lio·amental area, which i present on both sides of the 
beak , i up to about 2.5 mm. \ ide, as mea ured under the beaks. The teeth 
onver()'e ven trail. and are mall at the center of the hinge. The inner margin 

of lh h ll L . mooth on the larger specimen ; the byssal gape is mall. The 
fo il :xhibit no po terior enlargement in outline, a in theca e of Cucullaearca. 
Wood' figur giv one a good idea of appendiculata, but the larger topotypes 
do not how , uch a dentate inner ventral mar()'in as do hi figure . With the 
p cim n , from Barton placed along ide of tho e from near Tongre , it i ea y to 

di tino·ui. h tLlcicosta from appendiculata : by ornamentation, profile, character 
of inner ventral mar()'in and other feature . 

{" 0 ) LODKE\YITSCH, Tran . Geol. and Prospecting Service of u. S. . R., fasc. 89, 
p. 55, pl. 1, fig. 2. Moscow, 1932. 

(" ' ) vVooo, A_ ,lJono,qraph of the Eocene Bivalves of England, vol. 1, p. 79, pl. 14, 
fig . 3a-f. (Paleont. oc. London), August 1864. 

( 22 ) SO\\'ERBY, Miner. Conclz., vol. 5, p. 116, pl. 474, fig. 1, 1824. 

( 23 ) Letter to H. G. CHE CK by L. R. Cox, dated October 30, 1933. 
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The Tongrian species has also been confused with Anadara diluvii 
(Lamarck) C4

), but the two species can be distinguished by the fact that diluvii 
lacks the conspicuous medial sulcus and divided ribs characteristic of suleieosta. 

The description given above, the illustrations, and the remarks just com 
pleted should serve to support the allocation of suleieosta to the typical u bgenus 
of Anadara. 

Anadara (Anada.ra 1) speyeri (SEMPER), 1861. 

PL I, figs 4, 5; pl. VI, fig. 5. 

i86L Area speyeri SEMPER, Beitrage zur Kenntnis der Tertiarformation, 4 Teil, KaLalog 
einer Sammlung Petrefakten der Sternberger Gesteins, Archiv des Vereins der 
Freunde der Naturgeschichte in Mecklenburg, Bd. i5, p. 323. Sternberg sand
stone : Germany. 

i907.?, Area speyeri Semper, RAVN, Mem. Acad. roy. Sci., Let. de Danemark, 7" ser., Sect. 
des Sciences, t. 3, N• 2, p. 262. Tertiary: Jutland. 

TYPE MATERIAL. - Holotype, unknown. 

ToPOTYPES and HYPOTYPES : Mecklenburgische Geologische Lande an lalt , 
in Rostock. 

HYPOTYPES 
N•• 916a, 916b. 

Stanford Univ. paleo. type call. l • 5957; Scherr k call. , 

TYPE LOCALITY . -- Sternberg near iecklenburg, Germany. , l rnb rg 
sandstone, called upper Oligocene (Chattian) by Kayser C5

) . However, 0. H. 
Schindewolf informs us es) that the Sternberg sandstone on i t of block in 
glacial till and does not outcrop in place as a formation. 

ORIGINAL DESCRIPTION. - The original description reads, after li ting an um
ber of specimens incorrectly identified as « Area diluvii » but that are actuall 
speyeri, as follows : 

« Von den vorliegenden Schalen ist keine ganz erhalten , aller al er be' ei
sen deutlich ihre Verschiedenheit von der, meistens A. diluvii genannlen rt 
(Area antiquata Brocchi nee . L. ) die vom Wirbel ausstrahlenden Hippen ind 
bei dieser nie d urch eine Langsfurche getheilt, bei allen gut erhaltenen E m
plaren der A. speyeri aber sind sie es stets . An einer kleineren, g ut erhallen 
Schale der A. speyeri, deren Inneres aber verdeckt ist, zahle ich 29 Hippen, die 
nur in der Mitte der Schale ebenso breit wie ihre Zwischenraume sind, vorne und 
hinten aber sehr viel breiter. Die Hippen sind platt und wenig erhabcn und ilic 
vorderen stets gefurcht . Der vordere Muskeleindruck ist bei beiden Arten ahn-

(
24

) SEE FAVRE, Catalogue illustre de la Collection Lamarck , i part, Fossiles, Conch. 
dimyaires, pl. 30 , figs. i92-i99 , i9i8. 

(
25

) KAYSER, Lehrbuch der geologischen Formationskunde, i924, p. 290. 
(

26
) Letter dated February i5, i936. 
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lich: d r hintere aber ist an der oligodi.nen Art viel schwacher und von anderer 
Form 

» Der von d'Orbign o-egebene Name (27
) ist vollstandig sinnlos und umfasst 

auss r dcr vorliegenden oligocanen mindestens ·noch eine miociine Art. So habe 
ich geglaubt, der norddeutschen oligocanen Art, deren Selb tandigkeit auch 
Desha e anerkannt hat, einer neuen Namen geben zu diirfen und bitte Herrn 
Dr. pe er die Widmung der elben anzunehmen. 

» Mein gro Le vollstandig erhaltenes Exemplar des Sternberger Gesteins 
ist 16 Mm. lang und 13 Mm. hoch, doch kommen noch bedeutend grossere 
Exemplare vor. » 

DE RIPTIO ' OF MATERIAL EXAMI ED. - Professor F. Schuh submitted to us, 
through Profe or Otto Wilckens, a uite of unattached valves from Sternberg, 
Lhe type locality of the species. The specimens may be described as follows : 

'mall to medium in ize, perhaps equivalved, moderately inflated, inequi
lat ral; beak prominent, prosogyrate, ituated anterior to center of shell; dis
tin t, hallow umbonal depression pre ent at tip of beak on every specimen 
examined (34 in all) from malle t to largest, extending ventrally for only 1 to 
2 millim ter ; outline of hell rhombic; anterior margin rounded, ventral 
maro-in lightl rounded to traight; posterior margin slightly rounded to 
Lrun at · culpture of 26 to 28 radial rib C8

) cro ed by les. prominent concen
tric o-ro-v Lh line ; orne pecimens show a weak groove in the middle of the ribs, 
and orne left valve have faintly beaded appearance usually not present on 
ri o-ht al e ; thi di crepanc in sculpture i slight C9

); ligamenta! area narrow, 
nearl fiat; a few chevron-shaped grooves present on one large pecimen, super
impo ed upon longitudinal growth lines; teeth fairly regular, proportional in 
numb r to ize of hell, there being about 50 on a specimen 21.5 mm. long, 
and only 26 on one 11 mm. long ; on mature specimens, teeth in central third 
of hing mall and perpendicular to hinge line but at extremitie of hinge, teeth 
are lono- r, and con erge ventrally, this convergence being far more pronounced 
on young pecim n than on adults; inner margin of shell strongly crenulated; 
in id the indi tinct pallial line, crenulation continue, in some of the small thin 
valve , a radial o-roove which reflect the external ribbing; interior of shell 

e7
) Area subdiluvii o'ORBIGNY (Prodrome, 1852, 3, p. 123), placed (in part) by Semper 

in the synonymy of A. speyeri. 
( 28 ) Semper gives 29 as the number of ribs on the holotype, and we have counted 30 

on one hell ( chenck coll. No 916) from Rosental, Germany. 
( 2 9 ) The largest valve in the lot agrees in appearance with an unfigured specimen 

( o 916 , Schenck coll. ) of this species of equal size from the Chattian of Rosental, Rhine
land. On the pecimen from Rosental illustrated on plate I, figs. 5b, 5e, the discrepancy 
of sculpture is clearly marked, all but the posterior ribs being beaded on the left valve, 
whereas on the right, only the anterior ribs are beaded. 
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not well preserved on adult specimens examined; adductor muscle scars indis
tinct; shell evidently tightly closed, without a byssal gape . 

DIMENSIONS. - Measurements (in millimeters) of th e Mecklenburg In stitute 
specimens from Sternberg are given in the accompanying Table VI. 

TABLE VI. - Dimensions of Anadara spey eri. 

Right Number Ratio of 
Length Height Convexity height to 

SPECIMEN. or left in mm. inmm. (one valve). of radial length in 
valve. ribs. percent. 

1 Right 7.7 5.4 2.0 27 70.1 

2 Rigl1 t 8.5 6.2 2.3 28 72.!l 

3 Rigllt. 8.2 5.7 2.0 27 69.5 

4 Rigl1 t 9.8 6.5 2.6 27 66.3 

5 Left 9.3 7.0 2.7 28 75.2 

6 Left 10.0 7.8 3.0 26 78.0 

7 Left 10.5 8.1 3.0 26 77.1 

8 Left 11.0 7.7 2.8 26 70.0 

9 Left 10.5 8.1 3.2 26 77.1 

10 Left 14.3 12.0± 83.2 

11 Right 14.6 9.6± 65.7 

12 Left 21.5 16/t 5.2 28 76.2 

SuBGENERIC ALLOCATION. - Until we have examined a specimen of 1hi 
species with the valves in the attached po ition, we cannot decide whether it i 
inequivalved or not, and hence cannot be sure that it is not referable 
to Scapharca. The slight but distinct discrepancy in culpture of the righL and 
left valves described above suggests that the species may belong to Scapharca. 
It is excluded from Cunearca because it lacks the typically elevaLed profile of 
that subgenus . We tentatively favor Anadara s. s. as the subgenus for speyeri. 

CoMPARISONS. - Anadara speyeri has much in common with A. (Scapharca) 
aquitanica (Mayer), the chief differences determined by an examination of the 
material available being the following : aquitanica has a lightly more 
pronounced ridge extending from the umbones to the po terior ventral margin 
and the ribs of this species do not dichotomize, whereas on speyeri on both right 
and left valves of mature specimens (especially on the anterior half of shell) the 
ribs are dichotomous. Furthermore, aquitanica is definitely inequivalved . 
A . turonica (Dujardin) is so closely related to aquitanica that com pari on with 
speyeri is not necessary. 

A . speyeri also closely resembles A. (Scapharca il) daneyi (Gassmann and 
Peyrot), from southern France. The latter species, however, has a continuou ly 
convex ventral margin, whereas on speyeri the ventral margin is straight 



OLIGOCENE ARCID PELECYPODS OF THE GENUS ANADARA 31 

thrm..1ghout a part of its course. A. daneyi may also prove to be consistently 
slightly more elongate and more compressed than either speyeri or aquitanica. 
For a comparison of speyeri with its close relative, A. (Anadara ?) guembeli 
(Mayer), see the description of that species (page 32) and figures on plate IL 

The hinge of a pecimen of speyeri is illustrated in figure 5, plate VI. The 
anterior part of the ligamental area is bevelled smooth, whereas the posterior 
is bounded by a « cliff ». The contrast between this and antiquata, shown in 
fig . 3 of the same plate, is striking. Figure 4 (daneyi) and fig . 6 (diluvii) show 
the same bevelling, as do jichteli (fig. 7) and osmonti (fig. 8). The last two 
differ from the others shown on plate VI by the extreme width of the ligamenta! 
area and in having a larger number of << chevrons ». 

Anadal'a (Anadara 1) guembeli (MAYER), 1868. 

Pl. II, fig. 6. 

1868. Area Guembeli MAYER, Vierteljahrsschrift d. Naturf. Gesell. in Zurich, Dreizehn
ter Jahrgang, p. 33, 87 (separate pagination, p. 14, 69), Upper Bavaria. 

1897. NoT Area Guembeli Mayer-Eymar, WoLFF, Palaeontographica, Bd. 43, 5-6 Lief., 
p. 238, pl. 21, figs. 13, 14. Oligocene : · Schlierach bei Meisbach. (Probably 
immature A. intereedens Wolff). 

TYPE ~rATERIAL . - yntypes, Lot No C-1063, Museum of Geology of the Eid
geno 1 h Te hni che Hochschule at Zurich, Switzerland. Professor A. Jeannet 
inform u (letter dated .Tul 7, 1936) that it was upon this lot that Mayer based 

FIG. 7. - Map showing type locality of Anadara guembeli. 
Sketch map of the area southwest of Rosenheim, 
west of the Chiemsee in Bavaria, showing the 
Oligocene molasse carrying Anadara guembeLi (MAYER). 

This is the type locality of the species. 

his original description. These specimens were collected by Mayer himself from 
Aubachgraben. Inasmuch as, again according to .Teannet (letter dated Octo
ber 28, 1935), Mayer did not select a type specimen, we hereby designate as 
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lectotype the specimen figured on plate II , fig. 6, one of the orig-inal syntypes 
from Aubachgrahen . This specimen, along with the others of Lot No C-1063, 
is deposited in the same Museum of Geology at Zurich. 

TYPE LOCAL TTY. - A ubachgraben ( = Auerbachgraben), Upper Bavaria . 
« Marnes a Cyrenes .. .. .. partie moyenne de l'Etage aquitanien )) ( = Stamp ian , 
fid e R. Rutsch , letter dated July 1, 1935). This locality is shown in figure 7, 
a sketch map of the area southwest of Rosenheim supplied to us by Profes or 
Jeannet. 

ORIGINAL DESCRIPTIO . - « A. testa ovata, transversa, paulum ventrico a, 
inaequilaterali; costis 24, intersticiis paulo latioribus, planulatis, ulco humili 
bipartitis, fere laevigatis; lateribus attenuatis, rotunda tis ; antico brevi ore· 
umbonibus tumidu s, recurvis; area mediocri, sublanceolata, sulcata; dentibu 
numerosis, satis tenuibus. - Long. 20, lat. 14 millim. n 

Althoug·h Mayer did not figure this hell, he stated (sup ra cit., p. 87) that 
« la forme ovale de cette petite espece, sa Iegere compres ion et es cotes p u 
nombreuses, un peu espacees, bipartites et a peu pres lisses la distinguent d 
l'A . turonica avec laquelle elle a Ie· plus de rapports. n 

MATERIAL EXAMINED. - Several specimens from ubachgraben, and from 
the << Aquitanian )) of Meisbach and Franenried in Leizach tal, Bavaria. 

NoTES ON MATERIAL EXAMINED. - The lectotype, a left valve, ha 24 radial 
ribs, slightly beaded in the umbonal region. On the anterior half of the hell, 
the ribs become dichotomous toward the ventral margin . A light, but distincl 
umbonal sulcus, similar to that on Anadara speyeri, i pre ent. The hino-e i 
typically anadarid, very similar to that of speyeri. The dimension are the foll
owing : Length, 18.6 mm.; height, 14.5 mm.; convexity, 6.4 mm. 

Specimens from Leizachtal, Bavaria; the largest has the following dimen
sions : length, 14.0 mm.; height, 11.5 mm.; convexity of one valve, 5.8 mm. 
As nearly as can be estimated, the number of ribs is about 25, and on one hell 
the ribs are slightly bipartite. 

SuBGENERIC ALLOCATION. -The preservation of our specimens is not good 
enough to allow us to assign this species unquestionably to Anadara s. s. 

CoMPARISONS. - A comparison of our figures of guembeli with tho e of 
speyeri from Sternberg, Germany (Plate I, fig. 4), clearly demon. trates the clo e 
relationship of the two species; in fact, the main reason for differentiating them 
is that guembeli has fewer ribs (23-25, usually 23-24) than speyeri (26-30 , 11 uall. 
26-28). Finally, the umbones of guembeli are slightly more inflated than tho e 
of speyeri. 
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Anadara (Anadara 1) intercedens (WoLFF), 1897. 

1897. Area intercedens WOLFF, Palaeontographica, Bd. 43, 5-6 Lief., p . 237-238, pl. 21, 
figs. 15-17. Oligocene : Bavaria. 

1897.?, Area guembeli Mayer-Eymar, WoLFF, op . cit., p. 238, pl. 21, figs. 13, 14. (NoT 
Area guembeli Mayer). 

TYPE fATERTAL. - Type specimen in Sammln ng fiir Palaontologie und his
tori che Geologie in Munich . 

TYPE LOCALITY. - << Upper » Oligocene of Hochberg, Thalberggraben bei 
ieg dorf , in Ba aria, ou thea L of Mun ich . Also pre ent at the type locality 

ar Glycyrneris latiradiatus Sandberger, Tul'l'itella sandbergeri Mayer, and other 
p i often referred to as Upper Oligocene. A. M. Davies (1935, p. 168) 

believes !.hat the a semblage may be Aquitanian . 

NoTE ON TYPE SPECniE s. -The type specimens were examined by Schenck 
in April 1934. The radial rib are fiat-topped, not sulcate . They attain a width 
of 1.5 mm. and are separated by interspaces of equal ·width . Dimensions are 
given in the· accompanying Table VII. 

TABLE VII. - Dimensions of Anadara intercedens. 

Convexity 
Number 

PECIMEN No. Length in mm. Hefgbt in mm. inmm. 
of radial ribs. (one valve). 

1 28.7 
_, 

22.5 27 

2 30.9 24.4 26± 

3 33.3 23 .5 26 
I; 31+ 26,!, 19 25 

The proximity of th t. pe locality of intercedens to that of guernbeli -
both in !lH' << B::u;;~in mola, iq11e » - suggests that vVolff' species may be a 
ynon~·m. Howev r, , pecimen examined during this investigation show certain 

morphological differrnce~, nolably, in the character of the ribs. Lacking a 
serie of specimen for ompari on, we hesitate to pa~~ jnclg-ment on the validity 
of intercedens. 
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SPECIES FROM AFRICA. 

Anadara (Anadara) way land'i Cox, 1927. 

1927. Anadara waylandi Cox, Report Palaeont. Zanzibar Protectomte, p. 34-35, pl. 8, 
figs . 5-7. Pemba Island, Africa. 

TYPE MATERIAL . - (Figured specimens) : Holotype, No 143703; parntypes, 
Nos L43704 and 143705; (unfigured specimens) : pnratypes Nos 143706 t.o 143714, 
Brit. Mus. Paratypes : No 2215, Schenck Coll. 

TYPE LOCALITY . - Pemba Island, Africa. Pemba Series, << Aquitanian-Bur
digalian n . 

MATERJAL EXAMINED . -Through the courtesy of 1. R. Cox, we have exa
mined a number of perfectly preserved valve of this pecir. . B •cau e of the 
possibility that the Pemba Serie may prove to be upper Oligocene, thi sp i 
is here recorded for the sake of completene s. The original chara terizntion 
and illustrations of the species are adequate. 

CoMPARISONS. - Anadara dautzenbergi (1amy) CS 0
), de cribed from . ew 

Caledonia, is close to waylandi Cox and to our new sub pecie , waloensis, 
described on page 47. A . dautzenbergi has 23 granulose rib , each one b ina 
distinctly grooved, a character which upports the light differ nee in profil in 
separating the species. 

SPECIES FROM THE PACIFIC SLOPE OF OR'l'H AMERICA. 

Anada.ra (Anadara) media impressa (CLARK), 1918. 

Pl. I. fig. 1. 

1918. Area (Seapharea) mediaimpressa CLARK, Univ. Calif. Pub. Bull. Dept. Geol., 
vol. 11, No 2, checklist, p. 80, p. 96, 127-128, pl. 7, figs. 7, 8; pl. 16, figs. 5-7. 
San Ramon formation (« Oligocene "). Near town of Walnut Creek, Contra 
Costa County, California. 

1921.?, Area cf. A. mediaimpressa Clark, GARDNER in DARTON, Jour. Geol., vol. 29, No 8, 
p. 732. Vaqueros? formation (lower Miocene or upper Oligocene) : Arroyo d 
la Purisima, Baja California. 

1929. Area mediaimpressa CLARK, Stratigraphy and Faunal Horizons of lhe Coast Ranges 
of California. Berkeley, California, p. 17, pl. 16, figs. 5, 11. Typical species of 
San Ramon formation, central California. 

(3°) LAMY, Jour. de Conehyliologie, vol. 55, No 3 (1907), p. 232, pl. 3, figs. 9-11. 
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i935. Anadara mediaimpressa (Clark), REINHART, Bull. Mus. roy. Hist. nat. Belg., t. XI, 
No i3, p. 40 , footnote. Referred to Anarlara, s . s . 

i936. Anadara (Anadara ) mediaimpressa (Clark), SCHENCK and REINHART, Geol. Soc. Am. , 
Proc. for i935 (Jun e i936), p. 412. 

TYPE MATERIAL. - Holotype, Jo 11174; parat.ypes, w· 11172, 11189, Univ. 
Calif. Mus. ln verL. Paleo. Topotypes : N" 32439, Univ. Calif .; ro 520, Schenck 
Co li. Hypo I ~-pe . , ros 5301 and 5302, Stanford Unlv. Paleo . type Coli. 

KILOMETERS 

Fro. 8. - Map showing type locality of Anadara mediaimpressa. 

i\Iap showing type locality (1131} of Anadrzra. mediaimpressa (CLARK}. 
TTJ, • Tejon • formation (Eocene); TO, San Ramon formation, type 
locality; TM, • Ionterey " formation (Miocene); TB, Briones sand-
tone; TSP, San Pablo formation; TP, Pinole tuff; TOR, Orinda 

formation; Qrc, Quaternary. 
(After LAW 0~, , . F. Bay Folio. U. S. G. S., and B. L. CLARK, Univ. 

Calif. Publ., BuLl. D ept. GeoL., vol. 11, plate 4.) 

TYPE LOCALITY. - Univer ity of California locality 1131, one-half mile south
west of the town of vValnut Creek, Contra Costa County, California; San Ramon 
formation, upper part of << San Lorenzo Series n, Oligocene, according to Clark 
(191 , p. 0) . Figure 8 i a map adapted from Clark's report, which in turn 
wa adapted from the acol gical map in the ~an Francisco Bay Folio by A. C. 
Law on. The t~·pc locality of the species and the relation of the San Ramon to 
adja en I formal ion . arc shown . Local stra tigraphic evidence does not prove that 
the San Ramon is older than the Turritel.la ine::ana zone; that presumption is 
ha ed upon th mollu can faunule, hut even the fossils do not allow a precise 
synchronization of the San Ramon with other formations in California. 
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SuMMARY oF DISTRIBUTION. - In addition to its occurrence in the San Hamon 
formation at its lype locality, this species is present in « Miocene >> lrala in nl 
least two localities in California. Stanford University hypolypes No" 5301 aml 
5302, from the Temblor formation of the Pozo quadrnnglc, San Lui Obi po 
County, California (" 1

), appear to belong to mediaimpressa. Al l h ough n ot per
fectly preserved, these specimens, when compared ·vvith !.he hololype and para
types, resemble them closely. 

Another specimen of mediaimpressa is in the palcon to logic collec tion of th 
Shell Oil Company at Bakersfield , California, from Shell co locality L. C. 
N" 2 (" 2

), from the lower 35 fee t of a sill of supposed Miocene ao·e. Thi ill , 
which is exposed in the vicinity of Round l\IoLmtain and elsewhere ncar Bal ers
field, has not yet reeeivcd a formal published name. The age of Lhc ill is 
thought by R. M. Kleinpell ("3

) to range from the Sau cesion through lh Lui ian 
Stages, as defined by Kleinpell (1934) . 

The occurrence of a species referred to mediaimpressa in the << l\Iioccnc » of 
Lower California, reported by Gardner in Darton (1921), is inl crc l.in g, but '" 
have not seen specimens from this locality. 

DESCRIPTION oF TYPE SPECii\IE s. - Medium ize, equ ivalvc, moclcralcly 
inflated, inequilateral, elongately oval in oullinc; umbone promin nl , 
situated anterior to center of shell , beaks pointing inward , pro og-yra l '; 'light 
umbonal depression extends from tip of beak halfway to ventral margin; harply 
concave area on posterior dorsal slope; sculpture of 27 to 29 radial rib c ro~ eel 
by concentric growth lines; ribs flat-topped, beaded on an terior half of . hell 
(well shown on topotype No 32439), separated by flat inter pace. abou I as wide 
as ribs; ribs and interspaces crossed by closely- paced concentric crrowlh line ; 
medial groove present on ribs near ventral margin, becomin cr di tin ct al 
distance of 10 to 15 mm. from umbo; medial grooves not pre en l on holol. pe, 
which is too small a specimen for these grooves to have developed; on niv. 
Calif. topotype No 32439, a relatively large individual, an additional groove i. 
present near ventral margin, on each side of medial groove; ligamenlal area, 
preserved on paratype No 11172 (Pl. I, fig. 1 b), long, nearly flat, rather narrow, 
wider in front of than behind beaks, bearing three chevron- hapcd groo e~. 

only the posterior halves of which are well preserved; hinge expo eel only on 
holotype, gently arched, shorter anteriorly than posteriorly, wider at exlremi tie. 

(3 1
) Hypotype No 5301, from the northeast corner of Section 15, Township 28 South, 

Range 15 East; Hypotype No 5302, from the center of the southwest 1,4 section 29, 
Township 28 South, Range 15 East, M. D. M., in bed of Indian Creek, near road inter
section. 

(
32

) Kern County, California, 2200 feet west and 2100 feet south of the northeast 
c·orner of Section 32, Township 28 South, Range 29 east, M. D. B. and M. Collector , 
L. M. Clark. 

(
33

) Personal communication. 
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th an iu medial area; teeth strong, regular, vertical at center, converging 
ve ttl rally al extremities of hinge; inner margin of hell crcnulaLed; interior not 
enlirely exposed . 

Dnt ENS to. 'S. - The dimensions of Lhe type specimcus are shown on the 
accompanying Table VIII. 

TABLE Vlll. - Dimensions of Anadara mediaimpressa. 

Right I Number Rati o of 

SPEOIMEN. or left 
Leugth Heigh t Couvexity 

I 
of radial height to 

in llllll. inmm. in 111111. length in valve. ribs. percent. 

Univ. Calif. 1\Ius. In ven. I Pal eo. 

1 lolo!ypc 111 7~ Higl1!. H.8 11.8 lJ .• 7 29 79 

Pal'alype 1117•) Both 2J.G 17.G H.7 27 81 

ropotype 321:39 Left :32.0 ·~-'~-+ 9.5 28 

Stallfor!l Univ. Paleo. Type 

Coli. i 
r lypotype 5::101 Both 30 u 24.0 

I 
20.8 27 so 

1 lypotype 5302 Left 33.0 26.0 11 ± 27 79 

ciH'llCk Coli. 

Tupotype 520-..\ Left 16.0 11.7 5.2 28 73 

Co\JP\nt:--ON . - Thi , pecieR re, embles Anadara osmonti (Dall) C4
) from the 

Tctnblor formation , « "Jiioccne », of California . This comparison is based upon 
a ~n all 11 umber of . pecimen of mediaimpl'essa and a large number of probable 
lopol~ pe. of o manti C5

) ranging in length from 20 lo 54 mm. and exhibiting 
con~iderab l e variation in outline and convexity . The similarity between the 
::;a 11 Ramon and Temblor pecimen is o great as to sugge t the possibility 
I hal one rather than lwo species i present, but the meager representatives of 
mediaimpressa do nol warrant making a clefinite decision a to specific identity. 

(" 1 ) .lrca o ·monti Dall , U. S. Geol. Survey Prof. Paper 59, 1909, p. 110; new name 
for species figured (a .lrca microdonla Conrad) by Osmont, Univ. Calif. Pub. Bull. Dept. 
Geol., vol. 4, No 4, pl. 8, figs. 1, 2, 1905. 

( 35 ) Schenck Call. 2082; Wagonwheel Mountain, Kern co, California; most northerly 
hill in Sec. 36, 'l'. 25 S., R. 19 E., M. D. M., Temblor sandstone; collector :Donald Birch. 
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Amula.ra (Anadara) media.impressa, var. submoutereyaua (CLAnK), 1918. 

1918. Area (Seapharea) submonteTeyana CLARK, Univ. Calif. Pub. Bull. Dept. Geol.,., 
vol. 11, No 2, checklist, p . 80, p. 96, 128-12\J, pl. 16, fig . 2. San Ramon forma
tion : central California. 

1935. Anada?'(l mediaimpressa var . submonteTeyana (Clark), H.EI HART, Bull. Mus. roy. 
Hist. nat. Belg., t. XI, No 13, p. 40, footnote. Referred to A:nadara s. s. 

TYPE MATEIUAL . - Holotype, No 11186; puralypc, ro 11186A, Univ . Calif. 
l\Ius. Invert. Paleo. 

TYPE LOCALITY. - Uni v. Calif. locality 52, « 1 ! mile so uth of LO\ n of 
\:Valnut Creek, near top of first ridge wet. ol' Walnut Creek; elevation 350 feel n; 
Contra Costa County, California . an Ramon formati on , « Oligocene » . 

CmtfiiENTS oN TYPE SPEC IMENS. - The 1ype specimens arc so poorl. preserv ·d 
that the status of wbnwntere:yana is in doubt. \ iVe11 preserved mat rial may 
show submontereyana to be a synonym of mediaimpressa. 

Auadara (Anadara 1) strougi (LoEL and ConEY), 1932. 

1932. Area (Barbatia) stron.qi LOEL and CoREY, Univ. Calif. Publ. Bull. Depl. Geol. Sci., 
vol. 22, N" 3, p. 183, pl. 7, fig. 11. 

TYPE MATEHIAL. -Cotypes, 1 o 31762, Ulliv. Calif. .:\Iu , . Invcrl. Pal., lo. 
A-527. Paratype, No 110, Schenck Coli. 

TYPE LOCALITY. -On spur, west side ol' big bend of Lagunu Canyon, about 
2.5 miles North of Laguna Beach, Orange County, California. « Vaf)uero, 
Temblor transition zone. » 

DiscussiON. - This species is based upon unsatisfactory mal •rial and it. 
subgenus, therefore, cannot be determined. The species, ho,vever, i definite! 
Anadara, sensu lata, not a Barbatia. Loel and Core~' treat I his as a .:\Tioccne 
species, but because subsequent work may shm;v 1hat it is better con. iderctl Oli
gocene, we record this bivalve here for the sake of completeness. 

Other poorly-preserved specimens of A nadara (Schenck Coil. 290) pcrhap: 
referable to this species were collected by Schenck ·rrom the Vaquero!' formation 
on upper Kings Creek, Santa Cruz county, California, Section 6, T. 9 C::.. , R. 2 W., 
:\1. D. M., about two miles by road upstream from Lhe main high" uy, in . outh
clipping beds. L. Forrest collected specimens on King Creek from the same 
stratigraphic position - 1500 feet above the base of the Vaq11ero - but in 
north-dipping beds, and associated with Pecten (Pecten ) sanctaecru:::ensis Arnold. 
These fossils fall in the Zemorrian Stage of the Pacific Slope Tertiary. 
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Anadara (Anadara 1) sp. A. 

1923. ATca sp. WAGNER and ScHILLING, Univ. Calif. Publ. Bull. Dept. Geol. Sci. , vol. 14, 
N° 6, p. 248 . 

SPEC IJ\lE · . - Jo 30195, Univ . Calif. :Mus. Invert. Paleo. 

LocA LITY. - Univ. Calif. locality 3218, cast center of the southwest quarter , 
Sec ti on 21 , Tow n, bip 10 Iorth, Ran ge 21 W es l, S. B. B. & M. , Kern County , 
California ; blufr, on en I id e of Pl eilito Creek , three-fourths mile north of Rock 
Sp rin g . , Pl cito formal ion C6

), « Oligoce ne » of California geologists . This for
mation wa . in clud ed in the « San Lorenzo formation » of Hoots C) . 

DE CliiPTION. - An imperfec tly pre. crvcd interior mold of an elongate left 
valve · le ng th 1 .7 mm., height, 8.4 mm.; number o f radial ribs, ca. 25 ; b eaks 
silu a l •d 5 mm. posterior from ro und ed anterior extremity. 

BCENERIC ALLOCATIO ' . - Pre er va tion prevents a de finite assertion that 
tlti .. pccimen fall s in th e typical s ubgenu s rather than in Scapharca. 

Po . IBLE occ HRE C: E IN f'AN E~ncmo FORMATION . - Wag n er and Schilling 
(op. c it., p. 244) reco rd an cc A rca» from University of Californ ia locality 3231 , 
. an Em igdio formati on. Thi . record is based upon a broken impression lackin g 
both heal . a nd hinge. The ribs are those of an Anadara, and are sulcate as in 
1\ . mediaimp1·essa . 

. rc ' ' FT A 'ICE. - The importance of these records is that they sh ow the pres
cn c of A nariara , sen u lata, in b ed . older than the TlLITitella inezana zone . 
Thu . , th old c. t spec imen o f A nadara from the Pacific Slope of North America 
arc from the Rcfugian dagc , o r cc Oligocene », a that term is u sed currently. 

Anadara (Anadara ?) sp. B . 

PE niEN. - Jo 31504, U niv. Calif . Mu s . In vert. P aleo . 

LocALIT'. - U ni'. Calif. locality 10023, northwest quarte r o f Section 10 , 
Town . llip 11 . ou th , Ranllc 11 wcsL, Lin coln Cotmty, Oregon; on railroad 
be twee n Yaquina and ~cwporl, Yaquina Bay; lower pnrt of the l ye sh ale, upper 
Oligo 11e o r lm cr _ Tioccnc . The s tra tigraphic relations o f this formation and 
the g-co~:r raphi c po~iliou o f localilv 10023 are dealt with hy Schenck (Univ. Calif. 
Pub. Bull. D pl. Geol. ci. , vol. 18, No 1 , p. 23, fig. 7, 1928), who collected the 

specim n. 

( 36 ) Consult WAG ER and SCHILLING, upra cit., p . 235-276. 
( 37 ) HooTS, U. S . Geol. SuTvey Bull., 812-D, 1930. 
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DESCRlPTION. - An interior mold of a right valve havin g the followin g 
dimensions :length 35 mm., height 26.5 mm., convexity 5.5 mm. Number of 
ribs : 22. Shell ovate in outline; umbo rather pointed, situated toward anterior 
end. 

This specimen is illustrated and discussed in more detail iu a paper by 
Reinhart now in preparation. 

Anadara (P), sp. C. 

SPECJl\lEN. - No 2127, Schenck Coli. 

LocALITY.- University of Oregon locality No 80, Lane County , Or gou , 
Eugene quadrangle, about one-half mile west of B. M. 447, on ~. P. Railroad; 
massive sandstone of the Eugene formation of Refugian -- « Oligocene n -

age; associated with Atnria angu.stata (Conrad), Epitoniwn condoni Dall. e le . 
The locality is shovm in the paper by Schenck (Univ. Calif. Publ. Bull. Dq I . 

Geol. Sci., val. 18, No 1, 1928), who collected the poorl pre erved specimen. 

DESCRIPTION. - Shell small , quadrangular, equivalve, in quilaleral, 
inflated; anterior dorsal margin short, rounded; anterior ex lremit, broacll~· 

rounded; ventral margin almost straight; posterior exlremil y rounded, though 
slightly truncated dorsally; posterior clor al margin gen lly loping; carcli n a! 
area narrow; umbones anterior to middle of hell ; , urface culptured by about 
26 low, rounded ribs separated by shallow interspaces about h icc th width of 
the ribs. Dimensions : length, 14 mm. , height , 10.8 mm. convexity of both 
valves, 9.8 mm. 

GENERIC ALLOCATION. - The hinge is not visible, hence we cannot be . urc 
that the specimen belongs to the rcidae. However, 'its general profil and 
character of ribbing suggests that it may belong lo .4 nadara. Dr. . ::\I~· ra 
Keen examined the fossil carefully and reported (verbal communication) lhut it 
could not be a carcliid . 

ANADARA IN THE TERTIARY OF JAPAN, PHILIPPINE ISLANDS, 
AND THE DUTCH EAST INDIES 

1NTRODUCTWN. - A survey of the arcid pelecypods from the .Tapane. c 
Empire, the Philippine Islands, and Netherland Indies eli clo es the pres nee of 
a number of species of A nadara, sensu lato , in the Cenozoic rocks of thai area . 
Thus, « Area n tambacana Martin, 1910, from the Upper Miocene and Pliocene 
of Java, is Anadara, sensu stricto, whereas « Area >> sedanensis Martin, from th e 
Rembang beds of Java, as well as several other species named by Martin, belong 
to Scapharca. cc Area n rhombea Born, of which we have seen specimen s from 
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lite Pliocene and Quaternary of Java, is a Cunearca. Similarly, we have seen a 
number of specimen s, under one name or another, from the Philippines and 
Japan , and these arc referable to Anadara, sensu lato. Hence, lhe presence in 
this region of numerous species of Anadara, including some belonging to the 
lyp ical ubgenu s, is established; however, in our attempts to isolate the Oligo
ce ne specie of Anadara, s. s., we are confronted by extreme uncertainly regar
ding the age of the bed , in European terminology, in which these species 
occur . 

.TAPA E E EMPIRE. - A survey of the lileralme and corre. pondence with 
K. Halai and J. Makiyama disclosed no record of Anadara, sensu stricto, i11 
bed . I nm n lo be older than late Oligocene. Specimens of A. daitokudoensi~ 

f'rom lh e Hcirokudo formation, northern Korea, are believed to belong Lo the 
I ypical ubgenus; the age of the formation is treated tentatively as Aquitanian. 
Tlt . ral . pecie of A nadara from the }1iocene and younger formations of the 
.1 a pane Empire need not be di cussed at this time. 

P11LLTPPJNE T LA n . - Specimens of Anadara are present in the « Vigo 
Group )) of the Philippine Islands. Dickerson C8

) figured as « Area ferruginea 
Ree e n a pecimen from the « Vigo Group )) or the Bondoc Peninsula, Tayabas 
Pr vince, I land of Luzon. The same author C9

) figured<< Area granosa Linne n 

from the arne << aroup n, together with ferruginea, and perpetuated the inher
ited ic'\ that the Vigo i Miocene. << Area n cornea Reeve and << Area n tene
bri ·a Rc e ha e al o been recorded from this << group n, but the first-named is 
Scapharca and the latter i a Barbatia. 

Too little i knm n of the detailed stratigraphy and paleontology of the 
<< \ igo Group )) to permit u to enter into a discu sion of the relative merits of 
lhc Olio-ocene and Miocene age assignmenl. of this<< Group n . Those who favor 
its :\Iiocene aO'e rna, quote Smith ("' 0), , ho follO\ved Douville, who, in turn, foli
O\\ ·d hi belief thai the Aquitanian Stage i Miocene. Those who favor an 
Oligocene ag for the << Vigo Group n may quole as their authority the recent 
paper b Fau tino (u). Perhaps before much more following is done, local 
slratio-raph r ' ill define in a satisfactory manner just what i meant by the 
<< ViO'o Group )) . II i employed in Lhe literal urc as a lithogenetic term- a for
mation· or everal formations, or cartographic units - and as a time-stratigra
phic l rm, a erie . 

( 38 ) DICKER o , R. E. in Sl\!ITH, Geology and ~Iineral Resources of the Philippine 
Island , 1924, pl. 9, fig. 3. 

( 3 9 ) DICKERSON, Philippine Jour. Sci., vol. 18, No 1, January 1921, p. 11. 

('1°) S nTH, Spec. Publ. Bernice P. Bishop Museum, No 7, 1921, p. 770-774. 

( 41 ) FAUSTI o, Philippine Jour. Sci., vol. 35, No 7, February 1928, p. 125. 
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NETIIERLAND [Nni ES. - « Area » ~edanensi~ Martin and cc Area » hulshofi 
Mar lin , from the Hcmban g beds of J ava, arc both 8capharca (42

) . \ Ve have not 
seen any specimen from those beds that can be assigned wi lh ecrlaii1Ly lo Ana
dara, sensu st rictu. Upper Miocene, Pliocen e, a nd Pleislocc11' spccimcus, on 
the other hanJ, definitely fall in the typical subgenus. 

Anatlara (Anatlara ~) tlaitokutloeusis (MAK IYAi\lA), 1926. 

1926. Area (Anad(tTa) daito!cudoensis MAIGYAMA, Mem. Coll. Sci. Kyoto Imp . Univ., 
Ser. B. , vol. 2, N" 3, p. 153-154, pl. 12, figs. 10, 14, 15. Heirokudo formation : 
Korea. 

1936. Anadara daitok:udoensis MAIUYAMA, Mem. Coil. Sci. Kyoto Imp. Univ., Ser. B. , 
vol. 11, N" 4, Art. 8, p. 197, 205. Heiroku stage : Daitokudo and Nenseki; Uetuki 
series. 

TYPE MATERIAL. - Holotypc 111 Geol. bud. Kyulo lmp. U11 i . Topulypc. 
N" 1905, Schenck Coil. 

TYPE LOCALITY . - Dailokudo, Meisen-gun, Iorlh l au l yo-do, l o rca ; H 1m
kudo formation. 

MATER rAL EXA.\II NED.- Thro ugh lhc cou rt eo us oupcra lion of S. rornura 
and K. Halai , vve have before us lwo topol~·pes of lhi pccics. Tlle spec imens 
suggest that the species is A nadara, senw stricto. 

DrscussroN . - lVIakiyama (1936) reported this specie a .. ocial ·d "ilh Halil 
la.ria and Vica.rya callosa Jenkin . The lallcr specie is of'le 11 lal n as 1\ tuil a
nian . Makiyama (1926) believed lhal lhe Ileirokudo formation is · ppcr Eoc •nc. 
We believe that one might hold, in the light of the ne' finds, th at lhc forma
tion is Upper Olig-ocene. 

Anatlara (Anatlara) granosa (L1 NE), 1758. 

Pl. II, fig. 9; pl. IV, rig. I. 

1758. Area granosa LINNE, Systema Naturae, 10 Ed., p. 694. " Habitat in 0. Europae 
meridionalis. " 

1855. Area granosa Linne, HANLEY, Ipsa Linnaei Conchylia , p. 95-96. 
1907. Area granosa Linne, LAMY, Jour. Conchyliologie, vol. 55, N" 3, p. 210-2H.. 
i922 . Area granosa Linnaeus, DICKERSON, Philip. Jour. Sci., vol. 20, N" 2, p. 203, pl. 6, 

fig. 4. " Vigo Group " : Bondoc Peninsula, P. I. 
1932. Area granosa Linne , DoLLFUS and DAUTZENBERG, Jour. Conchy ., vol. LXXVI, p. 293. 

TYPE MATERIAL . -- Linnean Society Collection, London . 

TYPE LOCALITY. - Uncertain; probably Indo-Pacific. 

(
42

) The Rembang beds have been correlated with the Aquitanian; consult KAYSER, 
Geologisehe Formationskunde, II , 6 u. 7 Auflage, p. 373, 1924. 
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MATEIU AL B XA.l\JJ NED. - Recent specimen s (N" 368, Oldroyd Coli. ) . One 
. pccim en, (fig . 9, pl. H) , from the Vigo << group » of the Bondoc Pen in sula, 
Tayabas Provin ce, and . everal fossil s from Wright, Samar, all from the Phi
lippine Island s. One topotype of A. teschi Koperberg (Schen ck Coli . 2039) . 

D rAG NO r . - Th e followin g is the origina l descr iption of the species : 

« A. Lc La ubcordata sulcis m uricalis, natibus recurvis, margine crena lo. » 

Hanley (1855, p. 95-96), mad e the following statements : 

« This ·pecies fir t appeared in the lcnlb edition of the S:ysterna, with refe
rence to fig ure. in Col umna, Bon anni , Gualtier , and Argenville. The two former 
·n gru in as are so ill executed as to be almost irrecognizable. The first repre
se nt:-; a cro\ dcdly grooved fossil ; the second a m ere interior , which , intended 
po. ibly for A . diluvii (judgin g, at lea t , from the ltalian locality) was probably 
unly quoled from bein g ciled for this p ecics by Gualtier . Both the latter are 
dcciuc ll . m ea nt for the A rca granosa of modern concholog ~' , of which Lhe char
ttc tcr are in accord ance with the po tulate of the diagnosis. The erroneous 
localil ' a. deri ved from the statem ent of Bonanni, the referen ce to whose work 
i. con e ll. cxpun aed in th e copy of lhe younger Linne, who has substituted 
« Li l. t. 242, f. 79 ». The Area granosa (Chemn. Con ch. Cab. , vol. vii , pl. 56, 
f . 557) L . till p re. cnt in the collec tion (as indica ted in the list) and alone of the 
. hell ther in ont ain ed agrees with the combined pictor ial and aescriptive uefi
nilion . 

» lLhouo·h Gualticr and Argen ville alone are cited in the Museum Ulricac, 
tb · « alt cra te Ia min or » of lhat work leads us Lo infer th at som e inequivalve 
.p ci m u L have been Lhe origin al of that description . » 

The Linncan typcv of thi. specie. arc illu tt·ated on Plate IV , fig ure 1. 
\ · hereby uc i nate the right val e sh own in figs . 1 b, c, and d as the lec totype 
of lhis pccic . The m ea urcm cnls of the Linncan shells are given in Table IX . 

TABLE IX. - Dimensions of Linnean spec imens of Anadara granosa. 

Con vexity NUlllber 
Ratio of height 

PECIMEN . Length_iu llllll. Height in mill. 
in llllll . of r ibs ( ' ) . 

to lengt h 
in percen t. 

Lectotype ! .0 3 .0 16.0 22 79 

Paratype 37.5 31.0 17.0 21 83 

(') «This includes marginal rib "• statecl H. Wincl,worth (letter clatecl October 26, 1936), who 
made the mea urement given above. These marginal ribs, two in number. were not incluclecl 111 

our counts macle 011 other Hecent shells. 
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TnE VIGO SPECIMEN. - The specimen figured on pl. II, fig . 9, is from Locality 
F-15, Bahay River, Bondoc Peninsula , Tayabas Province, probably identical 
with or near the locality and geological formation (Vigo) from which Dic l er 
son's figured specimen ·was obtained. This le ft val ve measures, in millimeters: 
length, 61.3; height, 51.1; convexity, 25.2; nvmber of ribs, 17. Thi val ve bas 
been compared with the figure given by Chemni lz (pl. 56, fig . 557), said by 
Lamy to be the true gl'anosa. It has also been compared with Recent specimen s 
from the Philippines, which likev,rise ag ree with the fig ure in ChcmniLz. IL 
thus seems certain that the Vigo specimen i correc tly identified. 

SuBGENERJC ALLOCATION. -The diffic ulty of making an unqu es tionabl e allo
cation of granosa to the typical subgenus of Anadara is refcncd to on a previous 
page (p . 12). 

CoNrPARISONS . ·- A. granosa resembles bisenensis, described on page 44, 
where the differences separating the sp ecies arc poin Led ou l. Although A nadal'a 
jerl'uginea and it.s relatives (wa loensis , timorensis, dautzenbergi, and way landi ) 
arc somewhat similar to granosa,, the c are m ore elonga te, proportionall. l '~-'~" 

inflated, and never grow Lo such a large size as gl'anosa, adult. of which ul tai11 
a length of at least 75 millimeter s. Furthermore, 1he heavy tran v r ,e b a rs on 
the ribs of granosa - prominent on ad ult hell , and even eli tinctl n o t iccaulc 
on young specimens- are charac teristic . The sub pccic teschi Kopcrberg (1931) 
is of doubtful validity. 

DISTRIBUTION. -In addition to the Vigo record of A. gl'altosa in th ' Phi 
lippine Islands, this species likewise occur in the Pliocene of Aust rali a ("'') a 11 d 
the Pleistocene of Timor. Boettger (1908) gives a range of I.iocene lo Rccen t 
for the species . The Recent localities given by Lan1y how thaL the sp ·cic 
widespread ill the Indo-Pacific marine mollu can province. 

Anadara (Anadara) llisenensis SenE cK & REr 'HART, n. sp. 

Pl. IV, fig. 2; pl. V, fig. 1. 

Area granosa (partim) of authors, NON Linne. 

TYPE MATERIAL . - Holotype o 6026, Stanford Uuiv. Paleo. Type Cull. ; 
p ara type No 894, Oldroyd Coli. ; hypolypcs No• 6018-6025, incl., Stanford Univ. 
Paleo . Type Coli . 

TYPE LOCALITY. - Bisen, on the loland Sea, Okayama prefecture, Japan ; 
Recent. 

(
43

) Letter from J. Marwick, March 4, 1935. 
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DESC RTPTrON. - Shell moderately large for subgenu s ; inflated; in profile , 
anterio r m argin curving evenly into ventral margin , pos terior margin straight 
in its upper half ; dorsal m argin straight, interrupted by umbones placed at 
rml c rior third of shell ; beaks prosogyrate; shell equivalved. Sculpture con sis
lin g of 16 to 17 radial ribs (17 on holotype) of which the anterior 10 or 11 are 
stron o·ly n odcd , the po lerior ribs plain and sm ooth ; sc ulpture similar on the 
two valves; con centric lines of gTowth traverse ribs and interspaces alike ; liga
m en tal area broad and fl a t, bearing one or m ore chevron-like grooves on each 
val ve; ligam ent cxlcnd s on both sides of beaks, covering nearly all of ligamenta} 
nrcn; hin ge n earl y lraight, teeth regular , sm aller and more closely-spaced at 
cenl er lhan al cx tremitie of hinge; crenulation s on inner margins of shell 
pronoun cd , cx lendin g faintly up to umbones; pallial line and muscle scars 
incli lin t. 

W e h aYc al our di spo al a large grovdh-series of known age ; that is, with 
r f renee to date of h alching from eggs . A n umber of these are fig ured on plates 
IV & and their climcn ion s an d ages g iven in the accompanying Table X. 

The e , pccimen how a gradu al elongation in outline ·with increase in size, 
lh h 11 60 c.l a old b in g n early equilateral. The ribs of these young speci
m n. nr n arl plain , ' ith but traces of incipient nodes . From an age of 90 
day nward, lh c hells how distinctly noded ribs. The number of ribs is the 
~am' (16-17) on all specimen , from th e younges t to the oldest. The shell at 
six monlh ho" all of the characteristic of the adult. 

D1.\1EN ro ' . - The dimen ions of the holotype and hypotypes of this new 
~pcc i ' nrc o·iven in Table X. 

TABLE X. - Dimensions of Stanford University types of Anadara bisenensis. 

C01wexity 
Number 

SPECIMEN. Lengtb in mm. Heigh t in mm. inmm. 
of ribs. Age. 

(both valves). 

I 
lfypotype 10. 601 2. 2.3 1.8 17 60 days 

JTypotype 10. 601!l 4.6 3.6 2.9 17 90 days 

IIypotype 0. 6020 11.7 8.8 6.9 16 6 months 

Hypotype 0 . 6021 21. 17.2 14.3 17 1 year 

Hypo type 0. 6022 26.7 21.8 18. 17 2 year s 

Ilypotype 0. 6023 35.1 25.2 21.0 17 3 year s 

Paratype No. 894 . 42.0 31.8 24.0 16 

ITolotype 0. 6026. 47.4 36.3 30.3 17 

Hypotype 0. 602'• 49.1 39 3 29.8 17 5 year s 

Hypo type 0. 6025 56.3 44.8 39.8 16 
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CmtPARISONS . - The new species differs from granosa as follows 

(1) A . bisenensis has generally 16-18 ribs, in contrast lo the 17-20 ribs on 
granosa. 

(2) The profiles of the two arc dissimilar , bisenensis being more elongate. 

(3) The' umbones of bisenensis are not as broad as tho c of granosa. 

The new species agrees with the specimen figured as granosa by Matsumolo 
(1930), but the contrast between his sub fossil and the true grarrosa will b 
apparent by contrasting his figure 2, plate XL with plate 56, fi g. 557, of Chem
nitz. J3ecause of this confusion of identification, one cann ot rely upon such a 
list of occurrences as that by Nomura (1933), as it is likely that m os t of his record 
of granosa refer to the biologic unit here given a n ew specific name. Furl her
more, the biometrical study by Oinomikado (44

) is probably of bisenensis. 

A. bisenensis is related to cc Area n nodifera Marten s (45
), describ d as a 

Recent shell with 21 nodose ribs. A specimen from Japan identified a nodifera 
is figured by Otuka (4G). 

That biscnensis is not confined to the Japonic province but occur al o in 
the Indo-Pacific is proved by a specimen of this , pecies in the Fred Bak r collec
tion. One individual (valves attached) comes from the large t of th e Ln hu 
( cc Loochoo n) Islands, latitude ca. 26° 30' N. 

Anadara (Anadara) hankeyana (REEVE), 1844. 

Pl. III , figs 3, '•; pl. V, fig. 3. 

1844. Area Hankeyana REEVE, Conch. Icon., vol. 2, pl. 10, fig. 68. 

1907. Area (Anadara) antiquata (Linne) var. Hankeyana Reeve, LAMY, Jour. Conchylio
logie, t . 55, 3° trimestre, p . 201, 206-207. Red Sea; New Caledonia. 

TYPE MATERIAL . - Holotype unknown; not in Brit. l\Ius., fide G. C. Rob on 
letter dated July 10, 1936. Hypotype (pl. III, figs. 3), Phil. Bur. Sci . H. po
type (and topotype), No 6056, Stanford Univ. Paleo. type Coli. Two valve 
(Schenck Coli. No 2040), Pleistocene of Timor. 

TYPE LOCALITY.- Harbor of Mozambique, Recent. 

CoMPARISONS. - The fossil specimen figured on plate Ill is from lh Terliary 
of Bat an Island, Province of Albay, Philippine Island ; the exact geologi age 
of the beds carrying the specimen is unsettled. This shell is among those from 
the Philippines that h as been m asquerading under the name cc Area n antLqnata 

(
44

) 0INOMIKADO , The Venus, vol. 6, No 3, p. 135-145, 1936. 
(
45

) MARTENS, Proc. Zool. Soc. London, Part XXVIII, p . 17, 1860. 
(
46

) OTUKA, The Venus, vol. 6, No 3, 1936, figs. 3 and 4. 
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Linne, a species which h as its type locality in the W est Indies. The Philippine 
fossil ha s three longit udinal g rooves on each rib , whereas antiquata h as only 
one on each . Sin ce this shell ag rees in outlin e, sc ulpture, and proportions with 
l.he lopotypes of hankeyana, as ottr figure 3, plate III, and fig ure 4, plate III , 
c·learly dem on strate, we think that its id entification is correct . 

DtMEN TO ·s . - The dimen sions of the specimen s here figured are shown in 
Table XL 

TAB LE X I. - Dimensions of hypotypesr of Anadara hankeyana. 

Convex ity Right or left Number 
SPECIMEN. J"en gtb in mm. Heigh t in mm. in mm. 

(one valve). valve. of ribs. 

Phil. Bur. s i. 51.7 40.9 17.8 Right 33 

St anford Univ. Pa leo. 

ty pe coli. 0. 6056. 

I 
70.8 52.2 23.1 Rigll t 37 

Dr. TR TB n oN . - In addition to its Tertiary record, \Ve have before u s sev
eral Recent hell of thi species from various indefinitely-described localities in 
the Philippine Island s. These shells have been going under the name « A rea 
an tiquata Linn aeu n, and it is likely th at this name in Faust ino's list (4 7

) refers 
to hanlleyana rather than to th e West In dian species . Today hankey ana seem s 
to be re ~ t ric ted to the Indo-Pacific m arine m olluscan provin ce . 

Anadnra (Anadnra) ferruginea (REEVE), waloensis ScrrENCK & REINHART, 
n ew subspecies. 

Pl. III , fig. 1; pl. V, fig. 5. 

TY PE :MATERIAL . - Holotype (left valve); paratype (right valve); paratype 
(valv' a lta h eel ) ; ancl eight paratypes, Phil. Bur . Sci. 

TYPE LOCALTTY . - On the bank of a sm all stream about one mile due east 
of the village of vValoe, Provin ce of Agusan , on the Island of Mindanao, Phi
lippine Islan d ; probably late Pliocen e or early Pleistocene. Gr aham Moody, 
collec tor ; hi locality i\ 0 315. Geologic and geographic information shown in 
figu re 9 were g nerou ly m ade available by Dr . .T . 0 . Nomland, Standard Oil 
Company of California . 

DES HT PTJO AND OMPARISONS . - Although this subspecies is similar in 
general appearan ce to typical fu ruginea, a topotype of which is here illustrated 
(p l. HI , fig . 2), waloens is differ in several respects. On eight well-preserved spe-

( 47 ) FAUSTINO , Monograph 25, Phil. Bur. Sci ., p. i 9, 1928. 
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cimens of the new subspecies the number of flat-topped ribs varies from 19 to 22, 
with 21 being the most common number. Typical ferruginea, in contra 1, 
carries 24 to 27 ribs, the original description by Reeve givin g 27. These rib . 
furthermore, are more strongly noded and more highly elevated on th e ubspe
cies than on fermginea. Like typical fermginea, tb e n ew subspecie is equi
valved, and both valves are similarly seulptured. 

I 0 2 4 6 e 10 KILOMETERS 
HHF3HHF3 

Fro. 9. - Map showing type locality of Anadara waloensi . 

Type locality (315) of Anadar a waLoensis; near Waloe, Agusan Province, Philippine 
Islands. Th e vertical ruling indicates the distribution of Vigo beds; the horizontal ruling 
(as from Waloe to Loreto), No . 4 on the map, refers to strata of late Pliocene to early 
Pleistocene age; these beds, as shown by the cress-in-circle symbol, are horizontal. 
Post-Pliocene and stream deposits are indicated by coarse stippling. Geology hy 

Graham Moody. 

The new subspecies is close i ~ related to « A rca » jerruginea timorensis 
Koperberg (.Taarb.-Mijnw. Ned .-Ost. Ind ., 1930, p. 17), a topolypc of whi ch j o;; 

here figured on plate V, figure 4. This fossil (No A - 9776, Geol. In sl. 
Univ. Amsterdam) from the Pleistocene between Ae Lom ea and Atamboea . 
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Dutch Timor, is a shell 36.7 mm. long, but the posterior end is incomplete . 
The larger of the 25 ribs are su lcate, flat-topped, and measure 2 mm. in width; 
the interspaces are only slightly narrower. The smaller ribs at the anterior and 
posterior extremities of the shell are not as pronouncedly sulcate. In summary, 
although in ize, shape, and general ornamentation, waloensis and timorensis 
arc . imilar, the former has fewer ribs. 

The locality from which timorensis was described is loc. 3 (Koperberg, 
op. cit., p. 155), also discussed by Burck (1920, p . 51, map W 1), who gives, on 
p. 51, the following (translated into English by H. A. Brouwer, letter dated · 
Seplemb r 24, 1936) : << Between Atamboea and Ae Tali, near the crossing of 
the river Talaoe, well developed young Tertiary clays were found with many 
fossil . On the return trip the expedition made a small collection of these 
fossils. » 

R. E. Dic1 erson (48
) figured a specimen identified as jerruginea from the 

c1 Vigo » group of Tayabas Province, Bondoc Peninsula (49
) . This specimen is 

similar to waloensis in having noded ribs, but the number of ribs of the Vigo 
p imen i. arealer. comparison of Dickerson's figure with our fig. 2, plate III , 

a topoL~-pc of jermginea, will demon trale Lhe difference between the Vigo and 
Recent pecie . The ribs of the Recent specimen are but slightly noded, the 
int r pace are "\vide in comparison with the fo sil , and a difference in outline is 
apparent e en allo\ ing for the poon~r preservation of the fossil . 

The ~ imilariLy of 1naloensis lo dautzenbergi Lamy (Jour. de Conch ., vol. 55, 
p. 32 pl. 3 fig . 9-11, 1907) i noticeable . The furrowed ribs of dautzenbergi 
' ill eparate thi ~ -ew Caledonian species from the Philippine fossil. 

A relal d sp cie is Anadara waylandi Cox (1927), de cribed from the 
11 Lower Miocene » of Pemba I land , Africa, and compared to -ferruginea 
(Ree P) . The original de cription state that the ribs number about 21 , a count 
' hicll corre pond_ to the m1mber on v:aloensis, but the Philippine shells are not 
a elonaale a the frican fo sils; the ventral margin is straighter and the 
umbon of waylandi are les harply pointed . In spite of these slight diffe
rence , th imilaril between the fo sil is so marked as to prove close relation-
hip. Future in e ligations rna show the biogeographical significance of this 

relation hip. 

Dll\IE roi'i . - The holotype of waloensis measures in millimeters : length, 
36.9; height 26.6; conv ·ity, 12.7. Paratype (right valve) :length, 38.2; height 
2 .0; conve ity, 12.5. Paratype (valves attached) : length , 17.8 ; height, 14.0 ; 
convexit , 10.6. 

( 48 ) In SrvrrTH, Geology and Mineral Resources of the Philippine Islands, pl. 9, fig. 3, 
i923. 

( 49 ) For locality data and list of fossils, consult DICKERSON, Phil. Jour. Sci., vol. i8, 
N° i, p. 7, 192i. 
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SIGNIFlCANCE. - Specimens belonging to the gens of Jerruginea are no'v 
allocated by professional conchologists to at least five biolog ical su bdivi ion s 
of the genus Anada.ra; Jerruginea and dautzenbergi (Recent); timorensis (]lei t
ocene); waloensis (Pliocene or Pleistocen11); and tvay landi (Oligocene or Mio en e) . 
The specimens from the « Vigo Group » of the Philippine Islands, once identi
fied as ferruginea, are held to be distinct from the typical species. Unles one 
objects to restricted species, the hypothesis that the rate of evolution is slo·wer 
in tropic than in temperate waters is not supported by this gen s of arcid pelecy
pods, since a species once considered to have a long time range is in r ality 
composed of several units of probably diiiferent biochron s. 

MISCELLANEOUS TERTIARY SPECIES OF ANADARA, s. l. 

SPECIES FROM EUROPE. 

Anadara (Scapharca) turonica (DmARUTN), 1837. 

Pl. II, fig. t,; pl. VI , fig. 2. 

1837. Area turoniea DUJARDIN, Mem. Soc. geol. France, t. 2, pt. 2, p. 267, pl. 18, fig. 15. 
Miocene : Touraine, France. 

1898. Area turoniea Dujardin , SAcco, I Moll. dei Ter. terziarii del Piemonte e d lla 
Liguria des. d. Dott. Federico Sacco, Pt. 26, p. 24. 

1900. Area Turoniea Dujardin , SCHAFFER, Jahrb. d. k. k. Geol. Reich. Wien , Bd. 49 
(1899), p. 146. 

1906. Area (Anadara) turoniea Dujardin, DOLLFUS, Assoc. frang. pour l'Avancement de 
Sci., C. R., Congres de Lyon, p. 309. Upper Miocene : Beaulieu (Mayenne) . 

1914. Area (Anadara) turoniensis Dujardin, FAVRE, Cat. illustre de la Coli. Lamarck, 
Conch. dimyaires foss., Mus. d'Hist. nat. de Geneve, 3" livraison , pl. 30, 
figs. 192, 193, 194, explanation of pl. 31. Vindobonian : Touraine. 

1932. Area (Anadara) Turoniensis (Dujardin), CHIESA, Boll. Soc. Geol. Ital., vol. 51, 
fasc. 1, p. 174-177. Upper Miocene: Algeria. 

TYPE MATERIAL. - Holotype : unknown to the writers. Hypotyp 
Stanford Univ. Paleo. type Coll.; No 1935, Schenck Coll . 

Jo 5963, 

TYPE LOCALITY. - « Depots marins superieurs ou falun », Miocene (lower 
Helvetian) of Touraine, France. A. Peyrot states (letter dated March 10, 1936) : 
« Le type de .4. turoniensis a ete pris dans l'Helvetien infr. (Helvctien I de 
Mayer, base du 2" etage mediterraneen de Suess). » 

MATERIAL EXAMINED. - Three valves from the Miocene of Touraine, France 
(Mus. roy. Hist. nat. .Be] g .. , coll. de Malzinne). Two valves from the Tort.onian, 
Miocene, of Lapugy, Hungary (Schenck Coll. No 1506). Three valves from the 
Tortonian of Vosbau, Vienna Basin , Austria (Schenck Coil. No 1507). Nine 
valves from Pontlevoy, « Faluns de la Touraine », and therefore topotype of 
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tumnica (Schenck Coli . W 1897) . Five valves from the Miocene of Touraine 

(lndre et Loire), France, namely from Manthelan (Schenck Call. W 1935); 
from Ste. Catherine de Kerbois (Schenck Call . W 1934 and Stanford Univ. Paleo . 
type call. 5963); from Ferriere l'Arcon (Schen ok Call. N" 1936) ; from Louans 
(Schen ck Call. o 1937) . 

, UBGEl'iERIC ALLOCATION. - Slightly discrepant sculpture on the two valves 
of this specie indicates that it belongs to Scapharca, a suggestion which is 
strongly borne ou t by its close relationship to aquitanica, ·which is definitely a 
Scapharca ( ee p . 52) . We have not seen specimens of turonica with the valves 
in the attached position. 

VARIETIES . - A number of varieties of turonica have been described, the 
validity of ·wh ich we h ave not had an opportun ity to check. These are the 
following : precomp ressa, subalata, and taurangulosa Sacco (50

) ; albanensis 
Dnllfu CS 1

); and gja~,Lrtapensis Grigorovic-Berezovskij ("2
), a nomen nudum. 

0 10 20 30 40 SO KM. 

Fro. 10. - Map showing type locality of .4.nadara turonica. 

ketch map showing the type area of Anadara (ScapJwrca) turonicn {DUJARDIN), 

after " Carte geologique de la France " (1905) . 
The vertical ruling indicates the general distribution of Miocene deposits. 

CmrPARI o: . - The relationship between this species and speyeri is brought 
out h our illu trat.ions. 

The imilarity between Anadara turonica and aqtLitanica has been for years 
the cau e of difficulty in separating these two species . A. aqrLitanica is some-

( 50 ) SACCO, supra cit., p. 24-25 . 
( 51 ) DOLLFUS, Jour. Conchy. Paris, vol. 70, 1926, p. 112. Pliocene of Albania. 
( 52 ) GRIGOROVIC-BEREZOVSKIJ, Trav . Mus. Geol. Leningrad, vol. I , p. 64, 1927. 

Tchokrak Stage, Upper Tertiary of Daghestan . 
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times listed as a variety or << mutant » of turonica. The following observations 
give our basis for separation. The profile of aquitanica is variable, but there is 
a suggestion that turonica is proportionally longer than aquitanica, on some 
specimens of which the height equals two-thirds of the length. Furthermore, 
the ventral margin of turonica is commonly straighter than that of aquitanica. 
The most reliable means of distinction, however, is the arrangement of the liga
menta! grooves, as shown in Plate VI. The anterior groove, on turonica, forms 
the outer boundary of the anterior part of the ligamenta! area, while the poste
rior groove lies some distance within this outer boundary. In aquitanica, th 
ligamenta! area is not delimited by a groove either anteriorly or posteriorly. 
Aside from these differences, the two species are similar in appearance and carry 
the same number of ribs (32 on most specimens). 

Anadara turonica has also been confused with diluvii (Lamarck). For 
example, the specimen of dil1wii shown in fig. 5, Plate II, from the Tortonian 
(Miocene) of Saubrigues (Landes), France, is among tho e whi h have been 
misidentified as turonica. As A. Peyrot has said C3

), turonica has a more di -
tinclly trapezoidal shape, and is further clisting 11ished by differences in th li o-a
mental area, as shown by a comparison of figures 2 and 6, plate VI. In diluvii 
the posterior ligamenta] groove (in tead of the anterior groo e, a in turonica) 
forms the outer boundary of the ligamenta! area, while the anterior part of I hi 
area is not bounded by a groove . 

DISTRIBUTION. - This species is reported from the Miocene of France 
Spain, Italy, Austria, Hungary, Portugal, Corsica, and el ewhere in outhern 
Europe. 

Ana (lara (Scapharca) aquitanica (MAYER), 1861. 

Pl. II, figs 2, 7; pl. VI, fig. 1. 

1861. Area aquitaniea MAYER, Jour. Conch., 3 ser., t. 1, vol. IX, p. 362-363. Aquitanian : 
Saint-Avit, France. 

1923. Area aquitaniea ASTRE, Bull. Soc. Hist. nat. Toulouse, vol. 51, p. 466-471. 

TYPE MATERIAL . - Holotype, unknown to the writers. Hypotype here 
illustrated : N"• 5953, 5961, 5964, 5965, Stanford Univ. Paleo. type coll. 

TYPE LOCALITY. - Tertiary (Aquitanian) of Saint- A vit (54
), near Mont-dc

Marsan (Landes), France. Notes on the geology of this area have been publi
shed by Degrange-Tauzin (1912) . 

(
53

) In a letter to H. G. Schenck, dated January 29, 1936. 

(
54

) By typographical error called " Saint-Toit " by Mayer. We are indebted to 
Dr. Louis Castex for calling our attention to this error. 
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BURDIGALIAN lA -20m. 

AQUITANIAN oo m t 

CHATTIAN 7 2-4±m 

R UPE LIAN 
(STAMP IAN) 

eo1m 

SANDS, IIAARLS~ ETC. 

AL TERNAnON OF L-'CU
STR I NE AND BRACI'\ISH
WATER BED.S WITH MARINE 
S'TRATA or VARIED FACIES . 

NODULAR MARL 

SANOY MARINE LI.ME
STONE, CHANCING f"ACI[:S 
EASTWARD 

FIG. ii. - Map showing type locality of Anadara aquitanica. 
Type locality (St. Avit} of Anadara (Scapharca) aquitanica (MAYER), the occurrence of 
specimens at the Moulin de Gamachot, and a summary of the Rupelian-Burdigalian 

tratigraphic succes ion in the Aquitaine basin, southern France. 

Dr. Loui Ca tex (letter dated March 8, 1937) in forms ti S that the figure by 
Dollfu (Bull. Soc. geol. France, 4 er., t. 12, p. 486, 1912) is not accurate as the 
mill i no' in ruin . ince the mill's appearance will change from year to 
year we reproduce the original figure instead of a new drawing, such as 
Dr. a te o carefull, prepared for us. Dr. Castex also pointed out that the 
« Zone of Anadara aquitanica n extends from the lower part of the exposed 
, ection up to and including the beds with coral . Below the gray fossiliferous 
and tone i a hard and tone, also a signed to the Aquitanian . 

The column hown in the lower left of our figure 11 gives in summary form 
the e ,;ential facl of tratigraphic uccession in the Aquitaine basin, insofar as 
Lh q llitanian tage i, concerned. The column shown in the upper right of 
fio-ure 11 repre ent onl ~ a part of the Aquitanian Stage. 

ORIGINAL DE CHJPTIO . - cc Coquille oblongue, transverse, trapezoi:dale, un 
peu inequilaterale, mediocrement enflee, couverte d'environ 30 cotes etroites et 
deprimee eparee par de illons etroits, legerement crenelees du cote ante
rieur, li e du Ate oppose. Cote anterieur le plus court, assez large et souvent 
pre que droit, po terieur tronque obliquement, palleal presque droit. Crochets 
a sez eleve , peu oblique . Aire cardinale peu allongee . Charniere legerement 
arqu 'e. Long. 25, lat. 19 mm . n 
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MATEHIAL EXAMINED . -We have had for study 183 separate valves and three 
spccimem wi th valves attached from the lo·wer Aquitanian of Moulin de Gama
chot, n ear Villandraut, southern France (Schenck Coll. N"' 71) and 911; und Stan
ford Univ . Paleo. type Coll. No• 5953, 5961, 5964, and 5965); six valve from the 
upper Aquitanian Stage of Moulin de Fortir, Aquitaine basin (Schenck Coll. 
ro 460); six valves (topotypes) from Saint- Av it (Landes), France (Schcncl Coli. 
Jo 1898), and 4 valves from the Aquitanian of Meynot, Dax (Landes), France 

(Schenck C0ll. 2086). 

NoTES OK }iATEHIAL EXAM.I NED . ---: The specimens figured here on plate ll , 
figs. 2 a and b, plate II, fig. 7, and plate VI, fig. 1, are from the lower Aq tt ilanian 
Stage of Mou lin de Gamachot (fig . 11) near Villandraut, outh casl of Bord ea u , 
France, co]] ected by F. Daguin, L. Castex, and H. G. Schc ncl in 1934 CS 5

) . The 
dimenf'ions of th e!"e specimens are given in Table XII . 

TABLE XII. - Dimensions of Stanford University Hypotypes of Anadara aquitanica. 

TYPE No. Valve. I Length in mm. Height in mm. I Convexity Numb r 
inmm. of ribs. 

5953 Right 32.6 23.9 I 11.9 29 

5961 Both 20.7 16.8 

J 
H .B 31 

5964 Left 30 5 23.5 11.2 30 

5965 Right 32.1 25.7 I 12. 31 

Specimens of aquitanica from the Moulin de Gamachot, ranging in length 
from 10 to 35 millimeters, have from 30 to 35 radial ribs, the stati tical recon
naissance suggesting that 32 ribs is the most frequently recurring numb r. 
Rarely does a specimen bear fewer than 29 ribs. mall valves (e. g., mm. in 
length) have 28 to 30 ribs and show clearly an umbonal depression, a f alur 
visible but not conspicuous on adult shells. The numerou pecimens of aqui
tanica show that the profile is variable. 

The hinge and ligamenta! area of a specimen of aquitanica are hown on 
plate VI, fig. 1. The question of how much reliance is to be placed upon the 
number of cc chevrons n in the ligamenta! area in separating specie. wou]d han~ 

to be answered by a biometrical survey. It may be of some significance, how
ever, to record the fact that in the case of aquitanica the greatest rittmber, not 
counting the grooves delimiting the area, seems to be six, three to four being 
the more common number. Such a criterion would aid in separating aquita
nica from fichteli and osmonti, for example. 

(
55

) For locality, consult map, Plate B, Actes de la Societe Linneenne de Bordeaux , 
t. LXIII; for species see t. LXVIII, pl. 8, figs. 12-16. Consult also DOLLFUS, Bull. Geol. 
Soc. France, 4• ser., t. XII, p. 486, 1912. 
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S BGE ' ERI C ALLOCATlO ' · - The numero us specimens at our disposal prove 
thaL Lhi s pccies belongs to the subgen us Scaphal'ca. The specimen s with the 
valves in Lhc attach ed posiLion show ch.;arly that the ]eft valves arc larger than 
Lhe rig hi (see P late II , fig. 7) . foreover, the sc ulpture of the two valves of 
inglc individual s i lightly discrepant. 

CmJPA nJ ~ o 

on page 51. 
- For compari. on s. see Lhe Jisc u. iorJ of Anadara turonica, 

ANADARA, sensu lata, FH.OM INDIA. 

Ana <lara lScapharca 1) ohlhamiana ( IoETLING), 1901. 

1840. :l rea radiala J. de C. SowERBY, Trans. Geol. Soc. London, ser . 2, vol. 5, explana
lion of plaLe 25, fig. i2. " Tertiary formations of Cutch " : Socmrow, India. 

190i. A.rea (Anomaloeardia ) oldhamiana NoETLING, Pal. Indica, n . s ., vol. i, p. i43, pl. 6, 
fig . 3a-b; zone of Pholas orienlalis, Miocene : Thayetmyo, Burma. 

1928. A.rca radiala J. de C. Sowerby, VREDENBURG , Mem. Geol. Surv. India, vol. 50 , 
parL 2, p. 414. Upper Gaj (Miocene) : Sind and Kachh . 

NOT Area radiala J. S. SCHROETER, Archiv . Zool., vol. III {i ), i802, p. i30-i3i. 

NoT Area radiala Fr CHER, Mus . Demid., III , i807, p. 267 {NOT seen). 

OT .•irea radiala M .. NSTER in G. A. GOLDFUSS, Petref. German., II {6), i837, p . i43. 

OT .trca radiala REEVE, Conch . Icon ., II , Area, No 40, February i 844. (= A.rea radians 
De haye , Traite elem. Conch., p. 350, i 839-i 857. New name for A. radiata 
Reeve.) 

Area radiata f;owerby, eYeral times an absolute hom on ym, and oldharniana 
i'\oe llin g rrom th e Burme e Miocene, are claimed by Vredenburg to be conspe
cific. If he i~ correct , the latter name should be applied to the species . The 
fol1 "ing inf rmalion is upplied to u by L. R. Cox C6

) : 

<< Th type of A. mdiata is in our collec tion here (Geol. Soc. Coli. reg . 
\f 0 10021) and i ~ a omewhat eroded ca t. It came from Soomrow (Cutch) and 
unfor lun at ' ]y " e have no lopotypes. I have lDoked at the specimens from Sind 
'' bi ch were ~ n t to you on loan previously as 11. radiata, but their preservation 
and I hat of Lh l) pe is so poor that I am very uncertain of their specific identity, 
and T think that it would be un afe to hase our co nception of the species on 
1 hem. They probably belong lo A . hybrid a d' Archiac and Haime non Smverby, 
which Vr denburg- sa ~r s is iden tical with A . radiata, but have fe\ver ribs than its 
(A . radiata's) holot. pe and are more infl ated. » 

(
56

) Letter dated December 28, i935. 
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ANADARA, sensu lato, FROM THE TROPICAL AMERICAS . 

Anadara (Scapharca 1) meroensis (OLssoN), 1931. 

Pl. II , fig. 8. 

1931. Area (Scapharca ) meroensis OLSSON, Bull. Amer. Paleo. , vol. 17, No G3, p. 135-136, 
pl. 2, figs. 2, 3, 5, G. Heath formation : Peru and Ecuador. 

TYPE MATERIAL. - PaL Res . Inst., Holotype No 1942; paratypes 1938, 1939, 
1941. Hypo type No 5962, Stanford Univ. Paleo. type coli. 

TYPE LOCALITY. - Heath formation (base of Heath shales, « upper Oligo
cene n), Caleto Mero, Peru. Text figure 12 shows the type area of the pecie 

3·so· IIO"Ja' 

N. 

r 
Fro. 12 . - Map showing type locality of A.nadara meroensi ·. 
JVIap showing type area of Anadara (Scapharca ?) meroensis (OLSSON). 
The succession shown is (lowest) Mancora formation, Heath formation 
and (uppermost) Zorritas formation. Map prepared by and published 
through the courtesy of the Geological Department of the International 

Petroleum Company. 

NoTES oN MATERIAL EXAMINED.- Through the courtesy of A. A. OJ on, w, 
have examined eight specimens of this specie from Po orja, Ecuador, and 
eleven fairly well preserved specimens from the type locality, Caleto Mero, I en1. 
Several of the better preserved individuals show a distinct umbonal sulcu . . 
The ribs, ranging in number from 28 to 33, show longitudinal groove , and, 
on some of the left valves, distinct nodes in the umbonal region. Preservation 
is too poor to show whether or not nodes are also present on the right valve. 
The shell appears to be equivalved, although this surmise is based on cru bed 
material. 

SuBGENERIC ALLOCATION . -This species probably is a Scapharca, btd the 
specimens are not well enough preserved to allow us to assign it to that sub
genus except questionably. 



OLIGOCENE ARCID PELECYPODS OF THE GENUS ANADARA 57 

CoMPARI'>O s . - This South American so-called upper Oligocene species 
has a striking resemblance to A nadarct (Sc apharca il) daneyi (Cossmann and 
Peyrot), described from the lower Burdigalian (lower Miocene) of the Aquitaine 
Basin, so uthern France. These two species are so similar in profile and orna
mentation that it would be interesting to know how many other species, if any, 
from the Heath shale are likewise related to those from the Burdigalian. 

The imilarity between meroensis and mediaimpressa from California, 
although considerable, is less striking. The two species differ in profile, and 
moreover the umbonal depre sion is more pronounced in the Californian species . 

Anadara (Scapharca 1) willobiana (CooKE), 1919. 

1919. Scapharca willobiana CooKE, Carnegie Institute Pub., No 291, p. 127, pl. 5, 
figs . iia-b. Oligocene : Antigua, West Indies. 

TYPE MATERIAL. - Holotype, U. S. Nat. Mus. Catalogue o 167040. Plasto
lypc, chenck Coll. , ro 927. 

TYPE LOCALITY. - Oligocene of Antigua Island, West Indies. 

Judging from plaster ca ts , the holotype is a fairly well preserved speci
men having both valves joined. The sculpture on the two valves seems to be 
lightl. di crepant. Moreover, willobiana is somewhat thinner in form than 

Lypical nadara, being a mall , compressed species. Whether it is equivalve 
or not cannot be determined definitely from the castls . 

Anadara (Cunearca) camaronesia (voN !HERING) , 1907. 

1907. Area camarone ia VON !HERING, An. Mus. de Buenos Aires, ser . 3, vol. 7, p. 238-239, 
text figs. 9a-b. Lower Patagonian : Patagonia. 

TYPE MATERIAL. - Mu eu Paulista, Universidade de Sao Paulo Brazil. 

TYPE LOCALITY. - Camarone , Patagonia. Von Ihering called the forma
lion yi lding thi. pecie Eocene . There i , however, considerable doubt as to 
the age of th lower Patagonian, and inasmuch as Reinhart's (5

') study has 
shown that Cunearca i unknown in beds of undoubted Eocene age, it may well 
be that the Lower Patagonian is Oligocene or younger. 

OmGI 'AL DE CRTPTIO ' . - The original description of this species was ba ed 
upon « nombreu es valve , toute de petite taille n and the figured specimen 
( pecimen il) mea ured 9.5 mm. in length; height, 8.0 mm., and convexity, 
5 mm.; number of radial rib,J 23-24. 

( 57 ) REINHART, Mus. roy. Hist. nat. Belg. , t. 11, No 13, p. 45, 1935. 
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MATER TAL EXAMINED . - Cotype No 6913, M u eu l aulistn. Thi sp ·cin1cn 
was placed at our disposal by F. Lange de Morretes, to whom we cxprc s our 
thanks. 

DE CRIPTION OF COTYPE W 6913. - :shell (left valve) small , prol ably imma
ture; elongate-oval in profile, inflated; umbo promin e nt, beak prosog~' rat , 
indented with sharp medial sulcu which extends only a short eli Lane n
trally; culpture of 23 rounded radial rib , strongly noded except o n po l rior 
slope; nodes observed only near ventral and anterior margin · rib on c n l raJ 
and umbonal region , badly worn; interspace concave, abou L , arne ' id Lh a~ ribs; 
concentric growth line cro s intrrspaces and rib ; liaam ntal area nat and '' id • 
in fron l , tapering po teriorly; area with longitudinal aro" th lin and pari of 
one ligamenta! groove, j u t behind beak, poorly pre erv d; po terior half f 
ligamenta! area strongly indented from rest of shell, epa ratecl from it h)' a 

.sharp, overhanging cc cliff n with groove at ba e; no cc liff n hound . anlcr i r 
half of ligament; hinge slightly arched, bearing 26 t e th ·which onv rp;e v n
trally; pallial line di tinct; inner margin of h ell with deep renul a li n , a f v 

posterior ones extending- upward toward umbo , in ide of pallial lin : addu lor 
muscle cars distinct , the posterior one con iderabl, th larg·er. 

DIMENSIONS (rN Mr.) OF COTYPE No 6913. - Length, 7.6; h ighl, 6.3; on
vexity (left valve), 3.0. 

CoMPARISo_ s.- Von Ihering compared thi pecie. with A nadara (C 11n earcn ) 
chemnitzi (Philippi) . A comparison of camaronesia with .A nadara (C zznenl'ca) 
incongrua (Say), the genotype of Cunearca, show~ a . trong gen ral . imilarit. ' , 
although the ligam enta} area is set off both anterior!. and po. l riorly hy a 
sharp cc cliff n in incongrua, but only po teriorly in camaronesia. 

SuBGENERrc ALLOCATIO . - Because of its resemblanc 1o th g notypc of 
Cunearca, we feel that camaronesia is to be referred to Cunearca. de. pile thr fa l 
that we have examined only one valve of a small. prohahly immalllr indi 
vidual. 

ANADARA, sensu lata , FROM SOUTHEASTERN UNITED ST 'J'ES. 

Anadara (Scapharca) invidiosa (CAsEv). 1903. 

Pl. I, fig. 2. 

1903. Area invidiosa CASEY, Acad. Nat. Sci. Philadelphia, Proc. for 1903, p. 264 ( OT 
figured). 

1903. Area delieatula CASEY, op. cit., p. 265 (NOT figured ). 

1917. Area invidiosa Casey, SHELDON, Palaeont. Amer., vol. 1, No 1, p. 31. Original 
description reprinted; referred to subgenus Seapharea. 
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1917. Area delicatula Casey, SHELDON, op. cit. , vol. 1, No 1, p. 32, Ithaca, New York. 
Original description reprinted; referred to subgenus Scapharca. 

1936. Anadara (Anadara ) delicatula (Casey), SCHENCK and REINHART, Geol. Soc. Am., Proc. 
for 1935 (June 1936), p. 412. 

TYPE 1ATEHIAL. - Proterotypes unknown to the writers. Topotypes (of 
invidiosa), Cat. _ o 2633 , U.S. rat. Mus. ; topolypes (of delicatula), Cat. No 13287, 
U. S. ral. _1us. and W 10320, Univ . Calif. Mus . Invert. Paleo. 

TYPE LOCALJTY . - (of invidiosa) , Red Bluff formation, lower Oligocene, 
Mi i. ippi ; (of delicatula), « Lower Vicksburgian limestone n, lower Oligocene, 
Mi i ippi. 

Coo1 e CS 8
) pre e nts a correlation of the Red Bluff clay of ~1ississippi with 

the Mariana lime Lon e of Alabama. This limestone, characterized by the pre
sence of Lepidocyclina mantelli (Morton ), has been correlated C9

) with the 
,' annoi ian of \ e tern Europe. otes on the Vicksburg Group were published 
recentl y by Howe (1933) and Mornhinveg and Garrett (1935) . 

DE CIUPTTO • OF TOPOTYPES OF INVIDIOSA. - The following notes are based 
upon l\ o detached, well-pre. erved valves, one left , one right (not from same 
indi idu al), Cat. o 2633, . Nat. Mus. These sh ells are from Carson's Creek, 
Wa ne co, Mi i ippi , Red Bluff formation. 

~h ll elonga te with rath er prominent m edial sulcus extending from beak to 
anterio r third of ventral margin; ribs 28 in number; on left valve : the six ribs 
' ithin m dial ulc us area fairly thin ; the five ribs just anterior to .and the two 
rib j11 ' L pos l rior lo thi sulc us .dich otomize, the dichotomizing apparently 
h avin g larled w h n shell -v a 2 / 3 its present size; anterior and posterior ribs 
plain and round d, much \ ider than interspaces ; ribs within sulcu s area only 
ca. 1 / 3 a. \Yid c a ~ int erspace~ ; on right valve : about 6 ribs within sulcu s area, 
wilh inlerspaces 3 to 4 limes as wid e as rib ; just anterior t o sulc u , 4 ribs are 
di holomou , the dichotomizing tarting -v hen shell wa ca. 3/4 it present size; 
po I ri r to ulcu , rib do n ol dich o tomize, are wider than interspace , ro unded 
and plain; on le ft alve, a di tin ct trace of beading, which is not present on 
right; le Lh of right Yalve numerou , · ;' mall , granular ; a~terior 9 teeth larger 
lhan gran ular medial on e ; lightly conver g ing; the posterior 9 or 10 teeth like
wi e lar o·er than m edial on e , and conve rg ing ventrally; ligamenta! area narrow, 
nearly llal; num rou ' ayy h gamental g rooves, especially on larger left valve; 
beak ligh tly pro og·y rate; p allial line and muscle scar s indistinct; interior of 
hell furrowed in h armon with external ribbing; inner margin of shell crenu

la lcd; apparen tl y n o hyssal g-ape. 

( 58 ) COOKE, Bull. A.m . . -ts oc. Pet. Geol., vol. 19, No 18, p. 1171, 1935. 
( 59 ) VAUGHAN , Bull. Geol. Soc . . -tm., vol. 35, Table 3, 1934. 
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Dimension of U. S. Nat. Mus. pecimens Cat. No 2633 urc given in 
Table XIII. 

NoTEs ON U. S. NATIO AL MusEuM TOPOTYPES oF DELICATULA . - Cal. 

o 13287 : two detached valves, one right, one left (not from the arne indivi
dual); preservation good; locality , « Lower bed, Vicksburo· , Mi s. » (This i the 
type locality of delicatula). These specimen rna be de cribed a follow : 

arne shape and proportions as invidiosa, but smaller ; elonga te beal 
located anterior to center; prominent medial sulcu extend from tip of beak to 
ventral margin, striking this margin anterior to center of hell ; rib 25 to 27 in 
number; on left valve : all rib definitel beaded excep t th o e on po t rior 
slope, which are plain; no dichotomizing in any rib ; abon t 4 rib in m dial 
ulcus area are narrower than interspaces; anterior rib about a ' ide a int r

spaces, posterior ribs wider; on right valve : no trace of b adino- or di hotorni-
. zing : about 6 ribs in region of sulcu. ver. fine , but anterior and po terior rihf; 

about as wide as fn.ter paces ; po terior rib (on posterior lope) wider than int r
spaces; anterior series of teeth only one-half as lono- a po terior erie ; all le lh 
small; o-ranula1' at and near center of hino-e ; anterior tee th om what convC'r
ging; po teri.or teeth strongly convergino- ventral1. (ca. 45°); ligam nlal ar n 
very narrow, nearly flat, bearin g fain I longitudinal growth lin e ; b a! ~ pro. o
gyrate; pallial line and mu cle scars indi tin ct; interior of . h ll : right vahC' 
faintly grooved internally in harmony with external ribbing; left n11Ye eli lin tly 
grooved internally , these groove joinino- the crenulation . at h 11 margin 
without interruption ; shell material of both valve thin. 

Dimensions of U. S. N. M. pecimens, Cat. No 13287, are given in Table \.ITT. 

roTES o" UNIVERSITY OF CALIFORNIA TOPO'TYPE, OF DELIC>\T L\. - • ev n 
fairly well preserved valves of this species are available lo r1 niver. ity of Cali
fornia topotypes A. 1050/ 10320, collected by F. E. Turner). One of th e. e . p ri
mem is shown in figs. 2 a-c, plate I. The number of rib. vari s from 24 to 
about 30, a shown in the following Table XIII. 

TABLE XIII. - Dimensions of Anadara invidiosa. 

Right Number Ratio or 

SPEOIMEN. 
Length Height flonvexity 

or l eft of radial height to 
in mm. in mm. in mm. Yalve. ribs. 

length in 

I 
percent. 

U. s. at Mus. Cat. 9.7 5.2 2.5 night 2 51.5 

'o . 2633 (topotypes of 10.7 7.1 3.0 Left 2 66.4 

invidiosa) . 

U. S. Nat. Mus. Cat. 6.4 3.4 1.4 Right 27 53.1 

No. 13287 (topotypes of 7.5 3.7 1.4 L eft 25 /;9.3 

lieHcatula). 



OLIGOCENE ARCID PELECYPODS OF THE GENUS ANADARA 61 

TABLE XIII. - Dimensions of Anadara invidiosa (continued). 

Right Number Ratio of 

SPECIMEN. 
Length Height Convexity 

or left of radial height to 
inmm. i 11 mm. in mm. 

valve. ribs. length in 
11ercent. 

I 
I 

Univ. Calif. Mus. Invert. 3.7 2.0 0.9 Left 27 54.1 
Paleo. No. A. 1050/10320 1 •. 2 2.3 1.0 Right 30± 54.8 
(topotypes of delicatula). 5+ (") 2.5 1.0 Right 28 50.0 

5.2 3.0 1.2 Right 25 57.7 
5.6 3.0 1.2 Right 25 53.6 
6.2 3.2 1.4 I Left 28 43.8 
7 ( ' ) I 24 

(') Refers to broken specimen. 

REA 0 S FOR SY 0 YMIZING INVIDIOSA AND DELICATULA. - These names were 
applied to pecimen of different size, invidiosa being the larger. The smaller 
form (delicalula) lack the dichotomous ribs present on the anterior half of the 
larger form (invidiosa). However, the ribs of invidiosa do not begin to dicho
lomize until the hell attains a size greater than that of the topotypes of delica
tnla. The crowding of the concentric growth rings at the ventral margin of 
Lhe pecimen of in·vidiosa suggests maturity, whereas the specimens of delica
lula eem to be the shells of immature animals . Because invidiosa and deli
catula are o imilar in all other respects, it is reasonable to consider them con-
pecific, and to adopt the name having page preference . 

CoMPARI~oN. - The above-mentioned resemblance of this species to « Dilu
varca » mif.ckula Gardner (U. S. Geol. Survey Prof. Paper 142A, 1926, p . 29, 
pl. 5, fig . , 9), from the Chipola formation, cc lower Miocene n, of Florida, 
i a triking one. cc Diluvarca » mikkula differs from delicatula by having a 
hallov er medial sulcus and fewer ribs [23]; mikkula is described as slightly 

m qui alved and therefore likewise probably belongs to Scapharca. 

y TE IATIC pcrTTro oF INVIDIOSA . - Our reason for placing invidiosa (and 
iL . non. m, delicatula) in Scapharca is the discrepancy of sculpture of the left 
and rio·ht valve . The obliquity of the teeth, such as shown in figure 2b, plate I 
(of a topot. pe of delicatula), seems to mark, as it does in sulcicosta Nyst and 
other pecie m rely an immature stage. For example, we have before us a 
lar e erie of pecimens of sulcicosta from very small ones (fig. 1, pl. II) to the 
lar()'er adult , and it i evident from a study of this series that the teeth of the 
very mall hell' are oblique and become progressively less oblique as the shell 
approache maturity. Finally, although we have not had a specimen of invi
diosa with the valves in the attached position and hence cannot determine 
whether the pecies is inequivalve, nevertheless we assign it to Scapharca not 
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only because of the discrepant sculpture, mentioned above, but also becm1 se of 
the marked resemblance of this species to A nadara (Scapharca) mikl-w,la 
(Gardner). 

EOCENE SPECIES INCORRECTLY ASSIGNED TO ANADARA. 

In view of the statement made at the outset of this paper that Anadara 
does not occur in beds older than Tongrian, the assignment by variou authors 
of s~veral Eocene arcid species to Anadara must be considered here. The foll
owing· is a catalogue of these species, showing what we believe to be their corr 'c l 
llisposition. 

AI· gina granulosa (DESHA YEs), 1824. 

· 1824. Area granulosa DESHAYES, Description des Coquilles des environs de Paris, L. 1, 
p. 208-209, pl. XXXII, fig. 17, 18. Eocene : Parnes, Chateau-Rouge, Ully-Saint
George, France. 

1904-1906. Area (Anadara ) granulosa Desh ., CoSSMA N and PISSARRO, Icon. Com. des 
Coquilles fos. de l 'Eocene des environs de Paris, t. 1, pl. 36, figs. 110-45, 
Lutetian : Paris Basin. 

Reinhart has pointed out (1935, p. 41) that this species i an Argina. The 
ligament is narrow and confined to the posterior of the beal s; the anterior n 
of teeth is short and irregular; the posterior series i long. The lype locality of 
the species is Parnes, but L. Morellet (written communication , Decemb r 12, 
1936) states that he has never found specimens there. 

Scapularca scapulina (LAMARCK), 1805. 

1805. Area seapulina LAMARCK, Ann. Mus. Hist. Nat. Paris, vol. 6, p. 221, June 1 05. 
Lutetian (Eocene) : Grignon; France. 

1904-1906. Area (Anadara) seapulina Lamarck, CossMANN and PISSARRO, Icon. Com. Coq. 
foss . de l'Eocene des environs de Paris, t. 1, pl. 36, figs. 110-48. Lutetian : 
Paris Basin. 

1935. Areopsis (Seapularea) seapulina. REINHART, Bull. Mus. roy. Hist. nat. Belg., t. XI , 
N° 13, p . 32-33, Aug. 1935. 

1936. Trigonodesma (Seapularea) seapulina Lamarck, GLIBERT, Mem. Mus. roy. Hist. nat. 
Belg., No 78, p. 27-28, fig. 15, Nov. 30, 1936. Wemmel sands (Upper Eocene) : 
Belgium. Lutetian, Auversian, and Bartonian : France. 

MATERIAL EXAMINED. ~ Topotypes, No• 1930 and 2265, Schenck Coll., from 
the Lutetian . (Eocene) of Grignon, France. 

DiscussioN . -The specimens show the strong symmetry of the hinge, a i 
well brought out hy Glibert's (1936) illustrations. The striations shown in hi 
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[igure are, we believe, due to preservation and are not to be interpreted as a 
transversely striated ligamenta! area, such as occurs in Striarca. 

This pecie , the genotype of ScaptLlarca Gassmann and Peyrot, is wid e
. preacl in I he Luletian deposits. L. Morellet (written communication, Dec. 12, 
1936) states lhat Barlonian specimens are rare, though often occurring as 
reworked material. 

Scapularca globulosa (DESIIAYEs), 1824. 

1824. Area globulosa DESHAYES, Description des Coquilles des environs de Paris, t. 1, 
p. 209-210, pl. XXXIII, figs. 4-6. Eocene : " Guise-Lamothe pres Compiegne ,, 
France. 

1904-1906. Area (Anadara ) globulosa Desh., GassMANN and PISSARRO, Icon. Com. des 
Coquilles fos. de l'Eocene des environs de Paris, t. 1, pl. 36, figs. 110-46. 
Lutetian, Barlonian : Paris Basin. 

1933. Trigonode ma (Seapularea) globulosa Deshayes, GLIBERT, Mem. 53, Mus. roy. Hist. 
nat. Belg., p. 123, fig. 18, 1933. Bruxellian : Belgium. 

MATERIAL E AMI 'ED . - o 862 and 1931, Schenck Coli., from the Cuisian 
of Liancourt, and Cui e, France. 

Dr 101 . - Th topotypes from the Cuisian are closely related to A. sca-
pulina, lh genotype of Scapularca. Morellet informs us that globulosa occurs 
in th Lui tian, a well as the Cuisian, and questionably in the Bartonian. The 
.'parna ian o urrence reported by Gassmann seems to be in doubt. 

Although in hinae and ligamenta! area Scapularca resembles Trigonodesma 
full. a mu h a Arcopsis, Scapularca doe not possess opisthogyrate beaks nor 
a sharp po Lerior carina - features which distinguish Trigonodesma. 

Scapularra globulosa var. interposita (DEsHAYEs), 1860. 

1 60. Area interposita DESHAYES, Description des animaux sans vertebres decouverts dans 
le bassin de Paris, t. 1, p. 892, pl. LXVII, figs. 11-13 (fide GLIBERT, Mem. 53, Mus. 
roy. Hist. nat. Belg., p. 123, 1933). 

1904-1906. Area (Anadara ) globulosa var. interposita Desh. , CosSMANN and PISSARRO, Icon. 
Com. des Coquilles de 1 'Eocene des environs de Paris, t. 1, pl. 36, figs. 110-46'. 
Cuisian : Herouval, Paris Basin. 

L. l\~Iorellel (written communication, Dec. 12, 1936) states that this variety 
i known only from it type locality , Herouval. Glibert (1933) considers inter
posita a ynonym of globulosa. 
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Scapularca miliacea (CossMANN), 1887. 

1887. Anadara miliacea CoSSMANN, Soc. roy. Malacologique de Belgique, Mem ., Ann . Soc. 
roy. Mal. Belg., t. 22 (4" ser ., t . II), annee 1887, p. 137-138, pl. VI, figs. 19-21. 
Eocene : Parnes, France. 

1904-1906. Area (Anadara) miliacea Coss., CoSSMANN and PISSARRO, Icon. Com. des 
Coquilles fos. de l'Eocene des environs de Paris, t . 1, pl. 36, figs. 110-47. 
Lutetian : Paris Basin. 

The figures of Cossmann and Pissarro show that this specie is not an 
Anaclara. These figures seem to be copies of the protographs. 

Noetia molengraaffi (MARTIN) , 1914. 

1914. Area (Anadara) molengraaffi MARTIN, Samml. Geol. Reichs Mus. Leiden, N. F. , 
Bd. 2, Heft 4, p. 184, pl. 7, figs. 191-192. Eocene : Java. 

1930. Noetia molengraaffi (Martin), STEWART, Acad. Nat. Sci. Philadelphia, Special Pub., 
No 3, p. 81, 1930. 

An examination of specimens from the Eocene of rano·gulan, Java, verifie 
Stewart's allocation of this species to Noetia . 

Noetia nigeriensis ( rEwToN), 1922. 

1922. Anadara nigeriensis NEvVTON, Geol. Survey Nigeria, Bull. No 2, p. 70-71, pl. 8, 
figs. 4-7. Eocene : Nigeria. 

MATERIAL EXAMlNED . -A. G. Brighton loaned us four valves of thi cie 
from the «Upper Lutetian » Eocene of Ameki, Omabialla Di trict , 
Nos C5169, C5170, C5171, and C5172, Sedgwick Museum. L. R. Co 
two valves (Schenck Coli., No 2216). 

GENERIC ALLOCATION . -Examination of these specimens lend us to a ign 
1his species to Noetia as was done tentatively by Stewart (1930, p. 81) and more 
recently by A. M. Davies (1935, p. 172) , who expressed the belief th at it appear. 
to be the ancestral species of Noetia . 

This species resembles Noetia in the following respects : the beak arc 
opisthogyrate, although only slightly so; the ligament is transver ely Lriated 
and is situated mainly anterior to the beaks; the shell is high and inflated , and 
possesses a distinct angulation extending from the beak to the posterior ventral 
margin. Noetia nigeriensis, unlike typical Noetia, does not possess a distinc1 
flange bordering the posterior adductor muscle scar, except on one specimen 
(C5172), on which a small flange is present. 
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SPECIES OF DOUBTFUL SYSTEMATIC POSITION. 

Sacco (00
) assigned to A nadara the species « Area » peethensis, eogassinen

sis, and interposita, and stated that they are Eocene . As for « A rca » peethensis 
d' Archiac, Noetling (01

) reports it from the Miocene of Burma; and Vreden
burg (62

) li sts it from th e Upper Gaj of « Kachh and Sind » . We have seen 
Brili h Mu eum specimens o 56065-9 from the Gaj of Sind; they are inflated, 
high, and dt.rongly carinate. Pre ervation is too poor to warrant subgeneric 
iuentifica tion. A. eouassinensis, judging from Sacco's figure, is not Anadara, 
senm stricto. By interposita Sacco might have been referring to Scapularca 
globulosa var. interposita (Des hayes) . 

(
00

) SACCO, F., I. Moll. Ter. lerz. del Piemonle, Parte XXVI, p. 25, 1898. 

( 0 1 ) NOETLING, }[em. Geol. Surv. India, Pal. Indica, n. s., vol. 1, No 3, p. 150-151 , pl. 7, 

figs. 9a-e , 1901. 

( 02 ) VnEDE. BURG, Mem. Geol. Surv. India, vol. 50, pt. 2, p. 414, 1928. 
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EXPLANATION OF PLATE I 

FIG. 1. - AnadaTa (AnadaTa) rnedia·impressa (Clark). 
Types from type locality of San Hamon formation, Contra Costa County, Califomia, 

Univ. Calif. locality 1131. Specimens cleposited in Museum of Paleontology, University 
of Califomia, Berkeley, Calif. Figs. a, b, c, Un~v. Calif. Paratype 11172, length 
21.6 mm. ( x2). Fig. d, Univ. Cal~f. Holotype 11174, interior of young speci111eu, right 
valve, length H .8 mm. ( x2). 

FIG. 2. - Anadara (Scapharca) invidiosa (Casey). 
Topotype of .4rca delicat·u~a Casey, a synonym of inuidiosa, from the Vicl\sburg fonnation 

of Vicl<sbmg, Mississippi. Figured specimen deposited in l useum o r Paleontology, 
University of California, Berkeley, Calif., locality A-1050; 'o. 103'>0. Left va\v , 
length 6.2 mm. (x8.5) . 

FIG. 3. - Ana clara (Anadara) sulci£ 'Jsta (Nyst) . 

FIG. 4. 

FIG. 5. 

Lectotype and topotypes from the lower Tongrian, Province of Limbourg, Belgium; 
depositecl in Musee royal d'Histoire naturelle de Belgique, Bru el . Figs rt, IJ, r. 
Hypotype, No. 112, bot11 valves attached, length 21.6 mm. (x2). l'igs d, e, {,Lectotype, 
No. 1, M. H. H. N., left valve, length 33.8 mm. ( x2), from • abies de Vliermael ». 

Anadara (Anadara ?) speyeri (Semper). 
Topotype from Sternberg sandstone, Chattian, ternbm·g (near leckleuburg), l;el'lnany; 

depos~ted in Meclden.bmgische Geologische Landesan talt in Hostoclc Left valve, 
length 21.5 mm. ( x 3). 

Anadara (Anaddra ?) speyeri (Semper) . 
Hypotypes from the Chattian of a boring at Hosental, Hhinelantl, Ger111any. (\Vegberg 

sheet of tlJe Preussischeu Spezialkarte, collected by W. WunstorL) Figs a, e, left 
valve, No. 916-b, Schencl< Collection; length 17.3 mm. ( xZ.9); note IJeadecl ribs. Fig . c, 
d, right valve, No. 5957, Stanford Univ. Paleo. type coiL; leugtll 33.5 mm. ( x 1.5). 
Fig. b, right valve, No. 916-a, Schencl< Collection; length 15.5 nun. ( x 2.8); note plain rib,. 
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1. Anadara mediaimpressa (Clark). 

4. Anadara speyeri (Semper). 

Plate I. 

a 
b 

c 

2. Anadara in vidiosa (Casey). 

3. Anadara sulcicosta (Nyst). 

5. Anadara speyeri (Semper). 

H. G. SCHENCK. and P. W. REINHART. - Oligocene Anadara. 

Phototypie A. Dohmen, Bruxelles. 





PLATE II 



EXPLANATION OF PLATE II 

FIG. 1. - Anadara (Anadara ) sulcicosta (Nyst) . 

FIG. 2. 

FIG. 3 . 

Hypotype No. 1--1.2 from lower Tongrian (Tg. 1), Neerrepnn, Belgium, Coli. de Looz. 
Deposited in Musee royal d'Histoire naturell e de Belgique, Brussels. Right valve, 
length 1.9 mm . ( x 20); juv. Note oblique teet11. 

Anadara (Scapharca) aquitanica (Mayer) . 
Hypotypes from lower Aquitanian, Moulin de Gamachot, sout11east or Bordeaux, France. 

Fig. a, left valve, Hypotype No. 5964, deposited in tanford Univ. l aleo. type coil.; 
length 30.5 mm. ( x 1.5); note l)eaded ribs. Fig. b, right valve, ll ypotype No 5965, 
de~osited in Stanford niv. Paleo. type coli.; length 32.1 111m. ( x 1.5); ·note mooth rib . 

Anadara (Scapharca ?) daneyi (Cossmann and Peyrot). 
Hypotype from lower Burdigalian of 1\Ierignac, France. o. 5959 deposited in tanford 

Univ. Paleo. type coli. Exterior of left valve, length, 24.0 mm. ( x 2). 

FIG. 4. - Anadara (Scapharca ?) turonica (Dujardin). 

FIG . 5. 

Hypotypes from Miocene of Touraine, France. Fig. a, exterior of right valve, copied 
from Favre (1914, pl. 30, fig. 193a). Fig. b, Hypotype, o. 5963, deposited in tanford 
Univ. P a leo. type coli., from Sainte-Catherine-de-Kerbois (Indre-et-Loire). Exterior of 
left valve, length 36.2 mm. ( x 1.8) . 

Anadara (Anadara) diluvii (Lamarck). 
Hypotype from Tortonian of Saubrigues, France. No. 5960 clepositecl in Ianford Univ. 

P aleo . type coli. Exterior of left valve, length 18.8 111111. ( x 3). 

FIG. 6. - Anadara (Anadara ?) guembeli (Mayer). 
Lectotype from Oligocene molasse, Aubachgraben, Bavaria. No. C-1063, deposited in 

Musfum of Geology, Eidgeno sich Technische Hochsclmle at Ziirich, witzerland. 
Fig. a, exterior; fig. b, dorsal view; fig. c, inter ior of left valve, length 1 .6 mm. (x3). 

FIG . 7. - Anadara (Scapharca) aquitanica (Mayer). 
Hypotype from Aquitanian of Moulin de Gamachot (Gironde), France. 'o. 5961, depo ited 

in Stanford Univ. Paleo. type coli. Exterior of right valve showing overlap of left 
valve; length 20.7 mm. ( x2). 

FIG . 8. - Anadara (Scapharca ?) meroensis (Olsson) . 

FIG. 9. 

Hypotype from Heath formation , Oligocene, of Caleta 1\Iero, Peru, No. 5962, deposited in 
Stanford Univ. Paleo. type coli. Exterior of left valve, length 17.0 mm. (x3). 

Anadara (Anadara) granosa (Linne). 
Hypotype from the "Vigo Group», Locality F-15, Bahay River, Tayabas Province, P . I.; 

deposited in Bureau of Science, Manila, P. I. Left valve, length 61.3 mm. ( x 1) . 
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1. Anadara sulcicosta (Nyst). 

5. Anadara diluvii (Lamarck). 

a 

2. Anadara aquitanica (Mayer). 

3. Anadara daneyi (Cossm. et Peyr.). 6. Anadara guembeli (Mayer). 

4. Anadara turonica (Dujardiu). 

Plate II. 

7. Anadara aqui tanica (Mayer). 

8. Anadara meramsis (Olsson). 

9. Anadara granosa (Linne). 

H. G. SCHENCK and P. W. REINHART. - Oligocene Anadara. 

Phototypia A. Dohmen, Bruxelles. 





PLATE III 



EXPLANATION OF PLATE III 

FIG. 1. - Anadara (Anadara) f erruginea waloensis Schenck and Reinhart n. subsp. 

FIG. 2. 

Types from near village of \\'aloe, province of Agusan, Island of Mindanao, P. I. : 
Pliocene or Pleistocene; deposited in Bureau of Science, Manila, I . I. Fig . a, IJ, e, 
Paratype, right valve, lengtl1 38.2 mm. ( x1.6). Figs. c, d , Holotype, left valve, length 
36.9 mm. (x1.8). Figs.{, g, Paratype, mlves attachecl, length 17.8 mm. (x2). Convex.ty 
(both valves) 10.6 mm. ( x2). 

A.nadara (Anadara) ferruginea (Reeve). 
Topotype and Hypotype, a Recent shell from Manila, P. I., clepositecl in Stanford Univ. 

Paleo. type call., No. 6057. Lert valve, length 1,4 rnm. ( x l.4 ); height 30.9 mm., l:Onvexity 
13.9 mm., number of ribs 25. 

FIG . 3. - Anadara (Anadara) hankeyana (Reeve). 
Hypotype from Tertiary, Batan Island, P. I. , depositecl in Bureau of cience, Manila, P. I. 

Right valve, length 51.7 mm. ( x1). 

FIG. 4. Anadara (Anadara) hankeyana (Reeve). 
Topotypes from Mozambique; Recent; deposited in tanford Univ. Paleo. type call. 

No_ 6056. Right valve, length 70.8 mm. ( x1). 
See also Plate V, fig. 3. 
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1. Anadara ferruginea walcensis nov. subsp. 

2. Anadara fcrruginea (Reeve). 

3. Anadara hankeyana (Reeve). 

4. Anadara hankeyana (Reeve). 

H. G. SCHENCK and P. W. REINHART. - Oligocene Anadara. 

Plate III. 

b 

b 

Phototyple A. Dohmen, Bruxelles. 
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EXPLANATION OF PLATE IV 

Fro. 1. - Anadara (Anadara) grano sa (Linne). 

Frc. 2. 

Recent; exact locality unknown; probably Indo-Pacific marine molluscan province. Type 
specimens in the Linnean Society collection , Burlington Hou e, Lonclon. Figs. b, c, d, 
Lectotype; rigl1t valve; 48 mm . in length ( x 2). Figs. a, e, P ara type; left valve; length 
37.5 mm. ( x2). 

See also Plate II , fig. 9. 

Anadara (Anadara ) bisenensis Schenck and Reinhart n. sp. 
The Holotype is from Bisen , Japan; Recent. The Hypotypes are from Japan, exact 

locality unknown. The figured specimens are in the Stanford Univ. Paleo. type coli. 
Figs . a, b, e, Holotype (two valves), No. 6026; length 47.1, mm. ( x1.5). Fig. c, I-Typotyp , 
No . 6018, length 2.8 mm. (x6). F,g_ [, Hypotype, :1\o. 602ft, lengt11 '•9.1 mm. (x1). 
Fig. d , Hypotype, No. 6019, length 4.6 mm. (x5). Fig. g, I-Typotype, No. 6025, length 
56.3 mm. ( x 1). 

See table X, page 45 for ages of shells. 
Adclitional specimens are figurecl on Plate V. 
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1 Anadara granosa (Linne). 

Plate IV. 

b 

2. Anadara bisenensis 
Schenck et Reinhart. 

II. G. SCHENCK and P. W. REINHART. - Oligocene Anadara. 

Phototypie A. Dohmen, Bruxelles 







EXPLANATION OF PLATE V 

Fro. 1. - A.nadara (Anadam) bi encnsis Schenck and Reinhart n. p. 
Holotype and hypotypes from Japan; Recent; specimens depo ited in tunford Univ. 

Paleo. type coll. Figs. a, c, d, Holotype (two valves), o. 6U·?6, length 47.1• mnt. 
(x 1.5); fig. IJ , 1-lypotype, No. 6022, length 26.7 mm. (x2); fig. e, L-lypotype, No. 6020, 
length 11.7 mm. ( x 4); fig. {, Hypotype, 'o. H023, length 53.1 lllllt. ( x I ) ; rig. g, 

1-Jypotype, No. fi021, length 21.8 mm. (x2). 

Fro. 2. - tlnadara (Anadam) antiquata (Linne). 

Fro. 3. 

Fro. 4. 

FIG. 5. 

FIG. 6. 

Hypotype from west Inclies, Recent; cleposited in tanforcl Univ. Paleo. type coli. 
No. 5318. Detail of sculpture on ventral part of right valve. 

See also text figures 9_5 and plate VI, fig. 3. Interspace 1.0 mm . wide ( x ".5). 

Anadara (Anadara) hankeyana (H.eeve). 
Fig. a, Hypotype from l\lozambique, Recent; clepo Heel in tanford Univ. I aleo. type coli. , 

1o. 6056. Detail of sculpture of ventral part of right valve; interspaces 0.6 mm. wide 
( x 3). This specimen is a topotype of the species. · 

See also Plate III, fig. 4. 
Fig. IJ , Hypotype from Tertiary, Balan Island . P. I.; deposited in Phit.ppi.ne Bureau of 

Science, No. 224. Detail of sculpture of anterior ventral part of right valve; inter pace -
0.6 mm. wide ( x3) . 

See also plate III, fig. 3. 

Anadara (Anadara) ferruginea limorensis Koperberg. 
Lectotype from the Pleistocene, Dutch Timor, deposited in Geologi ell Instituut, niver i

teit van Amsterdam , l\o. A-9776. Figs. a, IJ, exterior and dor al views of specimen 
36.7 mm. in length ( x 1.7) . Fig. c, detail of ornumcntation or ventral part or left valve; 
interspaces 1.5 mm. wide ( x2.6). 

Anadara (Anadara) ferrugin ea waloensis Schenck and ReinharL n. ub p. 
Holotype from t11e Pliocene or Plei tocene of the Province of Agusan, l\lindanao, P. I .. 

deposited in Philippine Bureau of Science, 1\lanila. Detail of ornamentation of 
ventral part of the holotype of the sub pecies, a left valve; iuterspaces 1.6 uun. 
wide (x4). 

See also Plate III , fig. 1. 

Anadara (Anadara) ferruginea (Reeve). 
Hypotype from Manila, P. I. , Recent; deposited in Stanford Univ. Paleo. type coiL , 

No. 6057. Detail of omamentation of ventral vart of left valve; inters paces 1.2 mnt. 
wicle ( x 3). 

See also Plate III, fig. 2. 
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1. Anadara bisenensis Schenck et Reinhart. 

3. Anadara hankeyana (Reeve). 

5. Anadara walamsis 
Schenck et Reinhart. 

Plate V. 

e 

c 

4. Anadara timorensis 
Koperberg. 

6. Anadara ferruginea 
(Reeve) . 

H. G. SCHENCK and P. W. REINHART. - Oligocene Anadara. 

Phototypie A . Dohmen, Bruxelles 
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EXPLANATION OF PLATE VI 

FIG . 1. - Anadam (Scap!tarca) aquitanica (Mayet·) . 
Hypotype from lower Aquitanian, Moulin cle GaHJachot (C;i ronde), France. Der o i1.ed in 

Stanford Univ . Paleo. type coll., No. 5953. Hinge of right valve; leugth of entire 
valve 32.6 mm. (x2.9) . 

Fro. 2. - tlnadara (Scapharca) turonica (Dujardin). 
I-Iypotype from the Helvetian, Manthelan, near Tours (l nclre-el-Loi re), l~mnce, deposited 

in Schencl\ coli., No. 1935. Hinge of rigllt valve; JeHglll of en Lire valve '•L::l mm. ( x 2.~). 

Fro. 3. - A.nadam (Anadara) antiquata (Linne). 

FIG. 4. 

Hypotype from West Inclies, Recent; clepositecl in Stanford Univ. Paleo. 1ype coli., 
No. 5318. Hinge of right valve; length of entire valve 60.3 111111. ( x·l. ). 

A.nadaTa (ScaphaTca ?) daneyi (Cossmann and PeyroL) . 
Hypotype from lower Burdigalian, Merignac, Pontic, Aquitaine Basin, France; tleposi1ed 

in Stanford Univ. Paleo. type coll., No. 5958. Hinge of right valve; lengt11 of entire 
valve 20.5 mm. ( x 5."). 

FIG . 5 . - Anadara (Anadara?) speyeri (Semper). 

FIG. 6. 

FIG. 7. 

FIG . 8. 

Hypotype from Chattian, Rosental, Hhinelund, Germany; deposited in taaford JllV. 
Paleo. type coll., No. 5957. Hinge of right valve; length of eutire valve 33.5 nun ( x3). 

Anadara (Anadara) diluvii (Lamarck). 
Hypotype from Tortonian, Enzesfeld, Austria; deposited in Stanford Univ. Paleo. ty1 e 

coll., No . 5954. Hinge of right valve; length of entire valve 31.3 mm. ( x3.2). 

Anadara (Scapharca) jichteli (Deshayes) var. 
Hypotype from Tortonian, Hitzing, in Burgenland, Austria, depo itecl in taufortl uiv. 

Paleo. type coll., No. 5956. Hinge of rigl1t valve; length of entire valve 3H.3 nun. ( x 2.7). 

A.nadara (Anadara) osmonti (Dall). 
Hypotype from Temblor formation («Miocene,), Barker's Rancl1, Section 34, Town hip 

28 South, Range 29 East, M. D. M., Kern County, California: deposited in tanford 
Univ. Paleo. type coli., No. 5955. Hinge of right valve; length of entire valve 
44.8 mm. ( x 2.3). 



Mem. Mus. Roy. Hist. Nat. Be1g. - 2m• serie, no 14, 1938. 
Verh. Kon. Natuurh. Mus. Be1g. - 2de reeks, nr 14, 1938. 

1. Anadara (Scapharca) aquitanica (Mayer). 

3. Anadara (Anadara) antiquata (Linne). 

5. Anadara (Anadara ?) peyeri (Semper). 

7. Anadara ( capharca) fichteli (Des hayes). 

Plate VI. 

2. Anadara (Scapharca) turonica (Dujardin). 

4. Anadara (Scapharca ?) daneyi (Cossm. et Peyr.). 
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6. Anadara (Anadara) diluvii (Lamarck ). 

8. Anadara (Anadara) osmonti (Dall). 

H. G. SCHENCK and P. W. RElNHART. - Oligocene Anadara. 

Phototypie A. Dohmen, Bruxelles. 






